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ABSTRACT

In response to the high demand for teachers in Africa and internationally, non-graduate teaching
bachelor’s degree holders are recruited into the teaching profession. While they are considered to
have high content knowledge (CK) from their previously acquired bachelor’s degrees, their lack
of pedagogy leaves them with little or no understanding of pedagogical transformation of that CK.
Therefore, an investigation of the development of their knowledge for teaching this CK was
important. In science education, the construct of Pedagogical Content Knowledge (PCK) has been
agreed upon as a construct that blends both the CK and Pedagogical Knowledge (PK), enabling
the pedagogical transformation of content knowledge into forms that the learners can comprehend,
thus improving classroom instruction. This study investigated the influence of an intervention on
the development of physical sciences Postgraduate Certificate in Education (PGCE) pre-service
teachers ‘Topic Specific PCK (TSPCK) in the topic of Chemical Equilibrium. It focused on
tracking the development of their TSPCK from the context of planning to teach, its enactment in
the actual classroom teaching and how this enactment influenced learner outcomes in the same
topic. The study employed a mixed method (MM) research design of a cohort of 8 PGCE pre-
service teachers (PPSTs) registered for a physical science (chemistry) methodology course that
aimed at developing their knowledge for teaching, using a TSPCK construct. Applying a case
study as a research strategy, the whole class of 8 PPSTs formed a case that enabled the study to
describe the quality of planned TSPCK. The cohort was exposed to an explicit TSPCK intervention
that ran over 6 weeks. The intervention focused on developing the PPSTs” TSPCK using five
content-specific knowledge components for the pedagogical transformation of content knowledge
on the topic of Chemical Equilibrium. For this entire group, data were collected through the pre-
and post-TSPCK tests and content representations (CoRes)before and immediately after the
intervention. Then, a subset of 3PPSTs from the whole class was followed into the classroom
where each of them taught two lessons each on Chemical Equilibrium. A subset of 3 PPSTs formed
3-mini cases with 3 classes of learners from 3 different high schools. Data collected at this stage
were: the video-recorded lessons of the PPSTSs; lesson interviews and stimulated recall interviews
conducted with each of the PPSTs after the lessons; and finally, the pre-and post-learner
achievement tests and learners’ views about the lessons. Data from the 3 mini cases enabled the
study to describe the quality of enacted TSPCK and the resultant learner outcomes. The analysis
happened in four different stages. Firstly, the PPSTs” TSPCK tools and CoRes were analyzed for
planned TSPCK. Secondly, the observed lessons, corroborated with interviews were analyzed for
enacted TSPCK. An in-depth qualitative analysis was followed to analyze for the moments of
interactive use of TSPCK components in TSPCK tools, CoRes, and lesson observations. Thirdly,
the learner- achievement tests were marked with a memorandum of correct answers and analyzed
for significant difference through the Rasch Analysis Model and Wilcoxon signed-rank test.
Fourth, the relationship between PPSTs’ enacted TSPCK and learner achievement were estimated
by calculating the Pearson correlation coefficient. The analysis of TSPCK tests and Cores revealed
a significant improvement in the quality of the PPSTs’ planned TSPCK following the intervention.



Secondly, the PPSTs’ lessons demonstrated a high quality of TSPCK enacted in their teaching,
with TSPCK episodes categorized mainly at proficient and sophisticated levels. Finally, the
analysis revealed a significant positive correlation between the PPSTs’ enacted TSPCK and learner
performance following the PPSTs’ teachings. The correlation increased in positive strength with
sophisticated TSPCK episodes emerging from the PPSTs’ teachings. The findings suggest that an
explicit use of the TSPCK construct can be used to train pre-service teachers (specifically PGCEs)
whose teaching can efficiently stimulate the learning process and positively impact on learner
performances. The study acknowledges the limitation brought about by the small sample size.
Therefore, the findings cannot be generalized. However, the findings of this study suggest that the
intervention has a potential to bridge the gap that exists between expert and novice teachers’ ability
to teach for understanding, and thus produce high quality teachers needed in developing countries
including South Africa.

Keywords

Topic Specific Pedagogical Content Knowledge, Chemical Equilibrium, Postgraduate Certificate
in Education (PGCE) Pre-service teachers, Pedagogical transformation competence, learner
achievement.



DEDICATION

This work is dedicated to my loving husband, Tebello, for patience and encouragement
throughout this journey. My late parents, Simon and ‘Malerato Nyamane; you are forever in my
heart. Finally, all the Glory is given to Father God.



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to my supervisor, Professor Elizabeth Mavhunga for
her unwavering support, her patience, motivation, and immense knowledge. Her guidance and
words of encouragement helped me to grow in my research writing. | cannot imagine having a
better supervisor. May your wealth of knowledge continue to shine.

A great ‘thank you’ goes to the PGCE pre-service teachers and all the high school learners who
willingly participated in this study and never complained. Many thanks also go to Dr. Brighton,
Dr. Akinyemi and the entire TSPCK team for invaluable assistance during the course of data
collection and validation.

Without the financial support of the National Research Foundation (NRF) funding under Professor
Elizabeth Mavhunga, which offered me a scholarship, this work would not have been possible. 1
am sincerely grateful for the support.

My gratitude is extended to all those who directly and indirectly afforded a helping hand towards
the completion of this thesis. May the Good LORD continue to shower you with blessings.

A profound gratitude goes to my loving husband and family for their encouragement and support.
My friends and colleagues at the University of Witwatersrand made my stay and studies enjoyable.
| am extremely grateful.

Vi



Table of Contents

COPYFIGNT INOTICE ...t bbbt e e bbbt bbb nr s I
[ =Tod P T =1 o] o SO I
N 0] 1 Tod AR ii
[ =To [ToF=1 £ o] o RSOOSR %
ACKNOWIBAGEMENTS. .....eiiiieiiieit ettt e e b e be et e s e sreeneeenes vi
LiSt Of APPENTICES tutintiniieiieiiintieeeeeerentanceecnsonsonsessesosmsesssssnsonsessessnsansossssnsanss X
I TS Ao o [N 1SS Xii
LEST OF TADIES. ...t bbbttt b XV
CHAPTER 1: INTRODUCTION TO THE STUDY ...ocoiiiiiee e 1
IO 11 o T [T [ o PSS PS 1
1.1. Background and context Of the STUAY ..........ccoiiiiiiiiiiie s 2
1.2. Statement Of the ProDIEM ..o s 4
1.3. Rationale fOr the STUY ..........coiiiiiiiee e 5
1.4, RESEAICN QUESTIONS ....c.vieeiiceic ittt ettt et et e te s ne e st e et e ene e s teebeaneesraenneenee e 7
1.5. Conceptual FramEWOIK ..........ocouiiiiiicie ettt raene e 8
1.6. Overview structure of the thesis Chapters ..o 8
CHAPTER 2: LITERATURE REVIEW. ......coiiiiiiiet et 9
P20 R )0 [Tt A o o OSSR 9
2.1. Initiatives in science teacher education towards producing effective teachers.................... 9
2.2. PCK as a knowledge base for TEACNEIS ..........ccuiiiiiiiiiieie e 11
2.3. Multidimensional nature 0f PCK .........cooiioiiieciee e 13
2.4. PCK studies with PGCE pre-Service teaChers. ...........cceiveieeieeieeie e 15
2.5. Theoretical fFramEWOIK .........ooiiiiiiee e 17
2.6. PCK quality through an interplay of knowledge components ..............cccccveveieeieeciecnnenne. 21
2.7. Capturing and measuring the quality 0f PCK ..........cccoiiiiiiiii e 23
2.8. Understanding the cPCK-pIPCK-ePCK trajectory link to learner outcomes..................... 26

2.8.1. The CPCK-PIPCK-EPCK traJECIONY ....cveiveiiiriiiiisieeiieieie et 26

2.8.2. Teacher PCK and l€arner OULCOMES .........cueieerieiieieerieeiesieesie e ssee e eneesreesseeeesneeneas 29
2.9. Teaching and learning of Chemical EQUIlIDIium ... 32

2.9.1. Alternative conceptions and difficulty associated with the teaching and learning of
Chemical EQUITTDITUM L ...c..oii et 33

Vii



CHAPTER 3: METHODOLOGY ....oooiiiiiiiiii i 35

3.0, INEFOTUCTION ...ttt bbbttt b ettt b bbb ere s 35
3.1. Research Methodology and DeSIgN.........ccveiiiieiieie e 36
3.2. RESEAICN SIIALEOY ... e eetiteitieteeiieite ettt bbbt et bbb b ene s 38
B I - LT (1 [ | PSSP 38
3.3. Participant seleCtion/SamMPIING ........ccooiiiiiiiiiiee e 39
I I 4 Lo 101 (=] V=] 0T o PRSP 42
3.5. TOOIS AN INSTIUMENTS .....eviiiiiiieieieie ettt b e bbb eneas 43
3.6. Data COIBCTION....c.eieiiiitesiiee bbbttt bbb b e ene s 49
3.7. DAta ANAIYSIS ... nre et e rs 53
3.7.1. Analyzing for the extent of the development of the PPSTs’ TSPCK in planning....... 55
3.7.2. Analyzing for evidence of TSPCK in a teaching CONtext...........ccoovvveirierenciencninn 61
3.7.3. Analyzing for the link between the PPSTs’ eTSPCK and learner outcomes.............. 64
3.8. Trustworthingss and Validity ..........cccooiiiiiiiiiiieee e 68
3.8.1. Qualitative METNOd .......ceoiiie e e 68
3.8.2. QUANLItAtiVE MELNOM ......ccveiiiiiiic e s 71
3.0, LIMIEALIONS ..ttt ettt b ettt b e b e e et et e nbenbe st benre s 71
3.10. Ethical CONSIAEIAtIONS. ......cviieiieieieiie ittt ettt b e bbb saesneeneas 72
CHAPTER 4: THE TSPCK BASED INTERVENTION WITH THE PGCE PRE-
SERVICE TEACHERS ... .ottt ettt 73
OO o1 oo [0 od o] o OSSP 73
4.1. Explaining the rationale for conducting the intervention............c.ccocvviiieneniese s 73
4.2. Describing the structure/outline of the INtervention.............ccocviiiicicieie e 75
4.2.1. The intervention sessions — INtroduCtion SESSION ........cccvevverierreriesieneere e 77
4.2.2. Learner prior knowledge including miSCONCEPLIONS .........ccoerveriiriririienieniene e 78
4.2.3. Curricular SAlIENCY SESSIONS .......ccuiiiiiieeieiie ettt et sre e 81
4.2.4. What is difficult to understand and teach? ...........cccooeiiiii i 84
4.2.5. Sessions 0N Use Of repreSentations.........cccccveiieeieeiie e 87
4.2.6. Discussions on conceptual teaching Strategies ........ccovvevieeiieiiie i 90
4.2.7. Pulling components tOgETNET .........cuciriiiiieieie e 92
4.2.8. An introduction 0f @ CORE........ocoiiiiiiee e 93
4.2.9. Evaluation Of the CONSEIUCT.........ccviiiiiee e 93
T oo Tod 111 o] o SRS 94



CHAPTER 5: THE DEVELOPMENT OF PLANNED TSPCK FOR PGCE PRE-

SERVICE TEACHERS ...ttt 96
5.0, INEFOTUCTION ...ttt bbbttt e bbb b sbeare s 96
5.1. Shifts in the quality of PPSTS’ planned TSPCK ........ccccooiiiiii e 98
5.1.1. Individual PPST’s average/proxy TSPCK development.............cccccvviniiiiiiniennnns 100
5.1.2. The group average/proxy TSPCK development per component............cccccoevverennnene 104
5.1.2a. A closer look into individual components; the meaning behind the scores............. 108
5.1.2b. TSPCK development shift across all the components: shift by one teacher ........... 132
(0] T [ 1S] o] o FO TSRS 140
CHAPTER 6: ANALYSIS OF PGCE PRE-SERVICE TEACHERS’ ENACTED TSPCK
................................................................................................................................................. 142
6.0, INEFOTUCTION ... bbbttt ettt bbb ne e 142
B. 1. ANAIYSIS ..ttt e e e a et e e te et e ara e reenearaeareeneeas 143
6.1.1. A detailed description of the analysiS..........cccecvveiiiiiiiiie e 144
6.2. Understanding the pre-service teachers’ enacted TSPCK (€ TSPCK).......cceocvevviirivnnnnns 144
6.2.1. Overview of the lessons by the subset 0f 3 PPSTS.......cccocoiiiiiieiiiecee 144
6.2.2. Overview of the FININGS ..o 148
6.2.1. An in-depth analysis of the PPSTS’ I€SSONS ......cccverviriiiiiriiniiiiiiiieiee e 153
6.3, THE FINAINGS. ...ttt sttt e e e sbe e teeeesnaearaeeeas 177

6.3.1. Revealing the complex and idiosyncratic nature of TSPCK component interactions177
6.3.2. TSPCK episodes portrayed in the lesson plans versus those in the lesson observations

............................................................................................................................................. 183
6.3.3. Lesson episodes triggered by learners’ questions or responses to the questions asked
DY T8 PP ST S, .. ittt ettt et et e e e et e e et ar e nraereenee e 196
6.3.4. The teaching segments entailing difficult concepts and or common learner
misconceptions mainly proficient and sophisticated............cccccceeviiieiicc i 197
6.5, SUMIMBIY ...ttt b ettt b e b e abe et e et b e nneanne s 199
CHAPTER 7: MEASURING THE IMPACT OF PPSTs’ TEACHING ON LEARNERS’
PERFORMANCE IN CHEMICAL EQUILIBRIUM ..., 201
7.0, INEFOTUCTION ... bbbttt bbb bbb 201
7.1. Brief Summary on Methodology..........cooiiiiiiiiiiieeee e 201
7.1.1. The structure of the learners’ achievement teStS ..........cccceeviiiiieeiiiiiee e 202
7.1.2. Analysis of the learners’ performance testS..........couvvviiiiriiiiiiiiiiii e 203
7.2. Quantitative Findings on Learners’ achievement in Chemical Equilibrium.................... 204



7.2.1 An overview finding of learners’ performance (ordinal raw SCOTes) ........ccccevvverrnnnen. 204

7.2.2. Quantitative in-depth analysis of the learners’ achievement per PPST..................... 205
7.3. Summary of the key findings in this Chapter...........c.cccoviiieii i 230
CHAPTER 8: UNDERSTANDING THE CORRELATIONS BETWEEN TEACHER
KNOWLEDGE AND LEARNER PERFORMANCE ..o 232
ST O R 1] T (1 ot A o] o OSSO RTUR PRSI 232
8.1. A Brief Summary on MethOdoIOgy .........cooeiieiiiiiiiee e 233

8.1.1. DAtA ANAIYSIS. ...ttt bbb 234
8.2. eTSPCK and learner performance correlation analysis ..........ccccccevevviveiieeiieesesieseennnns 234

8.2.1. Quantitative overview patterns of the correlation analysis between the PPSTs’

eTSPCK episodes and learner performance ...........covoveieeiiiee i 234
8.3. Summary of key the findings in this Chapter...........c.cccoveiieiiiiciccece e 262
CHAPTER 9: DISCUSSION AND IMPLICATIONS. ..ot 267
9.0, INEFOTUCTION ...ttt bbbt e bbbt beene e 267
9.1. Establishing a credible baseline of the study: pITSPCK acquired from a cTSPCK based
1T AV 1 o] PSSR 268
9.2. Contributions to New KNOWIEAQE.........cccooiiiiiiiiiecee e 270

9.2.1. The development of PPSTs’ pITSPCK and eTSPCK .........ccoooeiiiiiiiiniiieiicneens 271

9.2.2. The correlation between PPSTs eTSPCK and learner OUtCOMES .........ccccevvvrvereennnns 275

9.2.3. The cTSPCK-pITSPCK-eTSPCK trajectory link to learner outcomes..................... 282

9.2.4. Reflection on elements that exposed the quality of the PPSTs’ TSPCK by the learners

............................................................................................................................................. 283
9.3. Summary of research QUESLIONS..........ccouiiiiii e 285
I 0] 3 Tod 111 [ o USSP 288
9.5. Implications and recommendations of the StUdY............cccccvveiiiiiiicii e 288
9.6. Critical reflections of the research ProCess ... 290

9.6.1 Collective TSPCK: Reflection on the intervention ...........ccccoveviveieiienivenesieseens 290

9.6.2. Reflections on the research methodology USEd ...........cccooviiniiinieiieieiee e 292

9.6.3. Validity and TruStWOITNINESS. .......cceiviiiiiiiiiiiieiee e 294
9.7. Limitations Of the StUAY........ccouiiiiiie e 294
0.8. FULUIE RESBAICH ...ttt sbe b 295
RETEIEINCES ...ttt ettt e bt e et e et e e 297



LIST OF APPENDICES

Appendix A: TSPCK tool in Chemical EQUIlIDrum ..o 312
Appendix B: Content Representation (CORE).........cccoiiiiiiiiiiieiese s 322
Appendix C: An INtErVIEW ProtOCOL.........cooiiiiiiiiiiiiieeeee e 323
Appendix D: Achievement test on Chemical Equilibrium (with marking memo).................... 324
Appendix E: Questions for collecting the learners’ views about the pre-service teachers......... 333
Appendix F: A rubric for measuring planned TSPCK ... 334
Appendix G: A rubric for measuring enacted TSPCK .........ccccciiiiiiiiiiiniecieeese e 335
Appendix H: Ethics ClearanCe rePOIt .........ccoiiiiiiiiiinieieie et 336
APPeNdiX I: GDE APPIOVAL ......ccveiiiiieiie ettt sraeae e e sneeee s 337
Appendix J: Consent form to the Head of SChoOl ..o 338
Appendix K: Consent form to the Course Coordinator .............cccveveiieieeiiesee e 340
Appendix L: Consent form to the COUrse LECIUIET ........ccecveiieie i 342
Appendix M: Consent form to the PGCE pre-service teaChers ..........ccccovevevveevvevesieseere s 344
Appendix N: Consent form to the PrinCIPalS...........ccoiieiiie i 347
Appendix O: Consent form to the Supervising teacher ...........c.cccevevieie v, 349
Appendix P: Consent form to the ParentS..........cccveiiieiecie s 351
Appendix Q: Consent form t0 the LEAINErS.........cccvcviiieiiie i 353
Appendix R: A detailed analysis of NOma’s [€SSOMN.........ccceeiiiiiiiiiiiiieiiee e 355
Appendix S: A detailed analysis of Lerato’s 1€SSON ........coceeiiiiiiiiiiiiieiie e 363
Appendix T: Sara’s IESSON PLAN .....cuviiiiiiiiiiiii s 374
Appendix U: Noma’s learner Rasch Person and Item Measure (Pre-and post-test)................... 379
Appendix V: Noma’s TSPCK episode Rasch Person Measure ............ccocevvverieieneneneneseniens 380
Appendix W: Lerato’s learner Rasch Person and Item Measure (Pre-and post-test) ................. 381
Appendix X: Lerato’s TSPCK episode Rasch Person Measure ...........ccocoovvvrieienencnennnennnns 382
Appendix Y: Sara’s learner Rasch Person and Item Measure (Pre-and post-test) .............c....... 383
Appendix Z: Sara’s TSPCK episode Rasch Person Measure ............c.cocovveiiiiiniiiiecnicniec e 384

Xi



LIST OF FIGURES

Figure 2. 1: Refined Consensus Model of PCK (Carlson & Daehler, 2019, p. 83)......c.ccccvvuvnnene. 17
Figure 2. 2: Simplified positioning of TSPCK in the refined consensus model of PCK
(Mavhunga and van der Merwe, 2020) .......ccooiiieiienenie e see e sre e 20
Figure 3. 1: A TSPCK tool extract on chemical equilibrium ............cccccovviiiiiiiiiciiic 45
Figure 3. 2: QUEstions 0N 1CAIMEIS” VIEWS........cueviriiriiriiriisiesieeiete ettt 47
Figure 3. 3: Procedural summary of data collection StepS ...........ccccvriveiiiiieiiii e 50
Figure 3. 4: Summary structure of the analysis CAPLErS........ccceviieiiiie e 54

Figure 3. 5: An extract for the rubric for quantifying PCK (Mavhunga & Rollnick, 2013)......... 56
Figure 3. 6: A TSPCK episode extract on what is difficult to understand: an extract from a

LIS 2O 1 G (e To ] USSP 57
Figure 3. 7: A Tutorial extract by Jane and Sara on addressing a learner misconception............ 59
Figure 4. 1: Sara and Jane’s response on common learner misCONCEPtioNS .........ccovvvrververereennnn 79
Figure 4. 2: Daniel and Mandla’s misconception interpretation..........c.ccecvvereerueseeseereesveseennens 80
Figure 4. 3: PGCE Pre-service teacher responses on a component of curricular saliency ........... 83
Figure 4. 4: A response on what is difficult for learners to understand...............cccccoeveveiiieinennns 85
Figure 4. 5: Concentration and rate Versus time graphs..........cccoveiveiicie e 87
Figure 4. 6: Examples of multiple representation use to explain a concept ..........c.ccoceveviveieennens 88
Figure 4. 7: A rate and concentration Versus time graphs..........ccccoovevveieiieesieeie s 91
Figure 4. 8: Equations on the calculation of equilibrium constant (KC).........ccooevvieniiiiinnnnne 92
Figure 4. 9: PPSTs’ responses on their overall views about the intervention..............cc.ccocvveeee. 94
Figure 4. 10: Pre-service teachers’ anonymous comments on their gains on the course.............. 94
Figure 5. 1: Average shifts in pre and post individual SCOTes.............ccooviiiiriiniiieneiese e 100
Figure 5. 2: Graphical representations of individual PPSTs’ pre and post-TSPCK scores........ 102
Figure 5. 3: The shift in quality across all TSPCK COMPONeNnts............ccocevvrivvieienenencnenene 104
Figure 5. 4: The group average TSPCK scores across all components ...........ccccooceveiencneninnne. 106
Figure 5. 5: A TSPCK tool extract on chemical equilibrium ............c.ccoooveiiiniicinice 109
Figure 5. 6: Jane’s qualitative data responses in the component of learner prior knowledge .... 110
Figure 5. 7: An extract on curricular saliency from the TSPCK test on chemical equilibrium.. 115
Figure 5. 8: Sara’s responses in the pre (post) TSPCK tests in the component of curricular

T 1110103 USSR 116
Figure 5. 9: Lerato’s responses in the pre-post TSPCK tests and post CoRe in the component of

FEPFESENTALIONS ...ttt ettt e st e st e e et e s be et e e aeesaeeeeereesbeenbeeneesreereenee e 120
Figure 5. 10: Daniel’s responses in the pre (post) TSPCK tests in the component of what is

difficult to UNderstand/teACK ............oouiiiiiiee e 125
Figure 5. 11: An extract on conceptual teaching strategies from the TSPCK test on chemical

LTo [T 1101 U] o SRS UPSO 129
Figure 5. 12: Mandla’s responses in the pre (post) TSPCK tests in the component of conceptual

TEACNING SEIALEYIES. .. vieitie ittt et e e et e e st e et e e eaneeaeeennas 130
Figure 5. 13: Sara’s planned TSPCK profile on Chemical Equilibrium............ccccceovrininnnnne. 132
Figure 5. 14: Sara’s TSPCK development in the five content knowledge transformation

COMPONENtS aCroSs the INTEINVENTION. ........coiiiiiiiieee e 139



Figure 6. 1: The participants’ action TSPCK profiles ........ccccoviiveriiiieiiieiniie e seese e 152
Figure 6. 2: A pictorial display of PSTs” TSPCK episodes in the sequence of their emergence 154

Figure 6. 3: PGCE PSTs’ TSPCK profiles displaying their lesson sequence...........c.cccccevevueenee. 176
Figure 6. 4: Extracts on the actual teaching of the types of Systems .........ccccccoovveveiievecie i, 182
Figure 6. 5: An overview of Noma’s TSPCK; lesson plans versus lesson enactment................ 185

Figure 6. 6: Noma’s lesson plan extract and enactment on reversibility of chemical reactions. 186
Figure 6. 7: An overview of Noma’s lesson plan versus her enacted TSPCK episodes for the first

TESSON ... 188
Figure 6. 8: An overview of Lerato’s TSPCK; lesson plans versus lesson enactment............... 189
Figure 6. 9: Lerato’s lesson plan extract and enactment on types of SyStems ..........cc.ccocvrvreenne. 190
Figure 6. 10: Lerato’s lesson 1 on conditions for Chemical Equilibrium.............ccccooiiininnne. 192
Figure 6. 11: An overview of Sara’s TSPCK; lesson plans versus lesson enactment ................ 193
Figure 6. 12: Sara’s lesson plan extract and enactment introducing factors that affect an

EQUITTDITUM STALE ... 194
Figure 6. 13: Sara’s lesson 1 on conditions for chemical equilibrium...........c.ccocevveeviircinnnnne. 195
Figure 7. 1: Noma’s learner-Gelo’s pre and post-test written response for item 4..................... 209
Figure 7. 2: Noma’s learner- Keam’s pre and post-test written response for item 4.................. 210
Figure 7. 3: A variable map for Noma’s learners pre- and post-achievement test Rasch measures

............................................................................................................................................. 212
Figure 7. 4: Summary for the calculation of significance difference for Noma’s learners’

PEITOIMANCES ....ecvieieeieee ettt et e e s be et e e re e s te et e s neesreeeeanee e 214
Figure 7. 5: Lerato’s learner Eman’s pre and post-test written response for item 11................. 219
Figure 7. 6: Lerato’s learner Meli’s pre and post-test written response for item 11................... 219
Figure 7. 7: A variable map for Lerato’s learners pre- and post-achievement test Rasch measures

............................................................................................................................................. 220
Figure 7. 8: Summary for calculation of significance difference for Lerato’s learners’

PEITOMMANCES ...ttt et e et e e bb e e be e sab e e beeeteeentaenneeanes 222
Figure 7. 9: Sara’s learners’ pre and post-test written responses for item 9..........ccccocevvvvnenn. 226
Figure 7. 10: A variable map for Sara’s learners pre- and post-achievement test Rasch measures

............................................................................................................................................. 228
Figure 7. 11: Summary for the calculation of significance difference for the performance of

SATA’S TEAITIETS. ...ttt e et e et e e b e e nab e e e e e e e neeas 229
Figure 7. 12: The summarized content gains on Chemical equilibrium concepts across the

PP STS LEAIMETS. ...cciteieiiiie ettt ettt et e e sib e snb e e s e e e nnb e e e nnneeeas 231
Figure 8. 1: Overall correlation between the PPSTs” eTSPCK and learner performances......... 235
Figure 8. 2: Noma’s overall eTSPCK episodes and her learners’ Rasch Person measures........ 241
Figure 8. 3: Noma’s teaching segment on the effect of a disturbance at Chemical Equilibrium 243
Figure 8. 4: Learner Gelo’s written responses on item 4 of learners’ achievement tests ........... 244
Figure 8. 5: Learner Keam’s written responses on item 4 of learners’ achievement tests ......... 245
Figure 8. 6: Lerato’s overall eTSPCK episodes and his learners’ Rasch Person measures........ 249
Figure 8. 7: Lerato’s teaching segment on different types of systems............ceoveveniienciennnn. 251
Figure 8. 8: Learner Tume’s written responses on item 7 of the learners’ achievement tests.... 252
Figure 8. 9: Learner Toka’s written responses on item 7 of learners’ achievement tests........... 252

Xiii



Figure 8. 10: Sara’s overall eTSPCK episodes and her learners’ Rasch Person measures ........ 256

Figure 8. 11: Sara’s teaching segment on dynamic Chemical Equilibrium............c.ccccoevvernnnnn. 259
Figure 8. 12: Sara’s learners’ written responses on item 9 of learners’ achievement tests ........ 260
Figure 8. 13: The written responses of Sara’s learners on item 9 of the learners’ achievement
TS ettt 261
Figure 8. 14: Overall eTSPCK episodes identified from the PPSTs’ teachings...........cc.ceeueeee. 262
Figure 8. 15: Summative correlation analysis per €aCh PPST ..........cccooiiiiniiniiiene e 264
Figure 8. 16: A summary of the relationship between the PPSTs’ sophisticated TSPCK and
[€ArNer PEITOIMANCES ..ottt 265

Xiv



LIST OF TABLES

Table 3. 1: A Table of characteristic features of the PPSTs participating in this study ............... 41
Table 3. 2: Information about the participant learners (N=43) .........ccccoceviveriiienieesie e 42
Table 3. 3: Description of the content covered in the learner-achievement test..............c.cc....... 46
Table 3. 4: TSPCK rubric for scoring TSPCK in action (Miheso, 2018) ..........cccceecvvvevverieennene, 62
Table 3. 5: Guidelines for interpreting the size of correlation coefficient (Hinkle et al., 2003) .. 66
Table 3. 6: Summary of the Research DESIgN.........ccveieiieiiie e 68
Table 4. 1: Content and structure of the intervention in a Chemistry methodology course.......... 76
Table 5. 1: Raw pre- and post-intervention TSPCK-test scores (N=8) ........ccccccevvvevviieiieriennnnn, 99
Table 6. 1: The participants personal TSPCK and years of obtaining previous degree ............. 143
Table 6. 2: A general context for NOMAa’s IESSONS .....ccveiveiiiiiieierieniesie st 144
Table 6. 3: A general context for Lerato’s IESSOMS .......coviiriiieiereneniseseseeeee e 146
Table 6. 4: A general context for Sara’s IESSONS.........c.iieriiiiieiieieie s 147
Table 6. 5: The nature of the TSPCK component interactions in the identified TSPCK episodes
............................................................................................................................................. 149
Table 6. 6: The frequency of TSPCK component interactions in the identified TSPCK episodes
............................................................................................................................................. 151
Table 6. 7: A detailed analysis 0f Sara’s I€SSOMN.........cccoiiiiiiiieiieie e 156
Table 6. 8: Overview on the nature of TSPCK episodes and component interactions from the
S SN (=TS o) USSR 178
Table 6. 9: Types and nature of episodes in 1eSSON PIANS ..........coeviriiiiiiinie e 184
Table 7. 1: Important information about the participant PPSTs and their learners .................... 202
Table 7. 2: Description of the content covered inthe test ..o 203
Table 7. 3: Learners’ raw scores on pre-and post-tests displayed ...........ccooovevvreieneieniniennnns 204
Table 7. 4: Learners’ content knowledge gains on chemical equilibrium concepts: Noma’s class
............................................................................................................................................. 205

Table 7. 5: The person Rasch scores of the pre- and post-achievement test of Noma’s learners206
Table 7. 6: Ranked Rasch item measures for Noma’s learners’ pre-and post-achievement tests

............................................................................................................................................. 208
Table 7. 7: Pre and Post-test rank order Rasch measures for the items compared ..................... 209
Table 7. 8: Stacked data- Person measures from anchored pre-and post-test............cccccceevennine 214
Table 7. 9: Displaying learners’ content knowledge gains on chemical equilibrium concepts:

|5 2 0 I o TSP 215
Table 7. 10: The person Rasch scores of the pre- and post-achievement test of Lerato’s learners

............................................................................................................................................. 216
Table 7. 11: Ranked Rasch item measures for Lerato’s learners’ pre-and post-achievement tests

............................................................................................................................................. 217
Table 7. 12: Pre and Post-test rank order Rasch measures for the items compared ................... 218
Table 7. 13: Stacked data- Person measures from anchored pre-and post-test...........ccccocvvvnnne 221
Table 7. 14: Displaying learners’ content knowledge gains on chemical equilibrium concepts:

1 e R o] 1] SRS OPPRI 223

XV



Table 7.

Table 7.
Table 7.
Table 8.
Table 8.
Table 8.
Table 8.
Table 8.
Table 8.
Table 8.
Table 8.
Table 8.
Table 8.

15: The Rasch person scores of the pre- and post-achievement test for Sara’s learners

....................................................................................................................................... 224
. 16: Ranked Rasch item measures for Lerato’s learners’ pre-and post-achievement tests
....................................................................................................................................... 225
17: Pre and Post-test rank order Rasch measures for the items compared ................... 225
18: Stacked data- Person measures from anchored pre-and post-test............cccceevennene 229
1: The key information about the participant PPSTs and their learners........................ 233
2: Noma’s eTSPCK episodes converted into Rasch person measures ................cooueee. 238
3: Noma’s learners’ Rasch person measures imported as Table 7.5 in Chapter 7........ 240
4: Noma’s eTSPCK episodes against her learners’ conceptual performances.............. 242
5: Lerato’s eTSPCK episodes converted into Rasch person measures......................... 247
6: Lerato’s learners’ Rasch person measures imported as Table 7.10 in Chapter 7 ..... 248
7: Lerato’s eTSPCK episodes against his learners’ conceptual performances............. 250
8: Sara’s eTSPCK episodes converted into Rasch person measures.............c.cccoverneee. 254
9: Sara’s learners’ Rasch person measures imported as Table 7.15 in Chapter 7 ........ 255
10: Sara’s eTSPCK episodes against her learners’ conceptual performance ............... 257

XVi



ABBREVIATIONS

PGCE Postgraduate Certificate in Education

PSTs Pre-service teachers

PPSTs Postgraduate Certificate in Education Pre-service teachers
PCK Pedagogical Content Knowledge

cPCK Collective Pedagogical Content Knowledge

pPCK Personal Pedagogical Content Knowledge

pIPCK Planned Pedagogical Content Knowledge

ePCK Enacted Pedagogical Content Knowledge

CTSPCK Collective Topic Specific Pedagogical Content Knowledge
pTSPCK Personal Topic Specific Pedagogical Content Knowledge
pITSPCK Planned Topic Specific Pedagogical Content Knowledge
eTSPCK Enacted Topic Specific Pedagogical Content Knowledge
CK Content Knowledge

TSPCK Topic Specific Pedagogical Content Knowledge

PTC Pedagogical Transformation Competence

XVii




CHAPTER 1

INTRODUCTION TO THE STUDY

This Chapter introduces the study within the context of South African science classrooms. The
importance of developing science teachers ‘knowledge that can effectively enhance learner
performances is also explained. Further information on the purpose and rationale of the study are
given, including research questions that guided the study. The chapter closes with an overview of

all the chapters in this thesis.

1.0. Introduction

There has been a debate in the literature on whether teaching is in fact a natural phenomenon which
does not necessarily have to be learned through schooling (Malikow, 2006; Ball & Forzani, 2009;
Strauss, Calero & Sigman, 2014). The debate includes whether the saying, “teachers are born” is
a reality and whether content knowledge alone is enough to result in high quality and effective
teaching. While Strauss and Ziv (2012) are of the view that teachers are born, other researchers
argue that, although there are some “exceptional teachers” born with special personality traits,
some forms of knowledge and skills in the teaching profession can only be obtained through
teacher training (Malikow, 2006; Ball & Forzani, 2009). In support of their argument is the
literature that points to studies that have indicated that mathematics and science practitioners do
not necessarily deliver lessons for learner understanding (Rollnick, Davidowitz & Potgieter, 2017;
Ball & Forzani, 2009). This implies that a Bachelor of Science degree holder who attained very
good grades in her/his undergraduate or even postgraduate degree may not necessarily excel in the
art of teaching science. Such individuals may need to have formal educational courses that will
equip them with some pedagogies of effective teaching that can enable them to effectively teach
their CK to the learners. This study aligns more with the view that teachers are made and not to
rely on natural gifts (Malikow, 2006). What influenced this position are the studies that have been
done with science pre-service teachers (PSTs) indicating the improvement in professional teacher
knowledge for teaching science with understanding by the learners called Pedagogical Content
Knowledge (PCK) (Rollnick & Mavhunga, 2016; Akinyemi, 2020). PCK is known to be
developed in teachers with elongated time of a reflective practice. The observed improvement in
the quality of teaching for understanding by the PSTs is indicative of a direct result of being taught

systematically and thoughtfully how to teach. This makes it necessary to want to investigate and
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understand how teachers’ professional knowledge may be developed through a process of learning

to teach, its manifestation in the actual teaching context and its influence on learner outcomes.

1.1. Background and context of the study

There is a common practice around the world, where graduates of non-teaching bachelors’ degree
are recruited into the teaching profession in order to meet the demand for teachers for a specific
discipline (Roness & Smith, 2009; Barth, Dillon, Hull, & Higgins, 2016). Often, there are different
reasons for the teacher demand, including the fact that the teacher preparation institutions do not
produce sufficient numbers of teachers needed in the schools (Ingersoll & Perda, 2009) and do not
produce a sufficient number of science teachers of high quality (Kind, 2016).This is also pointed
out by Ogunniyi and Rollnick (2015) who argued that, this is one of the challenges that African
countries are faced with, that they are unable to produce and retain a sufficient number of qualified
science teachers. The state of science education in less developed countries such as South Africa
IS a worry to many. The presence of unqualified or insufficient science teachers in schools could
be associated with the low performance of the learners in science subjects. The Trends in
International Mathematics and Science Study (TIMSS) 2011 results confirmed the poor education
level in South African schools when it was discovered that in KwaZulu-Natal the Grade 9 learners’
level of understanding and learning ability for science was 2.5 years lower than that of the learners
in the same grade in Western Cape who, in turn, were also 1.8 years behind those in Gauteng and
other countries (Spaull, 2013).This indicates disparity nationally and internationally (Spaull,
2013).Also showing inequality in education between different provinces is the indication that in
2011 only 20 percent of the 2001 grade 2 cohort passed grade NSC examination in Eastern Cape
as opposed to 60 percent in Gauteng. Likewise, the South African Progress in International
Reading Literacy Study (PIRLS) 2011 showed that the literacy for grade 4 learners from rural and
township areas was found to be 2 to 2%years behind those in the urban areas (Howie, Van Staden,
Tshele, Dowse, & Zimmerman, 2012; Martin, Mullis, Foy, & Stanco, 2012).The reason for the
portrayed inequality could be associated with the findings by Bertram and colleagues that South
African schools in the rural areas are occupied by unqualified teachers (Bertram, Mthiyane &
Mukeredzi, 2013).Multiple other factors have been attributed to the observed poor learner
performance in mathematics and science in South African schools. These include: the shortage of
qualified science teachers in South Africa (Bertram et al., 2013), inadequate teachers’ content



knowledge (Spaull, 2013; Modisaotsile, 2012), poor instructional strategies (Makgato & Miji,
2006), and teachers’ poor quality of PCK (Rollnick, 2017). According to Modisaotsile (2012),
some of these challenges emanate from poor teacher training. The National Policy Framework for
Teacher Education and Development (Department of Higher Education and Training, 2015) also
acknowledged that poor conceptual knowledge and instructional strategies were found among high
school teachers. The policy calls for initial teacher training programmes to develop courses that
promote acquisition, integration, and application of knowledge in PSTs. This includes, among
other things: development of subject matter knowledge, pedagogical learning which constitutes
general pedagogical knowledge and specialized pedagogical content knowledge, practical learning
and the use of information and communication technology (ICT) learning (Department of Higher
Education and Training, 2015). The policy aims to ensure that the PSTs are equipped with adequate
pedagogical competence in subject matter knowledge and instructional strategies that facilitate

learning.

To recruit more science teachers into the education system, different countries including South
Africa, have opted for short courses such as the Postgraduate Certificate in Education (PGCE) that
different science related bachelor’s degree candidates can use as the bridges into the system. PGCE
is a one-year full-time or a two-year part-time course of professional training for teaching which
is recognized around the world (Hodgson, 2014; Ping, 2013). On acquiring PGCE, the graduates
are then given a Qualified Teacher Status (QTS). Thus, the purpose of PGCE has been ‘to accredit
a generalist educator’s qualification that caps an undergraduate qualification’ (Mahomed & Singh,
2011, p. 504). It accommodates individuals who have obtained bachelor’s degrees at
undergraduate level and wish to direct their careers into the teaching profession. The PGCE pre-
service teacher (PPSTs) programme only focuses on developing their knowledge for teaching
(including PCK) with little attention paid to the content knowledge (Bayaga, 2010; Murekedzi,
Mthiyane & Bertram, 2015).This assumes that they bring enough content knowledge from their
previous Bachelor degrees (Hirst, 1980; Ogunniyi & Rollnick, 2015).This is in accordance with
the understanding in the PCK literature that the development of teachers’ PCK requires a rich
understanding of the subject matter which is argued to be a pre-cursor to PCK growth (Cooper,
Loughran, & Berry, 2015; Pitjeng-Mosabala & Rollnick, 2018).The development of PCK involves
the blending of both content knowledge and pedagogical knowledge, as teachers transform their

subject matter knowledge into forms more accessible to the learners (Shulman, 1986).Therefore,

3



the PCK construct is considered, in science education, as one effective domain of teacher
knowledge that can help PSTs to learn about the complexity of teaching and learning process.
Investigating the development of the PPSTs’ knowledge for teaching (PCK), including how this
knowledge manifests itself in the context of classroom teaching and its influence on learner

understanding, therefore becomes a necessity.

1.2. Statement of the problem

Martinet al. (2012: 48) observed that:

“There was evidence of many very low performing ninth grade students in South Africa, with the
percentage of students with achievement too low for estimation between 15 percent and
25 percent.”

Every education system requires qualified, sophisticated teachers of high quality if it is to be
successful. An insufficient number of qualified physical science teachers of high quality in South
African high schools is one of the problems that the country is facing (Ramnarain & Fortus, 2013).
It is due to this insufficiency that the participation by the country in this fast changing scientific
and technology world seems to be limited. In particular, Stutchbury (2014) argues that “too many
children are emerging from school without the education that they need”, (p. 1). Makgato and Mji
(2006) attribute the learners’ poor performance in mathematics and physical science in South
Africa to the teachers’ incompetence (minimal content knowledge and choice of instructional
strategies). This implies that the teachers’ ability to transform their content into teachable forms
for improved accessibility by the learners is a challenging factor, with a negative impact on the

learners’ understanding and their performance in the subjects.

As we continue in South Africa to train teachers through two main streams, one being a 4-year B
Ed degree and the other being the PGCE stream where teacher trainees undergo a one-year fulltime
teacher training programme, the concern arises about the adequacy of their training. For South
Africa to survive this tragedy of poor learner performance in science, it needs qualified teachers
who are knowledgeable in science and have been taught accordingly so. Initial teacher training
institutions are therefore under pressure to produce science teachers who are highly motivated,
hardworking and of high quality, who can teach for learner understanding and thus improve the
quality of education that South Africa needs (Witzig & Sickel, 2017). Fisher and Scott (2011)
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argued that “higher education has a uniquely important role in resolving the persistent skills
shortage in South Africa by producing qualified graduates and postgraduates” (p.1). Therefore,
unless teacher training institutions begin to understand the core practices needed by PGCE as a
special group of pre-service teachers and also understand the ways in which this group learns,
transfers and uses its knowledge, the production of high caliber physical science teachers (as
needed by the current crisis) will remain a dream. Poor learner performance in physical science
may persist and the country may never be able to produce enough scientists, of its own, who will
contribute towards the economic development as desired.

1.3. Rationale for the study

Research has indicated that African countries are unable to produce a sufficient number of
qualified science teachers (Ogunniyi & Rollnick, 2015). Ramnarain and Fortus (2013) also
confirmed that in South Africa there are not enough physical science teachers of high quality. This
situation implies that the newly qualified teachers are expected to deliver sound science lessons on
arrival at schools. In order to address this situation, researchers have argued for the need to
“develop high quality science teacher education programs” to equip teachers with knowledge to
deliver high quality teaching that promotes learner conceptual understanding (Witzig & Sickel,
2017, p. 1). In particular, high-quality teaching and learning is characterized by active engagement
with the learners. This, in turn, promotes learners’ interest and conceptual understanding (Yip,
Wong, Yick, Chan & Wong, 2019; Lam & Muldner, 2017). Where PCK has been considered as
the knowledge base for teaching (Shulman, 1986) which enables a science teacher to deliver
effective lessons, its development in the pre-service teachers training programmes is essential. This
is in support of the understanding that PCK develops with elongated time in practice (Chan &
Yung, 2017), leaving the novice teachers and hence PSTs, with less-developed PCK. It becomes
reasonable therefore to introduce PCK in the pre-service education programmes to produce
teachers who can develop meaningful lessons that are accessible to the learners (Kind, 2009). The
significance of this is in its ability to fast-track the production of qualified science teachers,
particularly for developing countries, such as South Africa, which are burdened with poor learner
performance in science. This could be considered as an attempt to improve the quality of education
in South Africa (Al-Sherif, 2010; Mthethwa-Kunene, Onwu & de Villiers, 2015), because it is



only through acquisition of such competence that novice teachers would be able to perform their

roles effectively and efficiently.

Overall, there is a consensus that PCK is regarded as the professional knowledge for teaching
science (Loughran, Mulhall & Berry, 2004) and that it is more visible when considered at a topic
level (Abell, 2008). Mavhunga and Rollnick (2013) refer to this kind of PCK as topic specific PCK
(TSPCK). These researchers identified five content-related knowledge components of TSPCK as
the topic specific components of TSPCK that distinguish it from other grain sizes of PCK
(Mavhunga & Rollnick, 2013; Geddis et al., 1993). These components are: (i) learners’ prior
knowledge including misconceptions, (ii) curricular saliency, (iii) what makes a topic easy or
difficult to understand, (iv) representations including analogies and (v) conceptual teaching
strategies. In this regard, the quality TSPCK for teaching a specific topic is determined by the
extent of the interactive use of TSPCK components to make the content understandable to the
learners. This is referred to as the ‘pedagogical transformation competence’ (Mavhunga, 2016).
Further, there are empirical findings affirming that TSPCK can be taught to PSTs to develop
planned TSPCK (pITSPCK) (Mavhunga & van der Merwe, 2020; Akinyemi, 2020). For example,
several studies have proven the effectiveness of specific interventions focusing on specific topics
to developing such competence in the PSTs (Mavhunga, 2016) and beginning teachers (Pitjeng-

Mosabala & Rollnick, 2018) mostly in the context of learning to teach.

This study followed a unique group of participants (PPSTs) who went through the same signature
intervention using the TSPCK construct used by Mavhunga and Rollnick (2013). It was intended
to equip the participants with competence to transform content knowledge for a specific topic
(Chemical Equilibrium). The group is unique in that its exposure to PCK and other pedagogies
was limited to a single year, as opposed to the 4-year period common to traditional PSTs. Through
this intervention, the PPSTs were introduced to the complexities of teaching and different practices
that expert teachers use to maximize learning. While several studies that focused on the traditional
B.Ed. PSTs have confirmed the effectiveness of the TSPCK construct in developing the PSTs’
pITSPCK (Mavhunga & Rollnick, 2013; Akinyemi, 2020), little is known about how the PPSTs
develop their professional knowledge for teaching from the context of learning to teach using the
same construct. To fill this gap, the study explored the PPSTs development from their acquisition
of TSPCK in Chemical Equilibrium. This study examined how the competence learned by the



PPSTs in the context of planning to teach Chemical Equilibrium and manifested in planning,
informed the competence displayed in the actual classroom teaching and its influence on the
learners’ performance. The understanding of how the TSPCK construct can be used in initial
teacher training of PPSTs to develop sound personal TSPCK will provide useful information for
the design of high-quality science teacher training programmes. It is therefore envisaged that the
findings of this study will contribute to finding a solution for the current South African challenge

of lack of high-quality science teachers.

1.4. Research questions

Based on the above arguments, the study attempted to respond to the following question: How has
the pedagogical transformation competence learned in the context of planning to teach influenced
the PGCE pre-service teachers’ quality of personal TSPCK seen in planning and actual classroom

teaching of Chemical Equilibrium, and the subsequent learner outcomes?

There is an understanding in the PCK literature that the competence to pedagogically transform
content knowledge in a specific topic, as mentioned in the main research question, demonstrates
the quality of teacher professional knowledge in science called TSPCK. The main research
question was therefore explored through the following sub-questions that place emphasis on the
extent of pedagogical transformation that could be observed:

Sub-questions

1.0 What is the quality of TSPCK displayed by the PGCE pre-service teachers in their
planning for teaching Chemical Equilibrium, following the explicit discussions during
the intervention that aimed at developing their knowledge for planning to teach

Chemical Equilibrium?

2.0 What is the quality of the PGCE’s TSPCK observed in classroom teaching and in what
ways does it reflect the observed TSPCK in planning?

3.0 In what ways does the observed PGCE’s enacted TSPCK, observed in the classroom,

relate to learner performance in Chemical Equilibrium?



1.5. Conceptual Framework

Grounding this study is the theoretical idea proposed by Shulman (1986) that teaching requires
transformation of content knowledge through the use of multiple knowledge domains, including
the fact that the value of the pedagogically transformed knowledge lies in its positive effect in
enhancing learner outcomes (Rollnick & Mavhunga, 2015).This conceptual framework of the
study was guided by Mavhunga and van der Merwe’s (2020) simplified model that positions topic
specific PCK in the refined consensus model (RCM) of PCK. In Chapter 2, | provide a detailed

discussion of this framework.
1.6. Overview structure of the thesis chapters

This thesis consists of nine chapters, beginning with an overview of the introduction to the study,
which includes the rationale for the study, the description of the research problem, as well as the
research questions guiding this study. Chapter 2 presented the literature on the initiatives in science
teacher education towards producing effective teachers and relevant PCK literature including PCK
studies on PGCE pre-service teachers. This is followed by a discussion on the conceptual
framework guiding this study, which is the Refined Consensus Model of PCK and the simplified
version positioning TSPCK in the RCM of PCK. The chapter then describes different ways of
capturing and measuring PCK, cPCK-pPCK-ePCK learner outcomes link and provides an
overview on the teaching and learning of Chemical Equilibrium. Chapter 3 describes the research
methodology, which includes the mixed-methods (MM) and a case study design, the research
instruments used and the methods of collecting and analyzing data, validity, and reliability of the
measures, as well as the issues of ethical consideration. Chapter 4 discusses the intervention
conducted in this study, using the TSPCK construct from which the pedagogical transformation
competence for planning to teach Chemical Equilibrium emerged. Chapter 5 is the first chapter of
analysis on the PPSTs’ personal TSPCK (pTSPCK) that manifested in the context of planning to
teach as pITSPCK. Chapter 6 presented the analysis of the PPSTs’ pTSPCK that manifested in the
actual classroom teaching of Chemical Equilibrium (eTSPCK). The analysis of the learners’
performance in the achievement tests is discussed in Chapter 7. Chapter 8, which is the last chapter
of analysis, discusses the relationship between the PPSTs’ eTSPCK and learner achievement in an
attempt to establish the TSPCK-learner outcomes link. Chapter 9 summarizes all the findings from

the analysis chapters and then presents discussions and the implications of the study.
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CHAPTER 2

LITERATURE REVIEW

In this section | review the literature related to the development of pedagogical content knowledge
(PCK) in the context of pre-service teacher (PST) education programmes, PCK in planning,
enactment, and learner outcomes. The focus is on the development of pedagogical transformation
competence using a TSPCK framework consisting of 5 content-specific knowledge components.
The Chapter closes with a review of the cPCK-pIPCK-cPCK learner outcome link.

2.0. Introduction

Grounding this study is the theoretical idea proposed by Shulman (1986) that teaching requires
transformation of content knowledge through the use of multiple knowledge domains. This study
is also based on the argument that the processes that lead to effective classroom teaching start long
before the actual teaching process begins, starting with a comprehensive pedagogical reasoning
about the content that the teachers will be teaching (Shulman, 1987) and the value of the
pedagogically transformed knowledge which lies in its positive effect in enhancing learner
outcomes (Rollnick & Mavhunga, 2015). With PCK, referred to as the amalgam of knowledge
components that enables pedagogical transformation (Geddis & Wood, 1997; Shulman, 1987), the
PSTs (more specifically, the PPSTs) are also required to develop the skills that will enable them
to critically engage with and pedagogically transform the content. The PPSTs are expected to
pedagogically engage with and think about the content, teach efficiently, and reflect on the lesson
activities which further develop their knowledge for teaching. This study acknowledges the need
for the development of PCK in the teacher development (Kind, 2009). Therefore, the review of
the literature focuses on the importance of initial teacher programmes. With little known about the
effect of PPSTs’ PCK on learner outcomes, this study reviews the literature on developing

competence that enables effective teaching that ultimately enhances learner outcomes.

2.1. Initiatives in science teacher education towards producing effective teachers

Recently, researchers, specifically on teacher education focus their research studies on the best
practices that can be used in teacher education to prepare high quality teachers that are needed by
the profession (Dutro & Cartun, 2016). The focus is on the core practices, thus looking specifically

at the actual basic classroom teaching practices. They refer to practices as “routine activities



teachers engage in devoted to planning, enactment, or reflection that are intended to support
student learning” (Windschitl et al.,2012, p. 882). These are common or basic practices
fundamental to teaching that teachers enact to support learning which includes strategies, routines
and moves that teachers learn and hone to support their teaching and enhance rich learning (Dutro
& Cartun, 2016). In other words, the concern is on how these core practices can be used to prepare
teachers to improve their teaching skills. The value of this rests in the fact that activities that
teachers engage learners in should be conceptually accessible by learners, hence the need for all
the teachers to be more knowledgeable in those aspects.

Similarly, Grossman, Hammerness and McDonald (2009) argue on the need for teacher educators
to focus their attention on how to help novice teachers to develop skilled practice which, according
to McDonald, Kazemi and Kavanagh (2013), may help teachers to learn how to use their acquired
knowledge in practice. The aim is to attend to the problem of enactment, by focusing specifically
on the common classroom practices essential for effective teaching which is usually practiced by
experts in the field. In other words, this can create a connection between theory and classroom
practice, thus breaking the theory-practice divide (Mavhunga& van der Merwe, 2020). Most
importantly, how teachers are prepared has been argued to substantially impact on how they will
teach. This ultimately affects the learner performance (Ball & Forzani, 2009). Consequently, if the
aim of researchers in teacher education is to improve learning, then a greater focus should be on
how teachers are prepared so that their teaching may enhance learner understanding and, hopefully,
their performance. Introducing the core practices in teacher education training programmes can
improve the novice teacher instructional practices and thus bridge the gap that exists and can be
observed between the teaching of a novice and of an experienced teacher. Inexperienced teachers
may quickly begin to teach as experienced teachers do and this may reduce the difficulties that the
beginning teachers face as they attempt to master the art of teaching. This could make learning
uniform irrespective of whether an instruction is practiced by a novice or an expert teacher (Ball
& Forzani, 2009), thus reducing the struggle usually faced by the novice teachers in their early

years of teaching.

One of the common core practices and competencies, specifically in science teacher education is
pedagogical content knowledge (PCK) (Aydeniz & Kirbulut, 2014). All science teachers,

including those in training, are expected to develop their PCK of the subject matter, if their
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teaching is to be effective. This study is therefore in line with this understanding, where developing
the physical science PGCE pre-service teachers’ (PPSTs) PCK at the topic level is considered
important (Mavhunga& Rollnick, 2017). It is through this stand that the study investigated how
the PPSTs translated the TSPCK (acquired in the context of planning to teach through engagement
with a formal intervention) into the actual classroom teaching and the ultimate impact of their

teaching on learner conceptual performance on the topic taught.
2.2. PCK as a knowledge base for Teachers

PCK is a useful theoretical framework that is commonly used in science education to investigate
the teachers’ knowledge and understanding of teaching. The concept of PCK was initially
developed and introduced by Shulman who referred to it as a form of knowledge that connects a
‘teacher’s cognitive understanding of subject matter and the relationships between such
understanding and the instruction teachers provide for learners (Shulman, 1986, p.25). Shulman
referred to PCK as a unique province that distinguishes the teachers from the content specialists.
It is therefore regarded as a valuable knowledge in enhancing effective teaching and learning of
science in several ways. According to Loughran et al. (2012) “PCK begins to emerge because the
manner in which the content is being developed, questioned, manipulated, and tested is the driving
force for the way content and pedagogy are both shaped, and interact in practice” (p. 8). This is
why a successful chemistry teacher is expected to have adequate content knowledge, including
different ways of communicating their knowledge logically for accessibility to the learners (Tobin
& McRobbie, 1999; Okanlawon, 2010; Miller, 2011). Furthermore, the teachers’ PCK can also be
defined by their ability to recognize the learning difficulties and misconceptions that the learners
bring into the classroom (Van Driel et al., 1998). The teachers’ knowledge and appreciation of the
learner difficulties and preconceptions influences their choice of instructional strategies and
representations that work towards efficiently explaining the difficult concepts (Mthethwa-Kunene
et al., 2015). Therefore, if a chemistry teacher has different ways of teaching chemical reactions
concepts, it may be easier for him/her to change an instructional strategy (using a different
analogy/representation) in order to assist the learners who, have some difficulties understanding
the lesson content (Magnusson et al.,1999). PCK is therefore argued to result from the
transformation of various knowledge bases for teaching (Aydin & Boz, 2013). PCK and its

knowledge components can provide researchers with avenue to describe effective teaching
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practices and this may inform science teacher education programmes (Aydin et al., 2014). The
development of PCK in teachers is therefore an important aspect in science teacher-education. It
has however been argued that PCK develops over time as teachers teach particular subject matter
(Chan & Yung, 2017; Cooper, Loughran & Berry, 2015; Loughran, et al., 2012). This implies that,
the development of a high-quality PCK is a continuing process which progresses through initial
teacher education programmes and carries on through teaching practice and professional training
(Adadan & Oner, 2014). With PCK regarded as a communication tool between the teacher and the
learner in the classroom setting (Van Driel et al.,1998), it is important that PSTs are assisted to
develop their PCK in the teacher training institutions to develop their competence to teach for

understanding.
The significance of PCK taught in initial teacher training

There is an agreement among the researchers that PSTs enter the teaching programmes with naive
cognitive demands that teaching will make of them (Nilsson & Loughran, 2012; Hume & Berry,
2011). PSTs have also been argued to have a lot of misconceptions and fragmented knowledge
which affects their ability to create challenging learning situations (Tondeur et al., 2012). Content
knowledge is however, argued to be a pre-cursor for PCK as highlighted above (Cooper, et
al.,2015), necessitating teachers to have a well-developed content knowledge of what they are
expected to teach. Furthermore, Mavhunga (2014) revealed that even with an improved content
and pedagogical knowledge, the PSTs lack competence to efficiently translate their own
understanding to that of the learners. This suggests their low PCK level. It is, however, common
understanding in the literature that PCK develops over time through practice, hence it is unlikely
to find a developed PCK in PSTs (Chan & Yung, 2017). It becomes reasonable therefore to
introduce PCK in the pre-service education programmes to train teachers who can develop
meaningful lessons that are accessible to the learners (Kind, 2009). A concern in teacher education
programmes then is to develop teachers with adequate content knowledge and the ability to teach
it for understanding. With the understanding that a teacher is not just a teacher but an ‘English
teacher’ or a ‘chemistry teacher’ (Geddis et al., 1993, p. 675), it implies that the teacher preparation
programmes should help PSTs develop the knowledge for teaching, with special emphasis placed

on the quality of teaching a specific topic.
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2.3. Multidimensional nature of PCK

Since the introduction of PCK by Shulman (1986 and 1987) as a special amalgam of the content
knowledge and pedagogy, various researchers have suggested different conceptualizations of
PCK, thus proposing different features to integrate in the conceptualization of PCK. One of the
highly influential and mostly adapted conceptualizations is the one proposed by Magnusson et al.
(1999) whose argument is that effective teaching requires the integration of knowledge from
various domains. Magnusson et al. (1999) conceived PCK as consisting of five discrete
components. These are: (a) orientations towards teaching science (which includes teachers’
knowledge and beliefs about the purposes and goals for teaching science), (b) knowledge of the
science curricular (which includes knowledge of which concepts to teach for specific topics at a
particular grade level), (c) knowledge of instructional strategies (knowledge of specific
instructional strategies and representations for teaching particular topics), (d) knowledge of
assessment of scientific literacy (knowledge of which parts of student learning are the most
important to assess in a certain content area to ascertain the learners' understanding of science
concepts) and (e) knowledge of the learners’ understanding of science (which includes knowledge
about concepts that might be difficult for the learners to understand, as well as their

misconceptions).

The three components of PCK (orientations, assessment, and instructional strategies) identified by
Magnusson et al. (1999) are generic and not specific to any topic, whilst the inclusion of (science
curricular knowledge and learners’ understanding of science) encompasses the topic specific
nature of PCK. It is important to note at this point that a well-developed PCK is not reflected in
only the knowledge of different knowledge components, but it also comprises the interplay of the
different types of knowledge (Aydin et al., 2014; Van Driel & Henze, 2012). “Apart from the
extent of the respective components, the strength of the interconnections is an indicator of the
quality of a teacher’s personal pedagogical constructions” (Henze & Barendsen (2019, p. 206).
While the Magnusson et al.’s (1999) model provides multiple components of PCK, it does not

relate the different components to each other (Henze & Barendsen, 2019).

Furthermore, in their study on pedagogical content knowledge taxonomies, Veal and MaKinster

(1999) identified three general taxonomies of PCK. They argued that these taxonomies could be
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used to generally describe the skills that need to be developed by teachers of all kinds. Thus, they
are not for specific subjects or content areas, hence they can be employed across various content
areas. The three taxonomies identified by Veal and MaKinster are: (i) general PCK (specific to the
disciplines of science, art, history, math, or English), (ii) domain-specific PCK (which focuses on
a single domain within a specific discipline of interest) such as chemistry, biology, or physics and
(iii) topic-specific PCK (where the focus is on the individual topics within the domains of science)
(Veal & MaKinster, 1999, p. 6). In line with the topic specific nature of PCK, proposed by Veal
and MaKinster (1999) are studies by Geddis et al. (1993) as well Mavhunga and Rollnick (2013),
who identify five components of the pedagogical transformation of content knowledge. These are:
the learners’ prior knowledge including misconceptions, curricular saliency, what makes a topic
easy or difficult to understand, representations including analogies, and conceptual teaching
strategies. Mavhunga and Rollnick (2013) refer to these points as different kinds of knowledge
needed for the transformation of the subject matter. Similar to this is McLaughlin’s (2006)
perception of PCK. Accordingly, PCK is said to include “an understanding of students’
misconceptions and difficulties with particular concepts, exemplars and analogies that help
students to understand the concepts, specific instructional strategies such as questions that help
students to link ideas between the concepts and assessment methods appropriate to the concepts”
(McLaughlin, 2006, p. 8). Consequently, PCK is dependent on the knowledge of the components
used by the teacher, including the ability of the teacher to interactively use those components in
their teaching (Park & Chen, 2012). Therefore, PCK is not merely about the amount of knowledge
in a number of component categories but also the quality of that knowledge and how it is put into
action (Abell, 2008). In particular, the topic-specificity of PCK can be evaluated by looking at how
the components of knowledge transformations are used together interactively to improve the
learner comprehension of concepts. This could include the ability of the teacher to use multiple
representations to address learner misconceptions or learner difficulties, making explicit through
representations, what is important for students to learn. “PCK referring as it does to specific topics
is distinct from the general knowledge of pedagogy, educational purposes, and learner
characteristics. Moreover, because PCK is concerned with the teaching of specific topics, it may
differ considerably from the subject matter knowledge of these topics,” (De Jong, Van Driel &
Verloop, 2005, p. 1).
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While, without a doubt, PCK has been considered as a fruitful framework for exploring teacher
knowledge, “research about and application of PCK had been suffering from a lack of shared
definitions and conceptualizations of the construct in the field” (Carlson, Stokes, Helms, Gess-
Newsome, & Gardner, 2015, p. 28), making it difficult to highlight what knowledge components
specifically constitute PCK without any uncertainty. The focus on developing the PPSTs’ PCK as
part of their professional knowledge, however, remains indispensable (Evens, Elen, Larmuseau &
Depaepe, 2018), which fuels the need to address PCK without ambiguity by demonstrating a sound
understanding of the constituent knowledge components which must be emphasized to the PPSTs

in the course of introducing a construct of PCK of them.
2.4. PCK studies with PGCE pre-service teachers

PCK has been investigated through a variety of approaches. Some researchers have studied the
PCK of PGCE science student teachers (de Jong et al., 2005; Findlay & Bryce, 2012). Loughran,
Mulhall & Berry (2004, p.372) observe that “Research often involved: exploration of what teachers
do and know about some aspect of teaching a particular topic and might often include comparisons
of teacher knowledge between different teachers, between novice and expert teachers or as a result

of some kind of intervention”.

One study was conducted by Halim and Meerah (2002) who examined Malaysian science trainee
teachers' PCK of selected physics concepts. This included the teachers’ knowledge of the learners'
understanding of conceptions and misconceptions as well as the teachers’ knowledge of
instructional strategies and representations appropriate for teaching specific topics. Halim and
Meerah investigated a cohort of 12 student teachers registered in a one-year postgraduate training
course from various science subjects. The study found that the trainee teachers' ability to transform
knowledge for learner accessibility was limited which is indicative of their low PCK level for
teaching those concepts. The findings showed that the student teachers’ knowledge of those
components of PCK depended on their understanding of the content knowledge. They found that
the trainee teachers had problems in understanding the scientific ideas which reflects their low
level of content knowledge. They therefore argued that the trainee teachers' minimal content
knowledge had a negative impact on their ability to identify learner misconceptions and to choose

the strategies and representations appropriate for teaching and explaining difficult concepts
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effectively. Similarly, a study by de Jong et al. (2005) investigated the PSTs’ PCK of using particle
models in teaching chemistry in Netherlands. The study was based on the pre-service post-graduate
chemistry teachers’ teaching at the secondary school level. The study revealed that at the end of
the programme, the teachers had developed PCK on the use of particle models in the teaching of
chemistry through learning and teaching. They also argued, however, that the development of PCK
varied for different pre-service teachers. Likewise, Findlay and Bryce (2012) (in the United
Kingdom) engaged in a longitudinal study for four and a half years, following a group of beginning
physics teachers enrolled in a one-year Professional Graduate Diploma in Education (PGDE)
course to explore their PCK development of teaching basic electricity. They interviewed fifteen
student teachers within the PGDE year and later followed six of them into their teaching as newly
qualified teachers in their first year of teaching and two and a half years later into the field. They
identified two occurrences in their results: that at the beginning of their profession as newly
qualified teachers, the teachers focused on how they could transform their content knowledge for
accessibility by the learners; the transformation changed with the teachers’ experience in practice
as they also learnt to interact with the learners when teaching. The interaction indicated their PCK
development. McNicholl, Childs and Burn (2013) also focused their United Kingdom study on the
ways in which the PGCE science teachers developed their PCK. Their study specifically focused
on the factors that facilitated the teachers’ PCK development. They found that teachers drew their
knowledge and understanding from their more knowledgeable colleagues (specialist-teachers)
whenever they encountered some difficulties. This involved assistance with the subject content or
the teaching strategies and resources to use. McNicholl and colleagues argued that, even though
they were confident that these teachers survived their first teaching encounter and developed their
PCK through the help of the specialist teachers, this was not an assurance that all PGCE practicing
students experience the same treatment and help. Their argument was that not all the schools have
specialist teachers and that in some schools there might be no collaboration between teachers
within a department, thus making it difficult for student teachers to acquire knowledge from such
teachers. It is for such reasons that equipping the PPSTs with core practices of expert teachers such
as the development of their PCK in teacher training is important. It helps them to engage in sound

teaching from the beginning of their career.
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2.5. Theoretical framework

This study employed the PCK theoretical framework that describes the teacher knowledge for
teaching science and its link to learner outcomes. The exploration of this framework was informed
by the Refined Consensus Model (RCM) of PCK, including the TSPCK construct. The RCM
Model of PCK was intended to “provide researchers with a means to situate studies of student
science learning in relationship to PCK by focusing on teachers and classrooms. Another aim was
to provide science teacher educators [with the] means to situate theories about the development of
teacher PCK through formal education, in-service professional learning, and firsthand teaching
experiences” (Carlson & Dachler, 2019, p. 79). The model is presented in Figure 2.1.

(QUECTIVEPCK —
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i TEACHER KNOWLEDGE & SKILL
STUDENT OUTCOMES
& TEACHER CONTRIBUTIONS

STUDENT CONTRIBUTIONS

OTHER CONTRIBUTIONS

* KNOWLEDGE EXCHAMNGE

Figure 2. 1: Refined Consensus Model of PCK (Carlson & Daehler, 2019, p. 83)

The concentric model enables the refinement of the nuances and relationships among different
types of PCK, placing teachers and learners at the center to elevate the value of pedagogical
reasoning, including the dynamic nature of enacted PCK (ePCK). By doing so, the RCM represents
the multi-dimensions of PCK, its projected development in teachers and influence on what the
teacher does and the ensuing impact of that action on the learners’ conceptual knowledge. Thus,
the model demonstrates the complex layers of knowledge and experiences that shape and inform

science teachers’ practice and facilitate student outcomes. The model identifies three distinct
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realms of Pocketless are: Collective PCK (cPCK), personal PCK (pPCK) and enacted PCK
(ePCK) (Carlson & Daehler, 2019).

The first realm, collective PCK (cPCK) refers to PCK acquired in formal courses where published
knowledge about PCK is discussed. cPCK is the specialized knowledge shared by the teacher
community and is acquired through formal courses such as the initial teacher development
programmes where published knowledge is discussed (Carlson & Daehler, 2019). The second
realm is the personal PCK (pPCK). In teacher training programmes, the courses that expose PSTs
to PCK development teaches them cPCK and each individual PST personalizes that PCK forming
their pPCK. The teachers’ pPCK which is observed when planning to teach is referred to as pIPCK
(Mavhunga& van der Merwe, 2020) while that observed in classroom enactment is referred to as
ePCK (Carlson & Daehler, 2019). The three realms, cPCK-pIPCK-ePCK, can thus be examined
to determine the teachers” PCK development and are influenced by filters and amplifiers such as
teacher beliefs and attitudes towards science (Mavhunga& van der Merwe, 2020). Although
portrayed only under the cPCK realm on the model in Figure 2.1, all the three realms of PCK exist
in three different grain sizes. Accordingly, the PCK-RCM model reflects the discipline, topic and
concept-specific PCK as the grain sizes in a continuum found in each of the three realms of PCK
(Carlson & Daehler 2019).

Using Geddis et al. (1993)’s notion of PCK as topic specific, Veal and MaKinster (1999) referred
to this as “the most specific and novel level of the general taxonomy” (p. 6). Some researchers
have been interested in the idea that development of the teachers’ PCK begins at the topic level.
The argument is that PCK is accessed most usefully when teaching within the topics of a discipline
(Abell, 2008). This kind of PCK was referred to by Mavhunga and Rollnick (2013) as topic specific
(TSPCK) and defined as the knowledge needed to transform content knowledge of a specific topic
in science. As observed in the RCM of PCK, the topic specific nature of PCK has been recognized
as one of the grain sizes of PCK. Five content-related knowledge components of TSPCK have
been identified as topic specific components of TSPCK that distinguish it from other grain sizes
of PCK (e. g. Geddis et al., 1993; Mavhunga & Rollnick, 2013). They are: (i) learners’ prior
knowledge including misconceptions, (ii) curricular saliency, (iii) what makes a topic easy or
difficult to understand, (iv) representations, including analogies, and (v) conceptual teaching
strategies. The following is a brief description of the five TSPCK components.
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i)

Learner prior knowledge: This component comprises learner preconceptions,
misconceptions, and alternative conceptions about a topic. Consideration of learner
prior knowledge assists with the elimination of ambiguity associated with a concept
and in making connections among the concepts (Amelia, Handayanto & Muhardjito,
2016). Knowledge of these could contribute to the development of teaching strategies
that are cognizant of such misconceptions by creating conceptual bridges between what
is familiar and what is new.

Curricular saliency: It involves knowing the most important and core concepts of the
topic, what is peripheral, immediate/pre-concepts and the logical sequencing of the
concepts (Mavhunga, 2016). It refers to the learning of various topics as positioned in
the curriculum. It is through the understanding of this that teachers can judge the depth
to which the topic should be covered and the amount of time to spend teaching it
(Geddis & Wood, 1997; Shulman, 1987).

What is difficult to teach or understand: This constitutes concepts that are not easily
understood by the learners and require critical emphasis and attention from teachers. It
comprises understanding of gate keeping concepts within the topic that contribute to
the difficult nature of the topic, also making it difficult for teachers to teach them
(Huddle, White, & Rogers, 2000; Quilez-Pardo, 1995).

Representations: This component refers to the teachers’ understanding of a range of
subject matter representations that include illustrations, analogies, models, and
simulations to be used in the teaching of a specific topic/concept. Chemistry teachers,
in particular, make use of sub-micro, macro and symbolic levels of representations to
explain concepts. The understanding and use of these representations by the teachers
facilitate the learner conceptual understanding by helping learners to make sense of the
concepts under discussion (Mitchell, Charalambous & Hill, 2014).

Conceptual teaching strategies: This component comprises the use of effective
instructional strategies, including multiple levels of representations, for particular
misconceptions, known areas of difficulty or important concepts, by emphasizing what
must be understood (Mavhunga & Rollnick, 2013). It involves pulling together
thoughts from all the other four TSPCK components to explain a concept in a way that

makes it accessible and comprehensible to the learners.
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The components are content-specific, because of their specific requirement to focus on the subject
matter knowledge. The interactions of the five content-specific knowledge components
demonstrate the quality of PCK in a given topic (Park & Chen 2012). This study has a special
focus on the topic specific grain of PCK. The study adopted the simplified model proposed by
Mavhunga and van der Merwe (2020) that positions the topic specific PCK (TSPCK) in the RCM
of PCK. Figure 2.2 presents the simplified model.

*Topic specific PCK
Collective PCK (cPCK) Personal PCK (pPCK)
Trarsformed
: Spectic X
Planned PCK (pIPCK) Enacted PCK (ePCK) 5 "
. . . . pe | *
* Discipline specific PCK * Discipline specific PCK * Discipline specific PCK TOPKC SPECIFIC PCX
* *Topic specific PCK  la—»f | *Topic specific PCK | » *Topic specific PCK Toplc speciic inowledge components
* Concept specific PCK o o from which transformation emerges
* Concept specific PCK ¢ Concept specific PCK + Leamers Prior Knowledge
» Curricular Saliency
In the planning In the classroom + Whatis difficult to teach
o Representations
PCK knowledge shared | o Concephusi Toscing Stmiagien
by the community PCK knowledge located in the individual teacher ' 4
Specific e g
The translation of one version of PCK to the other as represented by the arrows is ok n '
embedded in the reality of various filters and enablers. |

Figure 2. 2: Simplified positioning of TSPCK in the refined consensus model of PCK
(Mavhunga and van der Merwe, 2020)

The concentric RCM model of PCK uses pPCK to represent the personal PCK (as the Mavhunga&
van der Merwe model does). The major difference between the two models is that the RCM model
presents enactment (ePCK) as the major manifestation of the personal PCK (pPCK) whereas the
Mavhunga and van der Merwe’s (2020) model presents the planning (pIPCK) and enactment
(ePCK) as equally important manifestations of the personal PCK (pPCK).

What makes TSPCK fit into the RCM of PCK includes the fact that the model places PCK at a
topic specific level which differentiates it from the generic discipline based PCK. This is in line
with the consensus assertion among the science education researchers that defined PCK “as both
a knowledge base used in planning for and the delivery of topic-specific instruction in a very
specific classroom context” (Gess-Newsome, 2015, p. 42). The TSPCK model also identified 5
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content-specific knowledge components that can be used in the pedagogical transformation of
content knowledge for any topic under investigation. Finally, there are empirical findings which
affirm that TSPCK can be taught to PSTs to develop planned TSPCK (pITSPCK) (Mavhunga &
van der Merwe, 2020; Akinyemi, 2020). Because this study focuses on the topic specific grain of
PCK acquired through collective PCK, I track how the pIPCK translated into ePCK (referred in

this study as pITSPCK and eTSPCK) and its ultimate influence on learner outcomes.

The argument under TSPCK is that ‘when a particular element of content knowledge is thought
about and reasoned through the five content-specific components, understanding for teaching is
generated that is specific to that topic’ (Mavhunga & Rollnick 2013, p.33). That is, if the teacher’s
content knowledge of one chemistry topic (e.g., chemical bonding) is transformed using those five
content-specific components, the same process will have to be repeated for the other topics
(Mavhunga& Rollnick 2013). Accordingly, teachers must familiarize themselves with different
ways in which any topic can be presented, how to introduce it, the demonstrations required for
further clarifications, the questions to ask, how to respond to the learners’ questions, the laboratory
activities to be employed and adopted in teaching the topic as well as how the subject matter can
be applied in the outside world (Aydin, Friedrichsen, Boz & Hanuscin, 2014). According to Aydin
et al. (2014), “while examining teachers’ PCK for teaching a single topic provides valuable
information, focusing on the same teachers” PCK for different topics in the same discipline will
help researchers better understand the nature of PCK” (p. 658).Therefore, the competence gained
to transform their content knowledge for each topic, and an improvement in the teacher’s TSPCK
on various topics has the capacity to influence the teacher’s general PCK at the discipline/domain

level.

2.6. PCK quality through an interplay of knowledge components

While there is a common understanding in the PCK literature that PCK can be examined by looking
at teachers’ firm understanding of various knowledge components (Magnusson et al., 1999), there
is also an understanding of the need for development of competence to efficiently integrate those
components in a coherent way (Aydin et al., 2015; Park & Chen, 2012). Thus, a well-developed
PCK is best explained through looking at the interactions among knowledge components.
Grossman (1990) was the first researcher to consider the interaction among knowledge

components and reported that “these components are less distinct in practice than in theory” (p. 9).
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This point was emphasized further by Cochran et al. (1991) who argued that PCK components are
so integrated and interrelated that they cannot be considered as separate knowledge bases.
Ferndndez-Balboa and Stiehl (1995) adopted the same idea of knowledge integration and reported
that ““it is not the separate existence, but rather the intersection and rightful integration of all these
PCK components that comprises good teaching” (p. 294). Focused on classroom teaching of Solar
systems and the Universe, a study by Henze, Van Driel and Verloop (2008) explored teachers’
integration of various knowledge components of PCK, based on two different kinds of science
orientation which relate knowledge of assessment, knowledge of learner and instructional
strategies. Their findings revealed that teachers’ knowledge of the learners interacted strongly with
instructional strategies employed. Similar to this was Park and Oliver’s (2008) findings that the
teachers’ development of knowledge of the learner (including misconceptions) shaped their
knowledge of teaching strategies and assessment. Using a quantitative approach to explore the
intra-relationships between pre-service science teachers' PCK components on a topic of ozone
layer depletion, Kaya (2009) found a moderate relationship to exist among PCK components.
Similarly, while focused on university lecturers of quantum chemistry, Padilla and Van Driel
(2011) found a strong link between their orientation and knowledge of instructional strategy,
curricular knowledge and knowledge of the learners. Using a different quantitative approach, Park
and Chen (2012) mapped out interactions of biology teachers’ PCK demonstrated in the classroom
teaching of photosynthesis and heredity. The authors found an idiosyncratic kind of interaction
among the knowledge components which were specific to the topic (i.e., knowledge of learner and
instructional strategy) (Park & Chen, 2012). Aydin and Boz (2013) used Park and Chen's (2012)
method of mapping out and enumerating PCK components, to examine two chemistry teachers’
PCK components interactions in teaching redox reactions and electrochemical cells. Using a
scoring rubric, Aydina and Boz were able to project the quality of the interactions, including how
they facilitated the learners’ learning. Similar to Park and Chen (2012), they found knowledge of
the learners and instructional strategy (which are topic specific) to be central in the integration
(Aydin & Boz, 2013). Furthermore, Aydin et al. (2014) also examined the nature of teachers’ PCK
in teaching electrochemical cells and nuclear reactions. They found that although their PCK
looked similar, the difference was observed in the interacting knowledge components which
shaped the observed PCK.
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While science teacher educators agree that coherent and integrated PCK is the key to effective
teaching (Abell, 2008; Park & Oliver, 2008), it remains a concern that pre-service teachers have
fragmented PCK (Lee, Brown, Luft, & Roehrig, 2007). However, researchers also agree on the
importance of helping PSTs to develop the ability and understanding of how to coherently integrate
the components of PCK for effective learning outcomes (Aydin & Boz, 2013; Park & Chen, 2012).
An example of studies that aimed to investigate this issue is Kaya (2009) who reported a moderate
correlation for intra-relationship among the knowledge components, including a low relationship
between other knowledge components and the PSTs’ knowledge of assessment. Using Magnusson
et al.’s (1999) model of PCK, Aydin et al. (2015) examined the nature of interactions among the
PCK components demonstrated by a group of PSTs during a practicum course on a chemistry topic
of the rate of reaction. The findings revealed an idiosyncratic nature of integrations among the
knowledge components. The authors also found that the development of PSTs’ PCK grew
remarkable from fragmented to a more integrated and coherent one at the end of the course (Aydin
et al., 2015). Likewise, focusing her study on PSTs’ TSPCK development, Mavhunga (2018)
examined how the content-specific components of PCK interact when planning to teach a topic of
chemical equilibrium. Using an in-depth qualitative method, Mavhunga identified moments of
interactive use of two or more knowledge components, referred to as the TSPCK episodes similar
to PCK episodes in Park and Chen's (2012). The study revealed that the components of PCK in a
topic interact among each other in linear, interwoven, or a combination of the two structures.
Mavhunga (2018) also observed sophisticated component interactions emerging from PSTs’

lesson plans and explanations on content representation (CoRe) prompts.

2.7. Capturing and measuring the quality of PCK

PCK is an elusive and internal construct which teachers find difficult to articulate (Mazibe,
Coetzee & Gaigher, 2020; Kagan, 1990). Capturing and measuring the quality of PCK and its
associate TSPCK therefore remains a challenge. Various techniques and methodologies are
reported to have been used in the literature, with the aim of capturing the teachers’ thought
processes about teaching in order to measure the quality of their PCK. For example, data has been
collected through classroom observations, written reflections, lesson plans, interviews and written
depictions of PCK (Friedrichsen et al., 2009; Nilsson, 2008; Park & Oliver, 2008b; van Driel et

al., 2014). Content Representations (CoRes) and Pedagogical and Professional Experience
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Repertoires (PaP-eRs) were both developed by Loughran et al. (2004) to capture teachers’ thinking
and reasoning about teaching. The development of CoRes requires teachers to identify the big
ideas within each topic and to expand on the teaching of each, as guided by specific prompts. PaP-
eRs, which are specific accounts of practice, provide an understanding on “the decisions
underpinning the teacher’s actions” (Loughran et al., 2004, p. 377). The two tools provide
qualitative reflections and understanding into the teacher’s planning of a lesson (Loughran et al.,
2004). The research community, however, has taken up the use of CoRes, more than the PaP-eRs
(Cooper et al.,2015), especially in pre-service science teacher education (Hume & Berry, 2011,
2013; Nilsson & Loughran, 2012). A CoRe tool has been a useful instrument in capturing and
assessing teachers’ and pre-service teachers’ PCK (Chordnork & Yuenyong, 2014) which includes
tracking the development of PCK before, during and after an intervention (Nilsson & Loughran,
2012; Rollnick & Mavhunga, 2016). Accordingly, these tools can assist pre-service or novice
science teachers to develop the foundations of PCK that can be enhanced through experience and
reflection upon practice (Hume & Berry, 2011; Aydeniz & Kirbulut, 2014). Several studies that
have used CoRes to develop and enhance PSTs” PCK have reported positive outcomes (Hume &
Berry, 2013; Loughran, Mulhall, & Berry, 2008). For example, a study by Loughran et al. (2008)
used CoRes and PaP-eRs to frame PST’s thinking about the connection between science content
and pedagogy. These authors found that PSTs developed more sophisticated views about learning
to teach science, including how to teach for understanding. Similarly, a study by Bertram and
Loughran (2014) had the PSTs complete CoRes to use during their teaching experience. They
reported the PSTs’ improved knowledge for teaching, resulting from the use of those CoRes in
their teaching (Bertram & Loughran, 2014). Furthermore, Qhobela and Moru (2014) worked with
a group of Physics teachers whose teaching was dominated by a chalk and talk traditional teaching
strategy. The participants were introduced to CoRe as a tool to assist them with analyzing the
content and pedagogy of a topic by guiding them to design and implement lessons that support the
learners’ construction of new knowledge. Qhobela and Moru reported an improvement in the

participants’ teaching processes following this intervention.

Generally, CoRes have been used to portray holistic overviews of teachers’ PCK related to the
teaching of a particular topic (Williams, Eames, Hume & Lockley, 2012; Hume & Berry, 2013);
hence they can be considered as the best technique to use to elicit and to record PCK directly from

the teachers (Kind, 2009). Both CoRes and PaPeRs are qualitative in nature, hence their use
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provides an insight into the quality of PCK at a descriptive level. This makes them more
appropriate for capturing than for measuring teachers’ PCK in a specific topic (Mavhunga &
Rollnick, 2014).

Other methods used in capturing PCK include the video recording of lessons followed by scoring
with a specially designed rubric (Park & Chen, 2012) or stimulated recall interviews on lessons
taught (Bishop & Denley, 2007; Smith & Banilower, 2015). For example, Park, Jang, Chen and
Jung (2011) used a PCK rubric designed by Park, Chen and Jang (2008) in order to measure
teachers’ levels of PCK. The rubric was theoretically grounded in the pentagon model of PCK,
which defined PCK as one of the five integrated knowledge components (Park & Oliver, 2008).
The rubric focused on measuring: i) the teachers’ knowledge of student understanding of the
subject matter and ii) their knowledge of instructional strategies and representations among the
five knowledge components (Park et al., 2008). More studies that used PCK tools include:
Carpendale and Hume (2019) in Physics, Aydeniz and Kirbulut (2014) in chemistry and Jittner,
Boone, Park and Neuhaus (2013) in Biology. They all described PCK at a discipline taxonomy
level (Veal & MaKinster, 1999). Such models are thus considered epistemologically unsuitable

for measuring teachers’ PCK at a topic specific level.

Using a topic specific PCK realm (TSPCK), Mavhunga and Rollnick (2013) developed a TSPCK
research tool (see Appendix A) used to capture the PSTs’ knowledge for teaching a topic of
chemical equilibrium by taking into consideration, the five content-specific knowledge
components. The TSPCK tool requires qualitative explanations that demonstrate teachers’
understanding of a particular TSPCK knowledge component. Furthermore, it gives an opportunity
to gain insights into teachers’ understanding of the interactive use of other knowledge components
from the portrayed explanation. Alongside the TSPCK tool was a 4-criterion planned TSPCK
rubric (see Appendix A) that categorized the TSPCK captured into different levels of quality
(Mavhunga & Rollnick, 2013). The rubric criteria emphasize varying extents of interactive usage
of TSPCK components (Mavhunga & Rollnick, 2013), hence allowing for the teachers” TSPCK
to be categorized at different levels. The four different levels are: Limited (1), Basic (2),
Developing (3) and Exemplary (4), with the Developing and Exemplary levels representing the
higher levels of quality pITSPCK. The categories can be described qualitatively while also
allowing for the quality of TSPCK to be measured quantitatively. Interestingly, the TSPCK tool

25



and the corresponding rubric are appropriate and epistemologically suitable for capturing the
quality of PCK in each topic, as guided by the TSPCK construct. Following the same
understanding, more TSPCK tools were developed in different topics such as organic chemistry
(Davidowitz & Vokwana, 2014), chemical bonding (Toerien, 2017) and particulate nature of
matter (Pitjeng-Mosabala & Rollnick, 2018). Recently, Miheso (2018) developed and validated a
3-criterion enacted TSPCK rubric that captures the teachers’ PCK portrayed in their classroom
teaching (see Appendix G). The rubric categorizes the quality of teachers’ eTSPCK into simple,
proficient or sophisticated levels, based on the extent of interactive use of knowledge components
identified as TSPCK episodes from the teachers’ classroom explanations (Miheso, 2018). On the
rubric, the proficient and sophisticated TSPCK episodes represent higher categories of quality
eTSPCK. Attempting to capture and measure the PPSTs’ pITSPCK, this study adopted a validated
TSPCK tool with its rubric designed by Mavhunga and Rollnick (2013) on a topic of Chemical
Equilibrium and CoRes (Loughran et al., 2012) for capturing their thought processes about
teaching Chemical Equilibrium. Similarly, the enacted TSPCK rubric (Miheso, 2018) was adopted
to portray the quality of PPSTs” eTSPCK on their actual teaching of Chemical Equilibrium. Using
the adopted tools and rubrics presented above, this study was able to capture and measure the
quality of PPSTs’ pITSPCK and eTSPCK in a topic of Chemical Equilibrium.

2.8. Understanding the cPCK-pIPCK-ePCK trajectory link to learner outcomes
2.8.1. The cPCK-pIPCK-ePCK trajectory

According to Shulman, (1987), the process that results in effective teaching of content in the
classroom begins way before the actual act of teaching itself. It begins with a thorough pedagogical
reasoning of the content. The argument made by Shulman is that PCK is embedded in the actions
of teachers “from being able to comprehend subject matter for themselves, to becoming able to
expose subject matter in new ways, reorganize and partition it, clothe it in activities and emotions,
in metaphors and exercises, and in examples and demonstrations, so that it can be understood by
students” (Shulman, 1987, p. 13). This implies that PCK can be explored in both planning as
pIPCK and in the actual classroom enactment as ePCK. This coincides with Baxter and
Lederman’s (1999) line of thought, that PCK goes beyond what a teacher knows but extends to

“what a teacher does” in the classroom and to the reasons for the types of actions that he/she takes
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in relation to teaching a specific topic (p. 158). Accordingly, because of the tacit nature of PCK
(Aydeniz & Kirbulut, 2014; Baxter & Lederman, 1999), it is best to explain it by looking at not
only what teachers know about teaching a topic (usually observed in their planning for teaching)
but also their classroom enactment, including when teachers reflect on their teaching (Magnusson
etal., 1999; Carlson & Daehler 2019).In the same line of thought is the definition of PCK portrayed
in the Consensus Model (CM) where PCK is referred to as “both a knowledge base used in plan-
ning for and the delivery of topic-specific instruction in a very specific classroom context, and as
a skill when involved in the act of teaching” (Gess-Newsome, 2015, p. 30-31). This stamps the

argument that a teacher’s personal PCK should be explained at both planning and enactment levels.

It is however important to note that just because a teacher knows what to do and demonstrates a
developing PCK does not guarantee an automatic translation of that knowledge into classroom
enactment (Gess-Newsome, 2015; Aydeniz & Kirbulut 2014), due to the complexity of classroom
teaching. It is only when that knowledge is enacted in the actual classroom teaching that it can be
called ePCK, and eTSPCK when considered for a specific topic. According to Ball et al. (2008),
it is through an understanding of PCK manifestations at both planned and enacted levels that “the
relationships among teacher knowledge, teaching, and student learning” (p. 390) can be explored
and understood. While pIPCK and ePCK cannot be fully separated (Abell, 2008) since they both
represent a teacher’s pPCK, acknowledging each realm of PCK provides richer insights into
understanding PCK development and subsequently its manifestation in the actual classroom
teaching. In other words, while pIPCK is the kind of knowledge evident when planning to teach,
ePCK comprises the knowledge demonstrated by the teacher when teaching in the actual classroom
in response to the learners’ learning needs (Aydeniz & Kirbulut, 2014; Park & Oliver, 2008).
Understanding how the pPCK manifests in both planning and enactment is necessary for effective

teaching and learning of the subject matter.

Furthermore, PCK is regarded as a communication tool between the teacher and the learner in the
classroom setting (Van Driel et al.,1998). There is, however, a general understanding that PCK
develops through experience as teachers engage in their teaching of subject matter (Chan & Yung,
2017; Aydin & Boz, 2013). This knowledge is believed to grow continuously as teachers engage
in planning, carry out and reflecting on teaching and learning (Nilsson & Loughran, 2012). In view

of that, the novice and pre-service teachers (PSTs) have a less developed PCK which calls for the
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need to support and grow their PCK (Aydin et al., 2015). Initial teacher education programmes are
therefore obliged to help the PSTs’ to develop PCK (Aydeniz & Kirbulut, 2014) with the purpose
of “ensuring that individuals enter the teaching profession with more classroom experience and
deeper knowledge” (Aydin et al., 2015, p. 37). The concerning issue however has always been
about the transferability of PCK (pIPCK) into the actual classroom teaching learned (Gess-
Newsome, 2015), following an exposure to collective PCK (cPCK) and by its association
CTSPCK. As argued by Mavhunga (2014), TSPCK itself is not transferrable. It is the application
of the learnt competence to effectively use the 5-content specific TSPCK components to transform
the content of a new topic that is transferrable. Mavhunga referred to this skill as pedagogical
transformation competence (PTC). For example, Akinyemi (2020) followed a group of PSTs who
were exposed to the TSPCK construct in the form of an intervention, to determine the transfer of
learnt competence into classroom practice. Akinyemi reported an improvement and similar quality
of TSPCK revealed in planning (pITSPCK) and in the PSTs actual teaching of the same topic of
intervention (eTSPCK). Likewise, a study by Mazibe et al. (2020) studied physics teachers’ PCK,
displayed when developing content representations (CoRes) tool and during interviews as well as
that demonstrated in their actual classroom when teaching graphs and motion. Contrary to
Akinyemi’s findings, the authors indicated that the reported PCK (in the CoRes) and enacted PCK
were not at the same level of quality (Mazibe et al., 2020). Furthermore, it has been observed that
most of the previous studies focused on either a single PCK realm (Park & Chen, 2012) or two
realms according to Mavhunga and Rollnick (2013) who examined the cPCK-pIPCK and Alonzo
et al. (2019) who examined the pPCK-ePCK link as well as a recent study by Akinyemi (2020)
who focused on the three realms, cPCK-pPCK-ePCK link to the learner outcomes. A study by
Akinyemi (2020) contributed towards addressing the gap that existed for years in the literature on
the link between the teachers” PCK and learner outcomes (Carlson & Daehler, 2019).

While little is known about how PGCE pre-service teachers develop their PCK, this study is aimed
at contributing towards addressing this gap by exploring the development of their TSPCK through
the cPCK-pIPCK-ePCK continuum and ultimate link to learner outcomes. The significance of
exploring TSPCK this way lay in the fact that very few studies have explored the entire continuum
in a single study, particularly with PPSTs whose exposure to PCK and other pedagogies is limited

to a single year as opposed to the 4-year period common to traditional pre-service teachers. Thus,
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this study, reports comprehensively on the PPSTs’ multiple dimensions of TSPCK captured as

they move from the one PCK realm into another and the ultimate impact on learner outcomes.
2.8.2. Teacher PCK and learner outcomes

This study was guided by two important conceptualizations in the PCK literature. These included:
(1) the Shulman's (1987) argument that “comprehended ideas must be transformed in some manner
if they are to be taught” (p. 16) and (ii) the understanding that the value of ‘pedagogically
transformed content understanding’ lies in its ability to positively influence the learners’
understanding and conceptual performances (Rollnick &Mavhunga, 2015). The expectation in
research is that a high-quality teaching should result in increased students learning (Mansor, Halim
& Osman, 2010; Gess-Newsome, Taylor, Carlson, Gardner, Wilson & Stuhlsatz, 2019). In order
to facilitate the learners’ understanding, teachers must have a well-developed knowledge base for
teaching, referred to by Shulman as PCK. The understanding is that with a well-developed PCK,
teachers can make disciplinary ideas comprehensible for the learners (Cooper et al., 2015;
Richardson, Byrne & Liang, 2018). Additionally, Mthethwa-Kunene et al. (2015) argued that the
teachers’ knowledge and appreciation of learner difficulties and preconceptions in their teaching
may influence their choice of instructional strategies and representations that work towards
efficiently explaining the difficult concepts. It is therefore important that a teacher knows how to
teach the subject matter, including what to do when learners encounter some learning difficulties.
This ability to connect the learners’ knowledge and experiences in ways that make the content
meaningful is the key to PCK, hence the assumption that teachers with sound PCK have the

potential to effectively impact on the learners’ outcomes.

Despite the argument in research that PCK should promote conceptual understanding, it has
remained difficult to directly link teacher knowledge to learner outcomes in the sciences (Cross &
Lepareur, 2015; Mansor et al., 2010). This difficulty is associated with a multitude of factors,
including teachers and students’ beliefs which either filter or amplify the effect that teaching has
on learner outcomes (Gess-Newsome, 2015; Carlson & Daehler 2019). Additionally, the learners’
interest and readiness to learn, teacher education background, teachers’ content knowledge,
pedagogical content knowledge and pedagogical knowledge are also considered as the factors that
contribute to the complexity of the classroom and learning (Blomeke et al., 2016; Gustafsson &

Nilsen, 2016). Even so, the theoretical models of instructional quality consider teachers’
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professional knowledge, more specifically PCK, as a factor which influences the quality of
instructions and hence, the learner outcomes (Helmke, 2014; Kunter, Klusmann, Baumert, Richter,
Voss & Hachfeld, 2013). Consequently, with PCK viewed as the central component of teacher
development of knowledge for effective teaching (Park & Oliver, 2008), a highly developed PCK
has the potential to yield a high-quality instruction (Richardson et al., 2018) which may, in turn,
result in the learners’ higher achievement (Fortsch, Werner, Von-Kotzebue & Neuhaus,
2016).Some studies have been conducted in science education to show that PCK is one influential
factor which contributes to learning and to learner outcomes (Alonzo et al., 2012; Fortsch et al.,
2016; Keller et al., 2017; Akinyemi, 2020).

Multiple studies focused on schools in Germany have been conducted to determine the existence
of a link between the teachers’ PCK and learner outcomes. For example, Lange, Kleickmann and
Moller (2011) explored elementary teachers’ PCK and student achievement in science classrooms
with the focus on the states of matter and changes of state. Alonzo et al. (2012) investigated the
link between two German physics teachers’ PCK and students’ learning on a topic of optics.
Similarly, Keller et al. (2017) examined the impact of physics teachers’ PCK and motivation on
the achievement and interest of the learners in Germany and Switzerland. Furthermore, a study by
Mahler, GroB3schedl and Harms (2017) examined the relationships between science teachers’
professional knowledge (CK, PCK and curricular knowledge) and the learners’ performance in the
context of biology teaching. The studies above found a positive relationship between the teachers’
PCK and learner achievement (Lange et al., 2011; Alonzo et al., 2012; Mabhler et al., 2017) and

between PCK and teacher motivation on student interest and achievement (Keller et al., 2017).

Furthermore, studies focused on American schools also revealed that teacher PCK seem to impact
on learner understanding and achievements. With the focus on effective science professional
development for teacher and student learning in American elementary schools, Roth, Garnier,
Chen, Lemmens, Schwille and Wickler (2011) conducted a video-based lesson analysis. The
participant teachers were observed in the classroom after the professional development programme
in order to identify how the teaching strategies used linked PCK to students’ learning outcomes
(Roth et al., 2011). The analysis revealed a link between higher student gains and teachers’ PCK
about student thinking and teaching practices which aimed at improving the coherence of the
science content storyline (Roth et al., 2011). Similarly, Sadler, Sonnert, Coyle, Cook-Smith and
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Miller (2013) investigated the influence of teachers’ knowledge on student learning in middle
school physical science. The study revealed that knowledge of students’ misconceptions (which is

an aspect of PCK) positively predicted the learners’ achievement gains (Sadler et al., 2013).

Moreover, a recent study by Akinyemi (2020) focused on South Africa, examined a PCK-learner
outcome link with the focus on pre-service teachers. The study conducted an intervention (using a
TSPCK construct) with 17 physical sciences pre-service teachers (PSTs) to develop their TSPCK
on a topic of organic chemistry. By observing the PSTs’ lessons, the researcher determined the
participants’ enacted TSPCK (eTSPCK) demonstrated in the actual classroom teaching and its
influence on the learner outcomes (Akinyemi, 2020). The analysis found a positive significant
correlation between the PSTs’ eTSPCK and learner conceptual performance (Akinyemi, 2020).

Several other studies, however, did not find a link between the teachers’ PCK and learner
outcomes. For example, Cross and Lepareur (2015) investigated teacher-student interactions in
relation to learners’ difficulties. The investigation was intended to determine the relationship
between a physics teacher’s PCK and the learners’ achievement on electric circuits in a French
classroom. These researchers did not find any linear relationship between the teacher’s PCK and
student outcomes (Cross & Lepareur, 2015). Similarly, a study by Liepertz and Borowski (2019)
investigated the relationship between physics teachers’ professional knowledge (CK, PCK and
pedagogical knowledge), interconnectedness of content structure and student achievement. The
findings revealed limited learning gains in the pre-and post-tests and hence no significant
differences in the Rasch measures (Liepertz & Borowski, 2019). Finally, Gess-Newsome et al.
(2019) conducted a professional development intervention with 50 experienced biology teachers
in one state in America. The researchers aimed to determine the relationship that the teacher
professional knowledge (constituting academic content knowledge (ACK), the general
pedagogical knowledge (GenPK), PCK and teacher practice) and the classroom practice has with
student achievement (Gess-Newsome et al., 2019). While the analysis showed that the participant
learners’ achievement scores increased significantly from the pre-test to post-test, only ACK

substantially influenced student achievement (Gess-Newsome et al., 2019).

The inconsistencies in the findings regarding the PCK-learner outcomes link has resulted in mixed
signals to the PCK community. The reasons leading to these inconsistencies could be attributed to
the differences in the PCK conceptualizations and methodologies employed by these studies. For
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example, the two studies by (Liepertz & Borowski, 2019; Gess-Newsome et al., 2019)
conceptualized PCK as discipline specific when dealing with specific topics. Furthermore,
Liepertz and Borowski (2019) used paper-and-pencil tests to measure the professional knowledge
(i.e., CK, PCK and PK) of teachers and the learners’ achievement. While the paper-and pencil tests
captured the teachers’ planned PCK as per the PCK-RCM model, the teachers’ lessons were also
observed to portray their enacted PCK (ePCK). Gess-Newsome et al. (2019), on the other hand,
measured the teachers’ PCK through the written reflections, interviews and observations of
classroom practice using a PCK rubric while the learners’ achievement was measured from
achievement tests drawn from a large test bank of items. The various methods of data collection

used by Gess-Newsome et al. (2019) captured only the teachers’ planned PCK.

Similar to Akinyemi (2020) in this study, PCK is conceptualized at a topic specific grain size,
while using only content specific components without reference to generic components. This study
associated the evidence of PCK with visible interactive use of these content-specific knowledge
components when transforming the content knowledge in planning and classroom enactment
(Mavhunga, 2020). While Akinyemi (2020) explored the PCK-learner outcome link on a
traditional, B. Ed pre-service teachers; this study tracked the PGCE pre-service teachers (PPSTs)
which is a one-year teaching programme. The PCK-learner outcome continuum link was examined
through the cTSPCK-pITSPCK-eTSPCK continuum on a topic of Chemical Equilibrium. The
significance of exploring TSPCK this way lay in the fact that very few studies have explored the
entire continuum in a single study, particularly with PPSTs whose exposure to PCK and other
pedagogies is limited to a single year as opposed to the 4-year period common to traditional pre-

service teachers.
2.9. Teaching and learning of Chemical Equilibrium

An understanding of Chemical Equilibrium has been considered as crucial because it contributes
to the understanding of other chemistry topics such as acid-base behavior, oxidation-reduction
reactions and solubility (Bergquist & Heikkinen, 1990). Chemical Equilibrium, is however,
perceived as a difficult topic consisting of abstract content (Tyson & Treagust, 1999; Ben-Zvi,
Eylon, & Silberstein, 1987). Its difficulty is also associated with the words and language used.

According to Bergquist and Heikkinen (1990), while the words used are taken from the everyday
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language, their meaning is different. Furthermore, the abstract nature of Chemical Equilibrium
concepts has resulted in a lot of common learner misconceptions (CLMSs) which are found to be
recurring in the literature. While the focus of this study is not necessarily on misconceptions or
difficult concepts, the development of teachers PCK requires their deep understanding of the
learners’ conceptions and difficulties of a given topic (Van Driel et al., 1998; de Jong et al., 2005;
Mthethwa-Kunene et al., 2015). The relevant literature on CLMs and difficulties around Chemical

Equilibrium is presented below.

2.9.1. Alternative conceptions and difficulty associated with the teaching and learning of
Chemical Equilibrium

The abstract nature of Chemical Equilibrium has been argued in research as the cause for learner
misunderstanding and conceptual difficulties (Ghirardi, Marchetti, Pettinari, Regis, & Roletto,
2015). One of the most recurring difficulties is that the learners fail to distinguish between
complete and incomplete chemical reactions. Accordingly, the learners believe that the reverse
reaction begins only when the forward reaction ends and this affects their understanding of the
dynamic nature of equilibrium (Niaz, 2001; Thomas, & Schwarz, 1998). Further difficulties are
reported for understanding the constant nature of the equilibrium constant (Van Driel& Graber,
2002; Kousathana & Tsaparlis, 2002) and the unequal concentrations of reactants and products at
equilibrium (Mavhunga & Rollnick, 2013; Ghirardi et al., 2015). Similarly, learners also hold
many alternative conceptions on the topic. While the consideration of the learner’s prior
knowledge is important in any teaching and learning situations (Gottheiner & Siegel, 2012), some
learner preconceptions are alternative conceptions which contradict the scientific definitions
(Kambouri, 2016). Some of these misconceptions are caused by the meaning of specific terms such
as ‘equilibrium’, used in chemical equilibrium and have been found to have different meaning for
different learners, (Bergquist & Heikkinen, 1990). Further, misconceptions are reported for: failure
to distinguish between the rate and the extent of reaction (Banerjee & Power, 1991; Pekmez, 2010),
mass or amount vs. concentration (Wheeler & Kass, 1978; Bergquist & Heikkinen, 1990) and the

manipulation of LeChatelier’s principle (Kousathana & Tsaparlis, 2002).

The value of knowing about the difficulties, misconceptions and preconceptions of the learners is
to get insights of the concepts that need special attention and emphasis when teaching a topic.
These considerations have transformative effects on the content; they influence the choice of
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teaching strategies and representations by the teacher. Various teaching strategies have been
suggested in the literature on how to curb the difficulties and misconceptions on the topic of
Chemical Equilibrium. First, VVan Driel, De Vos, Verloop and Dekkers (1998) suggested that the
teaching strategies used should consider the learners’ ways of reasoning and promote conceptual
change. Wheeler and Kass (1978) recommend the use of graphs (concentration vs. time graphs) to
help the learners to visualize what happens at equilibrium and when equilibrium is disturbed.
Likewise, Huddle et al. (2000) suggested the use of simulations and analogies to assist with the
conceptualization of abstract theoretical aspects. However, researchers warn that such analogies
should be carefully selected as some of them may also reinforce alternative conceptions (Huddle
et al., 2000). Furthermore, Quilez-Pardo and Solaz- Portolez (1995) advised that teachers should
use more exciting teaching strategies that promote problem solving competencies. This advice is
supported by Bilgin (2006b) who noticed an improvement in conceptualization when pre-service
teachers were taught in small groups that created opportunities for them to discuss both their

misconceptions and new ideas.

The identified difficulties, misconceptions and the teaching strategies recommended in this chapter
influenced the planning and the delivery of the intervention on Chemical Equilibrium in this study.
As discussed in the theoretical framework guiding this study, transformation of content knowledge
is at the core of PCK development. Furthermore, this study acknowledged the topic ‘specificity’
of PCK referred to as topic specific PCK (TSPCK). Therefore, the interactive use of the five
content-specific knowledge components identified by Mavhunga and Rollnick (2013)
demonstrated the quality of PCK in a given topic (Park & Chen, 2012). Moreover, an
understanding of the interactive use of these components when explaining concepts was found to
provide a teacher with pedagogical transformation competence that can be applied for a new topic.
This understanding helped the study to track the development and manifestation of the competence
gained by the PPSTs from the intervention into planning and classroom enactment in relation to

learner outcomes.

Several data collection methods were identified as being appropriate for this study on PPSTs and
on the effect of TSPCK on performance specifically. Therefore, the next chapter describes the

methodology followed in this study.
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CHAPTER 3

RESEARCH METHODOLOGY

This chapter describes the methodology and design used to investigate the development of the
physical science PPSTs’ topic specific PCK, as influenced by an intervention on content
knowledge transformation, and its impact on their enacted TSPCK in real classroom contexts. |
first present the research design and the rationale for its choice in this study. Unpacking the
research design into its respective components follows. This includes the description of the study
sample, which also includes their biography, the intervention procedure provided to the sample,
the choice, nature and rationale behind the research instruments and tools used for data collection
purposes. | then explain the Data collection procedure and describe the data analysis techniques.
Finally, issues relating to validity and trustworthiness, the study limitations and ethical procedures

inherent in this study are discussed.

3.0. Introduction

This research focuses on tracking the physical science PPSTs” TSPCK in planning, how it
translates to enactment and its ultimate impact on learner achievement. The chapter begins by
describing the research design and the rationale behind the choice of the design. Further, it unpacks
the research design into its respective components, the sample of the study, the treatment provided
to the sample during the duration of the study, the data collection procedures and the rationale
behind the choice of the data collection instruments. The chapter then explains the data analysis
procedures, the issues of validity and reliability, as well as ethical considerations and limitations

of the study.

Some studies that explored the pre-service teachers’ (PSTs) TSPCK development focused on the
planned TSPCK growth (Mavhunga & Rollnick, 2013; Mavhunga et al., 2016). Those studies also
focused on the B.Ed. PSTs. Very few studies have conducted interventions with the purpose of
tracking the teachers’ TSPCK development in planning, translation into enactment and influence
on learner performance (Akinyemi, 2020). Akinyemi’s study focused on B.Ed. pre-service
teachers. Also done at pre-service level, the present study will contribute to the already existing
literature that describes the teachers’ TSPCK across the three stages, with the focus on physical

science PPSTs.
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3.1. Research Methodology and Design

A mixed method has become more popular since its emergence over the past few years (Potter,
2012). Itis a pragmatic worldview that involves the use of both qualitative and quantitative designs
in the same study where data is collected concurrently or sequentially (Pelch & McConnell 2016;
Halcomb, & Hickman, 2015; Creswell, 2014; Potter, 2012). Data is collected and analyzed using
qualitative and quantitative designs and later integrated and inferences made (Potter, 2012;
Creswell, 2014).

The argument is that the use of the two designs in one study provides a more detailed and better
understanding of a phenomenon than an individual method, thus increasing its validity (Creswell,
2014; Potter, 2012; Lopez-Fernandez & Molina-Azorin, 2011). Argued in Creswell (2014), in
mixed method research, “the researcher bases the inquiry on the assumption that collecting
diverse types of data best provides a more complete understanding of a research problem than
either quantitative or qualitative data alone” (p. 48).Venkatesh, Brown and Bala (2013) provide
three benefits for using the mixed methods approaches: (i) its ability to simultaneously address
confirmatory and explanatory research questions, (ii) providing stronger inferences than a single
method and (iii) it affords an opportunity for the collection of divergent and/or complementary
views. Cronholm, and Hjalmarsson (2011) argued that “the use of a mixed method can also provide
stronger evidence for a conclusion through convergence and corroboration of findings. By
combining qualitative and quantitative approaches, or triangulate, the researcher's claim for
validity of his or her conclusions are enhanced if they could be shown to provide mutual
confirmation” (p. 88). Its superiority over a single design includes the observation that it: (i) allows
for a greater understanding of a phenomenon being studied by offering detailed information that
might be missed when using only one research design and (ii) resulting in more reliable and

relevant findings (Caruth, 2013; Cronholm and Hjalmarsson, 2011).

Creswell (2014) posited that, one of the values of this method lies in enabling the researcher to
understand the impact of the intervention using both qualitative and quantitative measures. Using
the pre-post-design, the use of a mixed methods approach allowed me to track the PPSTs” TSPCK
across planning, its translation into enactment and ultimate impact on learner achievement as a
result of an explicit intervention. An embedded mixed method design was used in this study. It

was expected to yield pertinent results that can be trusted.

36



The study addresses three research questions, two of which are mainly qualitative in nature. The
first two questions focus on explaining the PPSTs” TSPCK at the planning and enacted levels,
respectively. The qualitative data collected assisted with unpacking their planned TSPCK and how
this translated into TSPCK in action. The third research question focused on the link between the
PPSTs’ TSPCK and learner achievement. For this question, both qualitative and quantitative data
were collected and analyzed for correlation. To reiterate, the use of multiple methods has an
advantage of strengthening the analysis than the use of a single method. To analyze for question
three, the correlation analysis was done to determine the relationship between the learners’
performance in chemical equilibrium concepts and the PPSTs” TSPCK. The qualitative analysis
succeeded the numerical analysis to provide a thorough understanding of the link that exists if any
at all. Venkatesh et al. (2013) provided seven purposes for mixed methods research. These are
complementarity, completeness, developmental, expansion, corroboration/confirmation,
compensation, and diversity. Completeness and corroboration/confirmation are what led to the use
of a mixed methods approach in this study. The qualitative data collected through observations
and interviews ensure credibility of the findings and inferences made from the learner achievement
tests. The use of data from the two strands also provides a holistic overview of the link between

teacher knowledge and learner achievement.

Cautions have been made, though, concerning the challenges of using the mixed methods designs.
They include analytical and interpretive issues which arise when one merges and integrates the
data in concurrent designs (Creswell, 2014; Potter, 2012). Another challenge which could also
arise during the data integration may be caused by an unequal emphasis that the investigator puts
on each dataset (Potter, 2012). For this study, an equal weight is given to both qualitative and
quantitative data in response to question three. More challenges portrayed in Creswell (2014)

include the need for

Extensive data collection, the time-intensive nature of analyzing both qualitative and
quantitative data and the requirement for the researcher to be familiar with both quantitative
and qualitative forms of research. The complexity of the design also calls for clear, visual
models to understand the details and the flow of research activities in this design (p. 267).

Two raters who are familiar with both quantitative and qualitative methods were used to assist

with the analysis and interpretation of results to ensure credibility and validity of the findings.
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3.2. Research strategy

The study followed a group of physical science PPSTs. A case study research strategy was
employed as it enabled the exploration of teachers’ knowledge in order to gain a deeper
understanding of the impact that the intervention had on their understanding and teaching of
chemical equilibrium (Merriam, 1998). The use of a case study as a methodology in this case was
deemed important as it enabled the collection of data using multiple sources (Rowley, 2002;
Baskarada, 2014; Pearson, Albon & Hubball, 2015).

3.2.1. Case study

Yin (2003) defined a case study as an empirical enquiry that “investigates a contemporary
phenomenon within its real-life context, especially when the boundaries between the phenomenon
and the context are not clearly evident; and in which multiple sources of evidence are used” (p.
23). Case studies help the researchers to gain deep insights of educational situations such as
classroom practices. According to Njie and Asimiran (2014), case studies are known for their
ability to dig out for information and thus obtain characteristics of a particular entity of interest.
For this study, a case study allowed for an investigation of the student teachers’ knowledge
transformation ability into forms more accessible to learners using video/audio recordings of the
lesson presentations and interviews, lesson reflections, classroom discussions and their
assignments. As argued in Rowley (2002), a case study enabled the use of a variety of data
collection sources. Dealing with the complex and tacit nature of the PCK construct, it was
important to use multiple ways of investigating this construct to unearth hidden information that a

single method could not efficiently address or capture.

Merriam (2002), on the other hand, refers to a case study as involving a thorough description of a
unit of analysis. The unit of analysis in this study is the physical science PPSTs” TSPCK. The
focus is on how the TSPCK is developing in planning (pITSPCK), its evidence in the classroom
context (eTSPCK) and impact on learner performance. The use of this approach enabled an
investigation of cTSPCK-pITSPCK-eTSPCK continuum link to learner outcomes. Creswell
(2012) refers to a case study as a bounded system, bounded by time and activity. This study focused
on a PGCE class in a South African university, all registered for a physical science methodology

course. This group was thus bounded by both time and activity in that, they all registered for a
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one-year PGCE programme and attended the same physical science methodology module in the
same university, in the same academic year, 2018. What bound the participants (the same academic
year, 2018), is long enough to last until the end of the study (Yin, 2012; Creswell, 2014). Although
this was a case study of a whole class of PPSTs, a subset of three teachers were later selected and
observed teaching a chemistry topic and each teacher became a mini case. What bound the 3
PPSTs, although teaching in different schools, was the schools’ agreement to have each of the
three teachers deliver two lessons on chemical equilibrium to grade 12 learners for the duration of
the study.

3.3. Participant selection/Sampling

The participants were a purposeful sample of physical science PSTs registered for the PGCE
course. PGCE is a one-year full-time course of professional training for teaching which is
recognized around the world (Hodgson, 2014). The students registering for this programme are
usually specialists in other science disciplines with chemistry, physics, biology and geology as
their major subjects (Kind, 2009). On acquiring PGCE, the PSTs are given a Qualified Teacher
Status (QTS). The PPSTs are commonly assisted to learn to teach without much attention on
content of that subject, based on an assumption that they have all the necessary content from their
undergraduate or postgraduate courses (Hirst, 1980; Ogunniyi & Rollnick, 2015). The group that
was followed for this study consisted of this special group of PGCE PSTs registered for (amongst
other courses) a physical science methodology course which offers amongst other things, explicit
development of PCK in core topics of physical science. McNicholl, Childs and Burn (2013) argued
that "the main thrust of the PGCE course is to enable students to develop PCK by bringing their
developing pedagogical knowledge to bear on their degree-level knowledge so that they can

transform it for the classroom” (p. 156).

In their chemistry methodology course, the PPSTs are introduced to pedagogical transformation
of content knowledge as a benefit of PCK. The underlying assumption is that by developing the
competence to pedagogically transform content knowledge in a topic, they in turn develop PCK in
the topic. The chemistry methodology lessons are presented by one University physical science
Professor, who also teaches undergraduate methodology and content courses (i.e., chemistry

content) in the same division of science.
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All PPSTs registered for the physical science methodology course were approached and asked to
participate in this study. During the intervention, the whole class of eight PPSTs was considered
as a sample (purposeful sample) for this study. The group was considered as a case study in many
aspects from the beginning to the end of the intervention that aimed to determine their acquired
TSPCK. After the intervention, the PPSTs were assigned to schools around Johannesburg for their
teaching experience. A subset of three PPSTs was selected because they were assigned in schools
where they could teach chemical equilibrium at the time of the teaching experience. This was
important because it allowed me to continue to track the TSPCK from planning, in enactment and
its impact on learner performance. The three PPSTs were not necessarily representative of the
whole class of PGCE physical science cohort. Rather, they were parallel individual mini case
projects (Dumez, 2015) where the individual PPST’s TSPCK at a planned level was checked

against their enactment and learner achievement.

In South African schools, chemical equilibrium is taught in grade 12 and their access when it
comes to research is close to impossible. It is also a common practice in South African high schools
that the PSTs are not allowed to teach grade 12 learners during their teaching experience. This is
because the learners are being prepared for their Final National Examination. The schools had to
motivate against this provincial rule by the Provincial Basic of Education to allow this research
activity to take place with their grade 12 learners. The selection of the subset of three PPSTs was
therefore dependent on the schools’ agreement to allow the PPSTs to teach this topic to their grade
12 learners. As my study had interest in TSPCK development and application, this cohort of PPSTs
who were learning to apply TSPCK from a ‘fast-speed one-year development track’ were the
perfect group and home for my study. Table 3.1 provides a detailed summary of the participants’

educational background.
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Table 3. 1: A Table of characteristic features of the PPSTSs participating in this study.

Pre- Name of 1% Year Major subjects  Name of 2 Year Major Current
service degree obtained degree obtained subjects study
Teacher
Mandla BSc General 2017 Chemistry and X X X PGCE
Biology
Jane BSc Pharmacy 1995 Pharmaceutical X X X PGCE
Chemistry
Daniel BSc General 2012 Chemistry and BSc Honors 2013 Zoology PGCE
Zoology
Katleho BSc Material 2015 Material X X X PGCE
Science science and
Chemistry
Brown BSc General 2016 Chemistry, and X X X PGCE
Physics axillary
Noma BSc Chemical 2005 Chemistry and  Postgraduate 2014 Public PGCE
Science Biochemistry diploma in management
Public
Management
Sara BSc Geology 2016 Geology, BSc Honors 2017 Geochemistry PGCE
Mining
Lerato BSc Chemistry 2017 Chemistry, and X X X PGCE
with Chemical Process
Engineering Engineering

None of the PPSTs had any formal teaching experience. However, Mandla, Katleho and Noma
had done some one-on-one tutoring to some learners in their communities. All of them were BSc
graduates with at least chemistry as a major subject. All eight PPSTs indicated to have been
exposed to the concepts of chemical equilibrium in their bachelor’s degree studies, although the
depths at which they had encountered them differed considerably. For example, Sara who did BSc
Geology had been exposed to chemical equilibrium aspects prior to learning about
thermodynamics (one of the modules offered in BSc Geology). In a class of eight PPSTs, six had
recently obtained their degrees in BSc (less than five years before the year of this research study
and before registering into the PGCE programme), except Jane and Noma who obtained their BSc
degrees in 1995 and 2005, respectively. Both Jane and Noma had not been in the classroom before
but had worked in non-educational sectors. This cohort of eight PPSTs constituted a larger case of
the study. The data obtained from this group enabled the study to track the development of their
TSPCK across planning, enactment and how it impacts on learner understanding of chemical
equilibrium concepts. A subset of three PPSTs (shaded in Table 3.1 above) formed three individual
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mini cases embedded, within a bigger case, that were observed in schools during the teaching

experience.

A total of forty-three Grade 12 Physical Science learners, divided into three classes of fifteen,
fourteen and fourteen who were taught by the three PPSTs were also participants in this study. All
the three schools were located in the Johannesburg area and fell into the same category of South
African schools called Ex Model C. This category is distinguished from other categories in that
these schools were previously classified as white schools during the apartheid regime (Soudien &

Sayed, 2003). Table 3.2 presents summarized information about the learner participants.

Table 3. 2: Information about the participant learners (N=43)

School Pre-service Learners per PPST’s class

Name teacher Grade Male Female Total
A Noma 12 7 8 15
B Lerato 12 7 7 14
C Sara 12 9 5 14
Total 23 20 43

The study consisted of more male learners than female learner participants.

3.4. The Intervention

As hinted above, the training was an explicit intervention that normally happens in the physical
science methodology course by virtue of its design. The course has a specific objective to develop
TSPCK in core topics of chemistry and physics through a signature treatment (Mavhunga and
Rollnick, 2017). The intervention typically runs over a period of six weeks, constituting three 1-
hour periods in a week. A single topic is selected and retained through which the whole
intervention is based. Throughout the intervention, the PPSTs were introduced to the framework
of pedagogical transformation of CK. The framework consists of five TSPCK knowledge
components that are content specific and work interactively to pedagogically transform CK into a
teachable form. The components were discussed in the following sequence: first, (i) the concept
of curricular saliency, followed by (ii) learner prior knowledge including misconceptions, then,
(iii) what is difficult to understand in a topic, (iv) representations including analogies and (v)
conceptual teaching strategies. At the end of the discussion of the TSPCK components, PPSTs

were introduced to a tool to plan and to organize their thoughts about teaching. This was the
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Content Representations (CoRe) tool developed by Loughran et al. (2004) to capture reasoning
about teaching and portrays PCK. In the course, the CoRe is used as a tool to organize and capture
the developing thoughts about teaching a topic. Participants completed tutorials and the CoRe in
the topic of the intervention as part of learning and formative assessment. In acknowledgement of
the importance of the training discussions to the study and the interpretation of the findings, a
detailed description of the intervention is discussed in a dedicated chapter, Chapter 4, detailing

how the intervention evolved for this specific group of PPSTs.

3.5. Tools and Instruments

Collecting data through multiple sources assisted with ensuring the reliability of the study. Three
different sets of instruments were used. The first set of instruments included pencil and paper
instruments. These comprised CoRe tool, a specially designed chemical equilibrium TSPCK test
and learner achievement tests. The second category was through an interview protocol and audio
recorder that guided my interviews and capturing of responses. The last one comprised the use of

video recording during the lesson observations.
(a) Administering Pencil and Paper instruments

The pencil and paper instruments administered in this study are a content representation (CoRe)
tool on chemical equilibrium, specially designed chemical equilibrium TSPCK- test tools, the
learner achievement content knowledge (LACK) tests, as well as the learners’ views. As argued
in research, pencil and paper instruments are not only reasonably economical (Malcolm, 2018) but

are also known for their simplistic nature, which makes them easy to use Mavhunga (2012).
(i) CoRes

A case study enables the researcher to collect data as the process unfolds in order to develop an
insight about the manner and pathways of learning followed. CoRe is a special tool used in the
intervention to organize and capture the reasoning about teaching. It was used in this study and
considered as a tool that portrayed the developing PCK in the topic of the intervention. The
structure of a CoRe consists of prompt questions that enable teachers to think through their subject
matter content as they plan to teach every topic. It enables the teacher to think in depth about

discussing topic content, conveying their explicit understanding of the main ideas around the topic
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(Loughran et al., 2004; Alonzo, Berry, & Nilsson, 2019; Henze & Barendsen, 2019). To be more
explicit, the use of CoRe allows one’s response to be more elaborate and can provide a detailed
overview of the teachers’ knowledge for teaching a topic. The tool’s reliability and validity for
efficient use, has been seen in its ability to portray the teachers’ personal PCK (pPCK) and enacted
PCK (ePCK), and in assisting the researchers to understand the teachers’ own knowledge and
understanding of the topic, as observed in Henze and Barendsen (2019) and Carpendale and Hume
(2019). A CoRe used in this methodology course has been adopted from that by Loughran et at.
(2004) and slightly modified to meet the objectives of the course, see Appendix B for a complete
view. This has been modified to include all five TSPCK components of content knowledge
transformation and has thus been used as a teaching tool in this course (Mavhunga & Rollnick,
2013). This CoRe has been used in several studies that attest to its reliability and efficiency in
capturing data to explain the teachers’ pedagogical reasoning about a topic (Mavhunga, 2014;

Mavhunga et al., 2016; Pitjeng-Mosabala & Rollnick, 2018).

Time and place of use: A CoRe tool was administered by the researcher in the chemistry

methodology class during the intervention period. The CoRe was based on one topic (chemical
equilibrium) - the same topic that was used in the intervention. The CoRe developed by the PPSTs
was given in the form of an assignment towards the end of the intervention. This assignment was

submitted two weeks after the intervention.
(if) TSPCK tool for Chemical Equilibrium

This is a tool that has been designed specifically for capturing the teachers’ topic specific PCK on
the topic ‘chemical equilibrium’. Tt is structured such that it addresses (amongst other things) the
five TSPCK components (Mavhunga & Rollnick, 2013). This tool, which was developed and
validated in Mavhunga (2012), has also been used in several studies which indicate its reliability
and validity in capturing the intended/aspired data (Mavhunga & Rollnick 2013; Mavhunga &
Rollnick, 2016; Mavhunga 2018). Each item has between two to three items that talk to it in the
form of questions. Different from the CoRe which requires teachers to formulate their own
responses, the TSPCK tool has a list of responses to choose from. For example, on a component
regarding “learner prior knowledge and misconceptions”, there is a list of responses from which

the teacher selects the best (see an extract in Figure 3.1) to give to a learner who has a doubt about
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a particular concept on the topic. The selection of the best response is followed by an expansion
from the teacher explaining why their chosen response is more fitting to the question asked (refer
to Appendix A for a complete overview). The teachers’ responses to this tool provided an overview
of their understanding of the topic, and their ability to think about and reason through their content
using the five TSPCK components. Responding to the questions in this tool does not only require
the teachers’ understanding of the five content-knowledge components of transforming the topic
but it also requires the ability of the teacher to interactively use the components when responding
and explaining other questions within the tool.

CATEGORY A:

1. In a classroom setting, which of the following responses will you choose to answer a learner
who seems to be in doubt and asks you:

“Do both the forward and the backward reaction actually take place if a closed system is at
equilibrium?”

Response A: Yes; the rate at which the forward reaction occurs is the same as the rate at which the
backward reaction occurs. We do not see them because both reactions happen under a microscopic eye.

Response B: Yes; for a reaction to be considered as at equilibrium, the rate of the forward reaction is the
same as the rate of the reverse reaction. As products are formed, they decompose or react with each other
and form reactants. In this way the reaction is kept at equilibrium.

Response C: Yes; a reaction that is at equilibrium has a forward and a reverse reaction. The forward
reaction produces products, and the backward reaction produces reactants. Sometimes the concentration
of products is higher than reactants, sometimes vice versa.

Response D: None of the above.

Choose your response and use the space below to expand on your choice.

Figure 3. 1: A TSPCK tool extract on chemical equilibrium

Time and place of use: The researcher administered this tool twice, before and after the

intervention. The first tool was issued on the first day of the chemistry methodology class, before
the intervention began. The second one was completed after the intervention (given in the form of

an assignment) and submitted a week after the intervention.
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(iii) Learner achievement content knowledge (LACK) test

The learner achievement test on chemical equilibrium was compiled from a set of questions
extracted from the South African National Examination question papers. Extracting content from
the valid content tests such as the National Policy Examination Papers (Physical science paper 2,
2015) ensured for validity of the content captured by the tests. The test consisted of three multiple
choice questions totaling three marks (covering 25% of the test) and four long questions, that added
up to a total of nine marks covering 75% of the test (refer to Appendix D for a complete overview).
Two aspects of chemical equilibrium (relative to what the pre-service teachers were expected to
teach in the classroom) were included in the learner achievement instrument. These included
concepts relating to the conditions necessary for the chemical equilibrium to be attained including
dynamic equilibrium, and factors that affect the state of equilibrium, and the Le Chatelier’s
principle which stems from the concept of disturbing the state of chemical equilibrium. Table 3.3

summarizes the content captured by each item in the learner-achievement test.

Table 3. 3: Description of the content covered in the learner-achievement test.

Test Item | Content Description

Item 1 Rates of reactions at Chemical Equilibrium

Item 2 The effect of increase in the yield of products for exothermic reactions

Item 3 Concentration of products at Chemical Equilibrium

Item 4 Effects of a disturbance at Chemical Equilibrium

Item 5 Drawing a concentration versus time graph to demonstrate Chemical Equilibrium
Item 6 Explaining what 1s an open system

Item 7 Explaining what 1s a closed system

Item 8 Explaining reversible reactions

Item 9 Explaining dynamic equilibrium

Item 10 Rate of forward and reverse reactions at Chemical Equilibrium

Item 11 Effects of increasing the concentration of product to a reaction that has reached Equilibrium
Item 12 Explaining the response to Item 11 using the Le Chatelier’s principle

For example, one of the questions asked in the test read: “What happens to a chemical reaction
that has reached an equilibrium state when a disturbance is added?”” (Department of Basic
Education, Physical science paper 2, 2015). The purpose of the test was to help the researcher to
use the learner achievement in order to determine the relationship between the PPSTs’ eTSPCK

observed in their actual teaching and learner performances.

46



Time and place of use: The learner achievement test instruments were administered in the

classroom as pre and post-tests to determine the effect that the student teachers’ TSPCK quality

has on learner achievement.
(iv) Learners’ views

It has been argued in the literature that knowledge of the learners’ perspectives can enable teachers
to understand and hence appreciate the instructional processes that influence students’ learning
including how to improve their teaching processes (Senocak, 2009; Halim, Abdullah & Meerah,
2013). This supports the understanding in the literature that learners’ views can also be used to get
information on the quality of their teachers’ PCK (Halim et al., 2013). It was through this
understanding that the study explored from the learners’ perspective, things that the PPSTs did to
promote or to hinder their understanding of the concepts. Adopted from the validated tools
designed by Senocak (2009) and Halim et al. (2014), a sample of questions on learners’ views is
presented in Figure 3.2. The questions on learners’ views were checked by two experienced
chemistry teacher educators who are also PCK specialists for validity. The aim was to check if the
questions had the capacity to elucidate the quality of PCK demonstrated by the PPSTs in their
teaching.

1. What did the student-teacher do, that helped you to understand the concepts? Give an example

[

What was done in the class by the student-teacher that you liked most?

3. What was done in the class by the student-teacher that you did not like?

=

What do you think would help you to understand better?

Figure 3. 2: Questions on learners’ views

Time and place of use: The questions were administered to learner participants across the 3 PPSTs’

classrooms.
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(b) Interview protocol and audio recordings

An interview protocol is a set of questions used to elicit specific information from the participants
in a consistent manner. The interview, which was mainly a stimulated recall, was based on and
triggered by the PPSTs’ lesson episodes as they explained and answered the learners’ questions in
their teaching. As postulated in Jewitt (2012), “Video elicitation can be a useful way for
researchers to validate and cross check their interpretations when working with video of ‘naturally
occurring’ interactions” (p.3). It allows the researcher to integrate video interpretations with
teachers thought processes and reasoning that they provide during the interviews (Asan &
Montague, 2014). Where there was an observable contrast between what is presented in a lesson
plan versus, the actual classroom teaching, such an extract was used as a stimulant to help
understand the disparities. So, the questions were generated later in the study, after collection and
analysis of classroom observations and their corresponding lesson plans. It was through these
interviews that explanations regarding some of the classroom observation occurrences and
challenges encountered during the lesson delivery could be described. The interview questions on
this protocol were developed in consultation with my supervisor. Appendix C illustrates the
interview schedule used in this study. On developing this interview protocol, reference was also
made on how to generate an interview schedule that encourages respondents to present their
thoughts and ideas with “greater richness and spontaneity” (Opie, 2009: 112), examples of
interview questions (Opie, 2009; Wagner, Kawulich & Garner, 2012) and on the commonly asked
questions during the lesson interviews (by other researchers), specifically those aimed at
evaluating the teachers’ PCK in action (Malcolm, 2018).

Time and place of use: The follow-up, stimulated-recall interviews were administered by the

researcher post the lesson observations on chemical equilibrium. These were administered to a
subset of three PPSTs who were observed teaching the topic of intervention to grade 12 learners,

in the researcher’s office. All the interviews were audio recorded to capture the responses.
(c) Video recordings

All lesson observations were videotaped, and interview sessions audiotaped. Video recording
ensured accurate capturing of both movements and audio statements by the PPSTs and their

learners during the classroom teaching. It enabled the researcher, to identify the occurrences of
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TSPCK episodes during the lessons. Recordings also enabled the researcher to replay the
videos/audios again and again during the data interpretation (Penn-Edwards, 2004), reducing the
possibilities of PPSTs’ misrepresentations and bias by the researcher. According to FitzGerald
(2012), data captured using a video contains rich information which could reveal very important
incidents relating to what is being investigated. The replays were also done by my supervisor to
ensure data reliability and trustworthiness. One of the disadvantages of observations is the
presence of the researcher; according to research, this might influence how the participant behaves,
thus impacting negatively on the data outcome (Leedy & Ormrod, 2001; Asan & Montague, 2014).
Taking a video might also cause a disruption to the lesson (Creswell, 2014). The use of follow-up
interviews was thus helpful in mitigating this shortfall by assisting the researcher to validate the
data and cross checking the interpretations of the video recordings. The camera was placed at the
back of the class, so that the learners’ focus would not be directed away from the teacher onto the
video recorder. The audio recording of the interviews not only captured the statements made but
could also be replayed later in the data analysis to prevent misrepresentation of the participants.
Data capturing using videos and audios that were later replayed was done with the purpose of not
only confirming the reliability of the data but also its dependability. One disadvantage for both
video and audio recordings is that they produce massive data that requires a lot of time to transcribe
and interpret (Opie, 2009). To reduce this burden, transcriptions were made after every recording
to prevent any eccessive and uncontrollable accumulation of data. Observations and interviews
were not scheduled on the same dates. This also provided adequate time and space for the

transcription to be made.

Time and Place of use: Video recording was made during the teaching experience for all the lesson

observations. Later in the analysis, all the three PPSTs who were observed teaching were also

interviewed. All the lesson video records and interviews were administered by the researcher.

3.6. Data Collection

In order to track the PPSTs’ TSPCK from planning into classroom enactment and its ultimate
influence on learner performance, data was collected at five different stages of the study. These
were: before the intervention, during the intervention, immediately after the intervention, two

weeks after the intervention during the classroom observations and, lastly, after the lesson
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observations. Figure 3.3 provides a pictorial summary of the data collection points and the nature

of the collected data.
’—

Data collected before the | * Pre-intervention TSPCK test on the topic of

intervention intervention

» Classroom activities such tutorial presentations
Data collected during the » PPSTs' assignments

intervention * Notes by the researcher

» Post-intervention TSPCK test on the topic of
intervention

Data collected immediatly

after the intervention
* Post-intervention CoRes

* Lesson observations teaching a topic of
intervention with corresponding lesson plans

Data collected in classrooms
(2 weeks after the = Pre and post-learner achievement test on the
topic of intervention

intervention
) * Learners' views on the PPSTs' teachings

Data collected post the s Stimulated-recall interviews
classrooms to confirm the

analysis
A

Figure 3. 3: Procedural summary of data collection steps

Stage I: Before the intervention (working towards Research Question 1)

A pre-intervention TSPCK test was administered on chemical equilibrium before the intervention
began. This is a specifically designed TSPCK tool for capturing the teachers’ topic specific PCK
on chemical equilibrium (Mavhunga & Rollnick, 2013). The responses to this tool provided an
overview on their understanding of the topic. It established a credible baseline of the knowledge
that the participants bring with respect to the content of the intervention. This allowed for a

reference to interpret all other analyses.
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Stage I1: During the intervention (working towards Research Question 1)

The purpose of the data collected during the intervention was to assist the researcher in capturing
the evidence of highlights/indicators of pTSPCK as it is developing. It provides an insight into the
patterns of development as the intervention progressed. Throughout the intervention, the PPSTs
engaged in tutorial presentations and discussions relating to individual TSPCK components. The
tutorials were aimed at assisting the PPSTs with the development of their pedagogical reasoning
competence (TSPCK quality) and in, possibly, deepening their content knowledge and
understanding of the topic of intervention (Pitjeng-Mosabala & Rollnick, 2018; Rollnick, 2017).
The tutorial presentations and discussions provided opportunities for them to showcase their
understanding and interpretations about the individual components and how each component
interacts with others (which usually happened at the end of a discussion of each component). All
the tutorial presentations and discussions were thus captured through audiotapes and their
corresponding presentation slides collected. Accompanying these were the thick notes documented
by the researcher, and the snapshots of demonstrations done on the board which could not be
captured on audio. Therefore, both the tutorials presentations and submissions gave an added
insight to the evidence of pTSPCK as it was developing. This was important in supporting and

confirming the evidence of shifts seen between the pre- and post- TSPCK tests.
Stage I11: Immediately after the intervention (working towards question 1)

A post-intervention TSPCK test on chemical equilibrium and a CoRe tool were administered to all
PPSTs at the end of the intervention. A TSPCK-test tool administered at the end of the intervention
was similar to that which they completed prior to the intervention. The purpose of the post-TSPCK
tests was to determine the shifts in pITSPCK quality of the PPSTs, using the pre-tests as a base of
reference. The post-intervention CoRes and data collected in stage Il above was used to

corroborate the findings on the shifts from the TSPCK tests.
Stage IV: In the classrooms (working towards Research Questions 2 and 3)

At this stage, data was collected from two different groups of participants: (a) the PPSTs, and (b)
their learners. This third set of data was collected in the field during the teaching experience (TE)

with a subset of 3 PPSTs and the learners that they were teaching.
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a) Data from PGCE Pre-service teachers

Data collected from the PPSTs included video recordings of two lessons per participant teaching
chemical equilibrium as well as their corresponding lesson plans. Follow-up sessions to the
observed lessons were face-to face interviews asking questions that were intended to clarify the
PPSTs’ lesson plans, their intentions and some of the occurrences considered interesting and
captured during the lesson observations (post-lesson interview, see Appendix C). The participants
were observed in their action of teaching with the purpose of examining the translation of content
knowledge transformation from planning to classroom teaching. The data collected through
observing actual classroom teaching helped to establish the emerging patterns and pathways in
which intentions from the lesson plans are acted out in real classroom. With these data, the
relationship between the PPSTs’ pITSPCK and eTSPCK in action was described. One of the
advantages of observations and qualitative designs is flexibility, enabling the observer/researcher
to shift their focus as new data resurfaces (Leedy & Ormrod, 2005; Creswell, 2014). According to
Leedy and Ormrod, observations, however, do have some disadvantages. One of the disadvantages
they discussed is that “the very presence of the observer may influence her/him to change what the
participants say or do and how significant events may unfold. Another disadvantage of observation
that was put forth is that researchers often write insufficient notes of what they have observed
which do not completely reflect the reality” (158). In order to be as objective and detailed as
possible it is hoped that the collection of complementary data as thick notes and interviews will
help to capture the events holistically. This data therefore assisted with tracking how the PPSTs
pITSPCK translated into eTSPCK.

b) Data collected from the learners

Pre-and post-learner achievement tests were administered to the learners before and after they were
taught on the topic of chemical equilibrium. The learners had not received any teaching on the
topic before the PPSTs’ teaching. The learners’ views regarding the PPSTs’ teachings were
collected immediately after the post-achievement test to determine what contributed to or hindered
their understanding of content. The data collected through the learners’ pre/post-tests and their
views enabled the researcher to evaluate the impact that the teaching had on the learners’

understanding of the concepts of chemical equilibrium. It was through the analysis of these data
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that the relationship between the PGCE pre-service teachers’ TSPCK in the actual classroom

teaching and learner achievement could be examined.

Stage V: Post lesson observations (working towards research questions 1, 2 and 3)

The fifth set of data was collected through follow-up, stimulated recall interviews. Stimulated
recall interviews involve showing a piece of work previously collected from the participants and
asking them first to recall it, and then answer the questions seeking the reasoning employed at the
time of the data collected. The data used was extracted from lesson plans and the actual lesson
observations. At this stage, extracts of evidence from lesson plans and recordings were re-played
to stimulate participants’ minds and elicit reasons behind observed actions. Questions asked sought
to understand the PPSTs’ thinking behind their actions in the classroom in response to the learner
questions or on explaining certain concepts of the topic (see Appendix C). Understanding the
reasoning behind their way of thinking and practice enabled me to evaluate and explicate the
PPSTs’ quality of pTSPCK on the topic of intervention. The second purpose for conducting
stimulated recall interviews was to confirm the patterns observed as possible pathways which
participants use to move from pedagogically transforming a topic of intervention at a planning
level into the classroom practice contexts. This action also improved trustworthiness of the ensuing
analysis. The interview questions used in all the interviews were semi-structured and the questions
were all prepared in advance. The interviewer probed questions during the interview sessions for
clarification. Probing ensured that the interviewees would not go too far-off track. This approach
was employed in accordance with research (Creswell, 2014; Brooks & Normore, 2015) which

contends that some forms of interviewing depend on an interview guide.

3.7. Data Analysis

This study examined the PPSTs” TSPCK continuum link to learner outcomes by following the
development of TSPCK in PPSTs through the cPCK-pIPCK-ePCK trajectory on a topic of
Chemical Equilibrium. To do this, the analysis was done in 4 separate stages. The first stage
examined the extent of the development of the PPSTs’ pITSPCK as a result of the explicit
intervention (cTSPCK). This was important to establish the baseline from which the evidence of
TSPCK could be tracked into the different teaching settings, as in planning to teach, translation

into enactment and the ultimate possible influence of enactment on learner achievement. The
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second stage assessed how the PPSTs’ pITSPCK developed at the planning stage translated into
action (eTSPCK). The third stage examined the learners’ performance in the learner-achievement
tests. This was done by looking at the extent of knowledge gains following the PPSTs’ teaching
on the topic. The last stage examined the influence that the PPSTs’ ¢eTSPCK had on learner
outcomes. It focused on the correlation between TSPCK and the learners’ conceptual

performances. Figure 3.4 illustrates the four different stages involved.

y N 1
4 Stage 1: Evident \—=——___ Analysis donein
Analysis done T Chiaptes S
in Chapter 8
/ ’ ™ A gz Eddent )\
Stage 4: TSPCK- /" PGCE Teacher - @
learner outcome H knowledge as - in clas'sroom ”
'\\ link TSPCK / \\ actions /,/
Stage 3: . :
b ble i Analysis done in
Analysis done — Observable in Chapter 6
in Chapter 7 \_ learner responses

Figure 3. 4: Summary structure of the analysis chapters

A glimpse onto Figure 3.4 points out that the first chapter of analysis described the PPSTs planned
TSPCK; chapter 6 looked at the PPSTs’ TSPCK in action, observed as the PPSTs taught in normal
classroom contexts. Chapter 7 discussed the pre- and post-learner performances in learner
achievement tests. Finally, Chapter 8 discussed the possible link between the PPSTs’ enacted
TSPCK and learner performance.
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3.7.1. Analyzing for the extent of the development of the PPSTs’ TSPCK in planning
(i) Analyzing for patterns suggestive of shifts in quality of TSPCK

The first stage of analysis was focused on identification of presence and shifts in pITSPCK quality
in the topic of intervention captured on the TSPCK-test tools before and after the intervention. The
tools were used to elicit the PPSTs’ TSPCK from the point of reasoning in planning to teach. An
in-depth qualitative analysis method was used to unpack the data that explained the quality of
teacher development and hence their pITSPCK as a result of the TSPCK construct. At this level,
the analysis of the shifts in pITSPCK quality was explained, using pre- and post- TSPCK-test tools.
The analysis further drew on data from the tutorial presentation data and post CoRes, used as
complementary data to ensure reliability and validity of the results. The observed shifts were
compared to the evidence of the findings emerging from the analysis that was done during the

intervention to confirm or contradict the patterns.

First, the TSPCK tests were scored using an adapted and peer validated TSPCK rubric by
Mavhunga (2012) to locate the quality of the PPST’s response. The rubric which consisted of the
five components of TSPCK was designed specifically for capturing the teachers’ TSPCK at a
planned level. It is a four-criterion based pTSPCK rubric, with scores ranging from 1 to 4 (see
Appendix F). The prompts within each category which explain the level of interaction between
TSPCK components were used to determine the quality of TSPCK. A score of 1 was assigned to
a limited quality of TSPCK; score 2 was assigned to a basic quality; score 3 was assigned to a
developing quality whilst the highest score of 4 was assigned to an exemplary quality of TSPCK.
Scoring of these tests happened with the assistance of two independent raters, where each was
provided with unmarked scripts/tests for all the eight PPSTs to improve the reliability of the scores.
The raters were people who had done similar studies before, and therefore had all the necessary
skills with respect to the TSPCK framework application, as well as that of Chemical Equilibrium
(the topic of intervention). Where inconsistencies with the scoring occurred, the discussion was
held, and consensus reached on the score to be awarded to the PPST. The scores awarded by the
researcher and the independent raters were validated by calculating the Kappa-Cohen inter-rater
reliability index (Landis and Koch, 1977). The overall agreement rate of 0.86 was obtained

between the raters. Scoring by all the raters followed three rules which have been used by other
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researchers. The rules were: (i) a score corresponding to the category in the rubric where most
criteria were met was assigned singly for each question; (ii) a question with no response was
assigned the lowest score of 1; (iii) a question with responses falling across two categories that are
close to each other were scored by checking specific gate-keeping criteria as in the shaded part of

the rubric extract in Figure 3.5.

Limited (1) Basic (2) Developing (3) Exemplary (4)

¢ Identifies broad | ¢ Identifies specific Identifies * Identifies specific concepts with reasons related
topics without concepts but provides specific to prior knowledge of specified students and
specifying the broad generic reasons concepts  with aspects of curricular saliency
actual sub- such as “abstract’ reasons  related | ® Provides reasons linking to specific gate keeping
concepts that are | # Reasons drawing on one A—— concepts that when not fully understood adds to
problematic other component of the difficulty of a concept regarded as difficult —

¢ Reasons not TSPCK TSPCK thus drawing on three or more TSPCK
given compaonents

Note: The score of 1 represent a limited TSPCK quality (indicating the use of one component of TSPCK in an explanation), 2 indicates a
basic TSPCK proficiency (representative of an inferactive use two components of TSPCK), 3 indicate a developing level of praficiency (as
the teacher interactively uses three components of TSPCK in an explanation), and 4 represents an exemplary level of proficiency (evident of
use of four components in a task, or an explanation)

Figure 3. 5: An extract for the rubric for quantifying PCK (Mavhunga& Rollnick, 2013)

The scores allocated were then described, using the matching qualitative responses given by the
PPSTs on the test tools. To do this, TSPCK episodes extracted from the TSPCK test-tools were
identified and used to explain the quality of PPSTs’ pITSPCK. In this method (Park and Oliver,
2008), each segment is analyzed for its composition of TSPCK components, frequency of
occurrence for each component, sequence of emergence of the components across the teaching
segments and the extent of interactions among the components. These episodes were then
pictorially presented, using the adapted PCK Maps (TSPCK Maps in this study) for visual purposes
and clarity of the identified episodes (Park & Chen, 2012). This was done with the purpose of
providing the reason to the allocated scores. TSPCK Maps were drawn where PPSTs had
interactively used two or more TSPCK components in their explanation of a concept. The
interactions between components were observable in the explanations provided for TSPCK
components such as learner prior knowledge and misconceptions (LPK), the use of representations
(R), concepts considered difficult to understand (WD) and conceptual teaching strategies (CTS).
The extract below provides evidence of the shifts in the PPST’s reasoning quality seen in the

explanation that the PPST provided. Figure 3.6 presents an example of a TSPCK episode extracted
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from a response given by one of the PPSTs on a component of what is difficult to understand,

followed by a pictorial demonstration of the components interacting.

Dynamic equilibrium- in | Dynamic equilibrium- i.e. Alfeversiblelfeaction contradicts their prior knowledge that

and go to completion. [ffiCIOBSErvabIe

chemical systems (and that

the rate of the forward

reaction is equal to the rate

of the reverse reaction) There are many misconceptions

associated with this concept, and this concept links to several subordinate concepts

Post-test TSPCK Map describing what is difficult

Figure 3. 6: A TSPCK episode extract on what is difficult to understand: an extract from a
TSPCK tool

Looking at Figure 3.6, the explanation that the PPST provided on why a dynamic equilibrium is
considered difficult for the learners to comprehend consists of an interaction between four TSPCK
components. An interaction between four components scored this kind of episode at an exemplary
level, the highest score demonstrated on the rubric. This indicates a sophisticated kind of TSPCK
quality by the PPST on this component. To illustrate this interaction pictorially, a TSPCK Map
below the extract enables the researcher to visualize the order in which the components are used

in an explanation given.

The analysis focused on both sets of TSPCK test-tools (pre- vs post-tests). Data from the CoRes
and tutorial presentations was used as complementary data, providing depth and more insight to
specific episodes identified from the TSPCK-test tools. These data were used to corroborate the
findings from the TSPCK tests. To analyze for TSPCK development during the intervention, data
obtained from the PPSTs’ tutorial presentations and discussions captured during the intervention
were used. A great focus was on the explanations provided by teachers that indicate their TSPCK
quality across the various components of content knowledge transformation variables. An analysis
of pre- and post-intervention data, as well as tutorial discussions enabled a more detailed
description and analysis of the impact that the intervention had to play and affected their planned

TSPCK on this chemistry topic.

57



(if) Analyzing for evidence of developing pITSPCK during the intervention

The analysis focuses on the explanations and interpretations of components given by the PPSTs to
illuminate their understanding of the individual components and how the components interacted
with each other. The presentations were in the form of slides or charts, all aiming to elicit the
PPSTs’ understanding of individual TSPCK components. The data from these tutorials and CoRes
are used to corroborate the findings from the TSPCK tests. This allows for the study to explain the
shift in the quality of pITSPCK as it was developing during the intervention. An in-depth
qualitative analysis was used to explain the PPSTs’ presentations further in order to illuminate
their understanding of the individual components of TSPCK and their ability to use them
interactively in an explanation. For example, on a tutorial that was based on learner prior
knowledge and misconceptions, one interesting extract by a pair of PPSTs Jane and Sara is
discussed to show their interpretations and understanding of the component. The pair did a
presentation that dealt with one common learner misconceptions that “there are no reactions taking
place at chemical equilibrium”. Their response below is based on how they addressed this kind of

misconception. For example, Sara argued:

58



Wihen these forms a gas; these formaliquidiaiSo these things will

happen at the same rates, but when you look at it, it appears as
though nothing is happening. So, when these forms, the other
forms (repeats three times). So, to you when you are looking at it
as a student, it looks as though nothing is happening but there is a
reaction that is constantly taking place at the same rates basically.
The forward reaction happens at the same rate as the reverse one

©
7 4

Evidence of
macroscopic
representation of
water molecules

.

\

Evidence of
curriculum saliency,
on explaining how
an equilibrium state
of water can be
achieved  through
change of states

.

\

Evidence of learner
misconception being
addressed to
emphasize that the
forward and reverse
reactions (processes)
take place at the

same time and rate /

Aspect related to
learner  difficulties
evident on talk about
inability to see the
movement caused by
reversibility of
reactions at

equilibrium state. /

7

— 4

Figure 3. 7: A Tutorial extract by Jane and Sara on addressing a learner misconception

The extract above indicates the ability of the PPSTs to interactively use multiple components of

TSPCK to address a common learner misconception. The PPSTs
learner misconception, but from the explanation given, it shows that

explicitly emphasized during the intervention that, even though the

were only asked to address a
they comprehended what was

discussions are on individual

components, their applicability is seen in their interplay with each other in an explanation. The

extract shows an interplay of three other TSPCK components

(representations, curriculum

saliency, and what is difficult to understand), all aimed at helping the learners to understand that

both forward and reverse reactions take place at the same rate when the reaction has reached an

equilibrium state.




Although in this explanation, the pair appears to be using representations, a concern was raised by
the educator during this presentation on the choice of representations. It was emphasized that the
choice of representations should be such that they do not promote further or create more learner
misconceptions. An example was made with the use of the ball and socket models that displayed
two gaseous molecules of water and two liquid molecules at a state of equilibrium from the
explanation given by Sara above. According to that illustration, this is likely to enhance the already
existing misconception that “concentrations of both reactants and products are equal for all
reactions that have reached an equilibrium position”. A video that displayed a similar scenario that
should be avoided when selecting materials that are aimed at enhancing learner conceptual
understanding was then played for the PPSTs, followed by a video that displayed varying

concentrations of reactants and products for emphasis purposes.

As one PPST noted: “...s0 it means that reactions that have reached equilibrium do not necessarily
have equal concentrations of reactants and products, although there are cases when they are
equal™? In response to this, it was indicated that it is essential to ensure that, on explaining this to
the learners, emphasis is made that concentrations of reactants and products differ. Although they
remain constant, the rates of reactions are equal. Emphasis was made that it is important to make
clear to the learners and help them differentiate between “what is equal, versus what is constant
between rates of reactions and concentrations of reactants and products”. This shows that
concentrations do not necessarily have to be equal for reactions to reach an equilibrium state,

although they will always remain constant.

As the intervention progressed, the PPSTs did a CoRe in the form of an assignment. One of the
prompts that they were responding to dealt with conceptual teaching strategies. The component
required PPSTSs to describe the teaching strategies that they planned to use in order to teach specific
concepts around one Big Idea. The extract below was taken from Sara’s CoRe designed to address
the concepts around the dynamic nature of chemical equilibrium. This Big Idea includes concepts
that include the conditions necessary for the equilibrium state to be attained. This was analyzed by
looking for the presence and use of the components in an interactive manner. This is how Sara

presented her strategy with interplay of four TSPCK components:

“...explain dynamic equilibrium using the closed water bottle experiment hand in hand
with the ball and stick models to show how evaporation takes place, eventually leading to
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condensation on the upper surface of the water bottle, eventually forming water droplets
that move down the sides of the bottle. | would make students aware of the fact that not all
the water evaporates before condensation starts showing that the reaction did not go to
completion before the inception of the reverse reaction. | would then show a live video
demonstration of the water level in the closed bottle not changing over time. This serves as
proof that the rates of the forward and reverse reaction are now equal. That is why there
IS no macroscopic observable change and why no matter is lost. Energy shifts (not loss)
take place”.

The explanation given in the above strategy is much more precise and clearer than what the PPSTs
presented in the tutorial. In this explanation, Sara attempted to address one of the difficulties which
was also a misconception that the learners had regarding the presence/absence of reactions at
equilibrium. Four components were distinguishably and interactively used in this teaching
strategy. First, the PPST begins with presenting two different levels of representations that talk to
each other, to strengthen the explanation that follows. Explaining how the equilibrium state is
reached during the change of state by water molecules, Sara explained one important concept that
the forward reaction (evaporation of liquid water), does not go to completion before the reverse
(condensation) begins (evidence of curricular saliency). This is an indication that in reversible
reactions, there is both a forward and reverse reaction taking place within the chemical reaction.
This removes the misconception that the reverse reactions only follow when all the reactants within
areaction are used up. This is evidence of learner prior knowledge. Highlighting (on the last point)
what caused this kind of misconception then makes it possible for the teacher to select an
appropriate representation to assist with making the concept more accessible to the learners

(evidence of what is difficult to comprehend).

3.7.2. Analyzing for evidence of TSPCK in a teaching context

Researchers have argued that capturing and measuring PCK, and more specifically TSPCK in
action is a challenging endeavor (Aydeniz & Kirbulut, 2014). On acknowledging the complexity
of the construct’s portrayal, Loughran et al. (2004) and Aydeniz and Kirbulut (2014) advocated
the importance of developing and using praxis tools, to not only teach but also measure the
teachers’ PCK development. A validated rubric to evaluate TSPCK in teaching, in Table 3.4
(adapted from Miheso, 2018) was used in this study to analyze for evidence of TSPCK quality in

action.
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Table 3. 4: TSPCK rubric for scoring TSPCK in action (Miheso, 2018)

Type 1: Simple/Basic TSPCK Type 2: Proficient TSPCK Episode Type 3: Sophisticated TSPCK Episode
Episode
¢ Evidence of two different ¢ Evidence of three different TSPCK ¢ Evidence of four different TSPCK
TSPCK components components interacting evidently components interacting evidently and
interacting evidently and and distinguishably in a specific distinguishably in a specific teacher
distinguishably in a specific teacher task segment task segment
teacher task segment
Or Or
¢ The TSPCK component ¢ Evidence of three different TSPCK ¢ Evidence of four different TSPCK
interactions maybe components interacting, evidently, components interacting evidently and
interwoven or have a linear and distinguishably in a specific distinguishably in a specific teacher
sequence structural teacher task segment, but one task segment, with one of the
formation. component repeating and bringing components repeated more than once
¢ Both components work a different level of explanation that or one of the components bringing
together to support an complements the initial emergence. different levels of sophistication (e.g.
explanation of a single or a representations used at macro,
pair of concepts that are ¢ The TSPCK component interactions symbolic and submicroscopic levels.
related maybe interwoven or have alinear | ¢ TSPCK component interactions maybe
sequence structural formation or interwoven or have a linear sequence
both structural formation or both.
¢ The three components work s All the TSPCK components work
together to support an explanation together to support an explanation of
of a single or a pair of concepts that a single or a pair of concepts that are
are related related

The data collected from the actual classroom Chemical Equilibrium helped to answer the second
research question in this study that reads - What is the quality of the PGCE’s TSPCK observed in
classroom teaching and in what ways does it reflect the observed TSPCK in planning? First, the
lesson video records were transcribed verbatim. An in-depth qualitative analysis of ePCK (Park &
Chen, 2012) was employed to analyze the lessons while applying TSPCK construct as the lens.
The transcribed data was used to extract segments where two or more TSPCK components are
evident and connectively used in an explanation and labeled as TSPCK episodes (Park & Chen,
2012; Miheso, 2018). The TSPCK episodes identified per PPST’s lesson taught enabled their
TSPCK episode profiles to be built for further analysis and interpretation. The episode could be
highlighted (for example) through an explanation given by the PPST as they expound on a concept,
using representations to explicitly emphasize what is important. Following this was an
identification of the TSPCK components within the episodes identified and the sequence in which
they emerged (Mavhunga, 2015). The episodes identified were presented in TSPCK Maps. The
TSPCK Maps, as used in this chapter, are a way of visually representing the teaching episodes
extracted from the teachers’ lesson presentations. These Maps display pictorially, the sequence

and the interactive manner in which components of TSPCK weave/intertwine in a teaching
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segment (Mavhunga, 2015). The construction of TSPCK maps included drawing circular lines
around each TSPCK component that was distinguishably interacting in a TSPCK episode. TSPCK
components interacting in a linear sequence were represented with a solid linear arrow line which
indicated the sequence in which the TSPCK components emerged in an episode. In cases where
the TSPCK components were found to interweave, overlapping circles were used. For purposes of
clarity, the components of TSPCK were abbreviated in the format used in Chapters 5 and 6:
Learner Prior Knowledge, including misconceptions-(LPK), Curriculum Saliency-(CS),
Representations-(R), what is difficult to teach and understand-(WD) and Conceptual Teaching
Strategies denoted by (CTS). A shorthand TSPCK sequence was also used for ease of in-text
citation to the sequence of TSPCK components displayed by the Maps (Mavhunga, 2018). The
components that followed each other in a linear sequence were denoted by (-) while those
following as interwoven format were represented using a forward slash (/). The quality of PPSTs’
eTSPCK was described by the extent of an understanding of the interactive use of TSPCK
components in explaining the content of a specific topic to the learners (Mavhunga, 2019). Based
on the number of TSPCK components and the interplay between the components in an episode, a
rubric presented in Table 3.2 was used to score the PPSTs” TSPCK in action into basic, proficient
or sophisticated TSPCK. A TSPCK episode with only 2 different TSPCK components interacting,
in either linear (WD-CS) or interwoven form (CS/WD) was categorized as basic. Where 3
different TSPCK components WD/R/CS or two components with one repeating (CS-R/CS), the
episodes were categorized as proficient. Finally, TSPCK episodes with 4 different TSPCK
components distinguishably interwoven (LPK/R/WD/CS) or with a combination sequence of
linear and interwoven interactions (LPK/R/WD-CS) or 3components evidently interacting with
one of the components repeating distinguishably (CS-R/LPK/CS) were categorized as
sophisticated.

The chapter further drew on data from the PPSTs’ lesson plans and stimulated recall interviews to
corroborate the findings and thus enhance trustworthiness of the findings (Merriam & Tisdell,
2016). This inductive analysis was conducted to support the identified TSPCK episodes and
pedagogical strategies employed by the PPSTs. The analysis was done by the researcher and two
independent raters in the TSPCK field to ensure credibility of the analysis process. Any
inconsistencies with the scoring were discussed until an agreement was reached. The inter-rater

consistency of 0.92 was calculated which validated the identified TSPCK components and TSPCK
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episodes in the PPSTs’ lessons. An analysis of their enacted lessons was checked against their
lesson plans for similarities. This also allowed for the study to explain how that which was planned
translated into enactment, by comparing their TSPCK reflected in their lesson plans and TSPCK

in action.

3.7.3. Analyzing for the link between the PPSTs’ eTSPCK and learner outcomes

The purpose of every teaching activity is to impact positively on the learner performance. It is
therefore arguably sound to say that what is reflected on learners’ tests after being taught by a
particular teacher could be considered as a mirror reflecting back the quality of the teacher who
taught them. This is to say, although there are other factors that may affect learner understanding
and interpretation of what is taught in the classroom (Gess-Newsome, 2015), how a learner
responds to a question based on the teaching is also dependent on how the teacher explained it to
the learners. An analysis of the learner outcomes included both the learner achievement and the
learners’ views about the PPSTs’ teachings. Analyzing for the e TSPCK-learner outcomes link was
done in three different stages. First, the analysis focused on establishing the learner achievement;
the second focus was on establishing the correlation between the PPSTs’ eTSPCK and learner
achievement; thirdly, the learners’ views about factors which possibly promoted or hindered their

understanding of concepts covered by the PPSTs’ teaching were examined.
Analysis of learner achievement

The test consisted of the items related to (i) the conditions leading to Chemical Equilibrium and
(ii) the factors that affect the state of Chemical Equilibrium. They are the two Big Ideas in
Chemical Equilibrium. First, a marking memorandum of correct answers was developed by the
researcher and its correctness checked by two independent raters who are chemistry education
specialists with an experience in science teacher education. The content test questions consisted of
one correct answer and each item was scored a 0 and 1 for a wrong and correct response
respectively (see Appendix D). Two additional chemistry specialists validated all the marked
scripts to confirm the accuracy of the content and consistency of the marking. Any discrepancies
that were found regarding the marking of scripts were then discussed until a consensus was
reached. For the validation of the extent of agreement on the raw scores from the raters, the Kappa

inter-rater consistency of 0.80 was obtained (McMillan & Schumacher, 2014). The raw scores
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obtained from the marked tests were then quantitatively analyzed using the Rasch Winstep
Software. The Rasch model converts the raw scores into probability measures on an equal interval
scale (Boone, Staver & Yale, 2014). Thus, the raw scores are converted into linear measures,
placed at an equidistant scale (Bond & Fox, 2015).

The Rasch model generates fit statistics, the IN. ZSTD and OUT.ZSTD statistical values which
determines the validity of the measures. The fit statistical parameters measure the coherence of the
responses of the persons to the level of difficulty of the items in the test. The fit statistical values
for both item measures and person measures are considered as acceptable if they fall within the
range of -2 and +2 which is considered a good match (Boone et al., 2014). This is an indication
that the items and the person measures work together coherently, measuring a single construct,
and thus constitutes a valid measure. For this study, the validity of the measures obtained was
established within this acceptable range. Furthermore, the Rasch measures were anchored to test
for any significant difference between learner pre- and post-test performances. This was done by
fixing the Rasch measures of the items in the base test (pre-test) which was then used to anchor
the post-test (Morrison & Fitzpatrick, 1992). The anchoring produced the ‘stacked data’ (Wright,
1996) with new Rasch Person measures accurate for comparison of learner performances in the
pre-and post-test. Then, the stacked person data was subjected to the Wilcoxon Paired Signed-rank
test (WPST) for non-parametric data in order to test for the significant difference if any, between
the pre- and post-test performance scores of the learners. This test is considered suitable for use in

the analysis of small sized samples; hence it is appropriate in this study.

Analysis of correlation between eTSPCK and learner achievement

The correlation analysis aimed to give an insight into the relationship between the PPSTs’ eTSPCK
and learner achievement in Chemical Equilibrium. First, the analysis only considered those test
items from the learner-achievement tests which were covered by the PPSTs in their teachings.
Fortunately for this study, all the test-items were covered in each of the PPSTs’ teachings. The aim
was to sift out the TSPCK episodes and minimize the noise of other factors which influence
classroom enactment and learner outcomes. The correlation analysis began by using the rubric
scores from the PPSTs’ eTSPCK episodes and subjecting them to the Rasch statistical software
called, Winsteps. The model converted the ordinal scores into quantitative linear measures (Boone

et al., 2014). The PPSTs’ Rasch person measures representing eTSPCK episodes and learners’
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Rasch person measures from the analysis of learners’ achievement tests were then run through the
Statistical Package for the Social Sciences (SPSS) software (Aldrich, 2018) to calculate the
Pearson correlation coefficient (r). The correlation analysis that compares two variables requires
paired data sets when running the statistical correlations (Greasley, 2007). Therefore, because of
a different number of variables that were paired in this study, a strategic random sampling was
done in three batches in order to allow for all variables to be paired (Lorenz et al., 2018; McMillan
& Schumacher, 2014). As Lorenz et al. (2018) cautioned, each batch selected for further
correlation analysis had to consist of data that was not included in the random selection of data for

the previous batches to avoid bias.

By calculating the Pearson correlation coefficient (r), the study was able to establish the
relationship describing both the strength and direction of the correlation between the PPSTs’
eTSPCK and learner performances (McMillan & Schumacher, 2014). The strength of correlation
describes the magnitude of the association between the variables while the direction refers to the
signage of the association, which tells whether the association is positive or negative (McMillan
& Schumacher, 2014). The guidelines provided by Hinkle, Wiersma and Jurs (2003) were used to
interpret the strength and magnitude of a correlation coefficient in this study.

Table 3. 5: Guidelines for interpreting the size of correlation coefficient (Hinkle et al., 2003)

Range of r (+ or -) Interpretation
0.90 to 1.00 Very high correlation
0.70t0 0.90 High correlation
0.50t0 0.70 Moderate correlation
0.30to 0.50 Low correlation
0.00to 0.30 Negligible correlation

Stronger linear relationships are explained between variables whose correlation coefficients are
closer to -1 or +1. A positive correlation exists when variables are directly associated whereby as
the value of one variable increases, so does the value of another variable (Schober, Boer, &
Schwarte, 2018). A negative correlation coefficient on the other hand reveals an inverse
association between variables whereby as the value of one variable increases, a decrease occurs in
the value of another variable (Schober et al., 2018). The correlation coefficient of zero however,
implies that there is no linear association between two variables being compared (McMillan &
Schumacher, 2014; Schober et al.,2018).

66



An in-depth qualitative analysis then followed where the actual learners’ performances on each
test item were matched with the corresponding explanation given by the PPST in the actual
classroom teaching. This matching was essential, especially when the examined PCK and its
associate TSPCK is situated in the actual classroom and hence the quality of TSPCK can be
observed from the explanations provided by the PPSTs (Park & Chen, 2012; Park & Suh, 2019).
Furthermore, the qualitative analysis explained qualitatively, the weakness or strength of
component interactions in TSPCK episodes from the established strength of correlation between
the PPSTs’ eTSPCK and learner achievement. Two raters who are TSPCK researchers assisted
with confirmation of the overall TSPCK episodes, strategic random selection when pairing
variables and in identifying specific TSPCK episodes that matched the test items. The confirmation
of the processes of leading to correlation analysis was done to ensure reliability of the correlation

results.

It is worth noting that due to the absence of the control group, the correlation analysis does not in
any way attempt to claim that the improvement in learner performance was caused by the quality
of the PPSTs’ TSPCK. Rather, the analysis helped to explain the possible relationship between the

two variables.

Analysis of learners’ views

The learners’ written responses to the items which asked for their views were used to corroborate
the findings during the qualitative analysis of the correlation between PPSTs’ eTSPCK and learner
performances. As it has been alluded to above, a qualitative analysis for correlation involved
matching learner item responses to the corresponding explanations provided by each PPST. In
support of this, the learners’ views regarding what contributed to or hindered their understanding

of concepts was used to emphasize the established TSPCK-learner outcome link.

The use of mixed methods research design in this study enabled an in-depth exploration of the
TSPCK-learner outcomes link through the cPCK-pIPCK-ePCK trajectory while learning to teach
Chemical Equilibrium. As a result, the convergence of the qualitative and quantitative methods

was considered appropriate.
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SUMMARY OF THE RESEARCH DESIGN

Table 3. 6: Summary of the Research Design

Research Question Data sources Data Analysis
What is the quality of TSPCK | > Completed pre- and post- | » PGCE student teachers’ pre-and post TSPCK
displayed by the PGCE pre- TSPCK tests in the topic of tests in the topic of intervention were analyzed
service teachers in their intervention, using a planned TSPCK rubric and compared.
planning for teaching Chemical | »  Tutorial presentations during the Three raters who are familiar with a TSPCK
Equilibrium, following the intervention, construct were asked to independently score
explicit discussions of the | » Postintervention CoRes. the TSPCK tests.
intervention that aimed at »  This analysis was complemented and therefore
developing their knowledge for triangulated with analysis of the CoRes and
planning to teach Chemical tutorial discussions tasks.
Equilibrium?
What is the quality of the | > Audio/video recorded lesson » The video recorded lesson observations
PGCE’s TSPCK observed in observations, transcribed verbatim, followed by data coding
classroom teaching and inwhat | >  Thick observation notes, by identifying TSPCK episodes during their
ways is does it reflect the | > Stimulated recall interviews. lesson delivery.
observed TSPCK in planning? »  Comparative content analysis using qualitative
in-depth analysis: Identification of TSPCK
Episodes; identification ~ of  TSPCK
components present, description of their
sequence and the manner they are used
interactively. Three raters, familiar with
TSPCK were asked to independently perform
a comparative content analysis of this data
In what ways does the » Completed TSPCK tests in the | > Quantitative and qualitative analysis of learner
observed PGCE’s enacted topic of intervention, achievement.
TSPCK observed in the » Completed post CoRes on the | »  Statistical correlation analysis between the
topic of intervention, PPSTs’ eTSPCK and learner-achievement.
classroom rela.te to Iear.ner » Content of tutorials during the | > In-depth qualitative analysis of actual learners’
performances in Chemical intervention, performances on each test item matched with
Equilibrium? »  Video recorded lessons, the corresponding explanation given by the
»  Lesson plans, PPST in the actual classroom teaching
»  Learner achievement tests and
views on PPSTs’ PCK,
»  Stimulated recall interviews.

3.8. Trustworthiness and Validity

Garuth (2013) contends that validation of the mixed methods approach involves the evaluation of
the quality of the findings. The quality of the findings in mixed methods approaches should be
evaluated from both qualitative and quantitative strands (Garuth, 2013). These are discussed

below.

3.8.1. Qualitative method

An important consideration in qualitative paradigm is the credibility and trustworthiness of the
research (Shenton, 2004; Wagner et al., 2012; Cope, 2014). Merriam (1995) argues that on the
basis of trustworthiness lies the question of the ability of the research to do exactly what it has

been designed to do. Shenton (2004) and Cope (2014) discussed the four ways in which the
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trustworthiness of a qualitative research can be confirmed, as identified by Guba (1981). These
ways include credibility (in preference to internal validity), transferability (in preference to
external validity/generalizability), dependability (in preference to reliability), and confirmability
(in preference to objectivity). Credibility refers to the congruency of the research findings
regarding the reality and transferability referring to the extent of applicability of the findings to
other situations and populations. Dependability, on the other hand, is concerned with the
“methodological description” that is given that allows for the repeatability of the study while
confirmability ensures that the “work’s findings are as a result of the experiences and ideas of the
informants rather than the characteristics and preference of the research” (Shenton, 2004:72).
Reliability refers to the consistency and dependability of the research tools used in the data
collection (Leedy & Ormrod, 2005; Wagner et al., 2012; Noble & Smith, 2015). The source of
data collection is said to be reliable if the same result can be obtained repeatedly when using similar
research tools (Leedy & Ormrod, 2005; Wagner et al., 2012).

To ensure the trustworthiness and dependability of the results, multiple data collection tools were
used for triangulation. This was to ensure consistency in the results obtained through gaining an
articulate, comprehensive view of the phenomenon being investigated (Cope, 2014). As postulated
in Merriam (1995), triangulation involves “the use of multiple investigators, multiple sources of
data, multiple methods to confirm emerging findings” ...such that, “if the researcher hears about
the phenomenon in interviews, sees it taking place in observations, ...he or she can be confident
that the “reality” of the situation, as perceived by those in it, is being conveyed as “truthfully” as
possible” (p.54). In using multiple data collection techniques, the study ensured that the research
findings are credible and authentic (Wagner et al., 2012). All the lessons observed, and interviews
were audio/video recorded, also ensuring the trustworthiness and providing evidence that the
collected data is reliable.

Research findings and interpretations were also reviewed and critiqued by the qualified researchers
in the field, and three independent raters, to help reach the consensus, with the aim to ascertain
credibility and reliability of the findings. This included the scoring of the TSPCK tools and learner
achievement tests. Each rater was given an unmarked copy of the test to mark independently. The
scores were later compared and score differences confronted, discussed and consensus reached on

the score settlement. The raters and qualified researchers, who are specialists in the field, assisted
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with the identification of TSPCK episodes from lesson observations as well as data coding and
scoring using the TSPCK rubrics. To ensure reliability, a researcher provided a thick description
of the intervention in chapter 4, thus giving clarity on how the intervention was done, so that it
could be used by other researchers who are interested in a similar range of research. Providing a
thick description of the intervention ensured the replicability of the findings by other researchers
(Nowell, Norris, White, & Moules, 2017). A “Thick description involves providing enough
information/description of a phenomenon under the study so that the readers will be able to
determine how closely their situations match the research situation, and hence, whether findings
can be transferred” (Merriam, 1995, p. 57).

For data confirmability, the researcher performed follow-up interviews with the PPSTs. This
enabled the PPSTs to explain and give clarity to some occurrences in the classroom regarding what
they had presented in their lesson plans (Asan & Montague, 2014). According to Merriam (1995:
52), doing member checks by “taking data collected from the study participants and tentative
interpretations of these data, back to the people from whom they were derived and asking if the
interpretations are plausible, if they “ring true”” is an especially important technique of ensuring
data validity. Verifying the research findings and interpretations with the participants also acts to
enhance data credibility (Cope, 2014). Data confirmability was also exhibited during the analysis
by providing rich quotes from the participants’ captured data (Cope, 2014; Nowell et al., 2017).
This was done with the purpose of ensuring that the interpretations and conclusions made are
derived from the data captured from the participants and not the researcher’s own viewpoints and

biases (Cope, 2014; Nowell et al., 2017).

To prevent or to reduce the external or internal influences as the researcher, I tried as much as |
could to remain objective and neutral in collecting and analyzing the data. Even though the
researcher was present in the intervention, participation did not affect the judgement made at all,
especially in collecting the necessary data for this study. Taking thick notes during the intervention
also helped to reduce any bias that might have been caused by the researcher’s participation in the
intervention during the data collection process and interpretation. As part of the notes that the
researcher took, pictures of any representations used during the intervention sessions were also

taken, to capture some of the classroom occurrences that might not be easy to capture through
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audio recordings. This added to the authenticity of the descriptions (Opie, 2009) of the intervention

and assisted with the data analysis and interpretation made.

3.8.2. Quantitative method

Two validation measures, validity and reliability of research are adhered to in quantitative research
(Venkatesh et al., 2013). Validity refers to the degree in which the research measures what it is
supposed to measure (Venkatesh et al., 2013; Heale & Twycross, 2015). Reliability, on the other
hand, refers to the extent to which a method/instrument gives constant or similar results (Opie,
2009; Venkatesh et al., 2013; Heale & Twycross, 2015). The content questions on the tests were
extracted from the valid National Examination Papers. This ensured that the test was valid and at
the level of the learners that it was developed for. All the tools adopted in this study were used in
the previous studies with similar contexts and participants to ensure their reliability and validity.
Independent raters were involved in marking the responses for all the administered tools to ensure
accuracy of the data collected. Furthermore, a Rasch statistical analysis was used in this study to
ensure validity. The statistical measures such as the person ability and item difficulty helped to
establish the validity and reliability of the measures, where valid measures ensure that all the items
jointly work to measure a single construct and that the level of difficulty of the items is determined
(Boone et al., 2014). Ultimately this links to the statistical fit that is deemed to be acceptable if it
falls between the fit values of -2 and +2. This shows the validity of the measured construct (Boone
etal., 2014).

3.9. Limitations

One of the limitations evident in this study is the sample size which is quite small (eight PPSTSs).
The limitation is further enhanced by the use of an even smaller sample of PPSTs for lesson
observations when exploring the translation of pITSPCK into classroom enactment (eTSPCK). For
the majority of the PPSTs (five in total), only their espoused TSPCK was captured from their
TSPCK tests, CoRes and tutorials, which limited the description of the PPSTs’ eTSPCK to a
minority of three participants. The second limitation could be the researcher’s inexperience with
data analysis, which may have created some bias during the analysis. To reduce this bias, the
researcher sought assistance from independent raters to not only look at the video/audio records

but to also assist with data scoring and interpretations.
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3.10. Ethical Considerations

Consideration of ethical issues becomes morally important when the research involves collecting
data about people and from people (Punch, 2009). Obtaining informed consent from people
becomes a requirement. Before any data was collected, the ethical clearance was sought from the
Ethics Committee at the university where the study was based. Consent forms (see Appendix M)
were then given to the PPSTs to show their willingness to participate in this study. The forms
explained the purpose of the research study, its benefits, the confidentiality and anonymity of the
data collected. Before signing, the PPST received an explanation and assurance on the issue of
confidentiality. Assurance of confidentiality was given explicitly concerning the audio and video
recordings to protect their privacy as participants. Pseudonyms were assumed throughout the study
in place of the real names as a way of preserving the participants’ true identity to great anonymity.
Consent was further sought from the Head of school at the University where the study was based
(see Appendix J). The physical science methodology course coordinator (see Appendix K) and the
course lecturer (see Appendix L) were also consulted. The approval was obtained from the
Gauteng Department of Education (GDE) to conduct research in some schools around the Gauteng
province and more specifically those within central Johannesburg (see Appendix I). Thereafter,
permission was sought from the schools where the PPSTs were placed for TE to have them teach
chemical equilibrium to grade 12 learners. This was done before the PPSTs went to the schools on
TE. Out of eight schools from which the motivation to participate in this research was done: only
three consented. As a result, the researcher asked three PPSTs to follow into TE, where their
lessons were video recorded. This was also voluntary. It is important to note therefore, the selection
and choice of PPSTs to follow up with the actual classroom teaching was also determined by an
agreement and willingness of the schools and subject teachers to participate. Consent from schools
was obtained from all the stakeholders involved. These included the school principals (see
Appendix N), physical science teachers (see Appendix O), learners (see Appendix Q) and parents
of the participant learners below 18 years of age (see Appendix P). The consent forms stated that
participation was voluntary hence any participant was free to withdraw at any stage without fear
of ridicule.
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CHAPTER 4
THE TSPCK BASED INTERVENTION WITH THE PGCE PRE-SERVICE TEACHERS

In this chapter | provide a thick description of the intervention treatment conducted with the PPSTs
in a physical science methodology course, the chemistry section of the module. This intervention
sought to develop the pre-service teachers’ Topic Specific Pedagogical Content Knowledge
(TSPCK) on a specific chemistry topic of chemical equilibrium. At the core of the intervention
discussions was the interactive use of the components of content knowledge transformation in
planning to teach and in the teaching of Chemical Equilibrium. This chapter begins with an
explicit discussion of the content-specific components of TSPCK with the PPSTs, followed by a

description of a CoRe and its significant use in this intervention.

4.0. Introduction

South African teacher training institutions that offer a degree, prepare teachers through two main
streams, a 4-year B. Ed. degree and PGCE stream that undergo a one-year full-time programme
(Mavhunga& Rollnick, 2017). Unlike the B. Ed. students whose curriculum is organized around 4
years of content and methodology aspects of teaching, including learning theories and pedagogical
reasoning skill as well as teaching practice, the PPSTs are only prepared to teach without much
attention on the content of that subject because of the assumption that they had all the necessary
content that they would need in their teaching (Hirst, 1980; Ogunniyi and Rollnick, 2015). A one-
year full-time PGCE programme was preceded by a general bachelor’s degree that included
studying the subject matter in the discipline of interest. Therefore, for PPSTSs, the curriculum that
the B. Ed. students do in four years is compressed to be done within a year, with an exclusion of
subject matter knowledge (Taylor, 2014). The PPSTs are then prepared to teach without much
attention to the content of that subject (Hirst, 1980; Bayaga, 2010). Of particular interest in this
study is the impact of the methodology course which targeted the development of the PPSTs’
TSPCK for teaching the science topics.

4.1. Explaining the rationale for conducting the intervention

The intervention happened in a PGCE chemistry methodology or methods course which provides
the PPSTs with pedagogical knowledge for teaching the subject matter (Witzig & Zickel, 2017).
All the methodology courses in the Science Education division at the institution where this study
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was conducted are driven by the common objective to “develop a specific depth and specialization
of knowledge, together with practical skills that comprise a professional teacher competence for
teaching core topics in a specified science discipline...” (Mavhunga& Rollnick, 2017, p. 152). The
methodology courses at this university employ the PCK construct, more specifically TSPCK, as a
framework in developing the traditional B. Ed. PSTs’ pedagogical knowledge. The construct is
used for its benefits to afford teachers a framework through which to transform difficult content
knowledge for accessibility by the learners. At the institution where this study was conducted, the
B. Ed’s. methodology courses are offered concurrently with the content courses, thus affording the
benefit to PSTs to learn content knowledge of a specific topic and the knowledge for teaching it at
about the same time (Mavhunga & Rollnick, 2017). It has been argued that the parallel model of
offering teacher education, allows the PSTs to develop a culture related to the profession
(Nyamupangedengu, 2016). The key rationale for the division of Science Education to focus on
TSPCK vs. the broader PCK construct is that it distinctively focusses on teaching and developing
PCK in one science topic at a time, thus bring to the fore the content-specificity of the PCK being
developed. Studies that have explored the use of the TSPCK construct, together with other
approaches that employ content-specific tools, such as Content Representations (CoRe), have been
noted for the success that they registered in enabling improvement in the quality of PSTs’ PCK in
a specified topic (Nilsson & Loughran, 2012). Furthermore, it has been shown that PSTs exposed
to such content specific focus on PCK in the science education division, develop a competency to
apply the acquired knowledge and ‘know how’ to self-develop PCK in new science topics
(Mavhunga, 2016).

Following visible success in the implementation of TSPCK in the B. Ed. stream methodology
courses, the framework was extended to the science PGCE programmes (from 2017), which are
mainly methodology courses. As it is mentioned above, the PPSTs’ programme focus is mainly
on the pedagogy of teaching and very little on the subject matter knowledge. The reason is that
they are a group of graduates whose programmes are assumed to have equipped them with the
necessary knowledge in the disciplines that they wish to teach. In the four years of B. Ed., PSTs
are exposed to the construct at least for a total of 6 weeks in each academic year, thus on
completion of their studies, the PSTs would have been exposed to the TSPCK discussions with
different topics multiple times. The same intervention, however, ran for six weeks only for the

PPSTs because of the nature of their programme being a 1-year full-time course. The purpose of
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this study therefore is to examine the impact of the intervention on how the PPSTs develop their
personal TSPCK evident in their competence to transform their existing content knowledge into
forms that are more understandable to the learners. Although a reasonable number of researchers
attests to the improvement in teacher knowledge by the PSTs after an exposure to the intervention
(Mavhunga, 2014) little is known about the impact of the same intervention on the PPSTs. While
the intervention and its findings may not be a new encounter, its findings in this study will act as
a baseline for examining the quality of the PPSTs TSPCK in downstream teacher tasks such as in

action when teaching chemical equilibrium concepts, and how this links to learner achievement.

4.2. Describing the structure/outline of the intervention

The intervention occurred over a period of 6 weeks, constituting an overall twelve sessions of three
hours per week. The three hours were divided into two sessions, each constituting one-and-a-half
hours. The first session was scheduled at the beginning of the week and the second towards the
end of the week. Sessions at the beginning of the week introduced and explicitly discussed
individual TSPCK components, including how they can be used to transform Chemical
Equilibrium concepts. The second session of the week was used for tutorial presentations by the
PPSTs revealing their understanding of the components and how they can use these in
transforming content knowledge on chemical equilibrium. The classes were presented by the
researcher with the support of an experienced teacher educator. The class was divided into four
permanent groups of two PPSTs each, which were maintained throughout the entire period of the

intervention. The pairs worked together every week in preparation for the tutorial presentations.

The content of the intervention focused on introducing the components of TSPCK one at a time,
reasoning through the topic for each component perspective. While the intervention discussions
dealt with one component at a time, the participants were made aware of the interactive and
connectedness in the use of the TSPCK components when transforming content knowledge. These
moments were always evident in that other components popped up even before they were
discussed. Through use of this framework of content knowledge transformation, the PPSTs were
expected to develop competency to reason through their content and plan to teach for

understanding. The result of the application of this framework on the subject content is the
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transformed content knowledge that learners can easily comprehend. Table 4.1 gives an overview

of the intervention sessions’ content and activities.

Table 4. 1: Content and structure of the intervention in a Chemistry methodology course

Scheduled Activity Content of the activity
time
1. A pre-intervention Administration of the pre-intervention TSPCK test on chemical
Week 1 TSPCK test, equilibrium,
2. Lesson planning The structure of a lesson plan: Introduction, body/presentation
3. Reviewing of the and conclusion,
chemical Chemical equilibrium concepts: Mass actions, Nature of
equilibrium chemical equilibrium, reversibility of chemical reactions,
content, ) graphs, and equilibrium constant versus equilibrium quotient,
4. **Learner  prior Introduction of a TSPCK framework of content knowledge
knowledge transformation:  conceptions and  common learner
mg:ludmg . misconceptions on chemical equilibrium found in the literature,
misconceptions. including strategies to use to confront such misconceptions.
1. **Introducing Aspects of chemical equilibrium considered as peripheral and
Week 2 curriculum core to the understanding of the topic,
saliency Topic restructuring as per the CAPs document,
Using concept maps to arrange main and subordinate concepts
of a main topic,
Big Ideas formulation from the main concepts of the topic
presented in the order/sequence in which they are taught.
1. **What is difficult Identification of gate-keeping concepts contributing to the
Week 3 to understand difficulty of specific chemical equilibrium concepts.
1. **Use of Use of multiple forms of representations; microscopic, sub-
Week 4 representations macroscopic and symbolic representations to concepts are
explained,
Developing competency to choose and use representations that
support understanding of abstract and difficult concepts.
1. **Conceptual A specifically designed strategies of teaching important
Week 5 teaching strategies, concepts within a topic, learner difficult concepts, as well as
2. **Bringing all specific learner misconceptions,
components Bringing in all components together to stress the importance of
together. an interactive use of components when explaining concepts.
1. **Introduction of a A CoRe explained as an instrument that brings together all
Week 6 CoRe, components of content knowledge transformation with the
2. An assignment of capturing the teachers’ knowledge and

issued on CoRe and
TSPCK test.

purpose
understanding of subject matter knowledge,

The two assignments (post-intervention CoRe and TSPCK
tests) were issued on the last week of the intervention. The
CoRe submission date was scheduled for two weeks after the
intervention, whilst the TSPCK- test was to be submitted a
week after the intervention.
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A detailed description of the intervention is provided below. The activities marked with the
asterisks above signify the actual components of the TSPCK framework that were explicitly
discussed in the intervention. The first few activities were meant to create a foundational
knowledge base (for all pre-service teachers) from which the intervention was focused to create a
common understanding of the topic. It also provided an easy and natural flow into the discussions
that followed on the content knowledge components. This correlates with the understanding in the
literature that, knowledge of the subject content is necessary for the development of knowledge
for teaching (Pitjeng-Mosabala & Rollnick, 2018; Neumann, Kind, & Harms, 2019). It was
because of this understanding that the concepts of Chemical Equilibrium were discussed prior to

the discussion of the components of TSPCK that enable the content knowledge transformation.

4.2.1. The intervention sessions — Introduction session

The first session introduced the group to lesson planning. A lesson was observed to have three
parts, the introduction, the presentation (lesson body) and the summary of the lesson. The
importance of planning for the lesson prior to teaching was emphasized as helping the teacher to
arrange the content in a sequence that learners can efficiently understand. Reference was made on
the importance of using or incorporating the teaching and learning theories in one’s planning and
teaching. The highlighted theories were learning through inquiry, argumentation, scientific
method or transformation of content. More specific emphasis was put on the theory of content
knowledge transformation, the main theory through which the intervention discussions would be
focused throughout the six weeks’ period. At this moment, the PPSTs were introduced to the
TSPCK construct as consisting of five components of content knowledge transformation. Knowing
which theory of teaching/learning to use at a particular point in time was underlined as essential
in assisting the teacher to focus and efficiently structure their planning to meet the objectives of
the lesson. Emphasis was made on the topic specific nature of the PCK construct that the
intervention would be based on. This was referred to as topic specific PCK (TSPCK) because it
involved transformation content knowledge specific to the topic: Chemical Equilibrium. It was
further mentioned that the main interest of the intervention was to help PPSTs develop the ability
to transform their content into versions that learners can efficiently comprehend (Mavhunga &
Rollnick, 2017). The five content-specific components of knowledge transformation listed are

learner prior knowledge including misconceptions, curricular saliency, what is perceived as
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difficult to understand, the use of representations and analogies as well as conceptual teaching
strategies. TSPCK helps one to deal not only with the content, but also with how to teach the
content. It enables one to study the content in depth from the perspective of the learners and
understand it more meaningfully. The group was also made to understand that even though the
discussions were based on a topic of chemical equilibrium, the same construct and way of thinking

can be used to transform the content for planning and teaching of other topics.
4.2.2. Learner prior knowledge including misconceptions

The discussion of the TSPCK framework commenced with a component of Learner Prior
Knowledge (LPK) introduced from a perspective of common learner misconceptions (CLMs). The
discussion was focused on developing an eye for the consideration of the LPK in planning and
teaching for understanding. It pointed out that the effect that the lack of consideration of LPK can
have on learner understanding. LPK was described as the knowledge that the learner brings into
the classroom that could contribute to the development of teaching strategies that are cognizant of
such misconceptions and therefore prevent them from happening. As discussed in Kurnaz and
Saglam-Arslan (2011) constructivism suggests that “learning happens when new knowledge is
connected to existing knowledge” (p. 51). LPK was also referred to as learner conceptions on
correct knowledge or alternative conceptions in relation to the current topic. For example, learners
may have a doubt on a specific concept which is not necessarily incorrect but because they do not
fully understand it. Misconceptions which are also known as alternative conceptions were then
referred to as inaccurate/inappropriate content that learners hold regarding a certain topic
(Kambouri, 2016). These are conceptions that do not relate to scientific definitions (Kurnaz and
Saglam-Arslan, 2011). An example could be the learners’ thinking that at chemical equilibrium,
the concentrations of reactants and products are equal. Overall, misconceptions were referred to
as incorrect knowledge or correct knowledge with a doubt or uncertainty.

LPK, including misconceptions, was referred to as one way in which content can be looked into
to help improve learner understanding of the current topic. The idea of identifying learner
misconceptions before teaching a topic was explicitly emphasized as important so that they are
dealt with and corrected beforehand when a new topic is discussed. A teacher then understands
what learners are struggling with within the topic and identifies ways of addressing those problems

in their teaching. Gottheiner and Siegel (2012) discuss the fact that “addressing students’ prior
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knowledge helps foster learning” (p. 532). Their consideration was said to enable the teacher to
devise teaching methods that build conceptual bridges between what is familiar and what is new,
using simple and clear visualization of abstract concepts, which enable a better acquisition of
scientific concepts (Magnusson et al., 1999). Further, PPSTs were told to always consider the
sources of the misconceptions as this may give them the capacity to understand what needs to be

done to clarify or correct those misconceptions.

(a) Investigating common learner misconceptions on chemical equilibrium concepts

The PPSTs were provided with an article that explored some of the CLMs in Chemical Equilibrium
by Pekmez (2010). Each group was provided with two misconceptions extracted from the article
to work on in teams. The participants were asked to familiarize themselves with the CLMs enlisted
in the article and identify the possible reasons behind the misconceptions as well as the pre-
concepts needed or lacking that resulted in those misconceptions. They were asked to prepare slide
presentations for the tutorial session where each team would make a presentation on its given
misconceptions and have feedback from the class. Given below are the responses of the PPSTs to

common learner misconceptions as extracted from the article.
Extract 1: “No reaction occurs at equilibrium”

One of the CLMs in Chemical Equilibrium identified in the literature is that there is no reaction
happening at an equilibrium state (Pekmez, 2010). The response in Figure 4.1 by Jane’s group was

presented during the tutorial session.

A response by Sara and Jane

Reason for misconception: Pre-concepts required for understanding:
Microscopic properties.

e No Macroscopic changes
* No visible changes,

* No overall concentrations change. (e
evaporated!

Figure 4. 1: Sara and Jane’s response on common learner misconceptions
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According to Sara and Jane, this misconception could possibly result from the inability of the
learners to visually see any movement of chemicals at a macroscopic level. They linked this to the
understanding about constant nature of the concentrations of reactants and products at an
equilibrium state and the equal rates of forward and reverse reactions which are often interpreted
as implying no reaction happening. It was then argued that the use of microscopic level
representations would play an important role in showing the learners that there are reactions
happening at an equilibrium position. The emphasis at this point was that teachers need to use
diagrams or representations that may enhance learner understanding and minimize development

of alternative conceptions.

Extract 2: “If the amount of a reactant is increased, its concentration remains the same”

The second CLM is that an increase in the amount of a reactant to a reaction that has reached a
state of chemical equilibrium does not affect its concentration (Pekmez, 2010). The response below
was provided by Daniel and Mandla on the reasons that might have resulted in this misconception
as well as the pre-concepts required for learner understanding of the concept.

Possible Reasons for the misconception: The group argued that the word “Amount” is vaguely

used. They raised some questions and interpretations about the word “amount”.

+ Does “amount of reactant isincreased” mean that mare reactant of the same concentration as the concentration of the reactant already in the equilibrium mixture?
* Qverall concentration of this reactant will not increase

+ Example: adding more fanta to a miture which already contains Fanta
+ Fanta is Fanta [neither more concentrated nor more dilute)
+ This would result in the concentration of the reactant remaining the same

* Does “amount of reactant is increased” mean that more reactant of the higher concentration as the concentration of the reactant already in the equilibrium mixture?
* Overall concentration of this reactant willincrease

+ Does “amount of reactant is increased” mean that more reactant of the lower concentration as the concentration of the reactant already i the equilibrium mixture?
* Overall concentration of this reactant will decrease

Figure 4. 2: Daniel and Mandla’s misconception interpretation

The group anticipated the word amount as potentially problematic to the learners. The confusion
caused using the terms “amount and concentrations” on learner understanding of chemical
equilibrium concepts has been documented in Bergquist and Heikkinen, (1990) where it was

emphasized that teachers should always explain the terms used in their teaching. This would be to

80



ensure that the meaning and understanding of concepts is not lost only because the learners cannot
understand the context in which a term is being used. The PPSTs were made aware that the way
teachers themselves teach concepts of chemical equilibrium could lead to the development of those
misconceptions (Bilgin, Uzuntiryaki & Geban 2003), hence the need to devise teaching strategies
that can lessen their development. Discussed below are the pre-concepts that the group presented

that learners could be missing for the understanding of this content.

Pre-concepts missing for the understanding of content: The group pointed out that a learner
with this misconception may not have a thorough understanding of amount / moles / concentration;
thus, the learner might not relate the increase in amount n=m/M to concentration c= n/V. The
group’s ability to recognize the pre-concept important in the understanding of the highlighted
terms “moles versus concentration” provided a sense that they understood the concept better and
hence could easily find a way to eliminate this misconception in their teaching. However, based
on the interpretations that the group provided in Figure 4.2 above, it was clear that they were also

confused by the terms. This confusion initiated a discussion that aimed at explaining the two terms.

What the PPSTs needed to understand from this was that the term amount is referred to in terms
of moles of a substance per the constant volume of a reaction system. The fact that this reaction
occurs in a closed system implies that the volume of the system is kept constant. This suggests that

the amount of that reactant in the system of a specified volume increases the overall concentration

moles

of the added reactant as demonstrated in the equation concentration = that concentration

volume

is directly proportional to the number of moles.

In exploring the CLMs, given what | saw, the PPSTs had a chance to explore even their own

misconceptions and got corrected from the class discussions.

4.2.3. Curricular Saliency sessions

The discussions on curricular saliency (CS) were intended to help the pre-service teachers to learn
about Chemical Equilibrium subject content relative to the curriculum as a whole (Geddis &
Wood, 1997). CS was referred to as the learning of various topics as positioned in the curriculum
(Rollnick et al., 2008; Mavhunga, 2012). It involves knowing the most important meaning that

must be established; including what is core and peripheral to the topic. As Mavhunga and Rollnick
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(2017) explain, CS encompasses “knowledge that assists in developing a structural overview of a
topic” (p.159). Four main features were referred to as important in assisting to unpack the structure
of the topic, such as: (i) Identifying the most important meanings, without which the understanding
of the whole concept will be missed; referred to as Big Ideas; (ii) Knowledge and understanding
of immediate/ pre-concepts needed before learners are exposed to new knowledge; (iii)
Subordinate concepts and (iv) Sequencing of the concepts in the order in which one intends
teaching them. Identification of immediate concepts was underlined valuable in helping the
learners to understand new concepts. For example, for the learners to understand the concept of
chemical equilibrium and the nature of the overall reactions at an equilibrium position, it is
imperative that they are first introduced to “chemical reactions” and “collision theory” amongst

other topics. The steps below were followed to further explain the component of CS to the PPSTs.

a) Formulating Big Ideas

To help in this regard, the idea of concept maps was introduced. This involves breaking the topic
into usable forms and pillars that make it up and that are placed in a sequence in which the teacher
will discuss. Construction of concept maps followed the following sequence: identification of main
concepts, formulation of Big Ideas from main concepts and identification of subordinate concepts.
The main concepts were referred to as important things to understand about the topic, without
which the topic cannot be understood. These were placed within a concept map from which Big
Ideas were formulated. The Big Ideas referred to meaningful statements that describe the main
concepts to develop the learners’ understanding of the topic. Identification of subordinate concepts
followed below each main concept within the concept map. Accordingly, all these concepts must

be written in a sequence that brings about the most pedagogical and logical coherence in teaching.

Formulated from each main concept are big ideas which were referred to as complete statements
about the correct understanding of main concepts in a topic. They were further explained as written
statements about the meaning of concepts that are core to the topic. Loughran and his colleagues
refer to the importance of identifying Big Ideas as valuable in enabling the teachers to present how
they frame and conceptualize the topic; “an important aspect of articulating one’s PCK” (Loughran
et al., 2004:379).
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b) Construction of concept maps by the PPSTs

The PPSTs were given a tutorial task to construct their own concept maps using their knowledge
and own interpretation and understanding from the session and a CAPs document for reference.
The maps had to include main concepts and subordinate concepts that make up the topic chemical
equilibrium. They were also requested to construct Big ldeas corresponding to their suggested
main concepts. Figure 4.3 displays the responses from two teams: Daniel and Mandla, as well as

Lerato and Noma.
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Figure 4. 3: PGCE Pre-service teacher responses on a component of curricular saliency

To summarize this component, between four and five main concepts were identified: (i) the
dynamic nature, (ii) Conditions for chemical equilibrium, (iii) Factors that disturb chemical
equilibrium, (iv) Determination of chemical equilibrium, (v) their applications. All groups
appropriately identified corresponding subordinate concepts for each main concept that they
presented. Only two groups, Jane’s and Daniel’s constructed Big Ideas for each main concept that
they identified whilst 2 other groups did not. The members of these two groups (that did not
construct the Big Ideas) argued that they did have a clear distinction between “main concepts” and
“Big ldeas” of a topic. The distinction between main concepts and Big Ideas was made explicit
whereby main concepts were described as core/key concepts of the topic while Big Ideas are
meaningful statements that describe those core concepts required in developing the learners’

understanding of the topic. For example, for a main concept such as “conditions for chemical
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equilibrium”, a statement such as “chemical equilibrium happens only in closed systems where
temperature and pressure are kept constant” was given as an example of a Big ldea statement

providing meaning to the concept given.

Individual PPST task during the tutorial: After the group presentations in the tutorial, the PPSTs
were provided with a page long content on chemical equilibrium concepts. They were asked to use
the given content to construct at least 2 big ideas. A great improvement was observed in their

responses where most were then able to present Big Ideas to the topic.

4.2.4. \What is difficult to understand and teach?

Chemical Equilibrium has been classified as one of the topics that are abstract in nature. It is not
easy to understand and teach and requires the use of specific content and terminologies (Mavhunga
& Rollnick 2013; Pekmez, 2010). The authors further argue that, “the meaning of the phrase
‘equilibrium’ is different from the daily use of the term. For example, an everyday meaning of
equilibrium, extracted from the dictionary is “a state of rest or balance due to the equal action of
opposing forces” while in chemistry, a state of equilibrium is referred to as a condition within a
chemical reaction in which both a forward and reverse reactions occur at the same rate and the
concentrations for both reactants and products remain constant/unchanged. Further difficulties are
reported for the understanding of the constant nature of the equilibrium constant (Van Driel &
Graber, 2002), and the “unequal concentrations of reagents at equilibrium” (Mavhunga and
Rollnick, 2013, p. 114).

The session explored the concepts that are not easily understood by the learners and which require
teachers’ critical emphasis and attention. These were described as gate keeping concepts to the
topic of chemical equilibrium that contribute to the difficult nature of the topic; this also makes it
difficult for teachers to teach them (Huddle et al., 2000; Quilez-Pardo, 1995). It was made explicit
in the discussion that some of those difficult concepts could end up creating learner misconceptions
if teachers do not find ways of transforming them to enhance their accessibility and comprehension
by the learners, usually reinforced by the kinds of analogies and diagrams used in explaining
concepts (Huddle et al., 2000). It was specified that difficult concepts are not necessarily

misconceptions but those concepts that are not easy to understand because they may contradict for
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example, with what the learners have learned from other topics or disciplines. The sections

highlighted below provide a detailed overview of how the discussion on the component ensued.

a) ldentifying learner difficult concepts

A task for the tutorial discussion requested PPSTs to present different concepts identified as
difficult for the learners to comprehend in chemical equilibrium and possible reasons contributing
to the difficulties. Displayed below are some of the concepts identified as difficult in the tutorial.

Figure 4. 4: A response on what is difficult for learners to understand

The following, amongst others, were presented as the concepts that are considered difficult to teach
and to be understood by learners: (i) that reversibility within the reactions is a simultaneous
process, for example; because there is no observable change taking place, learners might find it
difficult to understand that both forward and reverse reactions are happening at the same time, (ii)
the difference between equal rates and constant changes in individual reactant’s concentration, (iii)
the idea of conservation of mass law in a closed system, (iv) that solids and liquids do not affect
chemical equilibrium, and (v) misapplication of the Le Chatelier’s principle. The importance of
always identifying the gate keeping concepts leading to the difficulty of subject matter was
emphasised, so that they can be explicitly discussed in the classroom. This helps to clear up the
confusion and challenges that some learners might have with conceptualisation of some aspects of
the topic. Detailed discussions on two aspects of chemical equilibrium that contribute to the
difficulty of the topic that were explicitly discussed are presented below. What prompted the
direction of the discussion was the PPSTs inability to understand fully the causes of the difficulties
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regarding these concepts, as well as how they can make these concepts easier for the learners to

understand.

1) The dynamic nature of chemical equilibrium: At this stage, great emphasis was made on the
importance of developing teaching strategies that enhance learner understanding of gate keeping
concepts. An example of a concept of dynamic nature of chemical equilibrium was fully discussed.
Discussions focused more on what causes the difficulty and how this can be explained in a way
that learners can efficiently comprehend, using analogies and demonstrations that do not reinforce
development of alternative conceptions. The difficulty around the dynamic nature of chemical
equilibrium was linked to the simultaneous nature of the reaction which is not easy to observe at a
macroscopic level. To explain this, there would be a need to enforce the concept of reversibility of
reactions; that a forward reaction does not have to go to completion before a reverse begins and
infuse within the explanation, the simultaneous nature of the reversibility of reactions at chemical
equilibrium. Emphasis could then be made at this point about the equal rates of the forward and
reverse reactions when the equilibrium state is achieved. A teacher would then need to use
microscopic representations that can pictorially assist the learners to visualize such occurrences,

complementary to how the reaction is represented symbolically and as seen at a macroscopic level.

i) The difference between equal rates and constant changes in individual reagent’s
concentration: The difficult nature of this aspect was related to the fact that in the two graphs used
(rate and concentration versus time graphs), one graph is the derivative of the other (see Figure 4.5

below). For example, a rate versus time graph is derived from the concentration versus time graph,

where; Rate = =<

This then makes it difficult for the learners to understand what the two graphs

time’

entail.
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Figure 4. 5: Concentration and rate versus time graphs

What the concentration versus time graph shows is that when a reaction reaches a state of
equilibrium, the concentrations of all reagents (products and reactants) do not change; they remain
constant. Whilst the rate versus time graph shows that the rate at which the reactants form products

is the same as the rate at which the products form reactants; thus, the rates are equal. This then

implies that the ( rate = <€) of a forward reaction at a specific time (a state of equilibrium) is equal

time

to the ( Rate = £2%) of a reverse reaction.
time
4.2.5. Sessions on use of representations

The aim of this discussion was for the pre-service teachers to develop the competency to use
representations in a manner that brings understanding of difficult/abstract concepts.
Representations are used as a way of helping to communicate the concepts to the learners, assisting
to break the abstract nature of the concepts and creating a bridge to help the leaners to understand
the concepts better. They facilitate learner conceptual understanding by helping the learners to
make sense of the concepts under discussion (Mitchell, Charalambous and Hill, 2014). Nitz,
Ainsworth, Nerdel and Prechtl (2013) refer to science as a multimodal subject which does not rely
only on the use of verbal or written form of teaching strategies but require the use of a variety of
representational graphs, diagrams, symbols and formulae amongst others. The three basic levels
or kinds of representations: symbolic representations, macroscopic and sub-microscopic
representations were discussed. The idea behind the use of all this is that chemistry is best
understood when representations are used simultaneously across different levels. Representation

at a symbolic level refers to the use of symbols and equations; macroscopic level refers to
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“something that is large enough to be seen with the naked eye” (Bunce & Gabel, 2002; p. 914)
whilst the sub-microscopic level talks to the models of matter; their natural arrangement and
motion (Talanquer, 2011). The sub-microscopic representations are viewed as visualization tools
for both the teaching and learning of abstract concepts as well as eliminating common learner
misconception (Davidowitz, Chittleborough & Murray, 2010). Therefore, as emphasized in the
session, the macroscopic level talks to the actual thing and what it looks like. The symbolic
representations are the actual symbols, as used in chemical reactions while a sub-microscopic
representation talks to how the molecules are naturally arranged. The great emphasis was on the
choice of representations. It was explicitly emphasized that not every part of the representation
explains what one wants to portray. Pin-pointing the exact part which talks to what one wants to
convey within the representation is therefore especially important. Representations should help to
develop learner cognitive understanding of the concepts being discussed and reinforce that which
cannot be explained through the use of words alone. The PPSTs were made aware that they should
always highlight and make explicit what they want the learners to understand from the
presentations that they are using. A concentration versus time graph was given as an example that,
not every part within the graph represents a Chemical Equilibrium; only a portion of it where
concentrations are constant does (see Figure 4.5 and 4.6). This is why one would need to point out
which part or feature within the representation portrays the message and aspect under discussion.
As argued in Nitz et al. (2013), a skill in construction, interpretation, transformation and evaluation
of representations in science is of great importance in helping to build a learner conceptual
understanding. Examples of the use of multiple representations to demonstrate and explain specific

concepts were presented as displayed in Figure 4.6 below.
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Figure 4. 6: Examples of multiple representation use to explain a concept
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The first set of representations is a demonstration of water molecules presented using different
levels of representations. Emphasis was made on the importance of using connecting words and
explanations on the given representations to indicate what one is trying to put across. This was
based on the given molecules of water which at symbolic and sub-microscopic level might induce
an alternative conception that in a flask provided (where water is represented macroscopically),

there is only one molecule of water.

The second demonstration is that showing decomposition of N2O4 into NO». Three levels of
representations are used to show the arrangement of particles before the reaction occurs, until it
reaches an equilibrium position. The first line of the representation shows the different colors
portrayed by the system at different parts of the reaction; it is a signature of macroscopic
representation. The second level portrays the arrangement of the particles of the reagents within
the system; it signifies a microscopic representation. The last level represented by the two graphs
shows the change in concentration and rates over time and the nature of both when the reaction
has reached a state of equilibrium. The graphs also constitute the symbolic representations that

provide the actual formulae of the reagents within the system.

It was further explained that using multiple representations helps the teachers to make explicit
what they want the learners to understand where each level may bring about an aspect that may
not be portrayed by another representation. Thus, these representations work together to help each
other to explain a concept (making simple those concepts that are considered difficult and that also
address and correct some of the misconceptions that learners might have regarding the topic). Wu
et al. (2000) advocate that:

"Being familiar with these representations and their usage in chemistry, therefore,
is essential for the acquisition of expertise...The competence comprises a set of
representational skills: the ability to see expressions with different surface features
(e.g., changes in color) as representing the same principle, concept, or chemical
situation, the ability to translate one representation of a chemical concept or
situation into another one, and the ability to generate or select an appropriate
representation to make an explanation, predictions, and justification. That is,
representation competence includes the skills to use a range of chemical
representations to do chemistry inquiry"” (p. 122).
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Task given to the PPSTs: The PPSTs were requested to discuss in their respective groups and
suggest multiple representations that they would use in the teaching of the following concepts

about the Chemical Equilibrium constant (Kc).

5. Suggest how you could use representations to illustrate each of the following points about
Ke. (6)

Magnitude of K,

= Ifthe K, value is large (K. >> 1), the equilibrium lies to the right and the reaction mixture
contains mostly products.

= If the K. value is small (K. <<1), the equilibrium lies to the left and the reaction mixture

contains mostly reactants.
= [fthe K, value is close to 1 (0.10 < K. < 10), the mixture contains appreciable amounts of both
reactants and products.

4.2.6. Discussions on conceptual teaching strategies

Conceptual teaching strategies (CTSs) were referred to as teaching strategies employed to teach a
particular concept, based on conceptual considerations. It is a teaching strategy that a teacher
devises specifically for the concepts to be discussed and this cannot be adopted for teaching other
concepts even within the same topic itself. For example, one can devise a strategy specific for
teaching “the nature of chemical equilibrium” which will be different from a strategy for teaching
“factors that affect chemical equilibrium”. Evidence of multiple uses and an interaction between
different components of TSPCK are the characteristic features of conceptual teaching strategies.
Teachers should be seen to emphasize concepts, using specific representations and analogies and
pointing out what they want the learners to understand. They should know when to use a particular
representation and when to put emphasis as they explain (Harrison, & De Jong, 2005). As has been
argued by Mitchell et al. (2014), representations can be used to help the learners to make some
sense of and clarify concepts being discussed in the classroom, considering as they teach, the
sequence in which to teach and emphasize concepts. CTSs were then referred to as strategies used
to pull together all the considerations made from individual TSPCK components specific to a
concept. Some of the strategies documented in the literature about how best to teach specific
chemical equilibrium concepts were highlighted (Hanson, 2016; Ghirardi, Marchetti, Pettinari,

Regis, & Roletto, 2015). An example of such strategies included an embedded conceptual teaching
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strategy in the teaching of Le Chatelier’s principle (Hanson, 2016). Discussed below are the

examples of CTSs derived specifically for particular concepts.

1) A conceptual teaching strategy that aims to explain a concept: An example of a CTS was made
of one explaining a state of chemical equilibrium. It was argued that a strategy could entail one
indicating the steps that teachers would follow to teach this concept which includes using the
graphs to explain that the rates are equal and the constant nature of concentrations at equilibrium,
by pointing out explicitly what is equal and what is constant. Figure 4.7 provides a sample of the
two graphs, highlighting areas within the graphs where equilibrium has been achieved.

Concentration versus time graph Rate versus time graph
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Figure 4. 7: A rate and concentration versus time graphs

i) Conceptual teaching strategies that aim to address learner misconceptions: A CTS that
addresses contradictory concepts within a topic can also be constructed. A teacher can demonstrate
and use representations to explicitly explain such concepts. An example of the use of an application
of the Le Chatelier’s Principle was given. It was argued that the discussion of this can start with
stating and explaining the factors that affect a state of Chemical Equilibrium. This would be
followed by the discussion of the effect of each in order to bring forth the aspect of the Le
Chatelier’s principle. The principle refers to the change of an equilibrium state to counteract the
effect of a disturbance. Accordingly, as the teachers explain this, they would need to make the
learners aware that the rule does not suffice for all reactions, especially when a disturbance added
is a liquid or a solid. It was indicated that a teacher could then have to use an equilibrium constant

equation to explain the Le Chatelier’s principle and why in does not otherwise suffice for other

91



equations. For example, the rule talks to the anomalies of liquids (such as water) and solids
reagents which should not be added in the calculation of Kc, as represented in Figure 4.8. For a

reaction, 2 Aaqg) + B(ag) «»3C(aq) + D(s), Kc can be calculated, as shown in Figure 4.8.

_ [Products]*

~ [Reactants]"

Figure 4. 8: Equations on the calculation of equilibrium constant (Kc)

The first equation shows a general equation for the calculation of Kc, which is through dividing
the concentration of products by the concentration of the reactants, where the superscripts
represent the number of moles of each reagent in a balanced chemical equation. The second
equation is used for the calculation of Kc for the given equation. In this equation, the concentration
of D is excluded from the calculation of Kc because, as it was mentioned above, solids and liquids
are not included in the calculation of Kc. The reason for their exclusion is that their concentration
is equal to 1; hence their inclusion in the equation is not necessary. Using this in collaboration with
the Le Chatelier’s principle when explaining the impact of a disturbance at an equilibrium state,
can help the learners to make a good judgment in terms of how the equilibrium position will shift

when the concentration of a reagent is manipulated within the system.

4.2.7. Pulling components together

Emphasis was made on the importance of the TSPCK construct used to reason through and
transform content into a teachable form. The following were listed as the characteristics of the
framework of content knowledge transformation: (i) helps the teacher to structure and understand
the scope of how much to teach within the topic, (ii) gives one a clear picture of what to put in
place before a topic is discussed, (iii) helps a teacher to look at the topic in totality, brings in the
sequence through which to structure the topic, (iv) informs the conceptual strategy to use in class,
what to say and when to say it, how and why to emphasize concepts. For example, it provides an
essence of what to do when concepts are difficult, how to teach them and what needs to be

emphasized, when and how. The discussion made explicit links between the components of content
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knowledge transformation, using Chemical Equilibrium concepts to highlight how different

concepts can be explained and made more accessible to the learners.

4.2.8. An introduction of a CoRe

A content representation (CoRe) instrument originally developed by Loughran et al. (2004) has
been used for purposes of capturing and portraying the teachers’ pedagogical content knowledge
(PCK). It assists teachers to think about and convey their understanding of the topic content
(Alonzo et al., 2019). At the end of the intervention, it was important to help the PPSTs to collate
the thoughts that they have done in thinking through the topic, one component at a time. They were
then introduced to an instrument that helped them to organize their thoughts into a systematic way
where they could go back to their thoughts and think about them in conceptualizing their teaching
strategies (a CoRe). For this particular case, the CoRe was used with a slight emphasis, as an
instrument to capture PPSTs’ own thinking and collating the thoughts that had been generated
from the discussions and reasoning through the topic, using individual components. It consists of
questions that seek to prompt thinking into the individual components of the TSPCK and it allows
room for them to think through and pull things together into a functional teaching strategy in

consideration of individual concepts of the topic.

The pulling of these thoughts together affects the transformation of content knowledge because all
these components work together. It is when they are thinking through all these issues (as prompted
by the CoRe questions) and drawing from what they learned from each component that they are
then enabled and have a better chance to transform their content. It is the interaction that enables
one to draw from different components that determine the quality of planning and the teaching

observed on the teacher’s reasoning and explanations of concepts.

4.2.9. Evaluation of the construct

At the end of the intervention, the PPSTs were given a chance to explain their sense of value of
having been exposed to this TSPCK framework. This evaluation gave them a chance to evaluate
the usefulness of this framework and its ability to enable them to think through their plan for
teaching. On their evaluations, the PPSTs showed that they benefitted greatly from the discussions,

as seen from the extracts below.
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Furthermore, throughout this course | have learned the wvalue of being in a community of
practice. This comes from realizing that only through collaboration with colleagues, rigorous
and robust debates on key ideas within the 5 aspects of TSPCK (i.e. Curricular Saliency,
Misconceptions, What is difficult to teach, Representations and Conceptual Teaching
Strategies) and lastly access to research conducted on all these aspects by educational
professionals, that planning towards effective teaching can take place. In addition deep
understanding of topics can take place further enabling teachers to be effective in their practice

if the above practices are adhered to.

|I believe and think that | have learnt a lot throughout the sessions that enabled me to
develop a CoRes. In overall, | have learnt how to develop conceptual teaching strategies
through effective and thorough considerations into curricular saliency, learner prior
knowledge and use of relevant and effective representations. | therefore have reason to
believe | have learnt and | can put it into practice. The success of my learning and teaching

improvement would be determined by the extent to which | apply what | have learnt.

Figure 4. 9: PPSTs’ responses on their overall views about the intervention

Their anonymous comments on the evaluation of the intervention also provided a positive

feedback, which indicated that they benefited from the intervention (see Figure 4.10 below).

Describe one or two things that you learnt most from the course
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Figure 4. 10: Pre-service teachers’ anonymous comments on their gains on the course

From their open written reviews, as presented in the examples above, the evaluations were largely
positive, and this seems like the recognition of the framework as an enabler and tool in helping

how to think about the topic content when planning to teach.
4.3. Conclusion

The discussions made in this chapter were intended to explicitly explain how the intervention on
content knowledge transformation through the use of the five components of topic specific PCK
transpired with a cohort of PGCE physical science pre-service teachers. The descriptions were
made in order to explain the pre-service teachers’ pedagogical reasoning and content knowledge

transformation development throughout the intervention process. The examples given from the
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tutorial presentations, TSPCK test-tools and assignment responses provide a sense of how their

thinking processes and content knowledge transformation ability ensued across the intervention.

As it was indicated earlier, the intervention occurred within a continuous dedicated time of 6 weeks
within their one-year physical science PGCE fulltime programme. The intervention was
characterized by a lot of interactions and discussions. The environment was adequately open to
allow the PPSTs to make and correct their own mistakes. They also developed confidence in
making mistakes in front of each other and talking about their own weaknesses about the
intervention topic. For example, during the discussions, they identified their own misconceptions
and realized that other PPSTs also had them. These helped them to engage fully in discussions and
really have the desire to work things out when they noticed that the discussions were actually
unpacking and providing them with a platform to grow. An example of a misconception that the
teachers shared and was corrected in the discussions has been discussed in section 4.3.2.

In the end, it was important for the PPSTSs to evaluate the impact of this intervention. Although it
was a continuous process, this was the first time that the PPSTs were exposed to it. It was a vehicle
that introduced them to pedagogy and an entrance to the content knowledge because of the content
specific nature of the construct. Through use of the evaluation responses presented above, an
evidence of growth was displayed. This framework of content knowledge transformation through
the use of the five components of TSPCK influenced the teachers’ thought processes and how best
to organize their content when planning to teach, as demonstrated in Figure 4.9 and 4.10. The
evidence of the impact of the intervention, however, is discussed in more detail from chapters 5 to
7.

The next chapter discusses the impact of the intervention on the PPSTs’ reasoning, as displayed at
a planned level. The analysis is focused on data collected from the two pencil and paper TSPCK

tools (TSPCK-tests and CoRes), and the tutorial presentations.
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CHAPTER 5
THE DEVELOPMENT OF PLANNED TSPCK FOR PGCE PRE-SERVICE TEACHERS

The previous chapter provided a detailed description of the intervention geared to improve the
quality of TSPCK in Chemical Equilibrium. In this chapter, | determine the impact of the explicit
intervention on the quality of PPSTs planned TSPCK in chemical equilibrium. | start by providing
a summarized procedure of the analysis followed and then present the overall patterns of the
results, reflecting on the impact per person and per TSPCK components. | follow this analysis with
cross collaboration of the extracts from different sources to illustrate the observed shifts. | close
the chapter with a summary of the core findings.

5.0. Introduction

The key focus of this study was to track how the PPSTs translate their personal TSPCK
(pITSPCK), developed in the context of planning to teach, into the actual classroom context
(eTSPCK) and its ultimate impact on learner achievement. This chapter presents the first result on
the impact of the intervention on the quality of the PPSTs planned TSPCK. It is considered planned
because it is TSPCK evident in the kinds of teacher tasks related to teaching a topic (Mavhunga,
2016). It is important to state explicitly that the improvement in the quality of TSPCK by the PSTs
as a result of an explicit intervention (Mavhunga & Rollnick, 2017) would not be a new knowledge
finding but an important baseline from which the translation of acquired TSPCK into a classroom
teaching and the subsequent impact on learner performance could be determined with credibility.
Several studies that employed the same intervention reported positive findings with respect to the
improvement of the quality of TSPCK in the topic of the intervention. Examples include (Rollnick
& Mavhunga, 2014) for the topic ‘electrochemistry’ and (Pitjeng, 2015) in the particulate nature
of matter (Mavhunga et al., 2016) in electrical circuits, including a study on chemical equilibrium
(Mavhunga & Rollnick, 2013). However, these studies were conducted with traditional PSTs who
were registered in a teacher qualification degree, the B. Ed. degree, thus had had four years of
development in other pedagogies. As alluded to before, this study is with PPSTs who had a limited

exposure to the methodology studies.

In order to determine the improvement in the quality of the PPSTs’ planned TSPCK in the topic
of intervention, multiple data sources were used to establish (i) shifts and also (ii) to capture
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evidence of TSPCK as it was developing during the intervention. As explained in Chapter 3, in
order to establish the shifts, the PPSTs completed a set of TSPCK tests on Chemical Equilibrium
used as sets of pre, post-tests and a CoRe which was administered after the intervention, at about
the same time as the post-TSPCK test. Accordingly, tutorial sessions constituting group
presentations and discussions were used to capture their TSPCK as it was developing during the

intervention.

This chapter begins by presenting the findings of the study on the overall patterns of shifts in the
quality of TSPCK which are regarded as planned TSPCK. These shifts are derived from scoring
the written responses from the TSPCK tool described in chapter 3. A TSPCK test tool, which is
designed specifically for testing the teachers’ pedagogical reasoning and knowledge of the topic
of Chemical Equilibrium (Mavhunga, 2014) is organized according to the TSPCK components
aimed at analyzing the responses to a particular component (Mavhunga, 2014). The analysis of
this TSPCK tool was done through the use of a four-criterion based planned TSPCK rubric by
Mavhunga (2012), scoring from 1 to 4 as alluded to in Chapter 3. This analysis illuminated the
shifts in the quality of TSPCK of the PPSTs across the intervention. Following this is an in-depth
analysis of those patterns which pulls qualitative extracts from different sources of data collected
in the tool itself during the intervention in order to reflect the nature of the shifts that are presented
in the overall patterns. Data used to corroborate the analysis of the TSPCK tool comes from either

a tutorial and or, a CoRe which was done towards the end of the intervention.

An individual PPST’s response is also compared to a similar response from the CoRe (Loughran
et al., 2004). The use of CoRe allows one’s response to be more elaborate and can provide a
detailed overview of the PPSTs’ knowledge for teaching a topic. Different from the CoRe which
requires PPSTs to generate their own responses on the prompts, the TSPCK test tool has a list of
responses to choose from and expand on. The PPSTs’ responses and explanations of the questions
on this tool enabled the study to explain their planned TSPCK and reasoning about the topic of
intervention. This also enabled the establishment of the PPSTs’ understanding of individual

components of TSPCK with respect to the chemical equilibrium topic concepts.

All the tutorial presentations and discussions were also on the components of TSPCK. These

discussions were designed to capture the PPSTs’ thought processes spot on, as they are learning
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to reason about all the components of the TSPCK construct. This permitted the study to capture
their TSPCK as it was developing. Each tutorial session involved group presentations and explicit
classroom discussions of the concepts related to individual TSPCK components. The PPSTs were

assigned to work in permanent pairs for the duration of the intervention.

5.1. Shifts in the quality of PPSTs’ planned TSPCK

Table 5.1 presents raw TSPCK scores obtained from a PGCE class of 2018 consisting of a total of
eight PPSTs. The scores demonstrate the PPSTs’ quality of TSPCK obtained from their pre- and
post-intervention TSPCK test-tools. The first column on the table presents the pseudonyms used
in this study to refer to the eight PPST participants. Columns two to six display the raw TSPCK
scores obtained by individual PPSTs on the pre- and post-intervention TSPCK tests with respect
to all five components of content knowledge transformation abbreviated LPK, for learner prior
knowledge and misconceptions, CS for curricular salience, R for representations, WD for what is
difficult to teach and understand, and finally CTS for conceptual teaching strategies. The pre-
intervention scores are outside the brackets within each of the five columns whilst the post-
intervention scores are enclosed within the brackets. The seventh column displays each PPST’s
average TSPCK score. The last column presents the individual PPST’s proxy score. The last two
rows display the group average and proxy average scores, respectively. The average scores which
are in fraction form were rounded up or down and the rounded scores presented as proxy scores as
displayed on Table 5.1. The group average TSPCK scores for pre and post-test were calculated
using the individual PPST’s score for each knowledge component, whilst the individual PPST’s
average score is the person average score for all components combined, followed by the
corresponding proxy for each. A proxy average calculation was done so that those scores could
easily be matched to the rubric since the rubric scale is presented in whole numbers and not
fractions (see Table 5.1).

The TSPCK rubric used in this study to capture the PPSTs’ planned TSPCK calls for the interaction
of the components with others. Each category of the rubric reflects the extent to which the response
displays not only the understanding of a component but also the ability to interactively use two or
more different components in an explanation (Mavhunga, 2014). Even though each component
appears to be scored individually, the score is given based on the ability of the PPST to pull

together two or more components of TSPCK in their reasoning. It is in line with Park and Chen
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(2012) that PCK is defined not on the basis of individual components but also on the interaction
and interplay of the components that make it up. Adding the scores of these components gives us
an overview of many interactions observed in the PPSTs’ responses. This implies that the proxy
averages indicate the overall interactive use of TSPCK components demonstrated in the responses
and explanations that are given by the PPSTs and also reveal the PPSTs’ TSPCK proficiency at a
planned level. The PPSTs’ quality TSPCK in this study, therefore, is defined in terms of their
understanding of individual TSPCK components as well as their interaction with each other. In
this study, | consider scores categorized at limited and basic levels as low. They display the low
quality of TSPCK for the PPSTs. On the other hand, the scores categorized as developing are
considered in this study as high, and therefore reflect a high quality of TSPCK whilst categorizing
a score as exemplary places one at a sophisticated level of TSPCK quality.

Table 5. 1: Raw pre- and post-intervention TSPCK-test scores (N=8)

Pre- LPK CS R WD CTS Individual Individual
service Average Proxy
teacher

Pre  Post | Pre Post | Pre  post | Pre Post | Pre  Post | Pre Post | Pre Post
Mandla | 2 3 1 2 1 2 2 3 1 3 1.4 26 |1 3
Jane 1 3 1 3 1 2 2 3 1 3 1.2 28 |1 3
Lerato 2 3 1 3 1 3 2 3 2 3 1.6 30 |2 3
Daniel 1 3 2 3 2 3 2 4 1 3 1.6 32 |2 3
Sara 1 3 1 3 1 3 2 3 3 3 1.8 30 |2 3
Katleho |1 3 1 2 2 3 2 3 2 3 1.6 28 |2 3
Brown 1 2 1 3 1 2 2 3 1 2 1.2 22 |1 2
Noma 1 3 1 3 1 2 1 1 3 2 1.4 22 |1 2
Average [ 1.37 288 (113 275|125 250|188 288|175 275|148 275|150 275
Proxy 1 3 1 3 1 3 2 3 2 3 2 3 2 3

The scores in Table 5.1 demonstrate an improvement on the overall TSPCK quality for all the
PPST participants across the different components of content knowledge transformation. Two
patterns based on the proxy averages are displayed on the table. The first pattern is focused on the
individual PPST’s average/proxy scores (the 7" and 8™ columns of Table 5.1). The second pattern
is derived from individual component scores which translated into the overall group

average/proxy scores highlighted by the last two rows (11 and 12) on the table.
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5.1.1. Individual PPST’s average/proxy TSPCK development

This section presents the person average TSPCK score development from the pre- and post-
intervention TSPCK test tools. The graph in Figure 5.1 displays the shifts in TSPCK quality for

these two tests.

Pre

Post

W

TSPCK Scores

Jane Mandla Daniel Lerato Sara Katleho Noma Brown

Figure 5. 1: Average shifts in pre- and post-individual scores

Two distinct trends are observed in Figure 5.1. These are: (i) a 2-category jump increase and (ii)
a 1 category jump. Two PPSTs (Jane and Mandla) experienced a 2-category jump from 1 to a
maximum score of 3 after the intervention; this is a high-quality jump. The second trend is that of
teachers who experienced a 1 category jump, yet they landed at different levels of development
after the intervention. In this trend there is a group of four PPSTs (Daniel, Lerato Sara and
Katleho) who experienced a 1 category jump from a score of 2, to 3. There is also a high-quality
jump because of a higher score obtained after the intervention. A second group (in the second
trend) is of two PPSTs (Noma and Brown) who also experienced a 1 category jump from a much
lower level 1 to level 2. In this second category, the pair’s TSPCK quality is still quite low after
the intervention, though there is an improvement that can be accounted for and attested to as
effected by the intervention. Overall, six out of a total class of eight PPSTs experienced a high-

quality shift (scoring at a developing proficiency level), whilst two experienced a low-quality shift
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with their scores averaging to a basic level proficiency of TSPCK after the intervention. The two
PPSTs’ TSPCK quality still needs more development into a level of high quality so that their
planning and teaching may improve learner accessibility and understanding.

For a closer look and insight into the average scores presented in Figure 5.1, the summary of all
the eight PPSTs” TSPCK across all components is graphically presented in Figure5.2. This
situation provides a broader visual perspective of the shifts in quality development of the

individual PPST’s TSPCK proficiency level across all components.
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Figure 5. 2: Graphical representations of individual PPSTs’ pre- and post-TSPCK scores
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Overall, the graphs in Figure 5.2 indicate that the person average TSPCK quality for all PPSTs
significantly improved after an exposure to the intervention. Each person experienced major shifts
in scores across all components. There are three categories displayed in Figure 5.2. These are: (i)
those who experienced extremely high improvement-a 2 category jump, mostly from 1 to 3; (ii)
those who experienced an improvement the same as the others, but their scores are higher-a 1
category jump from 2 to 3; and (iii) those who performed lower than the majority- a 1 category
jump from 1 to 2. The TSPCK displayed by such PPSTs (those that scored a maximum 2 after the
intervention) is of low quality which could affect their ability to transform their content knowledge

for learners’ efficient accessibility and comprehension negatively.

For example, four of the eight PPSTs (Daniel, Sara, Lerato and Jane) experienced the greatest
shifts across all components. Two of them (Sara and Lerato) scored at a developing level on all
the five components of TSPCK. Daniel scored a 3 on four TSPCK components and a 4 on a
component concerning what is difficult to understand which is remarkable. Furthermore, Daniel,
Sara and Jane’s TSPCK improved with two levels for three components. As it is reflected by their
TSPCK score increase, this implies that overall, the four PPSTs’ reasoning and thinking about
their teaching of the topic of chemical equilibrium has significantly improved. Two of them (Jane
and Katleho) scored at a developing level in four components; their TSPCK quality was classified
at a basic category in one component. Mandla’s TSPCK scores were classified at a developing
level in three categories and at a basic level in two other TSPCK components. Brown scored 3 in
two TSPCK components and 2 in the remaining three components. The eighth PPST, Noma,
experienced the least improvements in her TSPCK quality. She scored 3 in two TSPCK

components, scored 2 in one, had a decrease in score in one and experienced no increase in another.

Section 5.2.2 provides a detailed overview of how the PPSTs performed in each component as a
group. The section explains the average group performance per TSPCK component. Figure 5.3

displays the group averages obtained from the individual PPST’s performances shown in Figure

5.2.
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5.1.2. The group average/proxy TSPCK development per component

As presented earlier in this chapter, two major patterns were observed and displayed on Table5.2.
Firstly, the scores were presented as average individual scores where an average and a proxy for
each PPST participant were calculated. This situation was then discussed in detail in section 5.1.1.
The second most important identified pattern is of the group average TSPCK score per
components. It indicates how the participants performed in each component as a group. It also
provides us with a clear picture of how the group’s TSPCK quality shifted per component. For this
part and for every component of TSPCK, the individual PPSTs’ TSPCK scores were added

together and their average as a group obtained.

Taking a closer look into this second pattern; it is observed that there is an overall increase in the
group average/proxy TSPCK quality across all the components. Figure 5.3 graphically displays
the group proxy scores per component demonstrated by the last row on Table 5.1.

Group proxy average scores per TSPCK component

/ —— pre

post

W

O

Average TSPCK SCORES

LPK CS R WD CTS

ISPCK components

a4
\

Figure 5. 3:The shift in quality across all TSPCK components

Looking closely at Figure 5.3, it is noted that the group experienced a shift in TSPCK quality

across all the components. The group average scores improved from lower scores on pre-tests to
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higher scores in the post-tests. This means that on average, the PPSTs” TSPCK proficiency and
quality had improved after the intervention. For example: (i) the group experienced an average
jump of 2 quality TSPCK categories in the first three TSPCK components, learner prior knowledge
including misconceptions (LPK), curricular saliency (CS) and the ability to use representations
(R) from 1 to 3. (ii) On the last two components (WD and CTS), the group experienced a 1 category
jump, from 2 (basic reasoning) to 3 the developing TSPCK proficiency level. On average, the
group experienced a high-quality jump in all the categories with an average of 3 across all the five
TSPCK components. Thus, on average, the TSPCK quality across all components was categorized

at a developing level of proficiency after the intervention.

To analyze these shifts more closely, the group proxy scores were presented graphically across all
the components of TSPCK in Figure 5.4. This situation provides a summary of the individual
PPST’s performance within each component. This enables one to look more closely into how each
participant’s score compares with those of the other group members within the same component
of TSPCK.
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Figure 5. 4:The group average TSPCK scores across all components

The graphs in Figure 5.4 show the greatest development and shifts in the PPSTs’ scores in two
TSPCK components of CS and LPK. At least five out of a total of eight PPSTs experienced a 2-
category jump from a limited to a developing proficiency after the intervention in both
components. The number of PPSTs experiencing this high-performance jump decreased to three,
two and one PPSTs in the components of CTS, R and WD, respectively. The two components of
curricular saliency and learner prior knowledge saw the greatest shifts in terms of quality jumps
with more PPSTs experiencing a 2-category shift from 1 (limited TSPCK quality) to 3, a
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developing quality post the intervention. This shows a remarkable development by the PPSTs
which is very important. The aspect of CS which links more directly to content knowledge is one
important in TSPCK development. Absence of or limited content knowledge can hardly make it
possible for one to know what is important within a topic that needs extra emphasis (aspects of
curriculum saliency). Two PPSTs’ TSPCK quality of this component was not appealing even after
the intervention. The two participants (Mandla and Katleho) scored at a basic level after the
intervention, demonstrating a low level of TSPCK development, possibly because their content
knowledge is low.

In general, however, at least more than half of the PPSTs scored at a developing level across all
the components of TSPCK; seven out of eight for an LPK component, six for CS, WD and CTS
and, lastly, four in a component involving the use of R. On a component of WD, one of the PPSTs
scored at an exemplary 4, after the intervention. This was the highest level of proficiency displayed
by the rubric.

From Figure 5.4 it is observed that there are four PPSTs (Daniel, Sara, Lerato and Jane) whose
TSPCK quality grew remarkably. Three of the four participants (Daniel, Sara and Lerato)
demonstrated a high TSPCK quality shift and development across all the components scoring at a
developing proficiency in all the five components after the intervention, with Daniel scoring at an
even higher exemplary level 4 in one component. Furthermore, Daniel, Sara and Jane exhibited an
astonishing two-category increase in three TSPCK components. Jane and Katleho, scored at a
developing category in four TSPCK components and at a basic level in the last component. Three
other participants experienced the least improvement within the group, with Noma experiencing

the lowest in the whole group.

The overall quality of TSPCK for the group on the pre- and post-intervention TSPCK tests were
from the basic to the developing proficiency, respectively. The group average TSPCK score was
obtained by combining all the group component averages, averaged to their number for both the
pre and post-test scores which are 1.5 and 2.75, respectively. The two were then rounded up to 2
(a basic category for the pre-test) and 3, (a developing category for the post intervention test).
These scores indicate how on average, all PPSTs’ combined performed before and after the

intervention across all the components.
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The PPSTs’ responses to the TSPCK tests (sections 5.1.2a and 5.1.2b) are used to provide closure
into how the scores were assigned. These are presented in the form of pre- and post-intervention
extracts per TSPCK component. Extracts from various PPSTs have been used in order to give an
overview of how the intervention affected the group’s reasoning and thinking about their teaching
of chemical equilibrium in section 5.1.2a. Section 5.1.2b, on the other hand presents extracts by
one PPST across the five TSPCK components. This also helps us to explain the learning
progression and development across all the components, by an individual PPST across the
intervention. It provides an insight into how the individual PPSTs’ reasoning and thinking about

teaching this topic were affected by the intervention.

The analysis of the overall patterns above showed that both patterns on overall components and
persons reflect collaboratively visibly noticeable shifts in the quality of PPSTs’ TSPCK. While the
outcomes in the improvement of the quality of PPSTs’ TSPCK was expected on the basis of the
previous studies, it was however, especially important to analyze the data collected for this study
for improvement in the quality of TSPCK in the topic of intervention in order to establish a credible
baseline from which the train of development of teacher knowledge into learner performance could
be based. The section that follows presents an in-depth analysis on the TSPCK quality shifts
presented above. A closer look at the patterns occurs, using data from the TSPCK tools and other
sources of data with the purpose of corroborating the findings. The data used to corroborate the
findings from the TSPCK tests include tutorial session presentations and a post-intervention CoRe
that the PPSTs wrote right after the intervention.

5.1.2a. A closer look into individual components; the meaning behind the scores

Development in Learner prior knowledge-(LPK); a high-level jump

Under this component of LPK, the PPSTs were asked to choose out of four responses given, the
best one that they would give to a learner who had a doubt and asked the following question: “Do
both forward and backward reactions actually take place if a closed system is at equilibrium?”
The PPSTs were then requested to expand on their choice of response. Displayed in Figure 5.5 is
an extract from the TSPCK test that the PPSTs responded to. It highlights the learner’s doubt on a

concept regarding reactions that are at a state of equilibrium.
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CATEGORY A:

1. In a classroom setting, which of the following responses will you choose to answer a learner who
seems to be in doubt and asks you:

“Do both the forward and the backward reaction actually take place if a closed system is at
equilibrium?”

Response A: Yes; the rate at which the forward reaction occurs is the same as the rate at which the
backward reaction occurs. We do not see them because both reactions happen under a microscopic eye.

Response B: Yes; for a reaction to be considered as at equilibrium, the rate of the forward reaction is the
same as the rate of the reverse reaction. As products are formed, they decompose or react with each other
and form reactants. In this way the reaction is kept at equilibrium.

Response C: Yes; a reaction that is at equilibrium has a forward and a reverse reaction. The forward
reaction produces products, and the backward reaction produces reactants. Sometimes the concentration
of products is higher than reactants, sometimes vice versa.

Response D: None of the above.

Choose your response and use the space below to expand on your choice.

Figure 5. 5: A TSPCK tool extract on chemical equilibrium

The extracts presented in Figure 5.6 demonstrate the reasoning given by one of the PPSTs, “Jane”
in response to the learner doubt. Related responses and reasoning with regard to learner
misconceptions extracted from tutorial sessions and or CoRes are used as supplementary data to

explain Jane’s development across the intervention.
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Figure 5. 6: Jane’s qualitative data responses in the component of learner prior knowledge
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For the first attempt of response to this question, Jane scored 1, the first category on the TSPCK
rubric. This meant that her reasoning ability was considered limited. The response provided by
Jane in Figure 5.6 does not indicate her recognition of the learner doubt and hence no attempt
within the response and reasoning provided to address the learner doubt. In her response, Jane does
not explain (to the learner) why there is both a forward and reverse reaction taking place at
equilibrium. Her explanation was that; “A¢ equilibrium, both reactions are occurring
simultaneously-the forward and reverse reactions. As they are both occurring at the same rate in
a closed system ”. This explanation, however, does not help the learner to understand and remove
the doubt that he/she had about the reactions at equilibrium. Jane’s repeat of the standard definition
with no attempt to explain to the learner why the two reactions are still happening, does not help
to remove the doubt that the learner has, hence her reasoning was categorized at a limited TSPCK

proficiency level 1.

After the intervention, Jane’s score had increased to 3, a developing category. This indicates a 2-
category quality TSPCK jump. An improvement in Jane’s score in the TSPCK post-test could be
attributed to the intervention as reflected in her improved reasoning. The instances that revealed
Jane’s use of two or more TSPCK components interactively to describe a concept were considered
as an episode of interest. To describe such interactions and the interplay of TSPCK components, a
TSPCK Map was provided (as in Park & Chen, 2012). This is based on the existing literature
which argues about PCK as not the sum of individual components but their interactions (Abell,
2008). In this study, TSPCK is also considered as reflected by interactions of the five TSPCK
components, as alluded to in Aydin et al. (2015). The TSPCK Maps serve to describe the
interactions that are seen in PPSTs’ reasoning of individual TSPCK components, as they draw on

others when explaining concepts.

An examination of Jane’s post-intervention test of the same item demonstrated a different result
and depth in the given response. She demonstrated a precise understanding of what happens at
equilibrium. She first begins by emphasizing what happens at equilibrium and this is followed by
her addressing the learner’s doubt as she explains one aspect of Chemical Equilibrium that might
have resulted in the confusion. The first statement that Jane gives in the response to the question
is “Once equilibrium has been attained, the concentration of the reactants and products remains

constant until the equilibrium is disturbed”. Beginning the response to the learner’s doubt with an
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explanation of what happens at equilibrium gives the learner the basis of all reactions at
equilibrium. It creates a foundation for the learner’s understanding of the process. This brings
forward the aspect of curricular saliency-CS in her emphasis of what is important. This
explanation also shows that the PPST is aware of learner misconceptions with regard to the
concentrations of reactants and products at equilibrium. For example, when asked to identify
learner misconceptions on Chemical Equilibrium in a CoRe, Jane stated that the learners believe
that “at equilibrium the concentrations of the products are equal to the concentrations of the
reactants”. This implies that Jane considered important, the component of LPK in her response.
This explanation helps the learners to understand that concentrations are constant and not

necessarily equal.

To explain this further, Jane identifies the gate keeping concepts that might have contributed to
the learner doubt. She adds “In a closed system, it may appear as if no change is taking place as
the concentrations of all the participating substances remains constant but there is a continuous
simultaneous forward and reverse reaction occurring”. The concept of reversibility of reactions
happening at the same time and rate at equilibrium has been identified by research as difficult to
understand-WD because at a macroscopic level, there is no observable change. This confuses the
learners because it makes them to think that the reaction has stopped. The explanation that is given
by Jane removes that doubt by clarifying why the two reactions still happen even though it appears

as if there is no reaction at all.

Jane further reports in the CoRe that the concept of reversibility is a source of learner
misconceptions, where the learners think that “zhe reverse reaction only proceeds when the
forward reaction is complete”. This misconception may result in the learners’ difficulty in
understanding how both reactions occur simultaneously at equilibrium. That Jane could identify
the source of this learner’s confusion demonstrates an improvement of both the PPST’s reasoning
ability and understanding of the important concepts of Chemical Equilibrium that the learners need

to understand.

Jane further said that “the relationship of the concentrations of reactants and products to one
another is reflected in the equilibrium constant”. This idea emphasizes that concentrations of

reactants and products at equilibrium are not equal, thus removing the misconception that the
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learner might have had with regard to this concept. The inclusion of “equilibrium constant” in the
statement highlights the PPST’s recognition of the importance of using a representation to explain
and expand on it. It was because of Jane’s ability to identify with learner prior knowledge and
ability to deal with the learner doubt in her response, using two other components of TSPCK that
she was awarded 3, the developing level of understanding and reasoning ability. The TSPCK map
enclosed in Figure 5.6 highlights a pictorial summary of interactions between the components of

TSPCK as seen in Jane’s reasoning in the post-test response.

Learner misconceptions explained in a tutorial presentation

Jane and her partner, Sara, demonstrated an even deeper understanding and reasoning during the
tutorial presentation on this aspect of attempting to rectify learner misconceptions. This was seen
in their explanation that contained a coherent interactive use of four TSPCK components, with one
of those components repeating. The explanation made was in response to a common learner
misconception that no reaction occurs at equilibrium. The following explanation was made as a

way of redressing the misconception:

1

socket models), in a closed system because chemical equilibrium occurs in a closed system. So,
what will happen is that as the reaction progresses, it will be in such a way that the first water
molecule will change its state from liquid to gas. The second one becomes a gas. So, now
equilibrium has been reached. But the reaction is still constantly taking place. SOlaSIONeIgaseous

thatareliguid. .. .. So, these things will happen at the same rates, but when you look at it, it appears
as though nothing is happening. So, when this forms the other forms (repeats 3 times). So, to you
when you are looking at it as a student, it looks as though nothing is happening but there is a
reaction that is constantly taking place at the same rates basically. The forward reaction happens
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at the same rate as the reverse one. So, when you are looking at it, it seems as if nothing is
happening, but a reaction is constantly taking place. So, as you can see here these are getting tired

of being in a liquid form. Then they rise and form a gas. But then at the same time, when that

happens, when the equilibrium is achieved, the gaseous form of
water would form a liquid and some of these here would also form

getting out
of here!

agas...”

In this explanation, four components of TSPCK are interactively

used in an interwoven fashion as the PPSTs presented a conceptual

strategy that they could use to rectify the misconception that the learners have around the reactions
that have reached the state of chemical equilibrium. In this explanation, the use of representations
appears to center the instructional strategy and sequencing. Emphasis is then made on the
necessary condition for Chemical Equilibrium to be reached, ensuring that the system is closed
(demonstrative of aspects of curricular saliency). The explanation proceeds with the
explanation of what happens as water changes phase from liquid to gas and back to liquid explicitly
pointing out that the two processes occur simultaneously. This brings forth the aspect of learner
prior knowledge, removing the idea that the learners have with respect to the reactions at
equilibrium. The forth component of “what is difficult to understand” surfaces as emphasis was
made on why the learners might think that there is no reaction at equilibrium because,
microscopically, it appears as if no reaction is taking place. The last component on representations
is seen repeating in this episode. The interwoven interactive nature of the components is in the
order R/CS/LPK/WD.

Development in Curricular Saliency-(CS): a high-level jump

Aspects of curricular saliency involve the teachers’ aptitude for identifying what is core and
peripheral to the topic; the important concepts that the learners would need to learn about the topic.
Different researchers have shown that the knowledge of content is the precursor (Pitjeng-Mosabala
& Rollnick, 2018) or precondition (Neumann, Kind & Harms, 2018) to the development of
knowledge for teaching (TSPCK) which is being investigated in this study. One could therefore
argue that the PPSTs cannot identify the core concepts of the topic if their overall content

knowledge of the topic is low.
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In a TSPCK test, the PPSTs were requested to select three main ideas to be taught about chemical
equilibrium from a list of the concepts provided (see Figure 5.7). They were then requested to
draw a concept map that presented the main ideas and their corresponding subordinate concepts,
all arranged in the order in which the teacher would want to present them to the learners.

CATEGORY B:

Questions 3.1 -3.4 relate to planning and sequencing of concepts.

3.1 What do you consider to be the three main ideas (main concepts) to be taught about
equilibrium at Grade 127 Choose from the list provided.

Dynamic equilibrium Equilibrium constant

Chemical reactions Rate of reaction

L¢ Chatelier’s principle Equilibrium shift

Factors that affect equilibrium Calculation of equilibrium concentrations
Open and closed systems Homogeneous and Heterogeneous equilibrium
Physical equilibrium Forward reaction and reverse reaction

Extent of reaction Other

3.2. Make a map or a diagram of these three ideas showing how they link to subordinate ideas.

Figure 5. 7: An extract on curricular saliency from the TSPCK test on chemical equilibrium

For a closer look into how the scores were assigned, the extracts in Figure 5.8 on the pre- and
post-intervention tests on CS are used to explain how the PPSTs’ knowledge and shifts in their
TSPCK quality. These extracts are taken from the pre and post TSPCK test tools for Sara, one of
the PPST participants whose TSPCK quality grew remarkably throughout all the components. The
data obtained from the CoRe are used as supplementary data to the TSPCK tests. All these data
combined are used to describe Sara’s development and improvement in the component of CS

across the intervention.
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On the pre-TSPCK test, Sara was not able to identify, correctly, the three main ideas of the topic:
Chemical Equilibrium. The identified concepts are the “Factors affecting equilibrium, Le
Chatelier’s principle and Chemical reactions”. These concepts are a mix of the main ideas and
subordinate concepts. For example, the Le Chatelier’s principle is subordinate to the “factors that
affect the Chemical Equilibrium “whilst the concept of “chemical reactions” is not part of the
topic, Chemical Equilibrium. Chemical reactions can however be thought of as a topic that should
be taught prior to the teaching of Chemical Equilibrium. This is because the knowledge of how
chemical reactions occur will be required for understanding the Chemical Equilibrium. In this case,
the sequence is of no use because of a mix of concepts. As it was explained earlier, the concept of
CS talks to the teacher’s ability to identify what is core and peripheral to the topic (Mavhunga,
2014). It reflects their understanding of important concepts within the topic which, when grasped,
leads to the understanding of the topic. The identification of the main or Big Ideas reflects such
understanding. However, in the pre-test Sara demonstrated a low level of TSPCK quality in this

aspect, thus scoring as low as 1, a limited proficiency score.

At post-intervention, Sara scored a 3 which put her at a developing level. In her post-test, Sara
was able to correctly identify three main ideas for this topic: (i) Dynamic equilibrium, (ii) Factors
that affect equilibrium and (iii) the Calculations of equilibrium constant. One of the main ideas,
“factors affecting chemical equilibrium” is seen in both pre and post-tests responses. The
difference that can be highlighted about this main idea, as per the pre and post-test, is sequencing.
In the pre-test, Sara suggested teaching the concept after the discussion of chemical equilibrium
constant calculations. The sequence was reversed in the post-test where the calculations of
equilibrium constant were done after discussing the factors that affect chemical equilibrium. Sara
scored a 3 in this component. Apart from being able to identify the big ideas of the topic and their
subordinates, she also arranged all of them in a logical sequence in such a way that they built onto

each other. When asked about the choice of the sequence, she responded:

“... serves as a foundation for the topic to be taught after (Acids and Bases). The way the big
ideas are formulated and sequenced is in such a way that the level of complexity increased from
differentiating what open and closed systems are for example, basically, defining what chemical
equilibrium is and what is required to achieve it, followed by the factors affecting it, to calculations

and finally stopping at real life applications serving as proof that it is of use”.
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The sequence in which the concepts are arranged and presented is an essential teaching element.
This assists with a smooth transition between concepts, such as when content is organized either
from easy/simpler to difficult/more complex. Furthermore, Sara’s reasoning of the choice of
sequence referred to not only the conceptual scaffolding but also the understanding of other topics.
Current research in chemistry education also alluded to the correct sequencing which makes the

conceptual understanding of the topic possible (Sibanda, 2018).
Sara’s response to the CoRe on Curricular Saliency (CS) component

In the CoRe, the Big Ideas were self-formulated. The CS component has multiple prompts. The
first prompt is based on the formulation of Big Ideas, followed by the important concepts that need
to be covered under each identified main idea. Also important in the presentation of these Big
Ideas and their subordinate concepts is their arrangement in a sequence in which they would be
taught in the classroom. The following Big Ideas were presented by Sara in her post CoRe: “(i)
Chemical Equilibrium is a dynamic process that will only take place in a closed system; (ii)
Chemical Equilibrium position in a closed system can be shift by external factors including
concentration, temperature and pressure; (iii) The ratio of concentration of products to reactants
can be quantified at equilibrium (constant at a constant temperature)”. Conveniently so, the core
concepts identified on the CoRe were similar to those on the post TSPCK test, although the CoRe
was more detailed as it required PPSTSs to generate a meaningful statement from the main concept,

hence the name “Big Ideas” used to refer to those statements.

In both post CoRe and TSPCK test, Sara identified the aspect of reversibility of chemical reactions
as important for Chemical Equilibrium to be possible. This was observed in the list of subordinate
concepts under each of the main ideas. This concept was however not identified as important in
the pre-intervention test. The aspect of reversibility is a particularly important condition for
Chemical Equilibrium as this state cannot be attained in irreversible reactions. This is also
fundamental to the understanding of the presence of forward and reverse reactions happening
simultaneously and at the same rate when a reaction has reached an equilibrium state, hence the

dynamic nature of Chemical Equilibrium.
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Development in use of representations-(R): a high-level jump

This section discusses the PPSTs’ pre- and post-intervention score shift in the component of
TSPCK that involves the use of representations. Figure 5.9 presents the pre- and post-intervention
TSPCK extracts by Lerato on the use of representations. In this component of TSPCK, Lerato
experienced an improvement in TSPCK proficiency from 1 to 3 after an exposure to the
intervention. The qualitative aspects of reasoning that led to the scores obtained by Lerato are

presented below.

In this section of the use of representations in the TSPCK test, the PPSTs were provided with a list
of representations that could be used in the teaching of dynamic and static equilibrium. From this
list, they were requested to select the best representation that they thought would be used to
efficiently address the concept of Chemical Equilibrium. Their selection of the representation was
followed by a detailed elaboration of how the representation would be used in their teaching of the
concept. The use of representations is essential in chemistry. It enables the content to be
transformed and emphasized into a form that the learners can efficiently comprehend. The rubric
in Appendix F presents, in detail, how the conclusion to the scores was reached. In the pre-test
Lerato selected the representations without any detail of how they would be used to explain the
concepts static and dynamic equilibrium. This is what awarded him a score of 1, indicating his

limited ability in the use of representations.
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Figure 5. 9: Lerato’s responses in the pre-post TSPCK tests in the component of representations
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As demonstrated in Figure 5.9, Lerato’s response on the pre-intervention test on how he planned
to use the representation that he thought works best is brief. He only shows that he would use
representation 2 followed by representation 3. Lack of explanatory notes to explain how the
representations would be used, which concepts would be explained and what role each of the
representations would play in the presentation of the concepts led to the score of 1. This response

shows a limited knowledge and competence to use representations at this stage.

Post the intervention, Lerato’s response had more depth with a much clearer perspective and
explanation of the selected representation. Important to highlight in this response is his value of
sequencing throughout the explanation. The post-intervention extract displays the use of multiple
representations to explain concepts. To begin with, he argued that he would use some dynamic
illustrations to introduce the concept of collision theory. He argued that the illustration would
show” how they are related to the reactions, their rate, reversibility, closed systems...” This
statement shows that he understands the importance of knowing which concepts should come prior
to teaching the topic, which, if not understood by the learners could make the topic difficult to
understand. Emphasis on collision theory is followed by the use of representation 3 to differentiate
between an open and a closed system. As he argues, “this representation would be the key as an
introductory representation of the effect of having a closed system v. an open one, namely loss of
mass”. Following this, the concept of reversibility is brought to the fore and discussed, then the
dynamic nature of equilibrium is also discussed. The concept of the reversibility of chemical
reactions as well as the dynamic nature of chemical equilibrium are the concepts referred to in
research as difficult to understand. The use of representation 3, suggested by Lerato, could make
the concepts accessible to the learners since reversible reactions happen in closed, secluded

systems in order to prevent the loss of mass and energy, as demonstrated in his response above.

“Then with the use of the graph of concentration vs. time and rate vS. time graphs.... | would
outline and teach the other aspects of chemical equilibrium (things about rates, concentrations,
differences between the graphs and values they report, etc.)”. The use of these graphs could
remove learners’ misconception about the concentrations of the reactants and products at
equilibrium as well as the rates of forward and reverse reactions which simultaneously take place
at the same rate, thus addressing learner misconception concerning the dynamic nature of

Chemical Equilibrium.
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Lerato was awarded a 3 in this post-test section after the intervention because his reasoning to the
selection and application of the representations included reference to two more TSPCK
components, mainly the aspects of curricular saliency (CS) and concepts that are difficult to
understand (WD). The TSPCK map, also presented in Figure 5.9, summarizes the PPST’s

explanation given in response to the use of representations to teach about the concepts regarding

A TSPCK Map on use of representations

Chemical Equilibrium:

The map presented above was generated from the explanation that Lerato gave on how he would
go about using representations to teach the concepts of Chemical Equilibrium, mainly dynamic
equilibrium. As presented in this map, the explanation begins with emphasis on the concepts that
are being addressed, this representation would be the key as the introductory representation of the
effect of having a closed system vs. an open one, namely the loss of mass. This is followed by the
introduction of reversibility, a concept identified in research as difficult to understand as explained
in the previous sections, ... introduce the concept of reversibility and reversible reactions. Then
move forth to the idea of dynamic nature. Lerato further introduces the use of graphs,fincluding
the use of the graph of concentration vs. time and rate vs. time graphs, to expand and emphasize
the concept. The explanation continues with Lerato moving back and forth between the
components as he expands on how the representations would be used. This explanation
demonstrates an interwoven interactive use of TSPCK components, all used with the purpose of
making the concepts of chemical equilibrium explicit and comprehensible. An observation has
been made from Lerato’s description in this extract. He devised a conceptual teaching strategy
using curricular saliency and representations to address an aspect that is difficult for the learners

to understand.
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Response to the CoRe

Lerato’s increased knowledge and understanding of the use of multiple representations
interactively with other components to explain a particular aspect is also seen in his response to
the CoRe, post the intervention. One of the prompts on the CoRe, having presented the Big ldeas
and subordinates to the main concepts included identifying/presenting different representations to
use in one’s teaching of those concepts. This could include representations used to teach the
concepts that cause learner misconceptions, as well as those considered as difficult for the learners
to efficiently comprehend. Lerato suggested the use of the following representations to teach

aspects related to the dynamic nature of equilibrium:

e Subatomic interactive simulations of collision theory, closed vs. open system, and reversible
reactions.
e Pictures or a video of a closed and an open pot boiling to initiate conversation on the difference

between open and closed systems.

e Chemical equation notation for reversible reaction i.e. double arrows in equations.

Looking at the list of the suggested representations, it can be noted that the PPST wished to use
more than one type of representation for each concept of the content. For example, both a
subatomic simulation (microscopic representations) and a video or pictures are suggested for use
in the teaching of an aspect of closed and open systems, whilst simulations and symbolic
representations are suggested for emphasis in the teaching of reversible reactions. The use of
multiple representations, as was emphasised during the intervention,was also observed in Lerato’s
response on the post-intervention test. His ability to use more than one representations in his
explanation of the concepts is identified as a quality of good teaching in chemistry. The main issue
here is using multiple representaions and analogies interactively with other components to produce
a meaningful understanding of a concept. In this sugested list of representations, emphasis is put
on important concepts, including those that are difficult to understand.This brings an interaction

between at least 3 components of TSPCK, thus categorizing it at a developing level of proficiency.

Although half of the PPSTs had their scores increasing to a developing level after the intervention,
it is also only in this component where more PPSTSs (half of the group) scored at a basic level after

the intervention. With half of the group scoring at a developing category after the intervention,
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half of the class remains at a not so fascinating score of 2 after the intervention, categorized at a
basic TSPCK proficiency. It could be argued that for this particular component, the PPSTs still
needed some improvement. Their use of multiple representations in an interactive manner with
other components is therefore questionable, as the score of 2 indicates the ability of the PPSTs to
interactively use the maximum of two components of TSPCK in their reasoning. Although their
scores were not necessarily high, those PPSTs did experience a shift in TSPCK quality after the
intervention in this component. Because the study was looking at the PPST’s average and proxy
score, an average of 2.5 was obtained for this component, classifying the score at a developing

level when 2.5 is rounded up to a proxy average of 3.

The use of representations is of utmost importance in science, as it assists with the explanation of
concepts by bringing forth the visual aspect nature of the content. This includes the use of
analogies, demonstrations, models, diagrams, metaphors etc., all of which make explicit the
content of the subject matter in order to enhance accessibility by the learners. In chemistry
specifically, researchers adhere to the use of three types/levels of representations: macroscopic,
sub-microscopic and symbolic representations. It is because of the abstract nature of chemistry as
a subject that researchers consider the use of multiple representations in the teaching of concepts
useful in helping the learners to understand concepts more meaningfully. The teachers’ efficiency
of using more than one type/level of representation in their reasoning and teaching assists with
conceptual transformation and increases the chances of accessibility by learners. Overall,
therefore, the pre-service teachers’ ability to use multiple representations in their reasoning

improved from the limited to the developing level after the intervention.
Development in what is difficult-WD: One category shift

This section discusses the average shift in the pre-post intervention scores and hence quality in the
component of TSPCK, what is difficult to teach. In this component of TSPCK, the PPSTs
experienced an average of one quality jump. The PPSTs’ pre-test score average was 2. An increase
of one quality jump landed the PPSTs’ average score at 3, a developing category. The graph in
Figure 5.10 summarizes the average pre-post intervention scores of one of the PPSTs on the
component, what is difficult to teach (WD). Evident in this graph is that there is an improvement

in the scores of seven PPSTs after the intervention. Six of the 7 PPSTs had their scores increasing
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from 2 to 3 whilst one of them scored a massive 4, placing him at an exemplary level after the
intervention. Only one of the 8 PPSTs participating in this study did not experience any

improvement in this component after the intervention.

Figure 5.10 presents pre- and post-intervention extracts from Daniel on a component of what is
difficult to understand (WD). Complementary to the TSPCK tests are Daniel’s CoRe and tutorial
responses on what is difficult to understand. Daniel is one PPST who experienced a massive
change in this category, scoring at an exemplary level in this component after the intervention (see
the extracts below).

TSPCK Scores Pre-intervention extract Pre-intervention extract
Dynamic Leamers will have been | Dynamic Dynamic equilibrium- ie. A reversible reaction
equilibrium- | EGENREREEGETEE equilibrium- | contradicts their prior knowledge that [Eaciions are of
Group Average/Proxy TSPCK in chemical | FERCTMMSANEINRRER | | in chemical | HErIRIIPIiENRIAIEIIP) FRANGENE
. score on WD —e=Fre systems reaction) is reactant — systems ESMBISHGH] If no observable reaction is taking place,
E 3 Post PiGHIEE Teaching the [and  that | then learners may find it difficult to accept/believe that
i‘l 4 concept  of  reversible the rate of | 2 reactions are indeed taking place (forward and
E 1 \ reactions could be difficult the forward | reverse reactions) and that these are occurring at the
. e Geting  leamers 10 reaction is | same rate. (Abstract and non-infuitive). There are
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: *pre-test TSPCK Map describing what
respectively is difficult

Figure 5.10: Daniel’s responses in the pre (post) TSPCK tests in the component of what is
difficult to understand/teach.

In this section of what is difficult to understand (WD), the test requested that teachers select from
the given list of concepts, those that they considered difficult to understand. Daniel scored 2 on a
pre-intervention test. He selected two concepts which he considered difficult to teach and
understand but one of those was common in the pre- and post-test responses, the concept of
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dynamic equilibrium, as presented in Figure 5.10. Daniel refers to the impact that the previously
learned content could have in the understanding of the concept of dynamic equilibrium; “Learners
will have been taught that the “general pattern” (of a forward reaction) is reactant — products”.
This explanation demonstrates Daniel’s acknowledgement of the learner’s prior knowledge (LPK)
which, in this case, contributes to the difficulty in understanding a concept of reversibility in
dynamic equilibrium where the learners believe that reactions go to completion. The second
component talks to the misapplication of the Le Chatelier’s principle, also a common learner
misconception. The concept of Le Chatelier’s by Daniel also talks more on the core concepts, as
shown in this extract. He said, “getting learners to understand how/why a reaction at equilibrium
would respond to a change in temperature, pressure/volume or concentration of a
reactant/product is likely to be difficult”. This sentence also highlights, slightly, the concepts that
contribute to the difficulty. In this context, Daniel scored 2, a basic score, because his reasoning
of the difficulties identified drew on only one other TSPCK component which is the learners’ prior
knowledge (LPK). Furthermore, even though Daniel was able to identify the gate keeping
concepts, he does not explain the reasons leading to the difficulty of the concepts.

Daniel selected five concepts as difficult to teach in the post-test. The concepts are a combination
of content/subject matter knowledge of the topic, including the calculations involved which draw
back on learner prior knowledge. These were (i) open and closed system, (ii) calculations of
concentrations vs. calculations of moles, (iii) working with the equilibrium constant in
calculations, just a number with no units, (iv) using mathematical ratios in a chemical concept,
and (v) dynamic equilibrium-in chemical systems. A concept of dynamic equilibrium mentioned
in both pre and post-tests as a difficult concept is a very crucial and important concept to
understand in this topic which requires explicit emphasis and clarity. Daniel even expanded on
the concept of dynamic equilibrium by adding the concept of explaining that “the rate of the
forward reaction is equal to the rate of reverse reaction”. A much clearer and detailed reasoning

was given to explain why that concept is difficult to teach, as indicated in this post-test extract:

“Dynamic equilibrium- i.e., a reversible reaction contradicts their prior knowledge that reactions
are of the form R — P (i.e., not A + B < P) and go to completion. If no observable reaction is
taking place, then the learners may find it difficult to accept/believe that 2 reactions are indeed

taking place (forward and reverse reactions) and that these are occurring at the same rate,
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(abstract and non-intuitive). There are many misconceptions associated with this concept which

link to several subordinate concepts”.

This reason provides, in detail, the gate keeping concepts that when not fully understood could add
to the difficulty of the dynamic nature of equilibrium. The explanation involves the recognition of
the learners’ prior knowledge and an emphasis through the use of a symbolic representation on
why understanding the concept could be compromised, as seen in the statement: a reversible

reaction contradicts their prior knowledge that reactions are of the form R — P (i.e., not A+ B

Post-test TSPCK Map describing what is difficult

< P) and go to completion.

The TSPCK map above illustrates pictorially, the interaction and interplay between different
components of content knowledge transformation used by Daniel as he explained why/how
teaching the dynamic nature of equilibrium is not easy to do. Four components of TSPCK are used
interactively as he explains what causes the difficulty in teaching and understanding of dynamic
equilibrium. First, he brings to the fore which concept is important in discussing the aspect of
dynamic equilibrium-reversibility, thus highlighting the aspect of curricular saliency-CS. A
symbolic representation is then shown explaining the learners’ prior knowledge about reactions
with an arrow suggesting that reactions go to completion instead of a double headed arrow to
represent reversibility of reactions. Two components of TSPCK are evident in this explanation,
the use of Representations-R and learner prior knowledge-LPK. The concept of learner prior
knowledge is seen where the PPST indicates that the learners think reactions go to completion
because of a single headed arrow that they are exposed to when they are first introduced to the idea
of chemical reaction/equations. Research has also confirmed this as a misconception that the
learners have about chemical reactions, whereby they belief that reactions go to completion. The
explanation given by Daniel ends with him explaining in more detail what is difficult to
understand about reversibility-WD. It is because of the interactive nature of these components

that Daniel scored an exemplary 4 in this aspect.
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Daniel’s response to the tutorial and the CoRe

The reason for the difficulty of the concept on dynamic equilibrium is emphasized by Daniel
throughout the intervention project, with the reasoning becoming more detailed and thorough than
it was on the pre-test that was completed before the intervention commenced. During the tutorial
session, Daniel presented: “I suspect that learners will find the concept of ‘dynamic equilibrium’
difficult to understand because it contradicts their existing schema: that R — P (reactions are
not reversible and go to completion). If no observable reaction is taking place, learners may find
it difficult to understand that two reactions (forward and reverse reactions) are occurring at the

same rate”.

A more impressive response which contributes to and qualifies the score of 4 awarded to Daniel
in this component was also observed in the exemplary reasoning he gave on the CoRe response:
“I consider it difficult to teach that the reaction continues in both the forward and reverse
directions — simultaneously, because learners will only have their prior knowledge (up until this
point, learners have been taught that all reactions are of the form reactants = products), i.e.
reactions are not reversible and always go to completion. That a reaction does not go to
completion and is reversible (and therefore dynamic) is difficult to understand”. The reasoning in
the CoRe and the tutorial is explicit, clear and easy to follow. Knowing what causes learner
difficulties around a concept is essential; as this enables the teacher to develop instructional
strategies and source out representations that would assist with teaching the content in as explicit

manner as possible, maximizing its accessibility by the learners.

Development in the component of conceptual teaching strategies-(CTS): a one category shift

The discussion in this section focuses on the shift in the average scores obtained in the components
of conceptual teaching strategies. In this component, the PPSTs’ TSPCK development averaged
to 1 TSPCK quality jump from 2 to 3, as presented in Table 5.1. The graph in Figure 5.12
summarizes the individual pre- and post-intervention scores by the PPSTs on the conceptual
teaching strategy (CTS) component of TSPCK. This presents the pre-, post-intervention shift in
scores for the PPSTs on CTS. Three of the 7 PPST participants experienced a 2-quality jump in
this category from 1-a limited TSPCK level to 3. a developing category. Two PPSTs, Katleho and
Lerato, had a 1 quality jump, from category 2 to 3, the developing category. Sara’s score before

and after the intervention remained at a developing category level, scoring 3 in both tests. One
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PPST however, experienced a decrease in quality TSPCK proficiency in this component. Noma
started with a score of 3 at a developing proficiency of TSPCK before the intervention and yet

landed at a lower category, 2 after the intervention.

Figure 5.12 presents the extracts with the aim of explaining the shift in quality TSPCK of one of
the PPSTs, Mandla. First, the extract presented in Figure 5.11 was taken from the Chemical
Equilibrium TSPCK tool that the PPSTs responded to with respect to the component, conceptual
teaching strategy (CTS). The PPSTs had to use a given learner response to devise a teaching
strategy for teaching the topic content on “predicting the effect of factors that disturb the
equilibrium”. The PPSTs were expected to use the response given by the learner, based on the
question asked, as follows “what is the effect of adding more water to the reaction given ”’? See

extract below:

CATEGORY D:

Le Chatelier's’ Principle

6. Following below is a student’s written response in a class test designed to assess prior knowledge
of students about Le Chételier's’ Principle.

Question:
What is the effect of adding more water to reaction given below at equilibrium?

CH3CO:H(ag) + H20 (I) === CHsCO> (ag) + H30*(ag)
A student responded:
‘More CHsCO»- (aq) and H-0- (ag) will be formed, to counter act the effect of adding

more water to the reactants. This will happen until a new equilibrium is reached’.
Following the student’s response, how will you teach a lesson on predicting the effect of factors disturbing

the equilibrium?

Figure 5. 11: An extract on conceptual teaching strategies from the TSPCK test on chemical
equilibrium
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Figure 5. 12: Mandla’s responses in the pre (post) TSPCK tests in the component of conceptual
teaching strategies

Mandla’s response on the pre-intervention test scored him 1 because of his limited ability in
coming up with a strategy that would help him teach the concept on the effect of disturbance at
equilibrium. Even though he begins by indicating what needs to be taught first before discussing
the effect of the disturbance, the response leaves us hanging, with the PPST not clearly indicating
how he would end up explaining the concept to the learners. For example, Mandla wrote in his
response; “before you can predict, you need to check whether the reagent changed is a solid, gas,
solid or an aqueous state. Solids and liquids are different from gases and aqueous states ”. The
sentence that follows gives a sense that Mandla is not sure about how water would affect the state
of equilibrium of this reaction: “adding the liquid H2O might not or might have little effect on
equilibrium”. This indicates the PPST’s lack of an aspect of curricular saliency (CS) or that he
might hold the same misconception as the learner with respect to the effect of adding a pure liquid
to a reaction at equilibrium. With limited subject matter knowledge of the topic, explaining it to
the learners would be a more complex occurrence. This is why Mandla scored 1 in this first

attempt.

The post-test, however, gave a complete turn on Mandla’s response, landing him to a developing
category with a score of 3. He argued that “in order to predict the effects of factors disturbing

equilibrium, homogeneous and heterogeneous equilibria would need to be emphasized. | would
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first have to teach the states of reagents that can affect equilibrium”. Knowing which concepts
need to be taught first indicates the PPST’s value of aspects of curricular saliency (CS) which also
talks to the importance of choosing the correct sequence that when followed can enhance learner
understanding of the concepts. Furthermore, Mandla argued that to explain this further, he would
make learners aware that “addition of a pure liquid or solid does not affect equilibrium”. This
explanation gives a sense of improvement in terms of content knowledge and hence aspects of
curricular saliency by Mandla, since in the pre-test response, he was not sure how water would
affect equilibrium. Highlighting that liquids and solids do not affect equilibrium also shows that
the PPST might be aware of the learners’ misconception (LPK) that liquids and solids affect
equilibrium constant, the misapplication of the Le Chatelier’s principle. Teaching this concept has
also been proved by research as difficult (WD) because the Le Chatelier’s principle states, as
highlighted in the learner response “addition of a reactive/disturbance to a reaction at equilibrium
will cause a reaction to respond in a way that counteracts the effect of change” which in this
reaction involves addition of water. This therefore makes it difficult for learners to predict the shift
because the principle has some exceptions. Knowing when to apply the principle and where it does
not apply makes the prediction a bit tricky for the learners, especially where liquids such as water
are involved. The PPST’s response demonstrates an improved understanding of the gate-keeping
concepts that when not understood will lead to the learners thinking every reactive has an effect
on reactions that have reached equilibrium. Whereas the learners need to know that there are some
exceptions to the rule. A TSPCK Map is used to demonstrate the response by Mandla post the

intervention.

et
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A TSPCK Map that summarizes a CTS component by Mandla

To teach this concept, Mandla emphasizes the aspects of curricular saliency (CS), to address
learner misconceptions with regard to the concept of Le Chatelier’s principle, a concept also
identified as difficult for the learners to understand. Mandla scored at a developing TSPCK
proficiency level because his conceptual teaching strategy shows an interaction and interplay of 3

TSPCK components.
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5.1.2b. TSPCK development shift across all the components: shift by one teacher

This section shows the best practices that came in each component. It gives a sense of quality
TSPCK development for one PPST. The qualitative reasoning by one of the PPSTs, Sara, is
presented to explain her overall TSPCK development across all the components. Her profile is
presented in Figure 5.13.
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Figure 5. 13: Sara’s planned TSPCK profile on Chemical Equilibrium

Sara obtained a 2-category jump in two TSPCK components, CS and the use of representations
(R) from a limited score to a developing TSPCK proficiency after the intervention. In the two other
components, LPK and WD, Sara experienced a 1 category jump from a basic score to a developing
score after the intervention. On the last component of CTS, though, there seems to be no
development, Sara’s score was at a developing proficiency level before and after the intervention.
Sara experienced a high level TSPCK shift across the components, scoring at a remarkable

developing proficiency throughout.

Sara’s TSPCK development across the intervention

This section discusses the findings of the overall development of TSPCK quality for one of the
PPSTs, Sara. This analysis makes the overall growth in all TSPCK components of a single PPST
evident; to demonstrate the general PPST’s TSPCK development. Sara’s qualitative reasoning
presented in the pre- and post-intervention TSPCK tests is used to explain the scores that she
obtained through the adapted TSPCK rubric.
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An important reminder to note is that even though the discussion below presents Sara’s
performance in each component, the criteria in the TSPCK rubric calls for the interaction of each

of the components with others (see Appendix F).
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K Sara scored 1 in the \

pre-test and 3 in the
post-test on the
component of Learner
Prior Knowledge
including

\ misconceptions J

When you have a chemical reaction, sometimes
you need more reactants to make a certain
product or vice versa. Therefore, for chemical
equilibrium it is the rate of forward and reverse
reaction that is of interest where both need to
be occurring at the same rate. Therefore, the
same amount of product and reactant are being
formed.

About the extract

In the above extract, the teacher is responding
to the learner response that said,
“concentrations of reactants and products at
equilibrium are equal”. The explanation that the
teacher gave however seems a bit vague. Even
though she appeared to have identified the
misconception, her explanation does not
explicitly address what the learner said. The
response however portrayed Sara’s
misconception as she indicated in her last
sentence above that the “same amount of
product and reactant are being formed” at
equilibrium. It is because of this that her
reasoning was considered as limited-hence
scored 1.

The two reactions, forward and reverse reactions happen simultaneously.
For a chemical reaction to be at equilibrium, the rate of the forward reaction
must always be equal to the rate of the reverse reaction. Having said that,
for equilibrium to be achieved, the concentration of the reactants and
products must remain constant which is another characteristic of a reaction
that is at equilibrium (WD).

Perhaps the graphs of
concentration vs. time and rate vs. time will help explain the difference
between equal rate and constant concentrations (R).

About the extract

Sara was scored 3 for the response given in this extract. To address the
misconception that the learner had, she begins by explicitly putting emphasis
on what happens at equilibrium; that reactions occur simultaneously and
rates and not concentrations are equal, whilst concentrations are constant;
a concept that learners find difficult (WD). Sara also addresses another
possible misconception on concentrations of reagents at equilibrium (LPK).
She then suggests the use of graphs as representations (R) to emphasize her
explanation of what is equal at equilibrium. Three components of TSPCK are
therefore seen working interactively together as she explains this concept.
These are what is difficult to understand (WD), learner prior knowledge

(LPK), and use of representations (R).

TSPCK Map: post response

134



Curriculum saliency

TSPCKScores

o

Group Average/Proxy TSPCK

scores on CS

\

Sara scored 1 in the
pre-test and a 3 in the
post TSPCK test on the

concepts related to

curriculum saliency.

Pre

Post

W

Three main ideas and

Sequence

Factors affecting equilibrium

Le Chatelier’s principal

Chemical reactions

Concept map

Three main ideas and
Sequence

Dynamic equilibrium

Factors that affect equilibrium

Calculation of equilibrium concentrations

Concept map

Dynamic equilibrium

Factors
affecting
equilibrium

Calculation of
equilibrium
concentration

® Open & closed system

e Forward and reverse reaction
(equilibrium & rates)

® Homogeneous &
heterogeneous equilibrium

® Physical equilibrium

e Le Chatelier’s
principle

e  Equilibrium
shift

e Equilibrium constant
(Ke)
® Equilibrium quotient
(Q)

Chemical Le Chatelier’s Factors affectir
reactions equilibrium

® Open & e Calculations ® Equilibrium
closed systems | of equilibrium shift

e Dynamic and | concentrations ® Rate of
physical ® Equilibrium reaction
equilibrium constant e Applications
eHomogeneou | e Extent of of chemical
sand reaction equilibrium
heterogeneous

equilibrium.

Reason for sequencing

It is a foundation for the section coming/taught
after (Acids and Bases). Students are initially
taught on what a closed and open system is,
then advance to Le Chatelier's (with
calculations) increasing the level of complexity
of the topic, and then close of with what affects
equilibrium position and the applications of
chemical equilibrium.

About the extract

Of the three concepts identified above, only one
(Factors affecting equilibrium) qualify as a main
concept; the second one is a subordinate, whilst
the first concept (chemical reactions) is not part
of chemical equilibrium. It should be discussed
in a different topic. Inability to identify
important concepts of the topic is what
determined the score of 1 at this stage.

® Reversibility & reactions that
go to completion

Reason for sequencing

Serves as a foundation for the topic to be taught after (Acids and Bases). The
way the big ideas are formulated and sequenced is in such a way that the
level of complexity increased from differentiating what open and closed
systems are for example, basically defining what chemical equilibrium is and
what is required to achieve it, followed by the factors affecting it, to
calculations and finally stopping at real life applications serving as proof that
it is of use.

About the extract

Post-intervention, Sara was able to identify and provide a logical sequence
of the important concepts of the topic and the necessary subordinates for
each big idea. This demonstrated an improvement and development as
opposed to her response before the intervention. Sara’s reason for
importance of sequencing of the concepts in the order above is seen to
include/highlight the idea of conceptual scaffolding/sequential development
of understanding for a specified topic (Acids and Bases). Her reasoning and
understanding of what is important for learners to know in this topic is what
led to her score of 3.
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Sara scored 2 and 3 on

the pre and post TSPCK

tests respectively on
what is difficult to
understand.

The calculation of Not necessarily teaching

concentration ¥ | butsince it isa new way
using the (RICE) calculating concentration|
ratio/ Initial/ students might make

Concentration/
Equilibrium Table

mistakes along the way
when calculating

The calculation of
concentration using
the (RICE) ratio/
Initial/
Concentration/
Equilibrium Table

Mathematical errors are usually what scare students in
this case

concentrations (more
mathematical errors)

N=m/M
Kc=[Products]/[Reactants
Concentration is not the
number of moles as
starting point but they
can help find the other.
Mole also dependent on
the number in front of th|
chemical substance (e.g.,
MgO)

Calculations of v
concentrations vs.
calculations of
moles

Students do not acknowledge that amount can be called
number of moles also and that concentration is
thereafter calculated from number of moles or a
backward calculation from concentration to moles can
be done despite formulae being provided. N=m/M.
C=n/v. Students also fail to understand that the number
of moles can be used to calculate equilibrium constants
and that it is only concentrations that are used

Using v
mathematical
ratios in a chemical
concept

Maths is an issue. Some
students are not able to
move around numbers
without defying the rules|
of maths (e.g., ratios that

W

are or divided

Calculations of
concentrations  vs.
calculations of
moles

Dynamic
equilibrium - in

chemical systems

In most chemical reactions after reaching chemical
equilibrium, no macroscopic reaction seems to be taking
place, so perhaps using microscopic analogies is best

Equal rates vs. equal
concentrations  at
dynamic equilibrium

English is of essence here. Perhaps students mostly
confuse the concentration vs. time graph with the rate
vs. time graph which aid in differentiating between equal
rate and constant concentrations at equilibrium

About the extract

The concepts identified by Sara above are

Factors
equilibrium

affecting

A catalyst does not affect equilibrium position rather it is
related to the rate of a reaction (how fast a reaction
proceeds)- confuse reaction rate with chemical
equilibrium

mainly calculation-based. Most of what is
considered as difficult to teach and
negatively impacts on learners’

understanding of the topic considerably,
links back to their prior knowledge and lack
of understanding of mathematical
calculations. In the pre-test, Sara could not
identity aspects of subject matter knowledge
(on the topic chemical equilibrium) that
could contribute to the difficulty of the topic.

Sara was scored 2 because she was only

Differentiating
between
equilibrium
constant
quotient

and

Students confuse Q with Kc, although the formula
remains unchanged, Kc is strictly for a reaction that is at
an undisturbed equilibrium whereas Q is before
equilibrium is achieved or after it has been disturbed.

About the extract

Even though Sara still considers mathematical

knowledge as

contributing to the difficulty of the topic, she was also able to identify

aspects of subject matter knowledge that if not understood add to the

difficulty of the topic. For example, the dynamic nature of equilibrium

has been identified by research as one concept difficult to understand

because at a macroscopic level, students cannot see any change

happening in a reaction vessel. So, students fail to understand unless
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Representations

able to relate learner difficulty to their prior
knowledge (linked directly to mathematical
struggles).

other representations such at microscopic and symbolic levels are
used to explain this concept. More subject matter content also
contributing to this difficulty as presented above is the reversibility of
the reaction as learners’ prior knowledge mostly introduces them to the
idea of reactions in one direction only.

The ability of Sara to identify what might not be easy for students is
particularly important as it will enable her to devise a strategy of
teaching the concept so that learners can efficiently comprehend. This
is why she scored a 3.

| would ask that students group themselves and
demonstrate an open and closed system as a
starter.

| would then show students the difference
between static and dynamic equilibrium using
water (CS) which is available everywhere
(cheap even).

Before | started the lesson, | would have asked
students to tell me the difference between
static and dynamic from what they know and
use that as a basis for explaining the difference
between the two in science.

About the extract

In the above extract, Sara shows that she
would demonstrate to students the
difference between an open and a closed
system, as well as the difference between
static and dynamic equilibrium. This
explanation brings in the aspect of curricular

As an introduction to what chemical equilibrium is, | would rather do an
experiment to demonstrate to students what | talk of (even let students do
it themselves) showing what the difference between an open and closed
system is to begin with.

| would then show students the difference between static and dynamic
equilibrium using water (CS) which is cheap and readily available, as the
representations show highlighting the differences where for dynamic
equilibrium, they will notice condensation on the top of the slide that closes
the beaker (R). The reaction continuously taking place as the water droplets
evaporate and condense seen by the little droplets moving down the side of
the beaker (reversible).... (WD). This representation is one of my most loved
as it does not just help in explaining one subordinate idea but a variety.

To make sure that students understood what | was teaching, | would give
them an informal activity that we will all mark together in a class.

About the extract

Sara begins with a demonstration of core concepts “the difference between
and open and a closed system”. A closed beaker containing water is used to
demonstrate the concept of dynamic equilibrium which brings forth the
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Sara scored 1 and 3 on the
pre- and post-intervention
tests respectively on the use
of representations

saliency as the teacher presents the
important ~ concepts  that  will  be
demonstrated to the learners in that lesson.

Presence of one TSPCK components in this
extract, with no emphasis/clarity of how the
representation would be used is what led to
the score of 1.

TSPCK map of Sara’s pre-response

second component of TSPCK; curricular saliency. This is followed by the
teacher’s emphasis of what will be observed in the closed beaker after some
time. This explains a concept considered difficult for students to understand
which is that at equilibrium, the two reactions (forward and reverse) are still
happening. Thus, even though it appears as though the reaction has stopped
when equilibrium is attained, the two reactions are still happening. It has not
stopped. This also helps to erase a misconception that a backward reaction
only starts when all or the reactants are used up.

Even though four TSPCK components are seen used interactively in Sara’s
explanation above, she could not score a 4 because she did not acknowledge
that this demonstration is a physical process which demonstrates phase
change not a chemical reaction. She also settled with use of one type of
representation (macroscopic type), whereas chemistry suggests that
teachers use multiple representations in their explanations to help learners
understand concepts. For example, use of symbolic and macroscopic
representations could have come in handy, helping with emphasis of this
concept.

TSPCK map of Sara's post-response
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Sara scored a 3in

both the pre-and

post-intervention
TSPCK tests.

TSPCK Map: pre-response

From each
response | get per factor | will try and correct the
wrongs/misconceptions and lead students to the
correct result of what each disturbance does to
the equilibrium position
Students should always constantly refer to the
definition of Le Chatelier’s to aid them to predict
what each disturbance does.

About the extract

The extract above scored Sara at a developing
level of TSPCK quality. In the first statement
made, Sara acknowledges the learner prior
knowledge of the concept which she would use to
identify existing learner misconceptions. She is
also observed highlighting the importance of
acknowledging the concept of Le Chatelier's
principle to help with their prediction of the effect
of the disturbance, a concept proved difficult to
understand through research, using an analogy to
explain the effect of least one disturbance.

It was because of the interplay of the three
TSPCK components with use of one type of
representation that Sara’s score was at a
developing TSPCK category.

| also noted that the student did not recognize Le Chatelier’s principle in their
response, perhaps | would encourage students to make reference to him when they
tackle questions pertaining to factors affecting equilibrium.

It would be great if | do an experiment (not everybody/student so as to save time),

About the extract

Similar to the pre-test intervention strategy, Sara acknowledged
learner prior knowledge, explains the importance of remembering the
concept Le Chatelier's when determining the effect of a disturbance,
followed by an analogy that explains the effect of change in
concentration of a reactive for a reaction that has reached equilibrium.

The use of three TSPCK components, categorized Sara’s explanation
at a developing TSPCK level of proficiency.

TSPCK Map: post-response

Figure 5. 14: Sara’s TSPCK development in the five content knowledge transformation components across the intervention
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As presented in Figure 5.14, Sara experienced a great development in all the components of
TSPCK. With the TSPCK proficiency level at a developing level, from mostly a limited
proficiency in about three components of TSPCK (LPK, CS and R), this development is
encouraging. The intervention has thus proved effective in improving the PPSTs’ reasoning about
their content in this topic of intervention across the components. The PPSTs’ improvement is not
only observed in their pedagogical reasoning of the topic but also in their subject content
knowledge of the topic itself. An example of subject matter knowledge can be highlighted in the
PPSTs’ response with regard to the component of curricular saliency (CS). If the PPST’s
knowledge of subject matter is limited, it will be challenging to know which aspects of the topic
are important and core to the topic. If the PPST does not know what is core within the topic, he/she
is unlikely to even know learner misconceptions with regard to the topic, which concepts might be
difficult to comprehend and thus require more emphasis in the classroom as well as which
representations might be necessary in helping with the explanations of specific concepts. The
PPSTs’ minimal subject matter knowledge also limits their choice and development of

instructional strategies that provide efficient delivery of their content in the classroom.

On the other hand, seeing such a development in Sara and other PPST participants with regard to
curricular saliency makes it easier for an improvement in other components to occur as well.
Although CS does not necessarily talk to content knowledge but talks to what is peripheral and
core to the topic, the lack of content knowledge may deny one the ability to know what is core and
what is peripheral. This is why a PPST needs to be cognizant of the subject matter if he or she is
to teach it to the learners. They might not necessarily be masters of the content, but lack of content

altogether implies that they will encounter some challenges in the classroom.
Conclusion

The main purpose of this chapter has been to confirm the impact of the explicit intervention on
TSPCK in improving the quality of TSPCK in chemical equilibrium for the PGCE class of 2018,
a total of 8 PPSTs. This special group of PPSTs was exposed to an intervention on content
knowledge transformation which aimed at developing their pedagogical knowledge on a chemistry
topic, Chemical Equilibrium. The analysis in this chapter aimed at discussing the shifts in PPSTs’
planned TSPCK across the intervention, as these are reflected in their change in achievement

scores. Data analysis began with quantitative analysis of pre- and post- TSPCK tests to determine
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the teachers’ TSPCK proficiency. The scores obtained were then described using the PPSTs’
qualitative responses from the tests, using data from the CoRes and tutorial discussions as
complementary data. The use of multiple data sources ensures for data reliability and congruency
when positively collaborated. Noticeable shifts were observed in the PPSTs’ individual TSPCK
quality. Improvements were also noted in the shifts in the quality of the individual components.
The group experienced an improvement across all the components of knowledge transformation,

thus experiencing a high-quality jump across all the components.

This improvement in the TSPCK quality for the PPSTs, individually and as a group, was
anticipated, as it was highlighted earlier in the chapter. Some empirical studies (Mavhunga&
Rollnick 2013; Mavhunga 2014) revealed the positive effect of the intervention on the PSTs’
TSPCK development. However, they were focused on the undergraduate students. Even though
this might appear to be the repetition of those studies, this chapter was evident and important in
ensuring the credibility and reliability of the intervention itself. The results act as a credible
baseline for the findings on the remaining data analyzed in Chapters 6, 7 and 8, as the findings

indicate growth in the quality of TSPCK despite the duration on the exposure to other pedagogies.

The main purpose of this study was to find out how the PPSTs translate the TSPCK acquired in
planning to teach science from an intervention, into enactment and the ultimate impact of this
intervention on the learner achievement. The interest was on how their TSPCK in action looks or
as it surfaces in their actual classroom teaching and its impact on learner outcomes. Even though
this chapter may not necessarily address the main purpose of this study, the findings will act as a
baseline of reference for the subsequent chapters which address the main research question more

explicitly.
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CHAPTER 6
ANALYSIS OF PGCE PRE-SERVICE TEACHERS’ ENACTED TSPCK

The previous chapter determined the impact of the explicit intervention on the PPSTs’ planned
TSPCK in chemical equilibrium. The findings from chapter 5 provided a baseline of reference for
this chapter which analyses the PPSTs’ enacted TSPCK as they taught the concepts of chemical
equilibrium to high school learners. This chapter describes how the PPSTs’ planned TSPCK
translates into the actual classroom teaching context on teaching the same topic of intervention.
In order to do this, an analysis began with the transcription of the video recorded lessons into
texts. The identification of TSPCK episodes followed. These episodes were then described to
determine the extent of the interactions between the TSPCK components and mapped to pictorially
display and describe the interconnectedness of the components in an episode. Finally, a
comparison between the PPSTs’ planned and enacted TSPCK quality with reference to their
TSPCK scores was made.

6.0. Introduction

The main purpose of this study was to track how the PPSTs translate their personal TSPCK
(pTSPCK) acquired in planning to teach (pITSPCK) into classroom context (enacted TSPCK) and
its ultimate impact on learner achievement. With PCK described as tacit, according to Aydeniz
and Kirbulut (2014) and Baxter and Lederman (1999), it is best to explain it by looking at not only
what teachers know about teaching a topic usually observed in their planning to teachbut also their
classroom enactment. In alignment with the authors, the previous chapter, Chapter 5, focused on
presenting the quality of PPSTs’ pTSPCK from the context of planning to teach Chemical
Equilibrium. This chapter presents the analysis of the quality of their TSPCK, as observed in
classroom enactment. The study refers to TSPCK in classroom enactment, in alignment with the
Revised Consensus Model of PCK (RCM) (Carlson & Daehler, 2019) as eTSPCK.

This chapter discusses a subset sample of 3 PPSTs” pTSPCK that manifested in the actual
classroom context. Their classroom practice provided a platform to witness and capture how their
planned TSPCK on the topic of intervention translated into TSPCK in action. The 3 PPSTs are
regarded each as a mini case from a cohort of 8 PPSTs that had registered for the physical science
PGCE programmes. As referred to in chapter 3, each of the 3 PPSTs had to teach two main

concepts of Chemical Equilibrium: (i) conditions for Chemical Equilibrium to be achieved and (ii)
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the factors that affect the Chemical Equilibrium state. None of the 3 PPSTs had taught Chemical
Equilibrium before, so this was their first experience teaching the topic. Without any experience
on teaching this topic, the PPSTs’ pTSPCK developed from a collective TSPCK learned through
the intervention on the same topic which was probably the major reference point for their planning
of the lesson and actual teaching of the lesson. Table 6.1 provides summarized information about
the PPSTs.

Table 6. 1: The participants personal TSPCK and years of obtaining previous degree

PGCE Sex Personal TSPCK in Previous Science Years past out of
Pre-service planning (pTSPCK) degree school and out of work
teacher in the field
Pre-test Post-test
Noma Female 1 2 BSc Chemical Science 13
Sara Female 2 3 BSc Honors 0
Lerato Male 2 3 (Geochemistry) 0

BSc Chemistry with
Chemical Engineering

Note: Pseudonyms have been used to identify the PPSTs. Years past out of school and work refers to years of not
using content learned in school.

Table 6.1 shows that all the 3 PPSTs had their previous bachelor’s degrees in aspects of chemistry.
The last column of Table 6.1 shows the PPSTs’ number of years since obtaining the last degree in
science and the years of not using that content if working. Noma had graduated 13 years prior to
registering in the PGCE programme. She had also been working in the private sector for 12 years
without using the content acquired from her bachelor’s degree. On the other hand, Sara and Lerato
had graduated one year prior to registering for the course. The description of the analysis of the
eTSPCK follows.

6.1. Analysis

To analyze for the PPSTs’ eTSPCK, the video recordings of the observed lessons were first
transcribed verbatim. The analysis involved identification of TSPCK episodes from the transcribed
data and the actual video records. The TSPCK episodes are described according to Park and Chen’s
(2012) PCK episodes where the teacher’s explanation that portrayed the interplay between two or
more TSPCK components (Mavhunga, 2018) is considered as a TSPCK episode. The study further
drew on the data from the PPSTs’ lesson plans and stimulated recall interviews to corroborate the
findings and thus ensure reliability and validity of the findings. An analysis of their enacted lessons

is checked against their lesson plans for similarities. This also allows the study to explain how that
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which was planned translated into enactment, by comparing their TSPCK reflected in their lesson
plans and the TSPCK in action.

6.1.1. A detailed description of the analysis

With the assistance from two independent raters, the videos were played several times to identify
the moments that resembled the presence of TSPCK episodes. The next step of the analysis
involved the identification of the TSPCK components within the identified episodes and the
sequence in which they emerged. The description of the nature of the identified episodes follows
(Mavhunga, 2015). The identified episodes are then presented pictorially, using the TSPCK Maps
similar to Park and Chen’s (2012). The TSPCK Maps, as used in this chapter, are a way of visually
representing the teaching episodes extracted from the teachers’ lesson presentations. These Maps
pictorially display the sequence and the interactive manner in which the components of TSPCK
merge in a teaching segment. The TSPCK episodes analyzed through the TSPCK Maps are then
scored, using a peer validated rubric designed specifically for classifying the TSPCK episodes into
categories of TSPCK quality with the focus mainly on the number of interacting components
described in Chapter 3 (Miheso, 2018). The 3-criterion eTSPCK rubric categorized the emerging

episodes into basic, proficient and sophisticated TSPCK levels.
6.2. Understanding the pre-service teachers’ enacted TSPCK (eTSPCK)
6.2.1. Overview of the lessons by the subset of 3 PPSTs

This section presents an overview of the lessons delivered by each of the 3 PPSTs. These overview
descriptions provide some context through which the findings may be received. A more detailed

analysis of each lesson is provided later in the Chapter.
Noma’s case

Table 6. 2: A general context for Noma’s lessons

Content discussed in the lessons Grade Male Female

1. Conditions for chemical equilibrium. 12 7 8
2. Factors affecting a ch_emlcal reaction that has 47% 53%
reached a state of chemical equilibrium.

Noma had a class of 15 grade 12 learners. Seven (47%) of her learners were male and eight (53%)

were female. Her first lesson which lasted 60 minutes was based on the conditions necessary for
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Chemical Equilibrium (42 minutes) and she introduced factors the affect Chemical Equilibrium in
the remaining 18 minutes. The second lesson was a continuation on the factors affecting Chemical

Equilibrium which continued for 60 more minutes.

To introduce the lesson, she began by reviewing the learners’ understanding and knowledge of
chemical reactions and their features. The review included a highlight on the fact that some
reactions give off heat (exothermic reactions) whilst others absorb heat (endothermic reactions) in
order to be effective. In order to introduce the types of systems, she then asked the learners where
the reactions usually take place. An open and a closed beaker were used to demonstrate the types
of systems and the concept of reversibility. This was done with an example of a closed beaker,
using a scenario of water changing phase from liquid to water vapor and back into liquid water; a
continuous process which does not stop. The rate time graph was used to emphasize the rates of
forward and reverse reactions being equal at Chemical Equilibrium and an explanation of why the
reaction is said to be dynamic. She ended this discussion by explaining the nature of concentrations
or reactants and products at Chemical Equilibrium, using the concentration versus time graph to

emphasize.

This discussion began with a basic TSPCK episode followed by clusters of 2-sophisticated TSPCK

episodes, 2-proficient and 1-basic episode.

The discussion went on to the factors that affect Chemical Equilibrium, concentration, pressure
and temperature which were discussed in this same order. The effect of each factor was
exhaustively explained using symbolic chemical reactions and concentration time graphs. The Le
Chatelier’s principle was used as an enabler guiding the thought about the effect of a disturbance
to a chemical reaction that has reached a state of Chemical Equilibrium. The discussions
constituted multiple TSPCK episodes (1-sophisticated, 4-proficient and 2-basic) all working

together to help the learners to understand the concept.
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Lerato’s case

Table 6. 3: A general context for Lerato’s lessons

Content discussed in the lessons Grade Male Female

1. Conditions for chemical equilibrium. 12 7 7
2. Factors affecting a chemlcal rea_cyop that 50% 50%
has reached a state of chemical equilibrium.

Lerato’s lesson was for 14 grade 12 learners. It had an equal number of both male and female
learners, a total of seven (50%) each. His first lesson which only introduced the conditions for
Chemical Equilibrium lasted for 60 minutes. The next 60 minutes focused on the factors that affect

Chemical Equilibrium.

To introduce the first lesson, Lerato used the first 15 minutes laying a foundation for what chemical
reactions entail. The discussion was based mainly on the collision theory, an important aspect that
assists the learners to understand how reactions take place. This became the main anchor for both
lessons 1 and 2, each consisting of 3 TSPCK episodes, two-proficient and one-basic. He then
introduced open and closed systems using an analogy of boiling water in a closed versus an open
pot. These preceded a discussion on reversibility of reactions on closed systems using the same
analogy of boiling water and a video simulation for emphasis. Lerato also used the concentration
versus time graph to explain the change in concentrations of reagents as well as the rates, before
and until Chemical Equilibrium is achieved. The discussion on conditions for Chemical
Equilibrium consisted of 4-sophisticated TSPCK episodes, 3-proficient and 2-basic episodes.
Although Lerato discussed the rates of forward and reverse reactions in this lesson, the rate time

graph was not mentioned or discussed until the second lesson.

In the second lesson, Lerato began the discussion with an evaluation of the previous lesson and
then discussed the rate time graph and its relation and difference to concentration time graph. This
was done in the first 20 minutes of the second lesson, in 4 TSPCK episodes; one-sophisticated,
two-proficient and one-basic. The remaining 40 minutes were then dedicated to discussing the
factors that affect Chemical Equilibrium in 7 TSPCK episodes; 3-sophisticated, 3-proficient and
1-basic episode. The lesson was then summarized in two TSPCK episodes where the second
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episode dwelled on the use of the Le Chatelier’s principle in determining the effect of a disturbance

on a chemical reaction that has reached the state of Chemical Equilibrium.
Sara’s case

Table 6. 4: A general context for Sara’s lessons

Content discussed in the lessons Grade Male Female

1. Conditions for chemical equilibrium. 12 9 5
2. Factors affecting a chemlcal rea'cporl that 64% 36%
has reached a state of chemical equilibrium.

Sara’s lessons consisted of 14 grade 12 learners. Nine (64%) of the learners were male and five
(36%) were female. Sara dedicated her first lesson to the conditions that are necessary for Chemical
Equilibrium. This topic extended into the second lesson, taking the first 30 minutes of the lesson

to finalize the explanation on the concept.

Sara began the first lesson by checking the learners’ understanding of the concept of Chemical
Equilibrium, before stating the objectives of the two lessons. The discussion then led to a
differentiation between reversible and irreversible reactions, followed by that on closed systems,
which are a condition for reversibility. Symbolic chemical equations and an analogy of water
changing phase were used to explain the reversible nature of reactions including the dynamic
nature of Chemical Equilibrium. The rate and concentration time graphs, together with an analogy
demonstration with a group of learners were also used to explain the nature of chemical reactions
and concentrations of reactants and products at Chemical Equilibrium. This lesson was modeled

into 5-sophisticated TSPCK episodes, 6-proficient and 3-basic episodes.

The first 30 minutes of the second lesson were based on the evaluation of the previous lesson. The
factors that affect Chemical Equilibrium then proceeded for the remainder of the time. Because of
the limited time that Sara had for this part of the lesson which manifested into 3-sophisticated and
2-proficient episodes, the effect caused by two factors, pressure and temperature, were not

discussed.

It is worth pointing out that although the 3 PPSTs’ lessons were based on the same concepts of
Chemical Equilibrium, their approach to teaching the concepts differed from one PPST to another,
highlighting the sophisticated and complex nature of the teaching process.
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6.2.2. Overview of the Findings

All the video-recorded lessons for the 3 PPSTs’ were analyzed for the quality of enacted TSPCK.
The episodes identified from each PPST video-recorded lessons are presented below. The
components in an episode are presented in the sequence in which they interacted in a teaching
segment. Table 6.5 displays the overall patterns of TSPCK episodes identified from the 3 PPSTs’
video-recorded lessons when teaching a topic of Chemical equilibrium. The episodes are depicted
with shorthand notations of TSPCK components. This provides a holistic view of each of the

PPSTs’ TSPCK episodes and allows us to see how the components interact.
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Table 6. 5: The nature of the TSPCK component interactions in the identified TSPCK episodes

TSPCK Episodes collected over a total of 120 minutes for each PPST

PPST Basic/Simple Proficient Sophisticated
Noma R/CS WD/LPEK/R LPK/R/CS/R
LPK/CS R/LPK-WDx2 LPK-R/CS/'WD/R/LPK
CSWDx2 LPEKWD/R CS/LPK-CS/WD
LPEK-R'WD R/LPK-C5/WD
R/LPEK/'WD
LPK-CS/R
R'WD/LPK
Lerato R/CS R/CS/'WDx2 R/ALPK-CS5/'WD/R
CS5/R CS/R/LPK CS5/R-WD/LPK/CS
CS"WD LPK-CS/Rx2 WD-R/CS/LPK
LPK-CS CS/R/CS CS/WD/R/CS
WD/R LPEK-R'WD LPEKRWD/LPK
WD/CS LPK-R/CS LPK-CS/R/WD
CS/WD/R LPK/CS/R/WD
R/ALPEK/WD CS/R/LPEK/R/WD
WD/CS/LPE/R
Sara CS/LPK=2 R/LPEK/'WD LPK/R/CS/R
R/CS WD/R/LPK CS/LPE/R/LPEK/WD
LPEWD LPEK/RWD LPE/CS-R/'WD
CS'WD/LFPK LPE'WD/R-R/LPE/CS/CTS
LPK-R/C5x2 LPEK/R/WD/CS
LPEK/R/CS LPE/R/CS/LPK
LPEK-R'WDx2 LPK-R-CTS/CS
R/CS'WD LPK-R'WID/CS
CS'WD/LPK/CS
CS/'WD-CS/R/CTS
LPEK-WD/LPKE-R/CS

LPE/WD-CS/R

The first column shows the PPSTs’ pseudonyms as used in this study. The successive columns
display different categories of episodes identified per PPST, from the basic level which is
demonstrated by an interaction between two TSPCK components; a proficient level which is
signified by an interaction between three TSPCK components and finally, a sophisticated episode,
evidenced by the presence of four or more components that interact in a distinguishable manner.
All the episodes were scored using a 3-point scale validated TSPCK rubric (Miheso, 2018),
designed specifically for measuring TSPCK in action.

A quick look into these PPSTs’ TSPCK profiles in Table 6.5 reveals that the nature of component
interactions varies for individual teachers. There is no specific pattern observed in the component
interactions and the formed episodes. This makes the observed episodes discrete and particularly
different from one another. It is similar to what has been revealed in the literature that the PCK
component interactions are idiosyncratic (Aydin et al., 2015). This idiosyncrasy of the interacting

components shows the random nature of this process, hence the idiosyncrasy of the components
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interacting, observable even when teaching the same concept. Most of the PPSTs episodes portray

varying characteristics because of the nature of the component interactions.

Another important highlight from Table 6.5 is that the lessons by the 3 PPSTs are dominated by
TSPCK episodes displaying an interweaving sequence of interacting components (LPK/R/CS/R)
and those showing a combination of the two-sequencing fashion, linear and interweaving patterns
(LPK-R/CS/WD/R/LPK).

Also identifiable are the different two-way interactions between the TSPCK components (Aydin
et al., 2015). Identification of these two-way component-component interactions makes it possible
to determine the components that are central in the integrations. The quantity of component-
component interactions and the frequency of interactions per individual TSPCK components were
also found to differ from one PPST to another. Table 6.6 presents the frequency of component
interactions from the identified episodes. The symbol (-), does not necessarily imply a linear
interplay between components involved, but rather signifies a link between two components that
were interacted within the identified episodes. The top part of the table on component-component
interactions portrays different sets/pairs of possible interplays of different TSPCK components.
The second part under the title “TSPCK component interaction frequency” provides a summary of

the number of times a TSPCK component was used in the episode integrations.
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Table 6. 6: The frequency of TSPCK component interactions in the identified TSPCK episodes

Component-component interactions across the 3 PPSTs’ lessons

Components interplay Sara Lerato Noma Total
CS-R 11 16 13 40
CS-LPK 9 7 8 24
R-WD 8 12 8 28
R-LPK 19 9 7 35
WD-LPK 9 3 3 15
L TEPCKCOT M e
Component Sara Lerato Noma Total
CS 29 32 28 89
LPK 37 19 18 74
WD 25 24 18 67
R 40 37 28 105

Four two-way component interactions bolded in Table 6.3 are common across the PSTs episodes.
The interplay between an aspect of curriculum saliency (CS) and that of representations (R),
showing (CS-R) had the most appearances across the PPSTs TSPCK episodes. All the other
components, however, were significantly involved in multiple integrations with the component of
representation (R) receiving the most integrations comparatively, a total of 105 across the 3 PSTs
lessons. The second element which was central in the integrations is an aspect of curriculum

saliency (CS) with 89 appearances in the identified episodes.

The PPSTs’ TSPCK profiles are further displayed in Figure 6.2. The charts provide a pictorial

overview of the total number of episode types per PPST.
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Figure 6. 1: The participants’ action TSPCK profiles
Figure 6.2 shows that all the 3 PPSTs had higher proportions of TSPCK episodes graded between

proficient and sophisticated levels. Their teaching was dominated by episodes that demonstrate
and suggest high quality teaching because of an evident interaction of 3 and more TSPCK
components in a teaching segment. Although Noma’s TSPCK episodes were largely proficient (8
of the total 16), overall, her episodes were also predominantly of high quality with 4 of the
remaining 8 TSPCK episodes categorized as sophisticated. On the other hand, Sara and Lerato’s
lessons had about the same number of proficient and sophisticated episodes spread across their
teachings, 10 proficient and 8 sophisticated episodes for Lerato and 10 and 12 for Sara,
respectively. Overall, Sara had the highest number of sophisticated episodes than everybody else.
This raised the expectation that Sara gave good quality explanations because she was able to draw

from multiple TSPCK components in her explanations of Chemical Equilibrium concepts.

It is, however, noted that looking at these episodes alone may not necessarily mean the lesson was
of good quality. The issue rather is on what was done in a teaching segment, including how the
components that interact are used to create a more comprehensible concept. Accordingly, the
quality of the lesson lies in the logical working together of the interacting components. For
example, some of the basic TSPCK episodes (even though they are classified as of low quality)
may be used as ground preparation for high quality episodes (proficient and or sophisticated) that
follow. This implies that the presence of basic TSPCK episodes may not necessarily mean a poor-
quality lesson. Although, ideally, the presence of more proficient and sophisticated episodes in
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one’s lesson raises the expectations of possibilities of a lesson that is rich in explanations of high

quality, that by itself does not necessarily imply a good lesson.

As guantity alone does not mean good quality, the idea of whether those components were working
together to build depth into an explanation was worth a comprehensive analysis. Therefore, in
order to get a sense of the nature of the lesson and its quality, we needed to put the teaching
episodes in the sequence in which they happened. An in-depth analysis of each of the 3 PPST’s
lesson observations was exhaustively executed. The analysis displays the extracts of all the
episodes identified within the lesson and presented in the exact order and time ranges in which
they emerged. The section also provides a detailed qualitative analysis describing the nature of the
lesson tasks from which the episodes emerged. An interpretation of each episode is presented

opposite each segment. An in-depth analysis of Sara’s lesson is provided below.

6.2.1. An in-depth analysis of the PPSTs’ lessons

As alluded to in chapter 3, each observed PPST was considered as an individual mini case where
each PPST’s enacted TSPCK is checked against their planned TSPCK and learner achievement.
Specific for this chapter, each of the subset of 3 PPSTs’ enacted TSPCK is checked alongside his
lesson plans and lesson reflections. This differs from the presentation in chapter 5, where

comparisons between the PPSTs’ quality of TSPCK was made.

To reiterate, the 3 PPSTs were observed teaching the key ideas on the topic of Chemical
Equilibrium: (i) the conditions necessary for Chemical Equilibrium to occur was taught in the first
lesson, and (ii) the factors that affect Chemical Equilibrium which was taught in the second lesson.
In order to gain an insight into the lesson, there was need to develop the PPSTs” TSPCK profiles
which looked at the episodes in the sequence in which they emerged. First, the analysis presented
a pictorial map of the PPSTs’ first lesson episodes. The maps which are in the form of a number
line display a summary of the PPSTs’ lesson episodes in a sequence in which they emerged in their
teaching. This shows the patterns of their progression in the classroom action. Non-episode
teaching segments are equally placed within the number lines. A number line is used to pictorially
display the PPSTs’ profile of TSPCK episodes in their respective lessons. In addition to the lesson
observation number line episode presentations, the lesson plan episodes identified under the

section of sequencing and conceptual teaching strategies are equally displayed and related to those
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revealed in the actual lessons. This section of the lesson plan afforded an opportunity for the PSTs
to expand on how they would teach a specific key concept in the classroom, where all the

subordinate concepts are arranged in the order in which they wish to teach (Mavhunga, 2018).

Basic episodes are represented in these maps by blue dots, proficient episodes by red dots and the
green dots for sophisticated episodes. Absence of an episode in a teaching segment excerpt is
represented using the yellow dots.
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Figure 6. 2: A pictorial display of PSTs” TSPCK episodes in the sequence of their emergence
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Figure 6.3 shows that the difference in the number of episodes identified from the PPSTs’ lesson
plans compared to what transpired in the classrooms is high. For example, two sophisticated
TSPCK episodes on how Sara had planned to teach on the conditions necessary for Chemical
Equilibrium were identified from her lesson plan. On the other hand, 11 episodes were portrayed
in her lesson on explaining the exact main idea and then two more episodes that were triggered by
learner questions. This is in line with the findings from the literature that enacted lessons are an
expansion of the lesson plan resulting into clusters of episodes that still explain the same idea
portrayed on the lesson plan (Mavhunga & van der Merwe, 2020). A single sophisticated TSPCK
episode from the lesson plan, gave rise to a group of proficient and sophisticated TSPCK episodes

enclosed within a bigger dotted ring.

Due to the complex and tacit nature of ePCK and its associated eTSPCK which makes capturing
it difficult, it was found necessary to do an in-depth analysis of the PPSTs’ lesson observations, to
gain an insight into how they materialized. This analysis, as referred to above, involved portraying
the extracts of the lesson in the exact order of emergence in the classroom to get a picture of how
explanations made built onto each other to give an overall understanding of the key concepts in
Chemical Equilibrium. Sara’s lesson which had the highest number of episodes of high-quality
raised a bar of expectation that her teaching was good and dominated with high quality
explanations. Her lesson was therefore worth exploring further. A step-by-step in-depth qualitative
analysis of Sara’s lesson is presented in Table 6.7 to show how the structure of her lesson, the
nature of the explanations given, and the teaching strategies used may have contributed to the
learners’ conceptual understanding of the key ideas of the topic. Due to the limited space and the
volume of analysis done for each lesson, Noma and Lerato’s detailed lesson analysis are attached
as Appendices R and S.

The first row in Table 6.7 pictorially presents Sara’s TSPCK episodes in the sequence at which
they emerged across the two lessons taught. A step-by-step analysis of the two lessons then
follows, with the first column revealing the actual lesson excerpt. An interpretation of each
teaching excerpt is presented opposite the teaching segment on the second column including a
TSPCK map and a shorthand TSPCK sequence exhibited by the episode.
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Table 6. 7: A detailed analysis of Sara’s lesson

Episode Extract

Overview/Qualitative in-depth analysis

Checking for learner prior knowledge on chemical equilibrium: 0-

Overview:

4mins

Sara: ...So I need to get a sense of what you guys know and what you
guys do not know. So, when I say chemical equilibrium, what comes into
mind? Can | just take a couple of hands? By show of hands, when | speak
of chemical equilibrium, what am I talking about? Yes, sir?

One std: The number of reactants and products are equal

Sara: The number of products and reactants are equal...we retain that one,
Ok? Ah guys, hands up...I want to see what you guys know so that | can
rectify and then we can teach each other about chemical equilibrium?
Another std: ratio of reactants and products

Sara: Ok, what is that; the ratio of products to reactants? What do we use
to represent them? What is the term that | can use to...?

One std: Equilibrium constant

Sara: Yes, equilibrium constant which is the ratio of products to reactants.
Is there something else that comes to mind when we speak of, when we
speak about chemical equilibrium?

Another std: a time whereby during the reaction, reactants and products
remain constant

Sara: So, she said that um, equilibrium is established when products and
reactants remain constant. Is that what you said?

Stds: Yes ma'am

Sara: Yes. | want to hear something...something

Another std: That point when the rates of the forward and reverse
reactions are equal

Sara: Yes...the rates of the forward and reverse reactions are equal...ok
girl...chemical equilibrium is not just about one thing. Do we all agree on
that?

Stds: yes, ma'am

Sara: You do not just have to say that the rates are equal; there is
something else that you must have heard about chemical equilibrium. |
am not asking about the definition of chemical equilibrium. | want to
know about what you know about chemical equilibrium as a whole, under
the umbrella, chemical equilibrium.

One std: It is when the conditions are at optimum, they are at most
optimum temperature, pressure, concentration...

In this teaching segment, Sara is probing for learners’
understanding of what entails chemical equilibrium, to
get an overview of what learners know about the
concept.

Qualitative in-depth analysis:
There is no episode as the task involves only the learner
prior knowledge.

Laying out the lesson structure and sequencing: 4-10mins
Episode 1

Sara: So, what I will be covering today under the umbrella of chemical
equilibrium is the nature of chemical equilibrium (puts in a slide on nature
of chemical equilibrium). When | speak about the nature, | am saying that
chemical equilibrium is a dynamic process. | am saying that chemical
equilibrium involves aqueous solutions as well as gases. | am saying that
under chemical equilibrium, the rate of forward reaction is equal to the
rate of the reverse reaction. Specific word there is equal rates, equal rates.
And then | will be moving on to conditions required for chemical
equilibrium to be established. Under that | will be covering concepts of
the fact that chemical equilibrium occurs in a closed system, chemical
equilibrium involves reversible reactions and the fact that when chemical
equilibrium is established, the concentrations become constant. Not equal,
but constant. That is the keyword. And thereafter | will be covering the
factors that are affecting chemical equilibrium. We will have finished
defining chemical equilibrium, eh, what chemical equilibrium is. Then we
move over to what affects chemical equilibrium, mainly concentrations,
which is, which involves gases as well as um, agueous solutions. We will

Overview:

In this segment, Sara provides students with an
overview of the concepts that will be discussed in a
sequence in which they will be presented in the lesson.

Qualitative in-depth analysis:

By providing learners with the lesson objectives and
the sequence in which the concepts will be discussed,
an aspect of curriculum saliency takes form as learners
get to understand the importance of the lesson (CS). In
the act of giving the sequence of the lesson; under an
aspect of factors that affect chemical equilibrium, Sara
mentioned a catalyst with the purpose of checking
students’ understanding of the effect of a catalyst on a
chemical reaction. This is an aspect related to learner
prior knowledge (LPK) as students were able to give
the function of a catalyst.
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be covering the effects of pressure, which mainly deals with gases and the

effect of temperature.

Stds: No
Sara: Why? What does it do?
One std: It creates an alternative route in which the reaction can proceed

So, when | did this...by the way, | will relate all these three
factors that we have mentioned and explained how they shift the
equilibrium governed by the Mr. Le Chatelier’s. So, relate those three
factors that affect chemical equilibrium to Le Chatelier's principle. And if
time permits, | would love to cover the various ratios that you guys can
calculate after, when or after, or before equilibrium has been established.
Mainly what | am talking about is the reaction quotients. Reaction
quotients mainly deal with what happens before chemical equilibrium is
established, as well as after. Not during, but before or after. That is
calculating the quotients. So that is the reaction quotient. And then when
we deal with the equilibrium constant, the equilibrium constant is the
ratios of products and reactants when equilibrium is established. So that
is at equilibrium. When we calculate the equilibrium constant, we are
doing it at equilibrium. And eh, interpreting the Kc value. The value that
I get for Kc, what it means. Ok, so that is basically what we will be
covering during this one-hour session, or | mean the two-hour session.
Ah, there will be a break please. A two-hour session, one hour | will cover
the nature of chemical equilibrium as well as the conditions required for
it to be established. And then in the second session I will cover the factors
affecting chemical equilibrium and eh, the last part | do not think we will
be able to cover because | do not want to cover something that we won't
finish. That is very calculation intensive, so if we start, | don't think we
will finish in time.

Two components are interactively used in this episode
as displayed in the TSPCK map below.

An interwoven basic TSPCK episode: CS/LPK

O

Teacher task: Lesson sequencing

A review on irreversible/reactions that go to completion: 10-13mins
Episode 2

Sara: So, chemical equilibrium; before

we get started on defining what chemical

equilibrium is, I am sure that before you
uys got started on this topic,

When | speak
about reactions that go to completion,

That is what you guys may be dealt with.

So, when a reaction is written, when a chemical reaction is written, as...eh
the first one, what does the first one represent? So, as | was asking, the
first reaction that | see, what kind of a reaction does it represent?

One std: A reaction that goes to completion

Sara: And what happens? When it goes to completion, what do | mean
when | say a reaction goes to completion?

Same std: It reacts and forms other substance

Sara: Products, yes...

Another std: It went from one form of something to another...

Sara: Ok, so what | wanted, eh the essence of what | wanted is that
reactants react to form products. That is all that happens. All that CH4 and
Oxygen will react to form carbon dioxide as well as the water (Referring
to the first equation on the slide). You guys have done organic chemistry,
right? What kind of a reaction is that, under organic chemistry?

Stds: Combustion

Overview:

As a review on what learners know about reactions,
Sara discusses a concept on reactions that go to
completion, in which all reactants get used up in
forming products.

Qualitative in-depth analysis:

Sara introduces the topic by drawing on learner prior
concepts (LPK) around reactions that go to completion.
Talking about reactions that go to completion at this
point could be a sign that Sara is aware of one common
misconception by the learners that all reactions go to
completion. A chemical reaction (burning of methane-
CHad) is given as an example of a reaction that goes to
completion, which is represented with a single headed
arrow on the slide (R). Emphasis is made on why this
reaction goes to completion, where all reactants react
to form products. This is evidence of curriculum
saliency (CS), an important concept that students
should understand at this point which will be used to
introduce reactions that do not go to completion
(reversible reactions). The emphasis is done using a
concentration time graph that shows a gradual decrease
in the concentrations of reactants, until all reactants are
used up. A graph is another form of representation (R).
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Sara: Exactly. It is an example of a combustion reaction. So, this
particular reaction that | spoke about as | was saying that all reactants react
to for products. Which means that after all this CH4 which is what? What
is CH4?

Stds: Methane

Sara: Methane. After all this methane has reacted with oxygen and
produced carbon dioxide as well as water, after the reaction has gone to
completion, we will have no CH4, and we will have no oxygen in the
system. So that is what | wanted to get across...

nd as you can see, basically what this line
represents is the combustion of CH4 to Carbon dioxide. Initially we have
a lot of reactants. This line represents CH4 and oxygen together. So, as
you can see initially, we have some sort of concentration of CH4 and O2,
and as the reaction proceeds, proceeds, proceeds, we have a decrease in
the number of, eh in the concentration of reactants, as these reactants form
products, right.

In this teaching segment, Sara used three TSPCK
components together in an interwoven sequence as
displayed in the TSPCK Map below with one
component distinguishably repeating.

A sophisticated TSPCK episode: LPK/R/CS/R

| Teacher task: Reactions that go to completion I

Introducing reversible reactions: 13-18mins
Episode 3

Sara: So, when we deal with this particular topic that we are covering,
chemical equilibrium, we deal with reversible reactions. So, from what
you have learnt from what you know, how will I see that this reaction is
reversible or not? How will | identify that this reaction is reversible?

One std: When one arrow faces the reactants, and another faces the
products...
Sara: Ok,

. Well, that is
true. So that is the answer | was looking for. So, this double arrow shows
us that this reaction; 1. is reversible, and 2. That it is in equilibrium by the
. S0 just add that...

and 2. That it is in equilibrium. We all agree right?
Sara: So, when | look at this, have you guys heard of the Haber process?
Is this the Haber process?

Stds: Yes

Sara: Yes. What is the product that forms?

Stds: Ammonia

Sara: Yes, so it represents the Haber process that you guys were talking
about. So, nitrogen reacts with hydrogen to form ammonia. We have
established that this is a reversible reaction and that it is at equilibrium
neh? So, we can break down the two reactions that we have to show what
and what is reacting, and what and what is reacting. And the forward
reaction we are seeing the nitrogen reacts with the hydrogen to form
ammonia. But at the same time, um, ammonia is reacting itself, breakin
down to form nitrogen and hydrogen.

. They continuously occur. So as the forward reaction
is happening, the backward reaction is also taking place. | have noted
there, the forward reaction is nitrogen and hydrogen going to NH3, and
eh, NH3 converting back to nitrogen and hydrogen. So, | have also noted
that these two reactions occur simultaneously. What is simultaneous?
Stds: Same time
Sara: The same time. Thank you. They occur at the same time. So, these
reactions occur, as one is forming, the other is breaking down. | also noted
that reactants react to form products and at the same time products react
to form reactants.

One std: Same time, it is dynamic

Overview:

Sara explains further that both forward and reverse
reactions occur simultaneously, which means that they
both take place at the same time; hence the reaction
never really stops. She then noted that because of the
simultaneous nature of the reactions, chemical
equilibrium is referred to as a dynamic process.

Qualitative in-depth analysis:

Noting an important condition for chemical
equilibrium to be achieved “reversible reactions”;
which are reactions that do not go to completion is
evidence of curriculum saliency (CS). Sara draws on
learners’ understanding of features of reversible
reactions (LPK). She affirms the response from the
learner that reversible reactions are represented by a
double headed arrow (R). She further explains the
reversible nature of reactions by referring students to a
chemical reaction on formation of ammonia in a Haber
process. The emphasis details that reversible reactions
do not go to completion, but continuously occur. This
is evidence of learner prior knowledge (LPK) which
comes in the form of a learner misconception in which
learners think that a reverse reaction can only begin
when all reactants have been used up. A possible
reason for this misconception could be that students got
accustomed to one directional reaction that go to
completion which are introduced to them in earlier
grades. Further emphasis shows that the two reactions
occur simultaneously hence the dynamic nature of
chemical equilibrium; a concept that is difficult for
students to comprehend (WD). The episode has a
repeating LPK component. The component first came
through as a pre-concept requesting learners’
understanding of reversible reactions, and later as a
common learner misconception. The episode displays
both linear and interwoven sequences.

The episode portrays an interactive use of four
overlapping TSPCK components in an explanation
given by Sara as displayed in the TSPCK map.
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Sara: “Occurs at the same time, thank you. So, these reactions occur, as
one is forming, the other is breaking down. So, we call that a dynamic
process, simultaneously occurring”.

A sophisticated TSPCK
CS/LPK/R/LPK/WD

Teacher task: explanation of reversible reactions
in chemical equilibrium

episode:

Describing a condition for reversibility- a closed system: 18-19mins
Episode 4

Sara: “And then the last point that | pointed there is that a reversible
reaction can only take place in a closed system. And then now, that's
another word that | have come up with, a closed system.

One std: It is a system whereby the contents of a reaction are not allowed
to react with the surroundings.

Sara: True. There is nothing that | put in and there is nothing that comes
in. So basically, that is what eh, some of the elements that go into
explaining what chemical equilibrium is...

Overview:

Sara endorses on the learner response about what
closed systems are without any expansion to the
explanation given.

Qualitative in-depth analysis:

A condition necessary for reversibility of reactions “a
closed system” is explained; an evidence of curriculum
saliency (CS), drawing on learners” own understanding
of the concept (LPK).

Two components of TSPCK are interactively used in
this teaching segment in an interwoven sequence as
displayed on the TSPCK map below.

A basic TSPCK episode: CS/LPK

&

Teacher task: Explaining closed systems

Describing an equilibrium state using a concentration time graph: 19-

Overview:

22mins
Episode 5

Sara “Ok let me just show you this”. You
see in this little diagram that | have
represented here, | am showing
concentration against time of this reaction
neh. You can see that initially, I have high concentration of hydrogen and
a high concentration of nitrogen (referring to the graph on the slide), and
I have nothing of NH3. This means that at the beginning of the reaction,
we only have the hydrogen and nitrogen. As the reaction occurs you see
the gradual decrease of the hydrogen and nitrogen and a gradual increase
of NH3. Why is that?

One std: So, at the beginning there are no products. So as the reaction
begins, the products start forming.

Sara: Yeah. So, the reactants are reacting to form products. That is
basically what this graph shows us. And as we can see, at a certain time,
this suddenly has stopped, well in terms of concentrations over time. So
why is it, you know there is a point where the concentration of hydrogen,
nitrogen and ammonia are no longer changing. Why is that?

One std: They have reached the equilibrium...

Sara: “They have reached an equilibrium position. ElOESIeGuUINDEINN
IR e RRRIEREA o, because we staied thal

equilibrium is what process?”

Stds: dynamic...constant... It is a dynamic process

Sara: Yes, it's a dynamic process. It is a dynamic process. So, reactions
are continuously occurring. It is just that you cannot see a change, but
there is something occurring neh

Provides a detailed description of change in
concentrations of reactants and products in a
concentration time graph. She further pointed out that
at some point; the concentrations of reactants and
products do not change (the circled parts on the graph
referred to on the slide) but remain constant which does
not necessarily imply that the reaction has stopped.

Qualitative in-depth analysis

Sara explains a state of equilibrium using a
concentration versus time graph for a reaction on the
Haber process discussed earlier in the lesson. A graph
acts as a representation (R) which she uses to explain
the changes in concentrations across the graph. Sara
then asked learners why the concentrations of reactants
decrease whilst that of a product increases, which they
correctly respond to and she affirms the response by
the learner and then points students to a position on the
graph where concentrations of reagents (products and
reactants) are not changing and explains that just
because the concentrations of reactants and products
are no longer changing but remain constant does not
necessarily mean it has stopped. This is a common
learner misconception, which then brings forth another
component of learner prior knowledge (LPK). She
continues to show that the reactions are continuously
happening and that this is a dynamic process; a concept
difficult to understand (WD). The difficulty of this the
dynamic nature of chemical equilibrium is seen in
Sara’s statement where she argues that the reactions are
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continuously happening, even though one cannon
visually see the change.

Three different TSPCK components are interactively
used by Sara in this teaching segment. The components
are pictorially presented in a TSPCK may below.

An interwoven proficient TSPCK episode:
R/LPK/WD _ .

Teacher task: explanation of a concentration time graph

Explaining the dynamic nature of chemical equilibrium: 22-26mins
Episode 6

Sara: Let me explain why you cannot see anything. So, when we talk
about chemical equilibrium, I said that you cannot see what is taking place
neh. This is because at a macroscopic...here is another terminology; what
is macroscopic?

Stds: you can only see with a microscope?

Stds: We cannot see with our own eyes

Sara: Microscopic, we cannot see with our naked eyes... So, as | was
trying to explain, when chemical equilibrium is established, sometimes it
can still be that you cannot see what is happening, or it appears as if there
is nothing happening within this reaction. It seems like the reaction has
gone to completion. But, at a microscopic level, there is something that is

taking place. Typical example will be this (referring to a closed bottle with
water). “

Stds: Closed

Sara: Itis a closed system. So, matter and what?
Stds: energy

Sara: Cannot...

Stds: leave or enter the system

Sara: Leave or enter the sistem iat the same time as the studentsi. l

One std: No reaction is occurring...

Sara: Itis in chemical equilibrium?

Another std: There is no reaction happening... (fliSCONGEptION)
Sara: [CreliSIaieactioNIGCCUting. That is what | wanted to get at.
Stds: Oooh...
Sara: At a macroscopic level, it seems as if there is nothing happening
like we said. But if we were to look deeper, if we had eyes that could see
at the macroscopic level, there would be a reaction taking place... So,
when we are dealing with water...So, | said H20 changes from liquid to
gas. | can see this at a macroscopic level, at a microscopic level, 1 am
sorry. At a microscopic level. How do | see this? This bottle of mine has
water in liquid form. But you can see at the top, there is like fuzzy things
that you can see. So, water evaporates. It goes up. And then when it
evaporates, what form does it change to? The phase?

Stds: gas

Sara: It goes to a gaseous phase. And then it does return, it does.... you
can see here, there are some droplets that we can see. These represent
what, condensation. So, there is evaporation that is taking place as the
water goes up into the gaseous phase. And then there is a time, as this
reaction is taking place...so | put this water in the morning, it was just
liquid. Ok it was just liquid at the bottom. As time went by...evaporation
occurred, but not all of it evaporates neh. So there comes a point in time
whereby there is a lot of gaseous phase water in the system. The gaseous
water particles then collide to form liquid phase. It goes from the gases
phase to the liquid phase, back to the liquid phase. It changes phase and

Overview:

Sara explains the dynamic nature of chemical
equilibrium using a bottle containing water to
demonstrate the simultaneous change of phase.

Qualitative in-depth analysis:

To explain the dynamic nature of chemical
equilibrium; a difficult concept for students (WD),
Sara pointed out that although at a macroscopic level it
may appear as if the reaction has stopped, the reaction
is actually still happening. She refers students to a
bottle of water which she uses to explain how both
evaporation and condensation continuously happen in
a bottle. This is an example of a macroscopic
representation (R). Through question an answer, Sara
points out to the students that the bottle is closed and
hence cannot allow matter in or out of the system. This
could be her way of emphasizing on a condition that
will allow for reversibility to occur, and hence
chemical dynamic equilibrium. As the discussion
progresses, some learners express a misconception by
indicating that there is no reaction at equilibrium,
which is another form of learner prior knowledge
(LPK). Sara indicates that there is still a reaction
happening, and argued further to eradicate this
misconception, by explaining to students how water in
a bottle changed phase through evaporation and
condensation that happen at the same time within the
system (CS).

This teaching segment displays an interaction between
four components of TSPCK as displayed in a TSPCK
map below.

A Sophisticated TSPCK episode
interwoven components: WD/R/LPK/CS

Teacher task: explanation of the dynamic nature of chemical
equilibrium

displaying
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the liquid that is in there, some of it again evaporates and form water in
the gaseous phase...so it continues to occur. This is a classic example of
phase change that is in equilibrium. So, it is a phase change because we
are changing from...

Stds: Liquid to gas...

Sara: And gas...

Stds: To liquid...

Sara: But it is also a phase change because we have liquid going to gases
phase. That is what | wanted to get at. So, at dynamic equilibrium, the
forward and reverse reactions are continuously occurring at the same rate.

Introducing the rate time graph: 26-
31mins
Episode 7

Sara:

One std: It is the duration...yeah it is the
duration... SN
Sara: “Rate not time. A rate is the speed. It is a speed, speed”. So, | drew
agraph of rate against time. Eh initially, as | said before, the water initially
starts off as a liquid. So, there is eh, the rate at which liquid water changes
Into a gas starts off as high: But with the water initially at a gaseous phase,
initially the rate is zero, Why?

Stds: There was no gas in the container

Sara: There was no gas in the system that we are looking at. So as time
went on, in the closed system by the way, as time went by, this liquid form
of water, the particles of Hz20 finally got enough energy to escape the
liquid form and they now go into the gaseous form. So, as you can see at
the beginning, initially there is liquid water, and there is no gas, because
there is no gas initially. As we go on, as time elapses, the liquid water
starts forming gas, so there were gaseous molecules of water being
formed, formed, and formed. So, the rate at which liquid water evaporates
decreases with time and the rate at which gaseous water condenses back
into liquid increases for some time. There is a certain point in time again,
when we are dealing with chemical equilibrium, it is time specific. There
is a time, this time when chemical equilibrium is established. As you can
see there...can | get one person to show me where chemical equilibrium
was established in that graph? Go to the board...can you show me where
it is established?

One std: (points onto the graph)

Sara: Why do you say that?

Same std: Because we have the same eh, constant liquid and gas

Sara: What is constant?

Same std: Eh, the H20 here and here are constant (pointing at liquid and
gaseous states respectively).

Sara: Ok tell me, at this part we say chemical equilibrium is achieved.
What do we mean by that?

Stds: Rates are equal

Sara: Yes...the rates become equal. That is where they what, they meet.
So, the rates become equal when chemical equilibrium has been
established, neh. Does this mean no reaction is taking place?

Stds: no

Sara: It is still occurring right. It is just that what is equal?

Stds: The rate

Sara: What about concentration?

One std: constant

Sara: They are constant; there is no change in concentrations. Constant
means no change.

Overview:
Sara introduces students to a rate versus time graph
used to describe or represent a reaction at chemical
equilibrium.

Qualitative in-depth analysis:

The teacher introduces a rate versus time graph to
explain chemical equilibrium by drawing on learners’
understanding of rate (LPK). The response given by the
student is however incorrect as they referred to rate as
time. Sara commented on the learner’s response and
indicated that rather rate represents speed and not time,
as implied by one of the learners. Explaining what rate
is, is an important aspect towards understanding rates
of reactions at chemical equilibrium, an aspect of
curriculum saliency (CS). The graph displaying the
change of phase of water is presented and described.
The graph is a form of representation (R). Emphasis is
made on a point on the graph where the rates of forward
and reverse reactions are equal which is when the
reaction has reached equilibrium. This is a difficult
concept for students since they cannot visualize how
the two reactions can happen at the same time (WD).
A possible reason for this difficulty being, they got
introduced to reactions that go to completion before
this concept which is also highlighted in the question
that Sara asked. Further emphasis on equal rates and
constant concentrations is used with reference to the
rate graph of water.

Four TSPCK components are interactively used in this
teaching segment that introduced learners to a rate time
graph. The components are displayed in a TSPCK map
below.

A linear TSPCK
R/ICS/R/WD

Teacher task: explanation of a rate time graph to explain
chemical equilibrium

Sophisticated episode:

Emphasis on characteristics of chemical equilibrium: 31-40mins
Episode 8

Overview:

The segment begins with a doubt from the learner with
regard to rates of reactions at chemical equilibrium.
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Sara: Yes, and the products themselves are reacting to form eh, the
reactants. That is why | said it occurs simultaneously.

I did say these two reactions occur

simultaneously. When | say they occur simultaneously, | mean they are
occurring at the same time. We can do a final exercise. | need three;
four...come in the front, quickly, quickly, quickly...

Stds: Run to the front

. It can be either way. It does not
matter right. So, what can we notice about this, concentration wise?
Stds: There is more of these (boys-liquid water).

Sara: there is more of these. So, does that mean the system is not at
equilibrium?

Stds: no

Sara: It does not mean the system is not at equilibrium

One std: For chemical equilibrium.
Sara: But | want to show what is equal
neh. So, as he moves towards this side,
you move towards this side, at the same
time...move, move, move...next, next,
next..So we are still at equilibrium,
move, mMOve, MOVe...everyone move
(students move at the same time. What |
want to show here is what, characteristics of equilibrium.

One std: Concentration...

Sara: no there is something about equilibrium. The fact that they are
moving. What are they doing?

One std: The rates are the same

Sara: Yes, and | also wanted to get to the dynamic nature of equilibrium.
So, as they are moving, everyone is moving. But when I look at it, it seems
as if the system is not doing anything. But they are constantly moving. It
is just that the concentrations remain the constant and it is as if nothing is
happening. But they are still moving. Everyone is moving.

One std: So, the concentrations do not have to be the same

Sara: (at the same time,

Same std: for equilibrium to be established

Sara: There is four, there is three. | said that my system is in equilibrium.
When you guys started moving, there was always three this side, and there
was always four this side. So, the concentrations are not equal. But what
is happening is that the rates are equal. | have always seen four there. |
have always seen three there, four there, three there, four there, three
there...That's what | wanted you to get. Concentrations are not equal. They
are what?

Sara used this opportunity to emphasize on
characteristics of reactions that are at chemical
equilibrium.

Qualitative in-depth analysis:

The explanation is initiated by a learner doubt on rates
of reaction at an equilibrium position. This is a
component of learner prior knowledge (LPK) which
might have caused confusion for the learner. On
explaining this, the teacher refers the learner to the two
chemical reactions presented earlier in the lesson on
formation of ammonia gas, which also reverse forming
its constituent reactants: hydrogen and nitrogen gases
(R). A demonstration with a group of learners follows,
which is another form of representation at a
macroscopic level (R), to show that the two reactions
continue to happen simultaneously at equal rates,
although the constant nature of the concentrations of
reagents may cause one to think that there are no
reactions happening. This is an aspect considered
difficult for learners (WD). Sara then emphasized that
the concentrations of reactants and products do not
necessarily have to be the same, by referring students
to the ratio of boys to girls which she used to
demonstrate a reaction that is in equilibrium. This
statement is made to address a common learner
misconception with regard to concentrations being
equal, hence a learner prior knowledge (LPK). Sara
continues by giving a detailed emphasis on
characteristics of a reaction at an equilibrium
displaying further its dynamic nature (CS). This
segment ends a question an answer strategy that
confirms learners’ understanding of the concept (CTS).

The episode shows an interaction between five TSPCK
components with two other components evidently
repeating. The components are pictorially presented in
a TSPCK map below.

A Sophisticated TSPCK episode displaying linear
and interwoven features: LPK/WD/R-
R/LPK/CSICTS

Teacher task: Reaction to learner doubt leading to emphasis
on characteristics of chemical equilibrium
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Stds: Applause

Summary on conditions necessary for equilibrium: 40-43mins
Episode 9

Sara: Ok so what is needed for equilibrium to occur?

One std: It should be in a closed system
Sara: There is no what and what that is leaving this system?
Stds: Matter and ener

And then all this water wants to, it has
a lot of energy and it wants to go upwards neh,
to form the gases form. So initially, there is a
high reaction rate of these molecules (liquid
water) because there is nothing initially, right?
So, there is a lot of water vapor forming initially
because there was nothing. But it gets to a
certain point where there is a lot of water vapor, and then they should be
up there. Then they decide that no guys, we need to move down. So,
condensation takes place, and then the water changes its phase from gases
to liquid, neh. Do we all agree there?
Stds: Yes
Sara: Is there anything that someone does not understand in what | have
said?
Stds: No
Sara: Ok. So, | also said that there is a closed system where reactions
form products and products break down, um at the same rate or speed to
form reactants, we can say a dynamic equilibrium has been achieved or
reached, provided...there is another condition...provided the temperature
and the pressure, the concentration itself at equilibrium does not change.
Those are the three, we will also deal with them later. These should be
ringing bells about something that is to come. The concentration, the
pressure and temperature... they should all be constant. Do we all agree?
Stds: Yes
Sara: So, we said that dynamic equilibrium has been achieved. The
reason why | called it dynamic equilibrium is to show you some
intelligence by the way. When you say dynamic equilibrium, we are
showing now that this reaction is continuously taking place although it
may look as if there is nothing happening. That is why I called it dynamic
chemical equilibrium...

Overview:

This teaching segment involves an emphasis on
conditions for chemical equilibrium, using a flask
containing water to explain how it reaches chemical
equilibrium through evaporation and condensation
processes.

Qualitative in-depth analysis:

Sara starts this episode by reviewing on the conditions
necessary for chemical equilibrium which were
discussed earlier in the lesson. This is knowledge that
learners should now have in place which has then
become their knowledge (LPK). The emphasis is done
through use of closed flasks as microscopic
representations (R). Further emphasis is made on the
simultaneous nature of reactions at an equilibrium
state; hence the process is dynamic; a concept difficult
to understand (WD). Sara also highlighted that for a
reaction to remain at equilibrium; conditions such as
temperature, pressure and concentration should not
change but remain constant. This emphasis is an aspect
of what is important; an evidence of curriculum
saliency (CS).

This episode shows an interaction between four
TSPCK components as displayed in a TSPCK map
below.

An interwoven Sophisticated TSPCK episode:
LPK/R/WD/CS

Teacher task: Summary on conditions for chemical
equilibrium

Differentiating between reversible and irreversible reactions: 43-

Overview:

44mins
Episode 10

One std: What do we call a reaction that goes to completion?

Sara: A reaction that?
Same std: That goes to completion?
Other stds: (in a chorus) irreversible

The segment is initiate by the learners’ questions on
reverse versus irreversible reactions

Qualitative in-depth analysis

The discussion is prompted by students’ questions on
reactions that go to completion versus those that do not
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Sara: Yeah, irreversible reaction. You can just put non- or

irreversible...Irreversible and it goes to completion. It is the same thing.
Another st TEEREEEN A EN ek

Sara: Because chemical equilibrium is... not all reactants are used up.
We still have both products and reactants at equilibrium. As you can see
with the demonstration that | showed you with your friends here, there
was four, and there was three here. That is equilibrium, so that means that
we still have reactants, and we still have products at equilibrium. And they
start moving at the same rate, they start moving. The forward and reverse
reactions are happening simultaneously, and it is a continuous process that
never ends. This is a dynamic process remember. So that does not mean
anything is used up.

go to completion, prompted by a common learner
misconception which is learner prior knowledge
(LPK). Sara explains this by showing that reversible
reactions do not go to completion because the reactions
occur simultaneously, hence there will always be
reactants and products within the system. This is a
component considered difficult for students (WD). The
explanation given draws students attention to the
demonstrations with a group of students earlier in the
lesson; a microscopic representation (R).

The episode displays an interaction between three
TSPCK components as presented in the TSPCK map
below.

TSPCK

An interwoven Proficient

LPK/R/WD

Teacher task: Differentiating between reversible and
irreversible reactions

episode:

A definition of chemical equilibrium: 44-46mins
Episode 11

Sara: So, | came up with a definition for dynamic chemical equilibrium.
There are certain words that must be in the definition. That is why | want
you to get that. So, | said the dynamic equilibrium is the state that takes
place in a closed system where the forward and reverse reactions take

lace at the same rate. The concentrations of reactants and products
_ Does that not cover everything that we have talked
about?

Stds: It does

Sara: Yes, it does. What | wanted in the definition is the fact that it is a
state. What do you guys understand when | talk about a state? What is a
state?

One std: It is a phase...

Sara: Not really a phase...a phase is like an instant in time. It is like, from
here, this is what happens. From this time, a state is like from this time on
tell the parents that you will pass until forever. From this point, I will study
physics to the best of my ability. So, it is an instant in time, where you say
from now on...it"s like a state that happens at a certain time. So, it is a state
takes place in a closed system. "Closed system" is important, where the

forward and reverse reactions take place at the same rate. Then | moved
forward o T AR ETEE

Do not mix constant and equal, and rate and concentrations.
Concentrations remain what?
Stds: constant...
Sara: And rates?
Stds: Equal...
Sara: Thank you very much...ok | said something about at equilibrium,
three things must not change. What are those?
Stds: Temperature, pressure and concentrations...
Sara: Yes, temperature, pressure and concentration remain what?
Stds: Constant
Sara: What | wanted in the definition is the fact that it is a state. What do
you guys understand when | talk about a state? What is a state?
One std: It's a phase...
Sara: Not really a phase...a phase is like an instant in time. It's like, from
here, this is what happens. From this time, a state is like from this time on

Overview:

This is a segment in which a definition of a chemical
dynamic equilibrium is given and puts more emphasis
on the constant nature of the concentrations whilst rates
are equal.

Qualitative in-depth analysis:

Sara provides a definition of a dynamic chemical
equilibrium.  The definition includes important
conditions, which are aspects of curriculum saliency
(CS), nature of rates of forward and reverse reactions,
which is a difficult aspect (WD) and finally the
constant nature of concentrations of reagents; a
common learner misconception which is learner prior
knowledge (LPK).

The explanation given shows an interaction between
three components of TSPCK as displayed on the
TSPCK map below.

TSPCK

An interwoven Proficient

CS/WD/LPK

Teacher task: Definition of dynamic chemical equilibrium

episode:

164




tell the parents that you will pass until forever. From this point, | will study
physics to the best of my ability. So, it is an instant in time, where you say
from now on...it"s like a state that happens at a certain time. So, it's a state
takes place in a closed system. "Closed system" is important, where the
forward and reverse reactions take

Do not mix constant and equal, and rate and concentrations.
Concentrations remain what?
Stds: constant...
Sara: And rates?
Stds: Equal...
Sara: Thank you very much...ok | said something about at equilibrium,
three things must not change. What are those?
Stds: Temperature, pressure and concentrations...
Sara: Yes, temperature, pressure and concentration remain what?
Stds: Constant

Emphasis made on an equilibrium position on the rate and

Overview:

concentration time graphs: 46-48mins
Episode 12

Sara: So, we have spoken of this graph neh? Rates against time. And that
is the one that shows that at equilibrium...

Stds: the rates of reactions are equal...
Sara: So. when You iraw SUch Qraphs, you SO Know WL T i

You know, the graph is there, but what does it mean? So, what you must
do is that when you draw such graphs especially in the exam, you have
got to draw maybe a vertical line (referring to a vertical line from a point
where

reactions

have reached

equilibrium), and maybe shade like the
rest of this area (equilibrium

position), and then write that, state that
this is equilibrium. So, you must put just
a bit of a vertical line here, and shade

this region, and write
equilibrium state, or chemical

equilibrium, something along those lines neh? ARdthen with the'second
you should also draw a line where

concentrations are.

One std: Are constant

Sara: Constant...so when | draw like a vertical line here...make it a habit
to draw that vertical line and shade this section and show them that
chemical equilibrium has been achieved.

Highlighting the important positions on the rate and
concentration time graphs that represent chemical
equilibrium.

Qualitative in-depth analysis:

The teacher emphasizes on the rate and concentration
versus time graphs that students should know which
sections/areas within the graphs represent an
equilibrium state. Graphs act as representations (R).
An emphasis is made on what is important about the
graphs, indicative of aspects of curriculum saliency
(CS).

The episode has two TSPCK components interacting
as displayed in the TSPCK map below.

An interwoven Basic TSPCK episode: R/CS

Teacher task: emphasis on equilibrium position on
the rate and concentration time graphs

Calculating rate from concentration time graph: 48-55mins
Episode 13

One std: So, ma’am, you said like, it's concentration, and then it's time.
When you take concentration of maybe 4.3 over 2 maybe...

Sara: Oh, concentration over time?

Same std: Yes, if you put that on a calculator, what are you calculating?
Sara:

One std: Concentration over time?
Sara: Yes, what is that?
Same std: It's the rate...

t. So, when you calculate, so let us just do it...it is fun because
this one has values. So, we say that equilibrium is achieved at time what?
Stds: at 2...at 2 point something...

Overview:

When one student asked what is being calculated from
dividing concentration with time, Sara took that as an
opportunity to see if the rest of the class can relate that
to anything that they have learned before. A concept of
rates of chemical reactions is discussed in the earlier
grades when students are first introduced to chemical
reactions. So, this is a pre-concept needed towards the
understanding of the current topic, chemical
equilibrium.

Sara then uses this moment to help students understand
how rate is calculated. She does this by asking students
to calculate the rate at which reactants form products
and vice versa at specified time ranges. Sara, however,
did not specify to the students that obtaining zero when
doing calculations for rates using this formula does not
necessarily mean that the rates are both zero which
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Sara: At 2, no... Yeah 2 point something, because you see at 2, there is
still something happening (showing the steepness of the graphs) to this
green one. So, let us say 3. We are sure that chemical equilibrium has been
achieved at 3. Can you calculate then, the rate of nitrogen, the rate of
hydrogen and the rate of ammonia? Let us just, give me a numerical value
of each of those...eh Hz is 5, N2 is 3 and then NHsit is a 2... Can you also
calculate the rates of all at time 5? First you did for time 3, right? So now
let us do at time 5. You should notice something for all of them... | want
you to tell me a conclusion...there should be something that's mind
blowing. Are they equal?

Stds: No

One std: Those for hydrogen are equal, for nitrogen is equal and for
ammonia they are equal as well...

Sara: Ok maybe | asked my question the wrong way. Can | show you
something? Let me show you instead of saying calculate...\WWhen I look at
this, what | should have said was for you to calculate the change between
maybe, time and time 4 and between time 5 and 3. There should be
something there. There should be a scientific discovery of some sort...
One std: Scientific discovery?

Sara: We could be able to discover something...calculate the rate between
time 3 and time 4, and between time 5 and time 3. Rates, the difference...
One std: Ai ma’am, what do we have to calculate?

Sara: Difference in rates...so you will calculate rate right, at time 5 and
then subtract it from time 4. And calculate the other one. You are
subtracting the rates... Ok so you have concentration at time 5 right, if I'm
saying between 5 and 4, we said rate is equal to change in concentration
over change in time. So, | will take the concentration in 5 and subtract the
concentration in 4 and then divide it by the time...

One std: If | take the concentration at 5 and subtract the concentration at
4.

Sara: So, what will the answer be?

Same std: zero...

Sara: Which means?

Same std: The rate is not changing...

Sara: The rate is constant...yes, that is what | wanted you to discover...
So, you should have discovered that when you subtract, when you find
rate, it is change in concentration over change in time. When you subtract
the concentration at 4 and the concentration at 5, what is the difference?
Stds: Zero

Sara: And what is zero over a number?

Stds: Zero

Sara: Zero. And when we calculate the rate between time 5 and time 3,
what is the change in concentration?

Stds: Its zero...

Sara: zero. Which means then, the rate is what? The rate is what? If |
calculate the rate it is...

Stds: It is zero...

Sara: Zero, which insinuates that the rate is constant. So, the rate does not
change, which means that the rate is constant. Are we aware?

Stds: Yes

could in this case cause a misconception for the
learners that the reactions have stopped. At this
moment Sara could have introduced students to the
correct equation used to relate the concentrations of
reactants to the rate of reaction such as rate
=K[N2]*[H2]¥

Qualitative in-depth analysis:

This segment is initiated by a learner question with
respect to what one gets when they divide
concentration by time. Sara passes the question to the
class to which they respond “rate” which is the correct
answer. This shows students’ knowledge that is in
place concerning rates, thus revealing their prior
knowledge (LPK). Sara expands on the given response
by specifically indicating that the concentration time
graph is converted into the rate graph. The discussion
involves asking students to calculate rate of all the
reagents at an equilibrium position. Calculations are
examples of symbolic representations (R). The
calculations made are specifically done at an
equilibrium point and Sara referred students to the
value of zero obtained when doing the calculation to
imply that the rates at equilibrium are not changing.
The calculations are done to enforce students
understanding of rate; an aspect of curriculum saliency
(CS).

This episode shows an interaction between three
TSPCK components as displayed in the TSPCK map
below.

A proficient TSPCK episode displaying linear and
interwoven sequencing: WD-R/CS

Teacher task: Response to learner question-
calculating rates from concentration time graph

Explaining why rates are calculated at a particular range: 55-60
mins
Episode 14

One std: When | calculate the rate, can | use different times, like for
Hydrogen; | do it at time 2 and nitrogen maybe time 3 and then compare?

Std: Yes

Overview:

To clear learner confusion on whether comparisons of
rate can be done by calculating rates of reactants at
different times, Sara explained that in order to make a
proper comparison, the ranges in which the rates are
compared should be the same.

Qualitative in-depth analysis:

The explanation is initiated by a learner confusion
which could also be regarded as a misconception
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Sara: It must be at the same time. When | want rate, | say change...ok
delta...when | want the change in rate, | will say the change in
concentration over change in time (writes the formula on the board). So,
| take the concentration at time 5 and subtract it from concentration at time
3...50 the rate between T=5 and t=3 will be equal to the change in
concentration, over change in time. When we look at ammonia neh, what
is the final concentration at time=5? It is two neh, minus...what is the
concentration at 3?

Stds: 2

Sara: 2 divided by 5 minus 3... What is the top answer?

Stds: Zero

Sara: Zero over 2... What is zero over a number?

Stds: Zero

regarding calculation of rates (LPK). Sara explains this
by demonstrating through calculations of rate (R). As
she demonstrates this to the students, she explains that
comparing the rates can only be within the same range.
For example, calculating the rate of reaction between
times 3 and 5 enables one to have a sense of the rate of
reaction (forward and reverse) at those specific times
(CS).

The segment shows an interaction between three
TSPCK components in an explanation that aimed at
describing rate comparisons can be made. The episode
is presented in the TSPCK map below.

A Proficient TSPCK episode with linear and
interwoven characteristics: LPK/R/CS

Teacher task: Response to learner question leading to
calculation of rates at specific time ranges

Evaluation: rates of forward and reverse reactions: 60-65mins
Episode 15

Sara: | have an exercise for you that | found very interesting. So, question
1, Explain why the forward reaction rate decreases and the reverse
reaction would increase as the system approaches equilibrium?

One std: so, when the reactants are forming, the product rate increases,
therefore the reactants will decrease...

Sara: With reference to what?

One std: The concentration time graph
Sara: YieS1he coricentrations virsus GFEIGRARR. So yes, you can add by

drawing the concentration and rate time graphs neh...And what you can
show is that from the two graphs that we did... this is just to go an extra
mile, but what you said is correct whereby the concentration...did they
speak of the concentration? So, as you are using the reactants to form
products, it should be that the reactants’ rate decreases, because now, you
know these reactants are reacting to form products neh, so the rate
decreases, decreases...and the products are initially not there, the rate is
zero... initially the products were not there, and as time goes on, as these
reactants react to form products, the graphs meet where equilibrium is
established neh. So that is why with the rate graph, the reactants decrease,
their rate decreases until equilibrium is established...

PIEEEBN And then, with the products, the rate increases, because initially
there was nothing happening in the system, and then as the reaction
occurs, occurs, occurs forming products, this means the rate increases, but
there comes a point, you see, it's a curve. It cannot be a straight line, no.
It initially starts with a high decrease in the rate at which reactants are
used, and there is initially a high increase in the rate where the products
are formed, and then the decrease, decrease, decrease, until equilibrium is
established. So, what she is saying is correct. It is because the reactants
are reacting to form products, that is why the rate is increasing for
products at the beginning. And then you can just draw of the graph to
show that these are the reactants, and these are the products. So, you use
the rate versus time graph showing that the rates are equal at equilibrium.
So, you should mention that the rates are equal at equilibrium. Did
everybody get that?

Stds: Yes

Overview:

Sara expands on the learner response on the change in
rates of forward and reverse reactions before reaching
the state of equilibrium, by showing them how they can
use the rate time graph to explain the changes.
Although the initial reference was made to the
concentration time graph, the explanation only focused
on the rate time graph.

Qualitative in-depth analysis:

This teaching segment begins with a question posed to
the learners requesting them to describe the rates of
forward and reverse reactions before reaching a state
of chemical equilibrium (LPK). Sara expanded on the
response given by the learner, explaining how through
use of the rate time graphs; students can be able to tell
the changes in the rates of forward and reverse
reactions. The explanation which pointed students to
important elements to consider when describing the
rates brought the component of curriculum saliency to
the fore (CS), whilst the referred graphs are a form of
representations (R). In her explanation of how rates
change, she highlighted briefly that the rate of the
forward reaction decreases until equilibrium is reached
and added that the rate “does not go to zero”. This
could imply that the teacher remembered that from the
calculations done in the previous segment, students
may believe that the rates at equilibrium are at a zero
margin which could imply that the reactions have
stopped, which is a misconception that learners have
regarding reactions at equilibrium. This then gave rise
to a component of learner prior knowledge (LPK).

The episode demonstrates three TSPCK components
interactively used in an explanation with one
component repeating as displayed in a TSPCK map
below.
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A sophisticated TSPCK episode with interweaving
components: LPK/R/CS/LPK

Teacher task: Reaction to learner response explaining the
change in rates of forward and reverse reactions before
chemical equilibrium is achieved

Evaluation: What is dynamic chemical equilibrium: 65-69mins
Episode 16

Sara: The next question reads; what is dynamic chemical equilibrium?
One std: First it is a state that occurs in a closed system, provided that the
concentrations remain constant. The products remain constant and the
reactants remain constant...eh, both the forward and reverse reactions take
place at the same rate. The concentrations of the reactants and products
remain constant at equilibrium.

Sara: Thank you very much. That is what | was looking for. Remember
we spoke about the state.

...that is a now to suffice definition of chemical equilibrium,
dynamic chemical equilibrium by the way. You must show that the rates
are equal, and the fact that there is something that is always moving. There
is never a static point within chemical equilibrium.

Overview:

This is a segment that requires learners to express their
understanding of what they learned about chemical
dynamic equilibrium.

Qualitative in-depth analysis:

The episode begins with a learner question requesting
students’ understanding on what dynamic chemical
equilibrium is from what has been discussed in this
lesson (LPK). Sara affirmed the response given by the
learner and expanded on it by reminding students that
at dynamic chemical equilibrium, reactions are
continuously happening, and never really stop. This
emphasis is made because learners have a difficulty
understanding the reversible nature of chemical
reactions, more specifically that the two reactions
(forward and reverse reactions) occur simultaneously
(WD).

The episode has two TSPCK components interacting
evidently in an explanation given about chemical
dynamic equilibrium as displayed in the TSPCK map
below.

A basic interwoven TSPCK episode: LPK/CS-
LPK/WD

Teacher task: Response to learner comment explaining

dvnamic chemical equilibrium

Evaluation: The meaning of dynamic: 70-72mins
Episode 17

Sara: Ok. And then the next question...it says define the word dynamic
and explain it to us...
One std:

Sara: Good.

, the reaction is still taking place. Just that you cannot
see at the macroscopic level, it may look as if nothing is happening, but at
a microscopic level, something is happening...

Overview:

The segment presents the meaning of dynamic, which
then explains why chemical equilibrium is said to be
dynamic.

Qualitative in-depth analysis:

On responding to what dynamic is a learner presented
that it refers to the continuous nature of a reaction that
never really stops (LPK). Sara added on this by
emphasizing that the reaction is visible at a
microscopic level, although macroscopically it may
appear as though the reaction has stopped. The mention
of microscopic and macroscopic level implicitly brings
forth the aspect of representations (R), whilst the
invisible nature of the reaction at a macroscopic level
is what makes the concept difficult for students to
understand (WD)

This is a three component TSPCK episode as displayed
in a TSPCK map below.
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A Proficient TSPCK episode with linear and
interwoven features: LPK-WD/R

Teacher task: Response to learner comment explaining what
dynamic is

Change in concentrations of reagents before chemical equilibrium is

Overview:

achieved: 72-75mins
Episode 18

Sara: So how do the concentrations of reactants and products change, ok
as it approaches equilibrium, not at equilibrium?

One std: When the reaction approaches equilibrium, the concentration of
the reactants decreases because the reactants are being used up to form the
products ...

Sara: Yes, or they are reacting to form products.

One std: Ma'am | do not understand why the reactants are decreasing...
Sara: “

One std: So, are you saying that the concentrations are constant within
this whole reaction...

Sara: No concentrations are not constant throughout

One std: It is constant at equilibrium

Sara: Yes, at equilibrium
One std: So here they are a

roaching?

. Why is it decreasing? Because the products are being formed.
Eh, the next one, concentration of products...
One std: Eh, the concentration of the products increases because they are
being formed from the reactants...
Sara: Yes, do you guys get that? Concentration of products increases
because they are being formed from reactants.

When asked how the concentrations of reagents change
before reaching a state of chemical equilibrium, two
students seemed to have a difficulty understanding the
change. This then resulted in Sara using a graph to
emphasize on how the changes occur.

Qualitative in-depth analysis:

This segment begins with a question requesting
learners to describe the change in concentrations of
reactants and products as the reaction approaches
equilibrium; as aspect of learner prior knowledge
(LPK). Two students demonstrated some form of
confusion on this aspect, indicating their lack of
understanding of this concept. Sara referred them to the
graph and explained the changes, by indicating why
concentrations are not constant before chemical
equilibrium is achieved which is portrayed by the
slopes on the graph. The graphs used as a form of
representation (R), and the emphasis on which parts of
the graph to focus on is as aspect of curriculum
saliency (CS).

The episode has three components that are evidently
interacting in an explanation on change of reagents’
concentrations before reaching state of chemical
equilibrium. These components are displayed in a
TSPCK map below.

A linear proficient TSPCK episode: LPK-R/CS

Teacher task: Response to learner comment explaining the
change in concentrations bofore reaching a state of equilibrium

Explaining the rate of forward reaction from the beginning of a

Preview:

reaction: 75-82mins
Episode 19

Sara: The last question asked about the forward reaction rates.

One std: Eh the energy of the reactants, eh the reactants have high energy
level and as the reaction proceeds, the rate decreases...

Sara: Ok...

Another std: Ok, eh the rate of the forward reaction will increase because
the graph is steep there (demonstrating a decrease in steepness with his
hands) ...

Stds: Yes

Explaining the rate of the forward reaction before
reaching the state of chemical equilibrium using the
concentration and rate time graphs.

Qualitative in-depth analysis:

The teaching segment begins with a learner prior
knowledge (LPK) as Sara asks students to explain the
rate of forward reaction before chemical equilibrium is
achieved. The response given by one of the students is
incorrect as the student argues that the reaction rate
increases, the opposite of what really happens. To
confront this, Sara referred students to the
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Stds: Yes

Sara:
... So, if these are my reactants neh, we can see that if | calculate

the rate here (the beginning of the reaction), and | calculate the rate here
(right before equilibrium position), do you see that the rate has decreased?
Stds: Ooooh...

. Do we all understand that? Is

there a question?
One std: When you are saying the forward reaction, do we mean the
forming of products?

Sara: Yes.

Stds: Yes

concentration time graph; a representation in this case
(R), which they can use to determine the rate by
looking at the change in concentrations of reactants.
Sara’s understanding of a conceptual teaching strategy
(CTS) is demonstrated in her explanation as she used
the graphs to explain the change in rates of forward
reactions with reference to the change in
concentrations of reactants with time (CS). The
implication here was that with time, as more reactants
form products, their concentration decreases, which
then affect the rate at which they form products.

The episode demonstrates an interacting between four
components of TSPCK as displayed in the TSPCK map
below.

A sophisticated TSPCK episode with linear and
interwoven characteristics: LPK-R/CTS/CS

Teacher task: Response to learner comment explaining the rate
of forward reactions before reaching a state of equilibrium

Explaining the change in the rate of reverse reaction from the

Preview:

beginning of the reaction: 82-86mins
Episode 20

Sara: Ok, and then on the reverse reaction rates? Ok, | just explained
forward, so it is just the opposite of forward...

One std: It will increase

Sara: How? What causes the change if they asked? We need an
explanation. Can someone else help?

Another std:

Sara: Ok, you can see the game.

, you can see that initially products are at
zero...so the rate starts again at zero here. And when I calculate the rate,
ok the concentration increases of the products right. So, when I calculate
concentration over time which is the...

Stds: The rate

Sara: The rate will be higher than zero which means that it has increased
neh. So, you can relate it to the fact that products are being formed, eh,
reactants are reacting to form products...

One std: So, the higher the higher the concentration the higher the rate?
Sara: ...the higher the rate...

One std: It will decrease...

Sara: Yes, if | increase V, | will decrease...inverse relationships. We are
going to apply some physics...

One std: What do S and V stand for?

Sara: They are just letters. | should have put concentration over time.
When change in concentration increases, the rate increases. Time..., the
reverse of that.

Explaining the rate of reverse reactions before
equilibrium is reached, using concentration versus time
graph.

Qualitative in-depth analysis:

The episode begins with a question raised by Sara
requesting students to explain the rate of reverse
reactions before chemical equilibrium is achieved to
which they provided a correct response (LPK). Sara
expanded on the response given by emphasizing on the
importance of using the concentration and rate time
graphs (R). She argued further that through calculation
of rates from concentrations taken at the beginning and
towards equilibrium can assist one in making an
analysis of how the rates change across the reaction.
The emphasis on where calculations can be made
within the graphs shows that Sara knows the difficulty
students can have in determining the rate at which a
reaction occurs (WD). Further emphasis is made of the
direct proportionality between concentration changes
and rate (CS).

The episode displays an interaction between four
TSPCK components used to explain the rates of
reverse reactions before equilibrium as portrayed in the
TSPCK map below.

A sophisticated TSPCK episode displaying linear
and interweaving interactions: LPK-R/WD/CS
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Teacher task: Response to learner comment explaining the rate
of reverse reactions before reaching a state of equilibrium

Introducing factors that affect chemical equilibrium: 86-93mins
Episode 21

Sara: “So, we said that when chemical equilibrium is achieved, we said
that pressure, temperature and concentration are constant. So, what
happens if these things do not remain constant? What if there is something
that is disturbing the system, increasing or decreasing the temperature,
adding or removing a concentration within a chemical formula or
increasing or decreasing the pressure”? So, there is this scientist by the
name of Le Chatelier’s with a principle. His Principle helps us predict how
the equilibrium would shift (a slide projected on Le Chatelier's principle)
provided that there is a disturbance that takes place. So, Le Chatelier’s
stated that if the factors affecting a chemical reaction at equilibrium,
namely concentration, temperature and pressure are changed or disturbed,
then the equilibrium will shift so as to reduce or counteract the change. Is
anything clear there? Do we understand what he is saying?

Stds: Yes

Sara: He is saying that if any of the three factors that | mentioned, the
ones that we said must stay constant in order for equilibrium to stand
undisturbed, and then the system will try to counteract that change by
shifting. Because now if we disturb the system, we are no longer in
equilibrium, do we understand that?

Stds: Yes

Sara: So, now the system will change in such a way as to oppose or
counteract the change. Are we ok on that?

Stds: Yes

Sara: Ok, as | said before, there are three main factors that affect
equilibrium. Those are temperature, pressure and concentration.

And then we talk about temperature. So, we will explore each
and every one of them in greater detail. Ok, so | have a couple of
questions...so | said here we use the Le Chatelier's principle to predict
what will happen to a reaction in equilibrium if the three factors would
change right. When counteracting this change, eventually a new
equilibrium will be re-established. Do we all agree on that? If it is
disturbed, it is then disturbed and then it gets re-established right. Ok, so
when it is re-established, we will have a new set of concentrations for the
reactants as well as the products and eh, in order for us to be successful in
answering the questions that have to deal with this part of the concepts, |
just have three questions that you must ask yourself with regards to answer
questions that have to deal with this. So, the first one... 1. What causes the
stress to the system?

One std: The stress?

Sara: Yes, the stress. So, the system is stressed by either concentration
or..., so what causes the stress t the system? Ok, just put in bracket
temperature, pressure or concentration. Question 2. What is the response
of the system? (Use Le Chatelier’s). 3. How does the system oppose the
stress? (ldentify whether the forward or reverse reaction will be favored).
This will help you...

One std: So, you identify the...

Sara: Ok, with the first question, you need to identify from the question
itself on the exam paper. You see that oh, the pressure is increased or
decreased, the temperature is changed, or the concentration is
increasing...That's the first question. You identify what is the problem,
ok? And then with the second one we said that what is the response of the
system? So, if | add more reactants, then that would mean that there would

Overview:

Identifying factors affecting chemical equilibrium,
including the Le Chatelier’s principle and providing
steps to follow when a disturbance is added to a system
that has reached equilibrium

Qualitative in-depth analysis:

This teaching segment introduces the factors that affect
chemical equilibrium; change in pressure, temperature
and concentration. These are key concepts crucial to
the understanding of the topic (CS). The effect of the
disturbance is explained through an introduction of a
Le Chatelier’s Principle where a system always acts to
counteract the effect of a disturbance. This aspect of
the effect of a disturbance is not an easy concept for the
students to comprehend (WD). This is seen in the
emphasis that the teacher does, repeating the principle
multiple times. Sara then reminded students that the
effect of change in concentrations can only be
considered for aqueous solutions, while pressure
changes are applicable when dealing with gaseous
molecules. This is related to what students should have
learned in earlier grades; hence it is an aspect related to
learner prior knowledge (LPK). She then provides
learners with sequential steps to follow in deciding
how a disturbance will affect an equilibrium position,
bringing forth a different aspect of curriculum saliency
(CS).

The episode shows an interaction between three
different TSPCK components in an explanation with as
aspect of curriculum saliency repeating. The
interactions are demonstrated in the TSPCK map
below.

An interwoven sophisticated TSPCK episode:

CS/WD/LPK/CS

Teacher task: Introduction of factors affecting
chemical equilibrium
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be more reactants to react, which takes us to the next question, the third
one, which reaction is favored, the forward or the reverse? The effect of
this stress that you have added onto your system. So, are we good?

Stds: yes

The effect of increase in concentration of a reactant: 93-100mins
Episode 22

Sara: OK, let us explore the effect of concentration. It says here that when
a concentration of a substance is increased, the forward and reverse
reaction rates...which means the overall reaction rate increases...which
means there would be more effective collisions within the system,
meaning the overall reaction of the system increases. Ok, but when the
concentration of the reactant or product is increased, the equilibrium shifts
away from the increase to reduce the amount of the added substance. Ok
let me just explore it now neh ... So, I will use arbitrary reactions. So again,
if 1 have my A Plus B (as she writes in the form of an equation on the
board), forming C. If it was just (writes a single headed arrow), and you
add more of A or B, you already know that the system is not at
equilibrium. Do not even consider it. Do not use Le Chatelier’s; he does
not deal with things that are not in equilibrium. So, as I put in my beautiful
double-sided arrow... So, | have A and B neh. Question 1. Add more of

One std: The system will oppose the stress...

Sara: To oppose that. So, when we are looking at this, if | add more A,
what will happen to the system?

One std: So, more reactants will react and then more C will form.

Sara: ...So now | have added more A onto the system, which means the
concentration of this, will go up (A), which means this will go down (B),
but this will increase (C).

Overview:

Sara used an arbitrary equation A + B—C to explain
the effect of adding A onto the system. She emphasized
by drawing back on the steps presented earlier on how
to determine the effect of a disturbance.

Qualitative in-depth analysis:

The segment begins with an emphasis that whenever a
concentration of a reagent in increased, the overall
reaction also increases, as the increase affects the
effective collisions happening within the reaction as a
whole. An understanding of collision theory is
essential for conceptualization of chemical reactions;
an aspect of curriculum saliency (CS). Sara then
continued by highlighting on the effect of a change in
concentration of either a reactant or a product on
chemical equilibrium; a concept considered as difficult
for students (WD). As she is emphasizing on this
effect, she begins first by cautioned students that the
Le Chatelier’s principle cannot be applied for
irreversible reactions, as those reactions cannot reach a
state of equilibrium (CS). She then continues her
explanation by using an arbitrary chemical equation
(R), with reference to the steps discussed earlier in the
session on how to work out the effect of adding a stress
to the system that has reached a state of equilibrium
which forms a conceptual teaching strategy (CTS).

The episode shows an interaction between four TSPCK
components as displayed in the TSPCK map below.

A Sophisticated TSPCK episode with interwoven
and linear features: CS/WD-CS/R/CTS

Teacher task: Explaining the effect of changing concentration
of a reactant on chemical equilibrium

The effect of increasing the concentration of a product: 100-103mins
Episode 23

Sara: So, what will happen if I increase C? What will happen to the
system? ...which reaction will be favored?

Stds: The reverse

Sara: The reverse neh and the overall reaction as | said will increase.
The rate of the overall reaction will increase, but the reaction that is
favored the most is ...

Stds: It is the reverse reaction...

Sara: The reverse reaction because the system is trying to do what?
Stds: oppose...

Sara: Again, what will
happen is that C will increase, but everything this side will now increase
(A and B), because C is the one that breaks up to form A Plus B. But if
there was C and D, D would decrease, C would increase, A and B would

Overview:

Explains how the system will react to the change by
emphasizing on the changes in concentrations of A, B
and C, as a result of change in C.

Qualitative in-depth analysis:

The teaching segment begins with the teacher probing
learners on the effect that increasing the concentration
of a product has on a reaction that has reached chemical
equilibrium (LPK). With reference to the arbitrary
equation (R) mentioned prior to this discussion, the
teacher explains why an increase in the concentration
of C (a product) would result in an increase in the
concentrations of A and B (the reactants) because the
reverse reaction that reduces the added substance is
favored (WD).
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increase. So here if | add more of C, C will increase, A increases and B
increase.

An interactive use of three TSPCK components is seen
in this episode as displayed in the TSPCK map below.

A Proficient TSPCK episode with linear and
interwoven features: LPK-R/WD

Teacher task: Explaining the effect of increasing the
concentration of a product on a reaction at chemical

The effect of decreasing the concentration of a reactant: 103-106mins
Episode 24

Sara: Ok, so now if | remove B, what will happen?

One std: The reverse reaction will be favored. More C starts to react to
form A and B.

Sara: More A and B, yeah...

Another std: So, the reverse reaction is favored...

Sara: Yes. But the overall reaction will be what?

One std: Decrease

Sara: The rate of the overall reaction will decrease but fiEHIeverse
, because we are trying to counteract this state of
removing B... we are missing B in the system. There is not enough B in
the system, so C must react to form B and A, yeah...

One std:

Sara: Ok, so B is now missing. [Fhere is not enough B in the system, so
we are short of Bs. So, the system must shift in such a way as to make
more Bs, and the only way to make B is by having this reaction occur (the
reverse), because if we are saying A and B, the forward reaction is being
favored, there is already a shortage of B. So how can you make B when
you already do not have sufficient B to mix A. So, C will have to react
neh, to form A and B, to counteract the stress of not having enough Bs.
So that is what happens to the system. The system will shift to the left neh,
the reverse reaction. Shifts to the left or shifts to the right. It is the
same...well not same. You know what left means...if you say shifting
towards right, you mean shifting towards C, if you are saying it is shifting
to the left, you are saying it is shifting towards A and B. Or you can say
the forward or the reverse reaction is favored. Rather put both because
sometimes in the exam they ask you, so we have this system, and they are
like, shifts to the right. So, you must know that when it shifts to the right
it means you are going towards your right. Shifting, you are moving to the
right. And if we are saying that we are shifting to the left, we mean that
we are moving towards left. You get that?

Stds: Yes

Overview:

Explains the difference in change of concentrations of
reagents when the concentration of one reagent is
increased versus when it is removed from the system
with respect to the Le Chatelier’s Principle. Emphasis
is done with reference to the arbitrary reaction used as
an example.

Qualitative in-depth analysis:

This begins with a question-and-answer method on the
effect of reducing the concentration of a reactant on an
equilibrium position (LPK). Sara explains further the
effect that this will have on equilibrium by stressing
that the system should act so as to replace the removed
substance, thus counteracting the change (WD). When
one student demonstrated a misunderstanding by
asking why the change differs from what was discussed
earlier, Sara gave a more explicit explanation with
respect to the Le Chatelier’s principle. She evidently
pointed out that because the concentration of one
reagent has been removed, the system will favor a
reaction that produces more of it, unlike when the
concentration of a reagent is increased where the
system would instead want to reduce the added
substance (CS). The explanation Sara gave repeatedly
used the symbols from the arbitrary chemical reaction

(R).

The episode shows an interactive use of four TSPCK
components as displayed in the TSPCK map below.

A Sophisticated TSPCK episode with linear and
interwoven features: LPK-WD/R/CS

Teacher task: Explaining the effect of reducing the
concentration of one reagent to a reaction at chemical

The effect of decreasing the concentration of a product: 106-108mins
Episode 25

Sara: Ok again, what if we remove C, let us start with the overall reaction.
What happens to the overall reaction?

Stds: The reaction decreases...

Sara: It decreases. The rate of the overall reaction decreases. Now we are
looking at specifics. Which reaction will be favored, forward or reverse?
Stds: Forward

Overview:

Sara probes for further understanding of the effect of
change in concentration of a reagent to a reaction that
has reached chemical equilibrium; with the focus on
decreasing the concentration of a product.

Qualitative in-depth analysis:
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[ Sara: So/the forward reaction will be favored because we need to form

more Cs because we have a shortage of our C within our system. So the
forward reaction or the shift that is towards the right is favored. Do we all
agree there?

Stds: Yes

Sara: Yes.

One std:

Sara: Yes. Well, the forward reaction, when you look at the reaction, it is
like this...so A Plus B forming C. So, when we break it down, A plus B
forming C will be the forward reaction. And the reverse reaction is C
forming A and B. So, that is how we came with the forward reaction. The
forward reaction, you look from your left to your right. The reverse
reaction, you look from your right to your left. The way these reactions,
sometimes you can just put, eh, write the reaction this way...C giving A
Plus B (using a double headed arrow). The forward reaction is C to A and
B, and the reverse will be A Plus B forming C (writes the equations on the
board). Look at even how you write. You move from your left towards
your right. You move from left towards your right. And that is why I said
that when the forward reaction is favored, we can say that the shift is
towards the right, or when the reverse is favored, the shift is towards the
left.

Sara begins by probing on what impact the decrease on
concentration will have on chemical equilibrium state,
which taps on learner knowledge (LPK). Sara adheres
to the response given and expands further explaining
why the forward reaction that produced the removed
substance is being favored (WD). The explanation
given by Sara triggers a learner question with regard to
which reaction is the forward reaction (LPK), to which
she explains using an arbitrary reaction of A and B
forming C as forward and C breaking into A and B as
a reverse reaction. This is an aspect of curriculum
saliency as it helps the learner with the interpretation
of a chemical equation; an important aspect for
understanding any chemical reaction (CS).

Three different components are interactively linked in
this episode as shown in the TSPCK map below.

A proficient TSPCK map: LPK/WD-CS

L . AO

Teacher task: Explaining the effect of reducing the
concentration of one reagent to a reaction at chemical

Emphasis on the reaction of chemical equilibrium as a result of a

Overview:

disturbance: 108-110mins

Sara: | think you guys get the idea of how the shift occurs; a system acts
to counteract or oppose this thing that has been induced within the system,
neh. Also, this is just an addition of what | was saying; it says here, if the
concentration of the reactants or products is increased, the equilibrium
shifts away from the increase to reduce the amount of the added substance.
The reaction rate that reduces the substance that has been added proceeds
faster. So, the one that is added, which has something added proceeds
faster than the one that is not added. That is easy to explain neh. The
second one is just the opposite of what | was saying, when the
concentration of a substance is decreased, which means that | have
removed some of the substance, the forward and reverse reaction
decrease. So that means the overall rate reaction decreases, but when the
concentration of the reactants or products is decreased, the equilibrium
shifts towards the decrease to make more of the removed substance. Are
we all in agreement?

Stds: Yes

Sara emphasizes of how the reaction reacts to the effect
of a disturbance, by shifting away from a disturbance,
which in this case, the added or removed concentration
of a reactant or product.

Qualitative in-depth analysis:

In this segment, Sara puts more emphasis on the effect
that increasing or decreasing the concentration of a
reactant or product has on chemical equilibrium. This
is a concept that learners find difficult (WD).

No other component is evident in this segment.
Therefore, this is not an episode.

Describing a concentration time graph from change in concentration:

Overview:

110-115mins
Episode 26

Sara: Ok let me show you this. So, this is the graph at equilibrium. So, as
you can see, equilibrium has been reached at this point neh (referring to
the graph she drew earlier), And then something happens that causes the
concentration of Nitrogen dioxide to increase (shows an increase on the
graph). So now we are going to see how the system will react. If the
reaction, eh if | increase NO2, this means the products will increase... then
equilibrium is established neh. And then with this one, it would decrease
because the reactants are being used to form products (presents that on the
graph).

One std: They cross?

Sara: Yes, they can cross, it does not matter. This is concentration,
concentration they can cross...

She explains that a sharp increase happens only for the
added substance, whilst the products show a gradual
increase because a reaction is not as rapid as when
something is added. She then displayed a graph that
depicts how the graphs have changed after a distress.

Qualitative in-depth analysis:

Sara begins the discussion with a display of a graph (a
Representation-R) portraying a reaction at equilibrium
as she explains how the change in concentration affects
a state of equilibrium (CS). The explanation triggers a
learner question which provides a sense of difficulty on
how the graph changes after a disturbance. This she
explains with an emphasis on what causes a sharp
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One std: Eh, the products, does the line of products also go straight like
that one of the added substances?

Sara: What do you mean?

Same std: Do you see that line you drew (referring to a sharp increase
line on reactants), does it continue like that...

Sara: Why it increases, so we increased NO2, and the system will now
change or oppose this added increase. So now these are reactants, there
was a sharp increase of them. Now they are going to be used up to form
products. But as | am forming products, then the products must increase.
They are not sharp like the reactants. It is like taking NO2 and putting it
in the system, but it does not mean that there will be a sharp increase in
my N204 (product). So, this is how it will look. So where is chemical
equilibrium achieved?

One std: draws a line...

Sara: Good. You know why | put them this way (one constant before
another), | wanted to show that the fact that this one has achieved
equilibrium does not mean that the other one has. Equilibrium is achieved
when both of them have constant, or when all the reactants and products
in the system, concentration remain constant. So, the fact that this one has
achieved equilibrium does mean that the whole system is in equilibrium
itself...

increase a sharp increase when something is added as
opposed to a gradual increase of what is produced
when the added substance reacts (WD).

The episode shows an interactive use of three TSPCK
components in an explanation as displayed in the
TSPCK map below.

A Proficient TSPCK episode with linear and
interwoven features: R/CS-WD

Teacher task: Explaining how a concentration time
graph changes after a disturbance

Even though Sara’s lessons portrayed the most TSPCK episodes compared to Noma and Lerato’s,

overall, all the three PPSTs’ lessons revealed the highest number of high-quality TSPCK episodes,

ranging between proficient and sophisticated types. This gave a sense of high-quality explanations
displayed by the PPSTs in their teaching. An overview of the three PPSTs’ TSPCK profiles is

presented in Figure 6.3.
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Figure 6. 3: PGCE PSTs’ TSPCK profiles displaying their lesson sequence
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The numbers above show that overall, the PPSTs had, on average, about the same number of
TSPCK episodes in their first and second lessons, respectively. In addition, all the 3 PPSTs had
the lowest number of basic TSPCK episodes compared to those at proficient and sophisticated
levels. All the three types of episodes were spread across the two lessons, except for Noma whose
four sophisticated TSPCK episodes are predominantly depicted in her first lesson. Out of 9 TSPCK
episodes from Noma’s first lesson, 2 were basic, 4 were proficient and 3 sophisticated. On the
other hand, 4 proficient and 1 sophisticated episode were identified in her second lesson, making
it generally proficient. Overall, the PPSTs episodes were predominantly proficient and
sophisticated, with Sara and Lerato displaying the highest number of sophisticated episodes. The
dominating episodes in the PSTs lesson explanations could be indicative of their TSPCK quality
observed in their ability to interactively use at least three components in their teaching of Chemical
Equilibrium and thus, categorizing their enacted TSPCK at proficient and sophisticated levels. The

findings are elaborated in the sections that follow.

6.3. The Findings

The following features are identifiable throughout the PPTSs TSPCK lesson profiles; 1. The
episodes are complex in the nature of their component interactions and are idiosyncratic; 2. The
episodes in the actual teaching of Chemical Equilibrium were higher in number and more complex
than those reflected in the PPSTs’ lesson plans; 3. Some lesson episodes were triggered by
students’ questions and or responses to the questions asked by the PPSTSs. 4. The teaching segments
that involved explaining difficult concepts and or addressing common learner misconceptions were

more complex, with interplay of three or more TSPCK components.

6.3.1. Revealing the complex and idiosyncratic nature of TSPCK component interactions

The quality of PCK (TSPCK in this study), is determined by the coherent interconnectedness
between the components (Park & Chen, 2012).The complex and coherent interactions seen in one’s
teaching is evidence of their developing PCK/TSPCK (Mavhunga, 2018; Park & Chen, 2012). The
PPSTs episodes were overly dominated by episodes displaying either an overlapping fashion, or
those having both a linear and overlapping sequences. Only two similar basic TSPCK episodes by
Lerato had a linear sequence; (LPK-CS), whilst the rest of the basic episodes were interwoven.

None of the proficient and sophisticated TSPCK episodes were observed to display only a linear
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form of sequencing. For example, an episode that had an interplay between three components such
as LPK, R and WD in the same order can have them interact in four different ways; LPK-R/WD,
as observed in Noma’s episode 9, LPK/R/WD in the case of Sara (her episode 10) and LPK/R-
WD or LPK-R-WD which were not seen in any of the PPSTs’ episodes.

As displayed in Table 6.8, out of 67 TSPCK episodes identified in the lesson observations of the
three PPSTs, only seven were found to share similar characteristics, in terms of their nature of
ways in which the components interact. This proves the idiosyncratic nature of the component
interactions when concepts are being explained. That although the PPSTSs taught the same content,
their component interplay still varied from one PPST to another, based on what and how they
wished to emphasize the concept being explained. The interplay of components differed even when
the same concept was explained.

Table 6. 8: Overview on the nature of TSPCK episodes and component interactions from the
PPSTs lessons

PGCE Episode type and nature of component interactions Total lesson Total episodes of
PST episodes similar nature
Basic/Simple Proficient Sophisticated
—
Noma _ WD/LPK/R LPK/R/CS/R 16 6
LPK/CS R/LPK-WDx2 LPK-R/CS/WD/R/LPK
CS/WDx2 LPK/WD/R CS/LPK-CS/WD
LPK-R/WD R/LPK-CS/WD
R/LPK/WD
LPK-CS/R
R/WD/LPK
Lerato IRIES | | RICS/WDx2 R/LPK-CS/WD/R 25 6
CS/R CS/R/LPK CS/R-WD/LPK/CS
[CSANDT | LPK-CS/Rx2 WD-R/CS/LPK
LPK-CS CS/RICS CS/WD/R/CS
WD/R LPK-R/WD LPK/R/WD/LPK
WD/CS LPK-R/CS LPK-CS/R/WD
CS/WD/R LPK/CS/R/WD
R/LPK/WD CS/R/LPK/R/WD
WD/CS/LPK/R
Sara CS/LPKx2 R/LPK/WD LPK/R/CS/R 26 4
WD/R/LPK CS/LPK/R/LPK/WD
LPK/WD LPK/R/WD LPK/CS-R/WD
CS/WD/LPK LPK/WD/R-
LPK-R/CSx2 R/LPK/CS/CTS
LPK/R/CS LPK/R/WD/CS
LPK-R/WDx2 LPK/R/CS/LPK
LPK/R-CS LPK-R-CTS/CS
R/CS/WD LPK-R/WD/CS
CS/WD/LPK/CS
CS/WD-CS/RICTS
LPK-WD/LPK-R/CS
Similar R/CS LPK-R/WD LPK/R/CS/IR 67 7
episode CS/WD R/LPK/WD
LPK-CS/R
R/CS/WD
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The highlighted episodes presented in Table 6.8 are common in the PPSTs teaching segments. For
example, under the proficient level, four episodes are common for the PSTs, as summarized in the
last row under “similar episodes”. With only a few episodes of a similar nature, this could be

viewed as evidence of the complexity and idiosyncratic nature of PCK component interactions.
Explaining reversible reactions

The episodes below are extracted from two PPSTs’ lesson profiles when Lerato and Sara were
explaining the reversible nature of the reactions. Although the two PPSTs were explaining the
same concept, the nature of their explanations, and hence the interplay between the components,
differed. Both PPSTs however, used the same components in their explanations, as displayed by
the shorthand format episodes CS/LPK/R/LPK/WD by Sara (episode 3) and CS/R-WD/LPKI/CS
from Lerato’s explanation (episode 6). Each TSPCK episode has four different interacting
components: LPK, CS, R, and WD, categorizing them both as sophisticated episodes. The
sequence, the nature of component interactions and the emphasis made by each of the PPSTs were
different. Sara’s episode has components interacting in an interwoven fashion, with a component
of LPK evidently repeating. On the other hand, Lerato’s episode displays both linear and
interweaving characters with a component of CS also evidently repeating.

Before describing reversible reactions, Sara began in episode 1, by providing the learners with the
lesson objectives and the sequence of the lesson, which was a two-component episode (CS/LPK).
This was followed by a sophisticated episode (LPK/R/CS/R) that focused on reactions that go to
completion and referred to as irreversible reactions, leading to a sophisticated episode 3 on

reactions that do not go to completion (reversible reactions).

On the other hand, Lerato’s lesson began with a proficient episode (R/CS/WD) where he discussed
the collision theory that assisted the learners with understanding how chemical reactions occur.
The discussion on collision theory, which included the use of a simulation, happened in four
consecutive episodes in the order: R/CS, CS/R/LPK and R/LPK-CS/WDI/R. Following this,
Lerato introduced the types of systems in episode 5 (LPK-CS/R). This then led to episode 6 on

the reversible nature of chemical reactions.

Another interesting discovery from the above interpretation is the difference in approach when

introducing the concept of reversibility of chemical reactions. In the end, the purpose was for the
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learners to understand the reversible nature of chemical reactions. This shows that each person’s

understanding of a concept extensively influences their approach to teaching it (Malcolm, 2018).

The excerpts that follow provide a detailed expression of how teaching the same concept can
provide extremely different episodes and component interactions. Both PPSTs were introducing,
for the first time, the type of system needed for reversible reactions to occur in, which is a closed

system.
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Sara’s episode 4: A basic TSPCK episode

Lerato’s episode 4: A sophisticated TSPCK episode

Describing a condition for reversibility-

Open and closed systems: 15-21mins

a closed system: 18-19mins
Sara: “And then the last point that | pointed

there is that a reversible reaction can only
take place in a closed system. And then
now, that is another word that | have come
up with, a closed system.

One std: It is a system whereby the
contents of a reaction are not allowed to
react with the surroundings.

Sara: True. There is nothing that I put in
and there is nothing that comes in. So
basically, that is what eh, some of the
elements that go into explaining what
chemical equilibrium is.

Qualitative in-depth analysis:

A condition necessary for reversibility of
reactions “a closed system” is explained; an
evidence of curriculum saliency (CS),
drawing on learners’ own understanding of
the concept (LPK).

A basic TSPCK episode: CS/LPK

Lerato: Ok, maybe we should start here. So, | want you guys to in your pairs, right? | want you guys to talk about, to
discuss two things right. What happens and what is the difference between you boiling water when there is a lit, and
ou boiling water when there is no li

So, discuss amongst yourselves for five minutes as | prepare this then
we will talk. ... Right, we are back, so what did you guys at the back discuss?
One std: Ok, eh, when there is no lid eh...
Lerato: When there is no lid?
Same std: Yes. When there is no lit, we lose water...
Lerato: We lose water, right?
Same std: The water will evaporate
Lerato: yes... (writes it on the board)
Same std: Eh, when there is a lit, it will not evaporate...
Lerato: If there is a lit?
Same std: yes
Lerato: If we have a system that is open, what happens?
One std: We lose
Lerato: NNERAINIGSENIGREASo, in general chemistry language we say we lose mass, right? So, we are going to loose
of whatever we have in there, right? Eh, it does not necessarily have to be lost to, it doesn't necessarily have to be lost
through evaporation, by evaporation or anything like that. but because of what we saw that there are constant collisions
that are happening right, if you have the liquid, then the temperature outside also has, plays a role in evaporating some
of it out. If it is a gas, then obviously it is going to escape right? So, we know, in an open system, we are going to lose
staff. This means we can never really achieve that whole converting back that he was talking about. Which is very
important to the concept of chemical equilibrium? Secondly, in a closed system, we are not losing anything right. So,
which means, you keep getting this whole process of your staff are turning back into other staff, and then staff is turning
back to other staff right? This is actually very powerful because it means if you think about it, if we are in a closed
system our reaction never really stops. It never stops. Even if looks like it stopped, it doesn't stop. Which is quite
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Teacher task: Explaining closad systems

stopped this thing right! But because of what we know from collision theory right, the collisions become less and less
likely to happen. So, which means your products that are forming are not big enough to show that huge change for you
to say, ah no there is some bluish color there...So remember we are talking about particles here. Particles are super
small, very small. So, you can't even say, ah, no three of them here, we have got 10 there...you know. And that is what
is important. It's that, because that happens at a microscopic level, you can't see that observable change. You can't see
that it is happening, but it is happening right? Because we know that in a closed system, right, that there is this
continuous rearrangement back and forth with reactants forming products and products back to reactants. It is however
relevant to note that when we are dealing with water, water is not actually, there is no chemical reaction when dealing
with water. Water is still water. It is just water in another phase. You know this, it is still water. When we look at
closely, specifically other chemical reactions that are actually having a chemical reaction right. So, this is not a
chemical reaction. It is just a physical reaction. But it is important that we use it to sort of understand and get our heads
around what exactly happens in a closed system and sort of have a basic idea of what happens in an open system.
Qualitative in-depth analysis for Lerato’s episode:

The segment begins with a scenario of boiling water in a closed versus an open pot (R) which the learners are to discuss
in their groups and give feedback (LPK). Lerato goes on to introduce learners to the types of systems open and closed,
and their characteristics in terms of loss of mass by open systems, and the opposite for closed systems (CS). Further
emphasis by Lerato pointed out the continuous nature of reactions in the closed systems that never end, where reactants
rearrange forming products, whilst at the same time products react back into reactants (WD). His explanation also
highlighted that the reversible nature of the reactions can only be seen at a microscopic level (R).

A Sophisticated TSPCK episode: R/LPK-CS/WD/R

Y e
| s { WD
e

Teacher task: Response to learner comment
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6.3.2. TSPCK episodes portrayed in the lesson plans versus those in the lesson observations

The refined consensus model (RCM) of PCK has characterized an enacted PCK (ePCK) as
drawing from 3 sets of knowledge, from planning to teach, the actual teaching and reflecting on
the lesson (Carlson & Daehler, 2019). Planning for a lesson is therefore an especially important
part of teaching as the teacher is able to sequentially put the concepts down in a way that learning,
and understanding can be maximized. It was then crucial to compare that which was planned, and
how the actual lessons evolved. It has however been shown that what has been planned does not
always come out as anticipated in the classroom due to some lesson intricacies and other possible
filters (Gess-Newsome, 2015) which can then affect the direction and sequencing of the lesson as

well as how explanations are made to some extent.

The PPSTs’ lesson plans were sectioned to include all the five TSPCK components. The episodes
were extracted mainly from four different sections of the lesson plan, namely (a) the summary of
important content which is under a component of curricular saliency, (b) the use of
representations where the PSTs are likely to describe how their choice of representations would
be used, (c) the concepts that are difficult to teach and understand and (d) the sequencing of the
lesson which also involves the conceptual teaching strategies to be employed in the teaching of

important concepts.

Table 6.9 gives an overview of the PPSTs TSPCK profiles reflected in their planning for the
teaching of Chemical Equilibrium. It shows that the lesson plans consisted mainly of basic TSPCK
episodes with an interaction between two TSPCK components evidently used in the explanations

made.
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Table 6. 9: Types and nature of episodes in lesson plans

PPST Basic Proficient Sophisticated
Noma WD/R CS-R/WD CS-R/WD-R/CS
CS/WD CS/R/WD
CS-WD/R
Lerato WD/Rx2 CS/R-CS CS/R-LPK/WD/R
R/CS R/LPK-CS
CS/R
Sara CS/WD CS/WD/LPK CS/LPK/R-R/WD
R/LPK R/WD/LPK CS/LPK-R/WD/R/R/LPK
CS/IR
LPK-WDx2
R/WDx2
LPK-CSx2

Although lesson plans had TSPCK episodes predominantly categorized at a basic level, the actual
lessons themselves comprised an increased level of TSPCK interactions at proficient and
sophisticated categories, as portrayed in Tables 6.6 and 6.8. The episodes that are identified in the
lessons have been perceived as more complex than those reflected in the lesson plans provided by
the PPSTs. Also evident is the fact that a single episode identified on the lesson plan grew into a
cluster of episodes in the lesson, as the discussions progressed, hence the increased number of

TSPCK episodes during the actual enactment.
The case of Noma

Overall, a total of 6 episodes were identified from the various sections of Noma’s lesson plan, two
of which were basic, 3 of a proficient type and 1 a sophisticated episode. Conversely, the actual
lessons observed had more episodes; a total of 16 which comprised 4 basic episodes, 8 developing

and 4 that were of a sophisticated nature.

Four of Noma’s TSPCK episodes were extracted from a section under the “summary of most
important content knowledge”. First it was WD/R, an episode that introduces the reversibility of
chemical reactions. The second episode, a proficient episode, is based on the factors that affect
Chemical Equilibrium. This involved an interplay of three components CS, R and WD, where

curriculum saliency is linearly linked to a representation component that overlaps with the aspect
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related to the difficulty of the concept, CS-R/WD. Another basic episode that described the Le
Chatelier’s principle, followed with an overlapping interaction between CS and WD. The
summary ends with a detailed description of the effect of the change of pressure on a reaction that
is at equilibrium. Three components interact in an interwoven format in this section: CS/R/WD.

The fifth and sixth episodes were identified under sequencing and conceptual teaching strategies.

Figure 6.5 pictorially displays the difference in the number of episodes portrayed in Noma’s lesson

plan versus her actual classroom teaching of Chemical Equilibrium.

Noma's TSPCK profile overview

10

8

6 M Basic

H Proficient

4 H Sophisticated

2

O -

Lesson plans Classroom based

Figure 6. 5: An overview of Noma’s TSPCK; lesson plans versus lesson enactment

The excerpts below are used to illustrate the nature of classroom TSPCK component interactions
and the resultant complexity of the emerging TSPCK episodes, when compared to those revealed
through lesson planning which are focused on the same concept of reversibility of chemical
reactions that undergo a Chemical Equilibrium process.
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Lesson plan: Summary of
important content knowledge

Lesson enactment: The reversibility of chemical reactions

The idea of reversibility of
reactions. Where a reversible
reaction is when the reactants
react to form products and
products also react to form the
reactants.

Lesson 3: 10-17mins

Noma: ... Ok, let us talk about reversible reactions...for example, where do you think this
reversibility takes place? What kind of a system?

One std: Open

Noma: Ok, you are saying open. Why are you saying open?

Same std: Eh, ma’am gases can be compressed to maybe, eh let us say water, it can be
converted into gas, and later into liquid...

Noma: Do you think it is an open system?

Same std: | think so because it happensin ...

Other stds: No, it is a closed system

Another std: | think it is in a closed system because it’s in a controlled environment, so
you know what reacted and you can reverse that.

Noma: And you can reverse that right... So, give me a definition of what reversing means
in chemistry...

One std: It is maybe when a reaction is undone...
Noma: Let us say you have two reactants reacting,

. I know from grade 9, you were only doing it like this
neh . Where you find that most of your reactions would be
going only in one direction. So, when a reaction happens in a closed system, reactants
combine to form products, and products also react to form back the reactants. Those
types of reactions are called reversible reactions. They are reversible because reactants
combine to form products, and products form and form, and those products also react
and form reactants.

. After some time, the reaction will reach chemical equilibrium. Ok, this does
not only happen with water. It happens with a lot of reactions too.

Qualitative in-depth analysis:

Qualitative in-depth analysis:

The segment has Noma
explaining  what reversible
reactions are, and what feature
portrays any reaction reversible,
which is the use of a double
headed arrow (R) on a chemical
equation. The reversible nature
of chemical reactions is a difficult
concept for  students to
understand (WD).

Two components are
distinguishably at interplay in this
excerpt.

A basic TSPCK episode: WD/R

-1

Task: summary of important
content

Noma introduced the concept of reversibility by tapping on students’ understanding of
what reversible reactions entail (LPK). She then continued by referring students to the
chemical equations/reactions that were discussed earlier in the lesson. Chemical
equations are examples of symbolic representations (R), whilst reversibility of reactions
is a difficult concept for learners (WD). She puts an extra emphasis that reversibility
happens in closed system; an aspect of curriculum saliency (CS). Providing a scenario of
water evaporating and condensing back to a liquid (R) to emphasize that this is a
continuous process where one reaction does not have to stop before the other begins.
This is evidence of learner prior knowledge in the form of a misconception (LPK).

A four component TSPCK episode evidently interacting in an explanation as displayed on
the TSPCK map with LPK linearly linked to other interwoven components.

A Sophisticated TSPCK episode: LPK-R/WD/CS/R/LPK

Teacher task: Reversibility explained

Figure 6. 6: Noma’s lesson plan extract and enactment on reversibility of chemical reactions
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In the excerpts above, the planning of teaching on reversibility of chemical reactions gave rise to
the basic TSPCK episode (WD/R). The actual classroom teaching of the same concept, however,
iIs more complex, as four different components are evidently interacted in an explanation and two
more components are repeating in a distinguishable manner, LPK-R/WD/CS/R/LPK. What Noma
had planned to put across, which was shown through an interaction between WD and R, thus
forming WDI/R, is reflected in the expanded lesson, although the interaction is reversed and begins
with a representation, thus showing R/WD instead. This provides a sense of an expansion on what

was planned.

Following this is a further analysis revealing the clustered nature of episodes formed in the lesson
enactment emerging from a single or two episodes from the lesson plans. The first lesson was

centered on teaching the conditions of Chemical Equilibrium, used to explain this aspect.
Noma’s lesson 1: Conditions for Chemical Equilibrium

Even though the episodes were identified from different sections within the lesson plan, only one
section allowed for a detailed explanation of how the entire lesson concepts, including the
conceptual teaching strategy, would be sequenced. It is in this section that the PPSTs could expand
on how they wished to teach the two key concepts, namely (i) the conditions for Chemical

Equilibrium and (ii) the factors that affect Chemical Equilibrium.

As stated above, one of the highlights of the observed lessons is that they developed into clusters
of TSPCK episodes, expanding from single episodes identified from the lesson plans. One
sophisticated TSPCK episode was identified from Noma’s lesson plan on how she would teach the
conditions for Chemical Equilibrium. In her teaching of this key concept observed during the first
lesson 1, six episodes were identified. They constituted two sophisticated episodes, 3 proficient
episodes and 1 basic episode. Figure 6.7 displays an excerpt from Noma’s lesson plan and a

pictorial display of TSPCK maps identified during the lesson enactment.

Looking into the TSPCK maps from Noma’s observed lesson below, it can be deduced that the
frequency at which some TSPCK components are used is higher, compared to others. The
component of representation, for example, appears to be used more than other components in the
interactions made. It is followed by the learners’ prior knowledge, with aspects of curriculum

saliency seeing the least interactions. Also, observable are the two-way TSPCK component
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interactions that are central in the episode formations. The two-way component interaction that is
common across the TSPCK maps is the one between LPK and R, a total of 4 interplays. Other
dominant interplays are seen between R and WD versus LPK and WD, with 3 observed

interactions.

Lesson plan
Introducing types of
systems and
reversibility of
reactions; an aspect of

I will introduce the types of syvstems -
(open and closed systems) and tell
students that chemical equilibrium
occurs is a closed system and only
reversible reactions.

Uise of symbolic
representation (R} to
rEprecent &
reversible reaction

Introducing the dynamic nature of chemical equilibrium which is a
rates are equal. Show students where in difficult .:.::-.cem I':;r students (WD), and uses :cnncentratlun time
the graph chemical equilibrium is graph [R) 1o explain the dynamic process, specifically highlighting
established. which areas within the graph that portray eguilibrium position. &
different notion is C5 emnhaslzlng wwhat is important r\eg’ardmg the

mﬂ position of equilibrium on the graph is highlighted,

Lesson enactment

e

— — - t-.-pes m‘ SYSTEmE
Notae: The TSPCK maps

revealed from the classroom The reversible

are not only an expansion of nature of chemical
reactions
what was planned by Noma, R )
but also reveal the complex S
nature of the classroom The rate of
. . _ FEACTIONS A1
teaching. Identifiable from equilibrium-rate

this is that the second —_— time graph
episode of the lesson has o
the actual features of the I

lesson plan, expanding ( e wo Thie dynamic nature of

further into clusters of S chemical eguilibrium

proficient TSPCK episodes

The nature of concentrations
of reagents at equilibrium-

concentration time graph

Figure 6. 7: An overview of Noma’s lesson plan versus her enacted TSPCK episodes for the
first lesson

What Noma provided as a single episode describing how the concepts will be discussed spiraled
into episodes’ clusters structured in the same sequence from the lesson plan. Thus, the sequence
in which TSPCK components interact within the planned lesson episode emulated that of the

emergent episodes in the lesson. For example, what was identified from the lesson plan as a single
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TSPCK component and part of the identified episode, emerged in the lesson as a complete TSPCK

episode, a 4-component episode introducing the concept.

The case of Lerato

o Lerato's TSPCK profile overview

4
2 i
. |

Lesson plans Classroom based

M Basic
H Proficient

H Sophisticated

Figure 6. 8: An overview of Lerato’s TSPCK; lesson plans versus lesson enactment

Lerato’ lesson plan displayed a total of sevenths episodes, 4 basic episodes, 2 proficient episodes
and 1 sophisticated episode. The episodes were extracted from three areas within the lesson plan,
from the learner difficult concepts, from the suggested representations and on sequencing and
conceptual teaching strategies. The first two basic episodes, WD/R, were based on aspects
considered difficult to understand. These included the dynamic nature of Chemical Equilibrium
and the concept of reversibility of reactions. Under the representations, two more basic episodes,
R/CS and CS/R, were identifiable. One episode was based on pictures or video simulations to
illustrate on open and closed systems. The second was based on the use of double arrows to
represent reversible reactions. The remaining episodes identified from the sequencing and
conceptual teaching strategies section constituted 2 proficient episodes R/LPK-CS and CS/R-R
and 1 sophisticated episode, CS/R-LPK/WD/R.

The enacted lessons portrayed a total of 25 episodes. These included 6 basic episodes, 10 that are
at a proficient level and 9 sophisticated episodes. The excerpt below presents a lesson plan extract

by Lerato on the reversibility of chemical reactions, versus the lesson enacted.
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Conclude on slide the important
properties of open and closed system.

Qualitative in-depth analysis:

Wishesto displaya picture of an open
znd a closed pot to the class [R) and
ask them to differentiate between the
twao (LPK)and then emphasize on the
differences betweenthe two types of
systems [CS).

This is a three compaonent TSPCK
episodes as displayed on the TSPCK
map below.

A proficient TSPCK  episode:
R/LPK-CS

@®- -

Lesson 4: 15-21mins: Open and closed systems

Leratg: Ok, maybe we should start here. 5o | want you guys to in your pairs right? | want you guys to talk about, to discuss two things right. What happens and what is the
difference beterean you boiling water when thereis a lit, and you baoiling water when there isnoli
discuss

amangst yourselves for five minutes as | prepare this then we'll talk. ... Right we are back, so what did you guys at the back discuss, what did you find?

One gtd: Ok, eh, when there is no lit eh...

Leratg: When there is no lit?

Same std: Yes. When there is no lit, we lose water...

Leratg: We lose water right?

Same std: The water will evaporate

Lerato: yes... [writes it on the board)

Same std: Eh, when there is a lit, it will not evaporate...

Leratg: If there is a lit?

Same std: yes

Leratg: If we have 2 system that is open, what happens?

One std: We lose

m:_Su in generzl chemistry language we say we |ose mass right? 50 we are gonna loose of whatever we have in there right?Eh, it doesn't necessarily haveto
be lost to; it doesn't necessarily have to be lost through evaporation, by evaporation or anything like that. but becsuse of what we saw that there are constant collisions that are
happening right, if you havethe liguid, then the tempersture outside also has, plays a role inevaporating some of itout. Ifit is a gas, then obviously it s gonna escape right? 5o we
know, in 2n open systam,we zre sonnz lose staff. This meanswe can naver reallyachieve thatwhola converting backthat hewas talking sbout. Which is wery important to the
concept of chemiczl equilibrium? Secondly, ina closed system, we are not losing anything right. 3o which means, you keep getting this whole process of your staff are turning back
inta other staff, and then staffis turning back toother staff right? Thisis actuzlly very powarful bacausa it maansif you think 2bout it, if we are in 2 closad system our reaction
never really stops. It never stops. Even iflooks like it stopped, it dossn't stop.

But because of what we know from caollision theoryright, the collisions become less and less likely to happen. 5o which means
your products that are forming are not big enough toshow thet huge change for you to say, ah no there is some bluish color there.. 50 remember we are talking about particles
here. Particles are supersmall, very small 30 youcan't evensay, sh, no three of them here, we have got 10there.. you know. And that is what Eimportant. [t's that, because that
happens 2t a microscopic level, you can't see that obserable change. You can't see that it i happening butit & happening right? Bacause we knowthat in 2 closad systam, right,
that there is this continuous rearrangement backand forth with reactants forming products and products back toreattants. It is howeverrelevent tonote thet whenwe sre deding
with water, wateris not actually, there is no chemical reactionwhen dealing with water. Water is still water. |tis just waterin another phase. You know this, it is still water. When
we look 2t closely, spedficlly other chemical reactions that are actuallyhaving a chemical reaction right. 5o thisis nota chemical reaction. It is just a physical reaction. But it is
impaortant that we use itto sortof understand and getour heads aroundwhat exactly happensin 2 closed systemand sortof have 2 basic idea of what happens in an open systam.

microscopic level [R).

litative in-depth analysis of the enacted| lesson:
The segmant bagins with 2 scenario of boiling waterin 2 closed versus an open pot (R} which learners zre to discuss in their groups and give feedback (LPK). Lersto soes on to introduce lezrnersto the types of systerms open
znd closed, znd their characteristics interms of loss of mass by opensystems, 2nd the opposite for clased systems (C3). Furtheremphasis by Lerzta pointed out the continuous nature of reactions intha closad systams that
never end, where reactants rearrnge forming products, whilst 2t the same time prod ucts react back into reactants (WD), His explanation zlso highlighted that the reversible nature of the reactions can only be seen at a

Four components are interactively linked in this episode 2= displayed on the TSPCK map below.
A Sophisticated TSPCK episode: R/LPK-CS/WD/R
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Figure 6. 9: Lerato’s lesson plan extract and enactment on types of systems




The excerpts above detail how Lerato had planned to teach about the types of systems and how
that evolved in the lesson. A 3-components proficient episode was portrayed by the lesson plan,
R/LPK-CS, but a more complex teaching segment emerged in his teaching. The actual enactment
gave rise to a more complex, sophisticated episode with four different components evidently
interacting and one repeating distinguishably, R/LPK-CS/WD/R. However, the enacted lesson (the
first 3 components in the episode) is the exact replica of the lesson plan episode, with an expansion
of two more components. An extract below was taken from Lerato’s lesson plan where he

explained how he would teach the conditions necessary for Chemical Equilibrium.

Presented below are episodes extracted from Lerato’s lesson plan and teaching on conditions for
Chemical Equilibrium. From the enacted TSPCK maps, it can be noted that Lerato’s lesson
episodes are dominated by the use of the CS component in the interplays. The CS component
together with R, are observed in every episode presented in the TSPCK maps except for one last
episode which does not have R. The central two-way TSPCK component interactions are CS-R,
LPK-CS and CS-WD. The less common interactions are LPK-WD, LPK-R and R-WD.
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Emphasis put on what emals cpen and closed
sysems Thit is an aspct relabed to C5. This
leads 1o am intreduction of reversibaliny of
chesmical e actions (nconcept relaoed o heanner
difficelny-WE in relation to the propertiesof
cpdn aed choed symemy using i malogy of
witer changing phase &san example [R1

A conceptof rewersiily of reazioni tobe ecplinedfurther uing 8
wideo simwlation |R) and emphassto be made on its conditions |5}

-

r

Highlighting on a learner miscongeption about
rEactions poing to the end € chemical
equilibrium [LFK), and asplaining horther the
dyrarric nacune of chemicl egquilbviom [Emplied
in the segment]. Thisendswithan introduction of
8 dhouble arrow 10 deTOnSTICE réversibility (AL

Lesson Enactment |

Intradscing bypes
of yvatems

-
Evalvaionof laarner
waderstanding on

and rate verssy

General overview:

zophisticated, proficient and basic episodes) as the second condition of chemical eguilibrium is explained.

The first episode on planning above was made on introducing types of systems. The exact episode was depicted in the classroom on introducing the same conoept followed
by a3 proficient episode that resuited when Lerate tested for leamer conceptualization. The second episode under planning developed into 3 custer of 7 episodes (3 seriesof

Figure 6. 10:Lerato’s lesson 1 on conditions for Chemical Equilibrium



The lesson plan excerpt above shows that two TSPCK episodes were identified in Lerato’s lesson
plan. Thirteen TSPCK episodes however emerged and were identified in his teaching. These
comprised 5 sophisticated TSPCK episodes, 6 proficient and 2 categorized at a basic level. Evident
from the lesson enactment section above is that, although generalized in just two episodes in the
lesson plan, four sub-concepts are discussed; they include, types of systems, reversibility of
reactions, rates of reactions and concentrations of reactants and products at equilibrium and the
use of graphs to explain Chemical Equilibrium. It can also be noted that each of those sub-divisions
is also made up of and explained in more than one TSPCK episode, thus contributing to the
increased number of TSPCK episodes in the actual enactment of the lesson.

A lesson by Sara

Sara's TSPCK profile overview

12
10
8
6 M Basic
H Proficient

M Sophisticated

Lesson plans Classroom based

Figure 6. 11: An overview of Sara’s TSPCK; lesson plans versus lesson enactment

Thirteen episodes were identified from Sara’s lesson plan, 9 basic TSPCK episodes, 1 that is
proficient and 3 categorized as sophisticated. Six of the episodes emerged under the sequencing
of the lesson. They included 4 basic TSPCK episodes and 2 sophisticated episodes. Four episodes
made up of 3 basic and 1 proficient TSPCK episodes emerged under summarizing important
content knowledge. The remaining 3 episodes emerged under the use of representations; two of

those were basic and one was proficient.

In the actual classroom teaching, the number of basic episodes reduced to 4, whilst the number of
proficient and sophisticated episodes increased retrospectively. Sara’s lesson was therefore

dominated by sophisticated TSPCK episodes as opposed to her lesson plan which was
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predominantly characterized by basic TSPCK episodes. Displayed below are the extracts from
Sara’s lesson plan and the observed lesson qualitative analysis excerpt on the factors that affect
Chemical Equilibrium (refer to episode 21 on Table 6.5 for complete overview of the concept
taught).

Lesson plan:

Lesson enactment: Introducing factors that affect chemical equilibrium

Category 2: conceptual teaching strategy

We then highlight that we had established that at
equilibrium the temperature, pressure and
concentrations of reactions remain constant. We
now want to know what would happen if these
three are changed or do not remain constant.
Introduce Le Chateliers Principle and how it governs
@ change in the three factors affecting chemical
equilibrium

Qualitative in-depth analysis:

In this second category of the lesson plan, Sara also
talked about how she wished to introduce the
concept on factors affecting chemical equilibrium.
She plansto do this by referring students back to the
fact that the 3 factors concentration, pressure and
temperature had to remain unchanged for chemical
equilibrium to be achieved as per the earlier
discussions on the topic. This she would follow by
introducingthe Le Chatelier's principle as a concept
that assists with deciding on the effect of a

Refer to Lesson 21: 83-96mins table 6.3 above

Qualitative in-depth analysis:

This teaching segment introduces the factors that affect chemical equilibrium; change
in pressure, temperature and concentration. These are key concepts crucial to the
understanding of the topic (C5). The effect of the disturbance is explained through an
introduction of a Le Chatelier's Principle where a system always acts to counteract the
effectof a disturbance. This aspect of the effect of adisturbance is notan easy concept
for the students to comprehend (WD). This is seen in the emphasis that the teacher
does, repeating the principle multiple times. Sara then reminded students that the
effect of change in concentrations can only be considered for agueous solutions, while
pressure changes are applicable when dealing with gaseous molecules. This is related
to what students should have learned in earliergrades, hence it is an aspect related to
learner prior knowledge (LPK). She then provides learners with sequential steps to
followin deciding how a disturbance will affectan equilibrium position, bringing forth a
different aspect of curriculum saliency (C5).

The episode shows an interaction between three different TSPCK components in an
explanation with as aspect of curriculum saliency repeating. The interactions are

demonstrated in the TSPCK map below.

An interwoven sophisticated TSPCK episode: CS/WD/LPK/CS

disturbance on chemical equilibrium. This is all an
aspect of curricular saliency (C5).

Figure 6. 12: Sara’s lesson plan extract and enactment introducing factors that affect an
equilibrium state

Only one TSPCK component is evident in this
segment, hence this is not a TSPCK episode.

As alluded to earlier, the quality of PPST’s TSPCK and teaching is not determined only by the
presence of TSPCK components in a teaching segment but also by their ability to interactively use
those components coherently in their explanations. Even though Sara’s lesson plan did not exhibit
any interplay of TSPCK components, as displayed in the above extract, her lesson enactment
portrayed an episode displaying an interplay of four TSPCK components on introducing the same
concept, CS/WD/LPK/CS.

The excerpts below portray the episodes extracted from Sara’s lesson plan and teaching on
conditions for Chemical Equilibrium. Two TSPCK components, LPK and R, are central to the
interactions. Accordingly, these are the two-way TSPCK component interactions placed in the
order of decrease in frequency LPK-R, CS-R, WD-LPK, WD-R, CS-LPK and CS-WD.
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Lesson plan: Fpizode 1

—
We will explore the concept of rewversibility in contrast to

reactions that go to completion that students have previously
been accustomead to prior to covering this concept. We will s=e

on slide three will

and how the forward and reversgg
resction can be written out ultimately integrating these to
write out a reversible reaction =s one. | will then highlight the
fact that at equilibrium the forward and reverse reactions are
happening simultanecusly and that thiz =system is not
stationary rather it is DYMAMIC.

A 4-component TSPCK episode cbserved in this explanation;
C5/R/LPE-WD

Zara began this section of the lesson plan by

differentiating betwsen reversible and imeversible
reactions (C3), using 2 double arrow to represent 3
reverse reaction (R), explzining the difference between
the reactions that go to complation, wersus reversible
reactions that do not go to completion. An emphasis
ground this concept could indicate that Sara is aware
of one comman learmer miscenception that there is no

reaction st chernical equilibrium |LP).

S j_ﬂ:;n:;c nature of chemicl

equilibrium is explained with referance
o the simultanaous nature of
reactions. This is 3 concept that

learners struggle to understand (WD)

Episode 2: -
| will then propose that for equilibrium to be achieved, the
reactiom must take place in a CLOSED SYSTEM. | then ask
students what they know sbout a closed system and if the
system is not closed then what it would be (open). We then
further define what & closed and open system is with

Where students will s2e macroscopically
how water ewvaporates and eventuslly condenses, until the
rates are equal {you have squal rates but you will see no
change in the water |level} where some of the gaseous water
will condense and fall back to liquid water (phase change at

| will also make students aware of the
that in order for chemical equilibrium ta be schieved and haold,
the CONCENTRATIOMNS, TEMPERATURE AND FRESSURE in the

system must be COMNSTANT
-

o

|C5). Water changing phase anzslogy used to

egual when chemical eguilibrium is achieved

use of 3 rate graph to demonstrate the

«of repressntation [R).

K/Chsed systems introduced as another ::ln:lilic-n-\\\
enabling for chemical equilibrium to be achiewved

explain the reversible nature of reagents (R), until
‘the rates of forwand and reversas reactions are

(wD). The reversibility aspect of water changing
phase is further depicted symbolically and through

equilibrium position, thus providing anather form

S/

&t this stage emphasis highlizhting
chemical equilibrium thermodynamics,
which is an impartant aspect of the
topic (C5) also brings about a sense of
recagnition of commaen lsarmer
misconception regarding concentrations
of reactants and products at equilibrium
position. This is implied in the last
statement that signifies that whilst all
are constant indluding concentrations,
rates are equzl when chemical
equilibrium is achisved [LPK].

‘_‘..f_‘::—'___ﬂk

Drezoribing 2n
aquilibricm stete using 8
concentration time graph
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Figure 6. 13: Sara’s lesson 1 on conditions for chemical equilibrium




The first sophisticated TSPCK episode from the lesson plan was aimed at differentiating between
reversible and irreversible reactions. This episode propagated into a cluster of 5 TSPCK
components during the enacted lesson. The second episode identified from the lesson plan had
elements within it that were aimed at addressing some important concepts which were not
explicitly mentioned in the teaching of the content. The episode emerged into a cluster of 3
sophisticated TSPCK episodes and 1 proficient episode. The last four TSPCK episodes were not
on the lesson plan but were used to put more emphasis on the conditions and the state of Chemical
Equilibrium, mainly from describing the two graphs- rate and concentration time graphs. It is also
important to highlight that 6 more episodes into the second lesson, which are not presented in the
above picture, were still based on conditions for Chemical Equilibrium. These are LPK/R/CS/LPK,
LPK/WD, LPK-R/WD, LPK-R/CS, LPK-R/CTS/CS, LPK-R/WDI/CS. These are the episodes
through which Sara tested for learner understanding of important concepts learned from the

previous lesson.

6.3.3. Lesson episodes triggered by learners’ questions or responses to the questions asked
by the PPSTs

Alluded to earlier in this chapter is that there are numerous factors that can influence instructional
practices, triggering a teacher to deviate slightly from their original plan (Gess-Newsome, 2015).In
this case, the questions asked by the learners, some of which were caused by their confusion, led
to an increase in the number of teaching episodes identified in the PPSTs’ enacted lessons when
teaching Chemical Equilibrium. Three episodes from Lerato’s lesson were prompted by the
learners’ questions. These are episodes 10, 15 and 21; LPK-R/CS/LPK, LPK-CS/WD/R/LPK and
LPK-CS/R, respectively. Four of Noma’s episodes were prompted by the learners’ confusion
observed in their responses to the questions asked, whilst 1 was initiated by a question asked by
one of the learners. These are episodes 4 (WD/LPK/R), episode 5 (R/LPK-WD), episode 8
(CS/LPK-CS/WD), episode 9 (LPK-R/WD), and episode 14 (LPK-CS/R). On the other hand, 5 of
Sara’s episodes were identified as linked to the questions asked by the learners, episode 8 (LPK-
WD-R/LPK), episode 10 (LPK/R/WD), episode 13 (LPK-R/CS), episode 14 (LPK/R/CS) and
episode 18 (LPK-R/CS) whilst the other 5, episode 15 (LPK/R/CS/LPK), episode 16 (LPK/WD),
episode 17 (LPK-R/WD), episode 19 (LPK-R-CTS/CS) and episode 20 (LPK-R/WDI/CS), were

linked to the responses given by the learners.
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What can be distinguished as common across all these episodes is the number of components
interacted when the questions or confusions identified were addressed by each of the PSTs. The
episodes were mainly at a proficient level, displaying the interplay of three components for most
of the given responses. Another distinguishable feature is that almost all the episodes above include
within them a component of representations (R) interactively used with other components in
response to the learners ’concerns. This in accordance with an argument by Mitchell et al. (2014)
that it is through the use of representations that conceptual understanding is improved by assisting
the learners to visually see and make sense of the subject matter.

6.3.4. The teaching segments entailing difficult concepts and or common learner
misconceptions mainly proficient and sophisticated

The difficult/abstract nature of Chemical Equilibrium has been declared in the literature
(Mavhunga & Rollnick 2013; Pekmez, 2010). A number of concepts were listed on the PPSTs’
lesson plans as contributing to the difficulty of the topic. These included: (a) the terminology used
such as the difference between constant (unchanging) and equal (the same), (b) relating the
concentration vs. time graph to the rate vs. time graph (the rate graph is a ‘derivative’ of the
concentration-time graph), (c) the dynamic nature of Chemical Equilibrium, (d) the idea of
forward and reverse reactions taking place at equal rates when equilibrium has been achieved
and not disturbed, (e) how pressure affects Chemical Equilibrium (be it an increase or a decrease
in pressure), including (f) the reversibility of chemical reactions.

Several episodes per PPST were seen to address some of these difficulties, and almost all those
episodes were of high quality, ranging between proficient and sophisticated levels. It can be
deduced from the PPSTs’ lesson 1 TSPCK episode maps presented in the above sections that
episodes that include a WD component are at interplay with two or more other TSPCK
components. One of the episodes that introduced the reversible nature of reactions by Noma is
episode number 3; a sophisticated episode with an interaction between 4 different components
where one TSPCK component was repeating (LPK-R/WD/CS/R/LPK). When asked why it was
important to understand this aspect, Noma responded.
“When they are introduced to reactions, students deal with one-way kind of

reactions. That is, those reactions that go to completion, with a single arrow like A
Plus B forming C. So, the arrow faces C to show that it is a one-way reaction. When
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introducingChemical Equilibrium, we deal with reactions that reverse. We focus
on reversible reactions, right. But students have a difficulty removing the idea that
they already have about that single headed arrow. So, explaining this to them is
very important. This is why | used the concept of water evaporating and changing
back to liquid in a closed container to help them see how reactions can reverse”.

In her own teaching, Sara also used an analogy of water changing phase to explain the concept of
reversibility of reactions leading to dynamicChemical Equilibrium. When asked why the use of
the analogy was important, she argued that learners can easily relate with the phase change process
because of their everyday interaction with the processes. She pointed out further that because they
could see in the demonstration that not all liquid water evaporated before condensation starts; this
enhances their understanding of the simultaneous nature of both forward and reverse reactions that
the forward reaction does not have to end before the reverse reaction begins. The explanation
provided herein could be aligned with what studies by Rollnick and Mavhunga (2014) and
Malcolm (2018) attest to, namely that at a basis of every conceptual teaching strategy lies the two
components of TSPCK, the knowledge of WD and LPK components specific to the concept being
taught.

The PSTs also identified and listed some of the common learner misconceptions around Chemical
Equilibrium in their lesson plans most of which were addressed in the explanations given by the

PPSTs in their teaching. The following misconceptions were observed in the PPSTs’ teaching.

i) At equilibrium there is no reaction taking place as no reaction is seen taking place at a

macroscopic level.

ii) Before chemical equilibrium is achieved the forward reaction must go to completion and then

the reverse reaction will start until chemical equilibrium is achieved.

iii) The concentrations of the reactants and the products must be equal in order to achieve chemical

equilibrium.

Also related to the response given by Sara in the paragraph above, in his teaching, Lerato’s
response in one of his episodes emphasized an aspect that learners find difficult. The difficulty of
this concept also leads to a misconception concerning reversibility of chemical reactions. In that
excerpt, episode 6 (CS/R-WD/LPKI/CS), Lerato emphasized the continuous nature of the reaction

where the reactants keep forming products and at the same time products react back into reactants
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(WD). He went further to explain to the learners that the reverse reaction does not only start after
all the reactants have formed into products. This is a common learner misconception (LPK), as

presented in the list above.

It is also important to note that those concepts identified as difficult by the PPSTs as well as the
listed common learner misconceptions were amongst those that were discussed in the intervention

and discussed in more detail in chapter 4.

6.5. Summary

The discussions in this chapter aimed at explaining the quality of the PPSTs’ enacted TSPCK. The
purpose was to track how their pTSPCK, which was acquired through a module that aimed at
developing their knowledge for planning to teach Chemical Equilibrium (cTSPCK for teaching

Chemical Equilibrium), translated into TSPCK in action.

The PPSTs lesson profiles displayed four similar trends that provided an insight into the PPSTs
personal TSPCK in the context of teaching Chemical Equilibrium. These are: (i) first, the
identified TSPCK episodes and component interactions are complex and idiosyncratic; (ii) second,
the higher number and more complex TSPCK episodes are found in lesson enactment than in the
PPSTs’ lesson plans; (iii) third, some lesson episodes were not planned but prompted by the
learners’ questions or responses to the questions asked by the PPSTs;(iv) fourth, the episodes that
explained difficult concepts or addressed common learner misconceptions were mostly of

proficient and sophisticated nature.

All the three PPSTs’ lessons portrayed a high quality of TSPCK episodes, where the explanations
given provided a comprehensive detail that the learners could efficiently conceptualize. As alluded
to earlier, the quality of PCK in association TSPCK, is determined by the coherent interplay of
multiple components which can then be used as evidence of the teacher’s TSPCK development
(Mavhunga, 2018; Park & Chen, 2012). The knowledge of individual TSPCK components and the
nature of the interactions between content knowledge TSPCK components seen in their lessons
were at the heart of the intervention discussions. This is in accordance with Mavhunga and
Rollnick (2013) that, the use of the TSPCK framework of content knowledge transformation offers
an opportunity for one to transform the content into a form that the learners can efficiently
understand. The results obtained in chapter 5 revealed a development in the shifts in the quality of
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the PPSTs personal TSPCK for planning (pITSPCK) to teach after the intervention. With the
PPSTs lessons predominantly characterized by TSPCK episodes of high quality (proficient and
sophisticated episodes), this could be viewed as signaling the impact of the intervention on their
teaching of Chemical Equilibrium. Although not a clear link can be made between the intervention
and what transpired in the PPSTs’ lessons, what is evident is that: (i) their pITSPCK improved
after the intervention and (ii) that their lessons exhibited TSPCK episodes of high quality because
of their interactive use of 3 and more components in their explanations, which explains the nature
of their eTSPCK.

As alluded to in chapter 5, the impact of exposing the PPSTs to the intervention that uses a TSPCK
framework has been covered by multiple researchers. What was common across those different
studies is that the PPSTs experienced a gain in their pITSPCK scores after the intervention
(Mavhunga, 2019; Mavhunga & Rollnick, 2013). Although those studies were mainly focused on
B.Ed. PSTs who had an exposure to the construct for an extended period of 4-years, it is important
to note that the PPSTs’ pITSPCK whose exposure to the cTSPCK was limited to 6-weeks within
their 1-year programme also improved after the intervention. This advocates for the potential of

the intervention in developing a teacher’s knowledge for teaching a topic, PPSTs in this case.

The next chapter, chapter 7, presents the results on learner performances in the learner-

achievement tests on Chemical Equilibrium.
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CHAPTER 7

MEASURING THE IMPACT OF PPSTs TEACHING ON LEARNERS’
PERFORMANCE IN CHEMICAL EQUILIBRIUM

The previous chapter explained the PPSTs’ eTSPCK on their teaching of Chemical Equilibrium,
a topic of intervention. This was done to examine how their planned TSPCK translates into
classroom enactment. Overall, the findings portrayed a high level and quality of TSPCK in the
PPSTs teachings, with their eTSPCK categorized mostly at proficient and sophisticated levels.
One of the most important and key features of quality teaching, which is determined by looking at
the teachers’ eTSPCK, is its ability to positively impact on learner outcomes. It is for this reason
that this chapter examines the impact of the observed PPSTs’ teaching on learner achievement.

The pre- and post- learner achievement tests for each PPST'’s learners is analyzed and compared.

7.0. Introduction

The previous chapter, Chapter 6 examined the PPSTs’ TSPCK enacted in the classroom on a topic
of Chemical Equilibrium, to understand how their planned TSPCK translated into classroom
enactment. This chapter examines the learners’ performance in Chemical Equilibrium concepts
after the PPSTs’ teachings. The way the teachers teach has been recognized to make an impact on
the learners’ conceptual knowledge and understanding which is reflected in how they perform in
class (Kind, 2018; Aydin & Boz, 2013). The learner outcomes are accordingly considered a way
of determining the quality and effectiveness of an instruction (Carlson & Daehler, 2019). This
chapter analyzed the pre- and post-learner achievement tests on Chemical Equilibrium. The pre-

and post-tests were administered before and after the PPSTs’ teaching, respectively.

7.1. Brief Summary on Methodology

As explained in Chapter 3, the study employed a mixed method design in analyzing for shifts in
learner achievements. A total of 43 Grade 12 Physical Science learners, divided into three classes
of 15, 14 and 14 respectively were taught by the three PPSTs. The learners were from three
Secondary Schools in Johannesburg area which fall in the same category of South African schools.
The category is called Ex Model C. This category is distinguished from other categories in that
these schools were previously classified as white schools during the Apartheid regime (Soudien &

Sayed, 2003). Table 7.1 presents summarized information about the participants.
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Table 7. 1: Important information about the participant PPSTs and their learners

Pre- Content discussed in Chemical Equilibrium Learners per PPST's class

service lessons Grade Male Female Total

teacher

Noma 1. Conditions for Chemical Equilibrium. 12 7 (47%) 8 (53%) 15
2. Factors affecting Chemical Equilibrium.

Lerato 1. Conditions for Chemical Equilibrium. 12 7 (50%) 7 (50%) 14
2_ Factors affecting Chemical Equilibrium.

Sara 1. Conditions for Chemical Equilibrium. 12 9 (64%) 5 (36%) 14
2_ Factors affecting Chemical Equilibrium.

Note: Pseudonyms have been used to protect the identity of the learners

All the 3 PPSTs taught on the same two concepts of Chemical Equilibrium listed on Table 7.1
spread between two lessons of 60 minutes each. Noma’s lesson had a total of 15 learners made up
of 7 male and 8 female participant learners. Lerato’s lesson had an equal number of male and
female participant learners, making a total of 14 learners in the class. Sara, on the other hand, had
a class of 14 learners that was male dominated (9) and the other 5 learners were female. Two of
the male learners from Sara’s class did not write the pre-test, hence were not included in the

analysis. This reduced her class size to a total of 12 learners: 7 males and 5 female learners.

7.1.1. The structure of the learners’ achievement tests

The main purpose of giving the achievement tests was to measure the learners’ performance in
Chemical Equilibrium concepts in order to observe a change, if any, in their performance after the
PPSTs’ teaching of the topic. The test consisted of 12 items related to (i) conditions leading to
Chemical Equilibrium and (ii) Factors that affect the state of Chemical Equilibrium. These are the
two Big Ideas in Chemical Equilibrium. Organizing the content of a topic through Big Ideas is an
idea adopted from Loughran et al. (2004), where Big Ideas refer to meaningful statements that give
the correct understanding of the key concepts of the topic. The exact test which the learners took
between 20-30 minutes to complete was written as both a pre- and a post-test. The learners had
not learned about the topic of Chemical Equilibrium before the PPSTs’ teachings. Table 7.2 shows
the kind of questions asked. The actual test is attached as Appendix D. It is important to note that
two items (1 and 10) were found to be similar hence item 10 was removed from the list and not

used in the analysis.
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Table 7. 2: Description of the content covered in the test

Test Item | Content Description

Item 1 Rates of reactions at Chemical Equilibrium

Item 2 The effect of increase in the yield of products for exothermic reactions

Item 3 Concentration of products at Chemical Equilibrium

Item 4 Effects of a disturbance at Chemical Equilibrium

Item 5 Drawing a concentration versus time graph to demonstrate Chemical
Equilibrium

Item 6 Explaining what an open system is

Item 7 Explaining what a closed system is

Item 8 Explaining reversible reactions

Item 9 Explaining dynamic equilibrium

Item 10 Rate of forward and reverse reactions at Chemical Equilibrium

Item 11 Effects of increasing the concentration of product to a reaction that has
reached Equilibrium

Item 12 Explaining the response to Item 11 using the Le Chatelier’s principle

7.1.2. Analysis of the learners’ performance tests

First, a marking memorandum of correct answers was developed by the researcher and its
correctness checked by two independent raters who are chemistry education specialists with an
experience of 7 and 25 years in science teacher education, respectively. The content test questions
consist of one correct answer. Each item was scored as 0 or 1 for the wrong and correct responses
respectively (see Appendix D). After marking all the tests, one additional chemistry specialist
validated all the marked scripts to confirm the accuracy of the content and consistency of the
marking. The discrepancies with the marking were discussed until a consensus was reached. The
raw scores obtained from the marked tests were quantitatively analyzed using the Rasch Winstep
Software. As explained in Chapter 3, the Rasch model converts the raw scores into probability
measures on an equal interval scale (Boone, Staver & Yale, 2014). The raw scores for each person
are converted into linear measures and placed at an equidistant scale (Bond & Fox, 2015). The
Rasch ability measures are further subjected to the Wilcoxon Paired Signed Rank test (WPST) for
non-parametric data in order to test for the significance difference, if any, between the pre- and
post-test performance scores of the learners. This test is considered suitable for use in the analysis

of small sized samples; hence it is appropriate in this study.
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7.2. Quantitative Findings on Learners’ achievement in Chemical Equilibrium
7.2.1 An overview finding of learners’ performance (ordinal raw scores)

Presented in this section is an overview of the 3 PPSTs’ learners’ performance scores from pre-
and post-achievement tests on Chemical Equilibrium. The raw learners’ scores per test were first
converted to percentage scores for normative analysis of the overview picture. Table 7.3 below
displays the PPSTs’ learners’ raw scores from their written pre-and post-tests on Chemical
Equilibrium. A more detailed analysis follows immediately.

Table 7. 3: Learners’ raw scores on pre-and post-tests displayed

Noma’s group Lerato’s group Sara’s group
Name of Pre-test Post-test Name of Pge-test Post-test Name of Pre-test Post-test
Learner (%0) (%0) Learner (%0) (%0) Learner (%) (%0)
GELO 0 75 MPHO 8 75 TATO 17 75
KEAM 8 83 SEGO 8 67 LERA 25 83
GUBE 8 75 LIND 17 67 KAMO 25 83
PELI 8 67 SELO 17 75 BUEKA i3 83
MOLI 17 75 NALD 25 83 KEKA i3 75
MAYO 17 67 TOEA 25 83 TEBO i3 67
BALO 17 58 DIWE 25 83 MBIZ 42 83
SEMA 25 83 EMAN 25 75 KALO 42 83
PALE 25 75 MELI 25 67 LESO 42 75
NOSI 25 75 SILE i3 75 MAEK 58 83
BASI 25 83 DEEKA i3 75 TEKO 58 75
MAGI i3 83 RABO i3 67 ZIMA 67 75
FELO 33 83 TUME 50 83
KOLI i3 75 MANE 58 83
SAND 42 65
Average scores 21 75 27 76 40 78

The scores in Table 7.3 show a general increase across the board in learner performance for each
of the 3 PPSTs’ classes. Noma’s learners’ pre-test scores ranged between 0% and 33%. Only 1
learner from Noma’s class scored 42% in the pre-test. Two learners from Lerato’s class scored
between 50 and 58% in the pre-test whilst the rest of the class (12) scored between 8 and 33%.
Sara’s class had 3 learners scoring between 58 and 67%, respectively and the remainder (9) scoring
between 17 and 42%. The post-tests for all the learners ranged between 67 and 83% except for 1
learner in Noma’s class who scored 58%. Inclusively, all the learners experienced an increase in

their scores after the PPSTs’ teaching.
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7.2.2. Quantitative in-depth analysis of the learners’ achievement per PPST

As alluded to in the previous chapters, each of the 3 PPSTs were considered a mini case. This
section then analyses each PPST participant learners separately to explain their conceptual
understanding and performance prior to and after the PPSTs’ teaching of Chemical Equilibrium

concepts.
THE CASE OF NOMA’S LEARNERS

I. A performance analysis of raw scores

Table 7.4 presents the learners’ achievement patterns for Noma’s learners in detail. Pseudonyms
have been used to protect the identity of the learners as required by the ethics protocol. The gains
in achievement were calculated by subtracting the pre-test percentage (%) score from the post-test
% score which was obtained after the teaching by Noma. The average scores and their

corresponding percentages are presented in the last row of the Table.

Table 7. 4: Learners’ content knowledge gains on chemical equilibrium concepts: Noma’s class

Learner Code Raw pre-test score Raw post-test score Percentage gain
(%) (%) (%)
GELO 0 75 75
KEAM 8 &3 75
GUBE 8 75 67
PELI 8 67 58
MOLI 17 75 58
SEMA 25 &3 58
MAYO 17 67 50
PALE 25 75 50
NOsSI 25 75 50
BASI 33 83 50
MAGI 33 83 50
FELO 33 83 50
BALO 17 58 42
KOLI 33 75 42
SAND 42 67 25
Average scores 21 75 53

Note: The arrangement of the learners’ codes is in descending order of their gains. Pseudonyms have been used for
the learners.

It can be observed from Table 7.4 that all the learners scored below 50% in their pre-test, with the
scores ranging between 0 % and 42%. The post-test was however a turn around with almost all the

learners (93% of the learners) scoring between 67% and 83%. One learner, Balo, scored below
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60% in the post-test. Twelve of the 15 learners (80%) had a percentage gain of 50% and above

following Noma’s teaching. Looking at the last row on Table 7.4; there is an average gain of 53%.
ii. Raw scores converted into Rasch measures

The pre- and post-test raw scores by Noma’s learners were then subjected to the Rasch model to
produce Rasch measures using the Winstep Rasch Model. The detailed discussions on the rationale
for using the Rasch model are provided in Chapter 3 (section 3.7.3). As discussed earlier, Rasch
converts non-linear (ordinal) data into linear Rasch measures that can confidently be used to run
other statistical measures (Boone et al., 2014). The person Rasch measures are presented in Table
7.5.

Table 7. 5: The person Rasch scores of the pre- and post-achievement test of Noma’s learners

Learner Pre-learner achievement test Post-learner achievement test
code Rasch person  Fit statistics Rasch person Fit statistics

measure IN. ZSTD OUT. measure IN. ZSTD OUT.

ZSTD ZSTD

KEAM -2.47 -0.35 -0.24 2.65 0.28 -0.04
BASI 0.03 -0.04 -0.27 2.64 -0.36 -0.49
FELO 0.03 -0.04 0.27 2.64 0.65 1.23
SEMA 0.65 L.46 1.13 2.64 0.65 1.23
GUBE -2.47 -0.35 -0.24 1.73 0.30 -0.13
GELO -2.47 -0.35 -0.49 1.73 -0.18 -0.11
MOLI -1.43 -1.35 -0.80 1.73 0.13 1.57
PATE -0.65 -1.64 -0.60 1.73 -0.38 -0.46
NOSI -0.65 L.46 1.13 1.73 -0.38 -0.46
SAND 0.69 1.17 1.34 1.12 -1.08 -1.08
MAGI 0.03 -0.85 -0.77 1.12 -0.20 -0.37
MAYO -1.43 -1.35 -0.80 1.12 0.43 0.06
BATO -1.43 -1.35 -0.80 0.62 1.08 0.93
PELI -2.47 0.69 0.49 0.18 0.39 0.19
KODI 0.03 -1.41 -1.12 -0.24 0.68 0.22
Reliability Rasch mean -1.11 Rasch mean 1.54
indices Person reliability 0.74 Person reliability 0.77
summarized | Item reliability 0.77 Item reliability 0.80

%.-"Outﬂt indices  All within +2;-2 range %ﬁomﬂt indices  All within +2;-2 range

Note: The order in which the learners are presented is based on the descending order of Rasch measures in the post-
test. The mean for item measure set to zero & Units per Logit=1 for the tests (UIMEAN=0 and USCALE=1)

The first column represents the codes used to identify each participant learner who wrote the tests.
The pre- and post-Rasch person measures are presented in columns two and five, respectively. The
fit statistical parameters represented by IN. ZSTD and OUT. ZSTD are provided to measure the
coherence of the responses of the persons to the level of difficulty of the items in the test.
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The Rasch measures displayed in Table 7.5 show a good reliability for both person and item
measures in the pre- and post-learner achievement tests. The calculated person reliability for the
pre-test was 0.74 with an item reliability of 0.77. For the post-test, the person and item reliability
measures were also found acceptable at 0.77 and 0.80, respectively. It can also be observed from
Table 7.5 that the infit/outfit statistics has the values falling within the range of +2 to -2 for both
pre- and post- test; this is considered fitting and measuring a single construct. This also implies
that none of the responses of Noma’s learners were significantly problematic as their measures fit
within the accepted range. It is also important to note that the post-test person Rasch measures are
higher than the pre-test Rasch person measures. Fourteen of Noma’s learners have positive Rasch
measures. The only exception is learner KODI in the post-test Rasch analysis. He has negative
Rasch measures. This differs from the pre-test Rasch person measures where 9 learners had
negative Rasch measures while 6 had positive measures. The positive person measure values in
the pre-test are all lower than the person measure values in the post-test. The higher Rasch person
measures show a positive improvement in the learners’ ability to respond to items of different
difficulty levels. The high post-test person measure means of 1.54 compared to the lower pre-test
person measure mean of -1.11 is indicative of an improvement in the learners’ conceptual

understanding and performances.

iii. Rank order for Rasch Item measures

The Rasch model also allows for the establishment of the rank order of items by providing one
with the order of difficulty of the items. Table 7.6 presents the Rasch item measures in the terms
of the rank of their difficulty. The first two columns present the pre-test Rasch item data while
columns 3 and 4 show the post-test item data. For both pre-and post-test sections, the items are
arranged in the rank order of item difficulties from the Rasch item measures. Thus, the arrangement

is in the order of decreasing difficulty of items.
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Table 7. 6: Ranked Rasch item measures for Noma’s learners’ pre-and post-achievement tests

Pre-test Post-test
Item Item measure Item Item measure
Item 4 328 Item 2 2.02
Item 11 3.28 Item 11 1.08
Item 5 3.28 Item 5 0.38
Item 2 2.03 Item 10 -0.59
Item 6 0.65 Item 4 -0.05
Item 7 0.65 Item 8 -0.05
Item 1 0.65 Item 1 -0.59
Item 10 0.21 Item 3 -0.59
Item 9 0.21 Item 6 -0.59
Item 8 -0.54 Item 7 -0.59
Item 3 -2.02 Item 9 -1.42

Note: The mean for item measure set to zero & Units per Logit=1 for the pre-and post-test (UIMEAN=0 and
USCALE=1).

The Rasch measure values represent the extent of difficulty experienced by the participant learners
on responding to each item. The highest value of an item measure shows that the item was ranked
as more difficult compared to that with a lower value which reveal that the item was easy to answer
correctly. A careful look into Item 2, with a post Rasch measure of 2.02 is considered for this
group, as the most difficult in this test whilst item 9 with a Rasch measure of -1.42 logits was the
easiest to respond to. Most of the items that were ranked as difficult in the pre-test were later
ranked as easy in the post-test. This can be seen in the high number of positive Rasch item
measures in the pre-test as opposed to the high number of negative Rasch item measure values in
the post-test. A decrease in the Rasch measure values from high to low shows an increase in learner
conceptual understanding in their post-achievement test which indicates the decrease in the level
of difficulty of most items following Noma’s teachings. An example of this could be that of item
4 which was ranked as most difficult for the learners in the pre-test with a Rasch measure of 3.28
logits. The same item was ranked at -0.05 logits in the post-test, indicating a change in learner

conceptual understanding and performance.

Table 7.7 below presents the rank order of pre-and post-test Rasch measures side-by-side to
analyze the similarities and or differences in the ranking of the items before and after the PPST’s

teachings.
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Table 7. 7: Pre and Post-test rank order Rasch measures for the items compared

Learner Item Item Item Item Item Item Item Item Item Item Item
achievement | 11 5 4 2 6 7 1 10 9 8 3
test

Pre 328 328 328 203 065 065 0.65 021 021 -054 -2.02
Post 1.08 038 -005 202 -059 -059 -059 -059 -142 -0.05 -0.59

The items in the pre- and post-achievement tests were similarly ranked as shown in Table 7.7
above. For instance, items that were found to be very difficult for the learners to respond to in the
pre-test were similarly found difficult after the PPSTs’ teachings. This can be observed in the first
four items: 11, 5, 4 and 2, with item difficulties higher than 2 logits. Three of these items, 11,4 and
2, require an understanding of the Le Chatelier’s Principle while 5 was on graphical representation
of a reaction that has reached Chemical Equilibrium; and the learners did not have knowledge of
those concepts prior to Noma’s teaching. The four items were still considered as the most difficult
in the post-test. Similarly, items that were ranked as easy in the pre-test were also found easy in
the post-test. What is evident however is that, although the ranking order of item difficulties is
similar in the pre- and post-tests, the post-test Rasch measures are lower compared to the pre-test

item measures, suggesting an increase in conceptual understanding.

Figure 7.1 and Figure 7.2 are the pre- and post-achievement test written responses by two learner
participants in Noma’s class. The responses are used to demonstrate a change in the conceptual

understanding of the topic content resulting from Noma’s classroom teaching.

Pre-test response by learner Gelo Post-test response by learner Gelo

4 Whathappens 0. chemical eacton that asreached an equlirium state when a isturbance 3 Vhathapes o s ettt s e ed nquilbrium e vhena disurbaee

is added? . ;
1§ QG b&dd?fd)

....... .“ff?ﬂ.a’g/ 76”

Figure 7. 1: Noma’s learner-Gelo’s pre and post-test written response for item 4

Item 4 sought the learners’ general understanding of how a chemical reaction that has reached a

state of chemical equilibrium reacts to any form of disturbance. In order for the learners to answer
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the question, they needed to understand the Le Chatelier’s Principle. The response for the pre-test
shows the lack of understanding of the concept and also brings forth a misconception regarding
the reactions that have reached Chemical Equilibrium. This is seen in the first line where the
learner argues that the reaction will start again. This response gives the idea that the learner’s
understanding is that there is no reaction at equilibrium, a common learner misconception for this
topic (Pekmez, 2010). The post-test response however revealed an understanding of the concept,
where the learner points to the aspect of “favoring a reaction that opposes a disturbance”, as the

reaction attempts to reduce the stress added to the system.

The second learner’s (learner Peli) responses to item 4 are presented in Figure 7.2.

Pre-test response by learner Keam

Post-test response by learner Keam

4, What happens to a chemical reaction that hes reached an equilibrium sate when a disturbance
is added?

..........................................

4. What happens o a cemicalreacionthat hs resched equilibrium state when a disturbance
is added?

(ben G dituibang 1 adopg gl e,

WY ad.n..8ch. g W0y o

..................................

...............................................................................................................

Figure 7. 2: Noma’s learner- Peli’s pre and post-test written response for item 4

The first response given by learner Peli in the pre-test highlights his lack of understanding of the
concept on what the effect of a disturbance would do to a state of Chemical Equilibrium which is
governed by the Le Chatelier’s principle. For example, learner Peli wrote that the disturbance
would cause the next equilibrium to be reached faster. This is false, as the rate will depend on the
form of disturbance introduced to the system. Overall, this response shows a lot of confusion on
the part of the learner. The post-test response, however, is precise as Peli indicated that the reaction
would oppose the added stress/disturbance and re-instate a new equilibrium position. The post-test
response by Peli reveals an improved understanding of the concept following the teaching by

Noma.
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iv. Explaining Noma’s learners’ person ability

One of the characteristics of the Rasch software is that is it able to measure the person ability in
relation to the item difficulty. This allows for one to explain one’s ability to respond to the items
of different difficulty levels. The map presented in Figure 7.3 includes the pre-and post-test
estimates together. The pre-test learner (such as KEAM) code identifiers have four letters.
Identifier codes for the post-tests include the letters and numbers together, making a code. These
include three-letters-one-number or two-letters-two numbers. For example, the learners coded as
KEAM and LERA in the pre-test were coded as KEAL and LE11 in the post-test, respectively.
The numbers represent the order in which the learner codes were entered on the spreadsheet used
for Rasch analysis. Thus, the last letters for learners 1 to 9 (e.g., KEAM, GUBE, etc.) were
replaced by those numbers respectively, and the learners from position 10 and higher (e.g., MOLL,
LERA, etc.) had the last two letters of their names replaced. For example, KEAL was the first
learner on the list, GUB2, was the second learner, MO10 was the tenth, whilst LE11 was the 11"
learner on the list. This helped me to differentiate between the same person in the pre-test and in

the post test.
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Figure 7. 3: A variable map for Noma’s learners pre- and post-achievement test Rasch measures

The results from Figure 7.3 show that in the pre-test the three learners, GUBE, KEAM and PELI,
had the lowest person ability which made it difficult for them to respond to any of the items
presented in the test. On the other hand, learner SAND is found higher on the map, around 0 logits.
The location of SAND on this map suggests that she had a 50% chance of responding correctly to
3 items whose Rasch measures were around a zero-logit margin and 4 others which she could

easily respond to. It also shows that she was likely to find about 4 items within the test difficult to

respond to.
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A shift is, however, observed in the post-test measures of the persons, indicating that their ability
to respond to the items had improved. First, all the four learners (GELO, GUBE, KEAM and PELI)
that had the lowest person measures of below -3.0 logits, had higher and all the positive person
measures in the post-achievement test, now coded as GEL7, GUB2, KEA1 and PELS5. Second, it
can be observed that all the learners in Noma’s class were located below the zero margins in their
pre-test, indicating that they were not able to respond to any items whose Rasch measures were
above 0-logits. All the learners’ Rasch person measures were found above 0-logits, following
Noma'’s teaching, with more learners Rasch measures towards 2.0-logits and 3.0-logits. This is an

indication of an improvement in the learners’ person abilities.

v. Comparison of Rasch measures for significance difference

Table 7.8 presents a summary of the anchored Rasch person measures and standard error for the
pre- and post-achievement tests. The person measures generated by Rasch were first anchored to
produce stacked data. Anchoring requires calibrating the base test and using the item difficulties
of the base as reference to calibrate the second test (Linacre, 2012; Mavhunga, 2012). In this case,
the pre-test item difficulty measures were anchored, and its item difficulty values used to equate
the scale of the post-test. The stacked data was then further analysed for significance difference
using the Wilcoxon Paired Signed Rank test (WPRT). Subjecting this data to WPRT enabled for
the measurement of the magnitude of the difference between the paired data (Whitley & Ball,
2002).
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Table 7. 8: Stacked data- Person measures from anchored pre-and post-test

Learner Pre-learner achievement test | Post-learner achievement test

Rasch measure Error Rasch measure Error
KEAM -2.75 1.09 4.29 1.14
BASI -0.72 0.70 4.29 1.14
FELO -0.72 0.70 4.29 1.14
SEMA -1.24 0.74 4.29 1.14
GUBE -2.75 1.09 3.27 0.92
GELO -2.75 1.09 3.27 0.92
MOLI -1.85 0.84 3.27 0.92
PALE -1.24 0.74 3.27 0.92
NOSI -1.24 0.74 3.27 0.92
SAND -0.25 0.68 2.50 0.85
MAGI -0.72 0.70 2.50 0.85
MAYO -1.85 0.84 2.50 0.85
BALO -1.85 0.84 1.81 0.81
PELI -2.75 1.09 1.18 0.79
KODI -0.72 0.70 0.58 0.78
MEAN -1.58 2.97

Figure 7.4 presents the results obtained from the analysis, using the Wilcoxon’s Paired Rank Test
(WPRT).

Pre-test |Anchored
Persen Post-test person
measures |measures Diff=(Yi-Xi)| Abs(Diff) Signed Rank
4.29 7.04 7.04 -15
4.29 5.01 5.01 . -0.5a

4.29 5.01 5.01 . -0.5|Z

4.29 5.53 5.53 -12|Reject Null at
3.27 6.02 6.02 -13.5|p
3.27 6.02 6.02 -13.5
3.27 5.12 5.12 -11
3.27 4.54 4.54 . -1.5
3.27 4.51 4.51
2.5 2.75 2.75
2.5 3.22 3.22
2.5 4.35 4.35
181 3.66 3.66
1.18 3.93 3.93
0.58 1.3 1.3

Figure 7. 4: Summary for the calculation of significance difference for Noma’s learners’
performances

The results in Figure 7.4 show the p-value of 0.00064. This value is much smaller than the
significance level of 0.05, which indicates that there is a significance difference at 95% (0.05) level

between Noma’s learners’ pre-test and post-test measures. This indicates that Noma’s learners’
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conceptual understanding improved significantly with 95% confidence following her teaching of

chemical equilibrium.

THE CASE OF LERATO’S LEARNERS
Q) A performance analysis of raw scores

Similar to Noma’s case, this section analyses the raw scores of Lerato’s learners to reveal change
in their conceptual performances if any, following Lerato’s teaching. Table 7.9 displays the codes
that identified Lerato’s learners, as shown in column 1, their pre- and post-achievement scores in
columns 2 and 3 respectively and the calculated performance gains in column 4. The gains are
calculated by subtracting the pre-test score from the post-test score which is obtained after Lerato’s
teaching.

Table 7. 9: Displaying learners’ content knowledge gains on chemical equilibrium concepts:
Lerato’s class

Learner code Raw pre-test score Raw post-test score Percentage gain

(o) (%) (%o}
MPHO 8 75 67
SEGO 8 67 58
DIWE 25 83 58
NALD 25 83 58
SELO 17 75 58
TOKA 25 83 58
LIND 17 67 50
EMAN 25 75 50
MELI 25 o7 42
SILE 33 75 42
DEKA 33 75 42
RABO 33 67 33
TUME 50 83 33
MANE 58 83 25
Average scores 27 76 49

Table 7.9 shows that none of the learners scored a maximum of 60% in their pre-test. Their scores
ranged between 8 % and 58%. On the other hand, all the learners (100%) scored above 60% in
their post-test, with their scores ranging between 67% and 83%. The last column shows that all the
learners experienced some gains although the overall gain differs from one learner to the other.
Eight learners (57%) from Lerato’s class had knowledge gains between 50% and 67% on
completion of the teaching period whilst 43% had gains ranging between 25 and 42%. Looking at

the last row in Table 7.9; there is an average gain of 50% for this group of learners.

215



(i) Raw scores converted into Rasch measures

The pre- and post-test raw scores by Lerato’s learners were then run through the Rasch model to

produce Rasch measures. The person Rasch measures are presented in Table 7.10.

Table 7. 10: The person Rasch scores of the pre- and post-achievement test of Lerato’s learners

Learner code | Pre-learner achievement test Post-learner achievement test

Rasch person Fif statistics Rasch person Fit statistics

measure IN.ZSTD OUT. | measure IN. ZSTD OUT.

ZSTD ZSTD

TOKA 1.23 1.01 0.66 |2.40 0.99 0.67
DIWE 0.63 0.51 0.29 1240 0.87 0.46
NAID -0.50 1.86 2.05 2.40 -0.78 -0.41
SELO -0.50 -0.90 -0.73 | 1.24 0.22 0.33
EMAN -0.50 0.44 0.04 1.24 -0.34 -0.23
MPHO -1.13 -0.71 -0.56 | 1.24 0.62 1.81
SILE -1.13 -0.71 -0.56 | 1.24 -0.34 -0.23
TUME -1.13 1.87 1.20 1.24 -0.71 -0.44
RABO -1.13 -0.71 -0.56 | 0.37 0.36 -0.02
SEGO -1.13 -1.09 -0.76 | 0.37 -0.95 -0.72
MANE -1.90 -0.23 -0.15 | 0.37 0.36 -0.02
DEKA -1.90 0.28 0.63 | 0.37 0.36 -0.02
MELI -3.04 -0.81 -0.57 | 0.37 -0.95 -0.72
LIND -3.04 -0.81 -0.57 | -0.42 -1.45 -0.89
Reliability Rasch mean -1.08 Rasch mean 1.06
indices Person reliability 0.60 Person reliability 0.73
summarized Item reliability 0.73 Item reliability 0.83

Infit/Outfit indices 1 out of fit Infit/Outfit indices __All within the +2:-2 range

Note: The order of the learners’ names is presented in descending order of Rasch measure scores in the post-test. The
mean for item measure set to zero and Units per Logit=1 for the pre-and post-test (UIMEAN=0 and USCALE=1)

As shown in Table 7.10, there is a good reliability for both person and item measures in the pre-
and post-learner achievement tests. The person reliability provides an estimate on the ability of the
person to respond to the whole test. Both pre- and post-tests proved to be reliable at 0.60 and 0.73
in the pre- and post-tests, respectively. The item reliability measures were also found acceptable
at 0.73 and 0.83 logits in the pre- and post-test, respectively. These are in both tests, above the
generally recognized standard of 0.7 for Cronbach, indicating the replicability of the items. It can
also be observed from Table 7.10 that most learners’ pattern of responses was found to be fitting
with the ‘IN. ZSTD’ and ‘OUT.ZSTD’ within the acceptable range of +2 to -2 for both pre- and
post- tests. In the pre-test, one learner’s response (NALD) was found to be out of fit. This is
observed in the learner’s ‘OUT.ZSTD’ value of 2.05, which is slightly outside the line of fit. The
results show a higher Rasch person measures in the post-test than the pre-test Rasch person

measures. The post-test person measure means of 1.06 from a lower pre-test person measure mean
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of -1.08 is indicative of an improvement in the learners’ conceptual understanding and

performances.

iii. Rank order for Item Rasch measures

Similar to the case of Noma’s learners,” the rank order for items difficulties is presented in this
section to analyze the extent to which the learners responded to the items. Table 7.11 presents the
Rasch item measures in terms of the rank of their difficulty.

Table 7. 11: Ranked Rasch item measures for Lerato’s learners’ pre-and post-achievement tests

Pre-test Post-test
Item Item measure Item Item measure
Item 11 3.29 Item 4 2.54
Item 4 1.99 Item 2 0.37
Item 5 1.99 Item 10 0.37
Item 7 1.11 Item 11 0.37
Item 9 0.52 Item 3 -1.78
Item 6 0.52 Item 5 -1.78
Item 2 0.52 Item 9 -1.78
Item 10 0.52 Item 1 -3.03
Item 8 -0.73 Item 6 -3.03
Item 1 -1.44 Item 7 -3.03
Item 3 -1.44 Item 8 -3.03

Note: The mean for item measure set to zero & Units per Logit=1 for the pre-and post-test (UIMEAN=0 and
USCALE=1).

As mentioned earlier, the Rasch measure values give the extent of the difficulty experienced by
the participant learners responding to each item, where the higher Rasch measures show that the
item was ranked as more difficult. For example, item 4, with a post Rasch measure of 2.54, is
ranked as the most difficult in this test, whilst items 1, 6, 7, and 8 were the easiest with the lowest

Rasch measures of -3.03 logits each.

A glance at the results on Table 7.11 shows that the learners reveal an increase in conceptual
understanding in their post-achievement test as portrayed by the decrease in the level of difficulty
of most items. Item 11, for example was in the pre-test ranked as the most difficult item for the
learners, with a Rasch measure of 3.29 logits. In the post-achievement test, the Rasch measure for
the same item was calculated at 0.37 logits, indicating a change in learner conceptual
understanding, which affected their performance.
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Similar to Noma’s case, the rank order for the pre-and post-test Rasch measures is presented side-
by-side in Table 7.12 below. This enables for the similarities and differences in the rankings of the

items before and after Lerato’s teaching to be analyzed and explained.

Table 7. 12: Pre and Post-test rank order Rasch measures for the items compared

Learner Item Item Item Item Item Item Item Item Item8 Item1 Item
achievement | 11 4 5 7 9 6 2 10 3
test

Pre 329 199 199 111 052 052 052 052 -0.73  -144 -1.44
Post 037 254 -178 -3.03 -178 -3.03 0.37 0.37 -3.03 -3.03 -1.78

The results presented in Table 7.12 show that the items in the pre- and post-achievement tests were
similarly ranked. The item measures for items 11, 4, 5 and 7 show that the learners found these as
the most difficult items in the pre-test. Although, the difficulty of the four items decreased after
Lerato’s teaching, items 11 and 4 were still found as more difficult for the learners, as seen by the
positive item measures. Also identifiable from Table 7.12 is that the Rasch item measures were
higher in the pre-test compared to those in the post-test which could be an indication of an

improvement in learner conceptual knowledge and understanding of the test-items.

To explain further the development in learner conceptual understanding Figures 7.5 and 7.6 present
the responses of Lerato’s learners from the pre- and post-achievement tests. The responses
portrayed are those based on item 11 on the tests. The learners’ responses to items 10 and 11 were
based on the following chemical equation which is said to be at a state of chemical equilibrium:
3X2(g) «> 2X3(g). Item 10 required the learners to identify, from a given list of responses, what the
effect of increasing the amount of X3 will have to the amount of X>. Item 11 was a follow-up to
the response given for item 10, to explain the learners’ choice of the response using the Le

Chatelier’s Principle.
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Pre-test response by learner Eman Post-test response by learner Eman

) Use Le Chatelir' principle to explain the answer to QUESTION b, ¢) Use Le Chateier's principle to explain the answer to QUESTION 8b.

el o€ quubbusn, pocres o ddutmee b il eed

oo Bppasde, e e diclabarce s o

Figure 7. 5: Lerato’s learner Eman’s pre and post-test written response for item 11

The response given in the pre-test shows that the learner does not understand or know what the Le
Chatelier’s Principle is all about. In the last line of the response, the learner indicates that no
change will happen to the reaction when the amount of one of the reacting substances is added
within the system. The post-test response however shows some form of understanding in the
learner’s reasoning. The last line where the learner indicates that the system will act in such a way
that counteracts the disturbance made reveals the learner’s conceptual increase on the aspect

demonstrated by the item. A response by learner Meli on the same item is presented in Figure 7.6

below.
Pre-test response by learner Meli Post-test response by learner Meli
o) Use Le Chatelir' principle 0 explain the answer o QUESTION 8- £) Use Le Chatelier's principle to explain the answer to QUESTION b,
S poe reachba Ak egdliboui), Y, means Seges | feen | Ween o recct
""""""""""""" ootin GRE ™ OF i) 1ECCTION.
bay ey age  dvedi | propehene fo.. |f ] gguliefiem a
eOch ofver, Teerefore [ k(PR increases of ’\ ...... oceus . ThE . Seacten |« CY -
"""""""""""""""""""""""""""""""""""" r"'-"q'aé".“"----"-'---'--l--------u---\m \
decredsts W ol W Ak Bgent ) e o R L
....... M oy 7 difturbance  and e \d%\c e Squilaing

Figure 7. 6: Lerato’s learner Meli’s pre and post-test written response for item 11

In the pre-test, the response given by the learner is too broad and does not give a sense of
understanding of the effect of a disturbance. The response by Meli on the post-test however shows
an improved understanding of the concept as Meli indicates that the reaction always acts to
counteract the disturbance. A follow-up point made by Meli which states that the reaction will re-
instate Chemical Equilibrium is another highlight showing a conceptual knowledge gain in the

post-test. Although both learners’ post-test responses do not go to the extent of showing whether
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there will be an increase or decrease in the amount of Xz(), the responses given demonstrate an

improved understanding thereof.
iv. Explaining Lerato’s learners’ person ability

Figure 7.7 shows Lerato’s learners’ person ability measures pictorially on a variable map. Similar
to Noma’s learners, this allows for one to explain the ability of Lerato’s learners to respond to
items of different difficulty levels. The map presented in Figure 7.7 includes the pre-and post-test
estimates together. Learner identifier codes with the letters only were the pre-test codes; the letters
combined with the numbers were used as post-test codes for the learners.

MEASLWRE Person - MAPF - Item

<more> | <race
3 DIWE MALS TOK3 +
| Twa most
1T difficult
concepts

for the

- I whaole

2 EMada MPHS SCL2Z2 5I11 TLll + group in the
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(e 22D
DE12 MANEI@ rRARI SEGT
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MO SEGD

highest
person ability ITtem 5 Ttem 1
measure in TUME ™M
the pre-test ,‘ a e
which did mot Item 9 Item 7
develop much It &
in the post-
test
DEKA RABRBD SILE |
1
-1 +
|
] ITtem 8
DIWE EMAaN MELI NALD TOKA =
=\
|
I Item 1
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-2 LIND SELO +
| Item 3
|
1
|
1
|
|
+

<less> | «Freg>

Figure 7. 7: A variable map for Lerato’s learners pre- and post-achievement test Rasch measures

The results from Figure 7.7 show that in the pre-test, learner MANE had the highest person
measure of about 0.8 logits. This indicated his ability to respond to 9 items within the test. This

suggests that with his ability level, he would find it difficult to respond to only two items within
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the test. MANE’s post-test ability measure however did not reveal much improvement at around
+1.8 logits. Almost all the learners in Lerato’s class had a negative pre-test measure, with a limited
ability to respond to most items of the test. A great improvement is observed across all the learners’
post-test measures, where they all had a measure above +1 logits except for one learner, L110,

whose ability measure is located at around +0.8 logits.
v. Comparison of Rasch measures for significance difference

The summary of the anchored Rasch person measures and standard error for the pre- and post-
achievement tests is presented in Table 7.13. The Rasch person measures were first anchored to
produce stacked data (Mavhunga, 2012), which is further analysed for significance difference
using the Wilcoxon Paired Signed Rank test. Subjecting this data to WPRT enabled for the
measurement of the magnitude of the difference between the paired data (Whitley & Ball, 2002).
As alluded to in section 7.1.1, the use of WPRT is considered suitable for use in the analysis of the

small size sample; hence it is used in this study.

Table 7. 13: Stacked data- Person measures from anchored pre-and post-test

Learner Pre-learner achievement test | Post-learner achievement test

Rasch measure Error Rasch measure Error
TOKA 1.23 0.83 3.58 1.16
DIWE 0.63 0.83 3.58 1.16
NALD -0.50 0.83 3.58 1.16
SELO -0.50 0.95 2.54 0.91
EMAN -0.50 0.83 2.54 0.91
MPHO -1.13 1.22 2.54 0.91
SILE -1.13 0.77 2.54 0.91
TUME -1.13 0.76 2.54 0.91
RABO -1.13 0.77 1.80 0.81
SEGO -1.13 1.22 1.80 0.81
MANE -1.90 0.79 1.80 0.81
DEKA -1.90 0.77 1.80 0.81
MELI -3.04 0.83 1.80 0.81
LIND -3.04 0.95 1.18 0.77
MEAN -1.08 2.54

The results obtained from subjecting stacked Rasch measures to the WPRT are presented in Figure
7.8.
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Pre-test Anchored

Person Post-test person

measures measures Diff=(Yi-Xi) |Abs(Diff)|Rank Signed T 105
1.23 3.58 2.35 2.35 1 -lln 14
0.63 3.58 2.95 2.95 4 -4|a 0.05
-0.5 3.58 4.08 4.08 12 -12|2 3.3
-0.5 2.54 3.04 3.04 3.9 -5.5|Reject Null at 0.05
-0.5 2.54 3.04 3.04 5.5 -5.5(p 0.00048
-1.13 2.54 3.67 3.67 8 -8

-1.13 2.54 3.67 3.67 8 -8

-1.13 2.54 3.67 3.67 8 -8

-1.13 1.8 2.93 2.93 2.5 -2.5

-1.13 1.8 2.93 2.93 2.5 -2.5

-1.9 1.8 3.7 3.7 10.5 -10.5

-1.9 1.8 3.7 3.7 10.5 -10.5

-3.04 1.8 4.84 4.84 14 -14

-3.04 1.18 4.22 4.22 13 -13

Figure 7. 8: Summary for calculation of significance difference for Lerato’s learners’
performances

Figure 7.8 shows that the p-value is 0.00048 which is smaller than the significance level of 0.05.
This indicates a significance difference at 95% (0.05) level between Lerato’s learners’ pre-test and
post-test measures. The results imply that the conceptual understanding of the learners from

Lerato’s class improved significantly with 95% confidence following his teaching of the Chemical

Equilibrium concepts.

THE CASE OF SARA’S LEARNERS

(i) A performance analysis of raw scores

Table 7.14 displays the achievement test scores for the learners taught by Sara. The class was a
cohort of twelve grade 14 learners. Two of them did not write the pre-test and were thus excluded

from the class population results presented in Table 7.14 which is a review of the learners’

achievement scores and a display of the knowledge gains for each learner.

222




Table 7. 14: Displaying learners’ content knowledge gains on chemical equilibrium concepts:
Sara’s class

Learner code Raw pre-test score Raw post-test score Percentage gain
(%) (%6) (%)
LERA 25 83 58
KAMO 25 83 58
TATO 25 75 50
BUKA 33 &3 50
KEKA 33 75 42
MBIZ 42 83 41
KALO 42 83 41
TEBO 33 67 34
LESO 42 75 33
MAEK 58 83 25
TEKO 58 75 17
ZIMA 67 75 8
Average scores 42 75 33

Table 7.14 above shows that 92% of the learners scored between 25% and 58% in their pre-test.
Eight percent of the participant learners scored 67% in the pre-test. On the other hand, all the
learners (100%) scored above 60% in their post-test, with their scores ranging between 67% and
83%. One learner scored 67% in the post test, whilst all the others scored between 75% and 83%.
Looking closely at column 4, it can be observed that all the learners portrayed knowledge gains in

their post-test, ranging between 8% and 58%.

(ili)  Raw scores converted into Rasch measures
Similar to Noma and Lerato’s learners, the pre- and post-test raw scores by Sara’s learners were
run through the Rasch model to produce Rasch measures. The person Rasch measures are

presented in Table 7.15.
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Table 7. 15: The Rasch person scores of the pre- and post-achievement test for Sara’s learners

Learner code | Pre-learner achievement test Post-learner achievement test

Rasch person Fif stafistics Rasch person Fit statistics

measure IN. ZSTD OUT. measure IN. ZSTD OUT.

ZSTD ZSTD

KAMO -2.44 1.30 1.17 2.44 -0.70 -0.43
MBIZ -0.08 -1.01 -0.66 2.44 -0.70 -0.43
MAFEK 251 -0.83 -0.37 2.44 0.84 0.53
BUEKA -.118 -1.34 -0.24 2.44 0.68 0.27
KATO -0.08 -0.18 -0.27 2.44 0.84 0.53
LERA -2.44 111 0.72 1.34 -0.44 -0.56
ZIMA -0.08 -1.01 0.66 1.34 -0.89 -0.89
TATO -2.44 111 0.72 1.34 -0.06 -0.12
KEKA -1.18 -1.34 -0.24 1.34 0.27 0.77
TEKO 251 -0.83 -0.37 1.34 1.23 1.20
TEBO -1.18 -1.34 -0.24 0.57 0.70 0.52
LESO -0.08 -1.01 -0.66 0.57 -0.01 0.01
Reliability Rasch mean -0.29 Rasch mean 1.67
indices Person reliability 0.61 Person reliability 0.73
summarized Item reliability 0.80 Item reliability 0.86

Infit/Outfit indices  All within +2;-2 range | Infit/Outfit indices  All within +2;-2 range

Note: The order in which the learners are presented is based on the descending order of post-test Rasch measures. The
mean for item measure set to zero and Units per Logit=1 for the pre-and post-test (UIMEAN=0 and USCALE=1)

A good person and item reliability is demonstrated in the pre- and post-learner achievement tests,
as shown in Table 7.15. The fit statistics measures, ‘IN. ZSTD’ and ‘OUT.ZSTD’ were found to
fall within the acceptable range of +2 to -2 in the pre-and post-learner achievement test. When a
person measure and an item difficulty fall within this statistical range, this indicates that they
coherently work together in measuring a single construct, thus ensuring the validity of the test. The
higher person measures for the post-achievement test compared to the personal measures of a pre-
test show a positive shift in the performance of the learners in the test. The post-test person measure
means of 1.67 from a lower pre-test person measure mean of -0.29 also signifies an improvement

in the learners’ conceptual performance.

iii. Rank order for Item Rasch measures

The Rasch model also allows for the establishment of the rank order of the items by providing the
order of difficulty of the items. Table 7.16 presents the Rasch item measures in terms of the rank
of their difficulty. It is important to recall that higher Rasch item measures imply that the item is
ranked as most difficult whilst the lower value indicates that the item was easy to respond to.
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Table 7. 16: Ranked Rasch item measures for Lerato’s learners’ pre-and post-achievement tests

Pre-test Post-test
Item Item measure Item Item measure
Item 9 2.06 Item 5 0.90
Item 11 2.06 Item 11 0.90
Item 4 2.06 Item 7 0.46
Item 5 1.20 Item 2 -0.09
Item 7 0.62 Item 4 -0.92
Item 6 0.15 Item 6 -0.92
Item 2 -0.67 Item 9 -0.92
Item 10 -1.50 Item 10 -0.92
Item 8 -1.99 Item 1 -2.18
Item 3 -1.99 Item 3 -2.18
Item 1 -1.99 Item 8 -2.18

Note: The mean for item measure set to zero & Units per Logit=1 for the pre-and post-test (UIMEAN=0 and
USCALE=1).

Table 7.16 shows that the learners had an increase in conceptual understanding in their post-
achievement test as portrayed by the decrease in the level of difficulty of most items in the post-
test compared to the high pre-test Rasch measures. A perfect example is that of item 9. A Rasch
measure of 2.06 logits was recorded in the pre-test ranking as the most difficult item for the
learners. The Rasch measure of the same item had reduced to -0.92 in the post-test; this indicates

a change in learner conceptualization following Sara’s teaching.

The rank order of the pre-and post-test item Rasch measures are presented side-by-side in Table
7.17. 1t assisted with the analysis of the similarities and differences in the ranking of the items

before and after Sara’s teachings.

Table 7. 17: Pre and Post-test rank order Rasch measures for the items compared

Learner Item Item Item Item Item Item Item Item Item8 Item3 Item
achievement | 9 11 4 5 7 6 2 10 1
test

Pre 206 206 206 120 062 015 -0.67 -1.50 -1.99 -199 -1.99
Post -0.92 090 -092 090 046 -0.92 0.09 -0.92 -2.18 -2.18 -2.18
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The item Rasch measures presented in Table 7.17 show that most of the items that the learners
found difficult in the pre-test were also found difficult in the post-test. While those which were
found easy in the pre-test were also found easy in the post-test. Table 7.17 shows that items 11, 5
and 7, which the learners found difficult in the pre-test, maintained positive Rasch measures in the
post-test, whilst items 8, 3 and 1 which were easy in the pre-test remained the easiest for the group
in the post-test. The level of difficulty of the items in the post-test (the most difficult in the pre-
test) had decreased following Sara’s teaching. This situation suggests an improvement in learner
conceptual knowledge. Figure 7.9 provides the written responses of Sara’s learners for item 9
which required the learners to define dynamic equilibrium. For the learners to be able to provide a
correct answer to this item, they first needed to understand the concept of reversibility where both

the forward and the reverse reactions occur simultaneously.

Pre-test response by learner Buka Post-test response by learner Buka
ic equi dfl,\vnamu. equilibrium: \ ‘ 1
A Slale .o w“«c h /zw‘ i dad.
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Pre-test response by learner Lera Post-test response by learner Lera
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Figure 7. 9: Sara’s learners’ pre and post-test written responses for item 9

The pre-test response by learner Buka provides a sense of understanding of a concept of
reversibility and the dynamic process. The answer is however partially correct as the learner does
not include the “equilibrium concept” in the response. Learner Lera seems to think that the
concentration of the reactants and products is equal. This is one of the common learner
misconceptions on Chemical Equilibrium. The learner’s misunderstanding of the concept is also
observed in the same response as the learner states that reactions at dynamic equilibrium do not
happen at the same rates. Both learners showed an improved understanding of the concept in their
post-test responses as they were both able to indicate that dynamic equilibrium is a state reached

by a reversible reaction where both forward and reverse reactions happen at equal rates. Lera’s
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response showed a much-extended conceptualization as he explained further that this happens in
a closed system when all other factors (pressure, concentration and temperature) are kept constant.

These conditions enable the occurrence of dynamic Chemical Equilibrium.
iv. Explaining Sara’s learners’ person ability

Figure 7.10 shows the person ability measures of Sara’s learners on a variable map. This map,
which presents both person ability measure and item difficulty, allows for one to explain the ability
of persons to respond to the items of various difficulty levels. A similar strategy used to generate
learner identifier codes for Noma and Lerato’s learners was used for Sara’s class. Those with letters
only were the pre-test codes. The first 2 or 3 letters from the pre-test codes, combined with the

numbers were used in the post-test.
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Figure 7. 10: A variable map for Sara’s learners pre- and post-achievement test Rasch measures

Figure 7.9 shows that learner TATO had the lowest person ability measure in the pre-test compared
to all learners in the group. He had a 50-50 chance of correctly responding to two items on the test.
Learner ZIMA, on the other hand, had the highest person measure of about 1.2 logits. ZIMA’s
person ability shows that he found just two items difficult to answer in the pre-achievement test.
Almost all the learners in Sara’s class had a negative person ability measure in their pre-test except
for the three learners: MAEK, TEKO and ZIMA. The post-test person ability measures for all the
learners were above +1.0 logits. This situation is suggestive of an improvement in the ability to
respond to items of varying difficulty. In the post-test as revealed by the person ability measures
in Figure 7.9, five learners: BU10, KA12, KAM2, MAE9 and MBI4 responded to all the items in

the test without any form of difficulty, following Sara’s teaching.
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v. Comparison of Rasch measures for significance difference

The summary of the anchored Rasch person measures and standard error for the pre- and post-
achievement tests is presented in Table 7.18. The Rasch person measures were first anchored to
produce stacked data and then subjected to the Wilcoxon Paired Signed Rank test to examine the

significance difference.

Table 7. 18: Stacked data- Person measures from anchored pre-and post-test

Learner Pre-learner achievement test | Post-learner achievement test
Rasch measure Error Rasch measure Error

KAMO -2.44 1.22 5.23 1.17
MBIZ -0.08 1.06 5.23 1.17
MAEK 2.51 1.30 5.23 1.17
BUKA -1.18 1.07 5.23 1.17
KALO -0.08 1.06 5.23 1.17
LERA -2.44 1.22 4.11 0.99
ZIMA -0.08 1.06 4.11 0.99
TATO -2.44 1.22 4.11 0.99
KEKA -1.18 1.07 4.11 0.99
TEKO 2.51 1.30 4.11 0.99
TEBO -1.18 1.07 3.12 1.00
LESO -0.08 1.06 3.12 1.00
MEAN -0.29 4.41

Figure 7.11 displays the results of the analysis, using the Wilcoxon’s Paired Rank Test (WPRT).

Pre-test Anchored

Person Post-test person

measures |measures Diff=(Yi-Xi) [Abs(Diff)|Rank Signed T 78
-2.41 5.23 7.67 71.67 12 -12(n 12
-0.08 5.23 531 5.31 7.5 -1.5|a 0.05
251 523 272 272 2 -2|12 3.1
-1.18 5.23 6.41 6.41 9 -9|Reject Null at 0.05
-0.08 5.23 531 531 7.5 -1.5|p 0.00222
-2.441 4,11 6.55 6.55 10.5 -10.5
-0.08 4.11 4.19 4.19 4 -4
-2.44 4,11 6.55 6.55 10.5 -10.5
-1.18 4,11 5.20 5.29 6 -6
251 4.11 1.6 1.6 1 -1
-1.18 3.12 4.3 4.3 5 -5
-0.08 3.12 3.2 3.2 3 -3

Figure 7. 11: Summary for the calculation of significance difference for the performance of
Sara’s learners.
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Figure 7.11shows that the p-value is 0.00222. This is smaller than the significance level of 0.05,
suggesting a significance difference at 95% (0.05) level between the Rasch measure performances
for the pre- and post-test of Noma’s learners. This indicates that the conceptual understanding of
Sara’s learners on Chemical Equilibrium improved significantly with 95% confidence level,

following her teaching.
7.3. Summary of the key findings in this Chapter

The main purpose of this study was to track the changes in the PPSTs knowledge acquired through
the intervention (cTSPCK) which aimed at developing their TSPCK in lesson planning from a
formal course, how this translated into pITSPCK, then enactment (eTSPCK) and its culminating

overall impact on learner performance.

The discussions in this chapter focused on measuring and explaining the conceptual knowledge of
each of the 3 PPSTs’ learners according to their performance tests written before and after the
teaching of Chemical Equilibrium as a topic. The findings reveal that the learners throughout the
3 PPST’ lessons showed a positive and significant gain in the knowledge of Chemical Equilibrium
concepts after the PPSTs’ teaching. A significant difference at 95% level was obtained across the
3 PPSTs’ learners’ pre- and post-Rasch measure performance. First, the knowledge gain was
observed from the raw scores across the PPSTs’ learners. A significant increase from 21% pre-
conceptual performance to 75% post-test performance was calculated from Noma’s learners and
shows an average gain of 54%. An increase from 27% to 76% and from 40% to 78% was observed
from Lerato’s and Sara’s learners respectively; this is an average increase of 49% and 38%
following their teaching. Summarized in Figure 7.11 is the pre- and post-test raw score

performances for the 3 PPSTs’ learners.
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Figure 7. 12: The summarized content gains on Chemical equilibrium concepts across the
PPSTs’ learners

Figure 7.12 has all the graphs showing a knowledge gain in the post-test by the learners after each

of the PPSTs’ teaching. This suggests an increased conceptual understanding.

Secondly, person Rasch measures for all the learners changed from the mostly negative low ability

to respond to items, as observed in the pre-test performance measures, to high positive person

Rasch measures in the post-test performance. The positive person Rasch measures suggest an

improvement in the learners’ ability to respond to difficult items within the test, as was observed

in the post-test measures following the PPSTs’ teaching.

Chapters 5 and 6 focused on the PPSTs’ pITSPCK and eTSPCK respectively while this chapter

analyzed the learner performance. The next chapter, Chapter 8, examines the link, if any, that exists

between the learners’ conceptual performance and the PPSTs’ eTSPCK, as the TSPCK

experienced directly by the learners.
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CHAPTER 8

UNDERSTANDING THE CORRELATIONS BETWEEN TEACHER KNOWLEDGE
AND LEARNER PERFORMANCE

This chapter analyses the relationship between learner conceptual performances, and the PPSTs’
eTSPCK on a chemistry topic, Chemical Equilibrium. This is done by analyzing the data to find
the link between the performance of the learners in the post-test written after the PPSTs’ teaching

and the explanation of the related concepts considered to reflect the PPSTs’ TSPCK.

8.0. Introduction

Chapters 5 and 6 examined the PPSTs’ personal TSPCK in planning to teach (p]TSPCK) and that
enacted (eTSPCK) in their teaching of Chemical Equilibrium, respectively. Chapter 7 then
analyzed the learners’ performance on the same topic before and after the PPSTs’ teaching. With
the main purpose of this study being to trace how the PPSTs translate their TSPCK in planning to
teach (pITSPCK) into classroom context (eTSPCK) and its possible effect on learner conceptual
performance. Chapter 8 then examines the link between learners’ performance on Chemical
Equilibrium concepts following the 3 PPSTs’ teaching. Whilst acknowledging the presence of
amplifiers and filters which influence the direct link between teacher knowledge and learner
outcomes (Gess-Newsome, 2015), teacher knowledge and how teachers teach is recognized as

impacting greatly on learner performance (Kind, 2018).

In order to examine the link between the PPSTs’ TSPCK and learner outcomes, video recorded
PPSTs’ lessons which reveal their eTSPCK and their learners’ performance in the pre-and post-
tests were matched. This was done by identifying and analyzing the moments of teacher
explanations in the lesson that reflected TSPCK, which were considered to be TSPCK episodes
and matching these to the learners’ performance. As discussed extensively in Chapter 3, a TSPCK
episode is described as an explanation, by the teacher, which portrays a minimum interactive use
of two TSPCK components (Mavhunga, 2018). All the identified eTSPCK episodes were scored
and categorized using a validated eTSPCK rubric (Miheso, 2018) with the help of an independent
rater to improve trustworthiness. According to the eTSPCK rubric, a basic TSPCK episode
(denoted as a 1 on the rubric) is characterized by the presence of two different TSPCK components
interacting in a teaching segment. A proficient TSPCK episode (denoted a 2) has three different

TSPCK components interacting evidently. Lastly, a sophisticated episode (denoted by a 3) is
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characterized by the presence of four different TSPCK components including the cases where three
are different and the fourth is a repetition of one of the components. The PPSTs’ eTSPCK was, in
this case, considered more fitting as it was the closest demonstration of TSPCK that the learners

were exposed to.

8.1. A Brief Summary on Methodology

The sample size in this analysis is a total of 46 participants. It comprised 43 physical science
learners from 3 Johannesburg ex Model C high schools and a subset of 3 PPSTs. As described in
Chapter 3, the contexts of the 3 schools are considered reasonably equivalent in that, the schools
are located around the same area in Johannesburg, with a similar mix of student population, a
similar mix of teachers and all drawing both teachers and learners from the same community. A

summary of the key information for the participants in this Chapter is presented in Table 8.1.

Table 8. 1: The key information about the participant PPSTs and their learners

Pre-service TSPCK episodes categories and Learners per PPSTs’ class
teacher guantities as identified in the lessons
from Chapter 6

Basic Proficient  Sophisticated Grade Female Male Total

episode episode episode
Noma 4 8 4 12 7 8 15
Lerato 6 10 9 12 7 7 14
Sara 4 10 12 12 5 9 14

All the PPSTs’ lessons reflected a TSPCK episode profile containing all the three categories of
eTSPCK namely, the basic, proficient and sophisticated TSPCK episodes to differing extents. As
discussed in Chapter 3, the eTSPCK rubric simply captures and portrays the different categories
of eTSPCK displayed in a lesson. It does not produce a single, summative score of the identified
eTSPCK episodes which is in line with the understanding that each interactive use of TSPCK
components to form an eTSPCK episode in a class, rather than the sum of the episodes, is important
(Miheso, 2018). Naturally, there is a tendency to expect better quality with a TSPCK episode
profile that shows higher quantities of proficient and sophisticated eTSPCK episodes. This is done
in mindfulness that when the sequence of emergence of the identified eTSPCK episodes in a lesson
is done, the basic eTSPCK, however low in the ranking of the eTSPCK episodes, tends to provide
the building blocks that lead to a higher order eTSPCK or a collection of eTSPCK episodes

scaffolding a complex explanation (Mavhunga and van der Merwe, 2020). The purpose here,
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however, rested in capturing and portraying the PPSTs’ eTSPCK and then comparing each profile

to respective learner performance. Section 8.1.1 presents the data analysis procedure.

8.1.1. Data Analysis

The purpose of this chapter is to establish the possible link between the PPSTs’ eTSPCK and
learner outcomes. The scores for the PPSTs’ eTSPCK were generated from recalling the
qualitative scoring of the PPSTs eTSPCK profile derived from analyzing the recorded lesson
videos in Chapter 6. Since these scores were qualitative in nature, they were first converted into
quantitative linear measures by using the Rasch statistical software called, Winsteps. The episodes
were read into the Rasch program as persons whereas the 5 TSPCK components were read in as
items (see Appendices V, X and Z). The Rasch statistical analysis model is useful in transforming
ordinal data into linear measures placed on an equidistant scale (Boone et al., 2014; Bond & Fox,
2015). The calculated PPSTs linear Rasch person measures were then used to conduct a statistical
correlation analysis. The analysis was done in two sets, (i) first between each of the PPSTs’
eTSPCK episode Rasch measures and their respective learners’ Rasch person measures in the pre-
test, then (ii) the analysis repeated with the post-learner achievement tests (see section 8.2.1

below).

8.2. eTSPCK and learner performance correlation analysis

8.2.1. Quantitative overview patterns of the correlation analysis between the PPSTSs’

eTSPCK episodes and learner performance

Because of a different number of variables that were paired, Rasch measures for the PPSTs’
eTSPCK episodes and learner performance, a strategic random sampling was done in three batches
in order to allow for all the variables to be paired. This was important to do because the correlation
that compares two variables requires paired data sets when running the statistical correlations
(Greasley, 2007). Through the use of a correlation analysis, the study estimated the Pearson
correlation coefficient (r) of learner achievement versus each of the PPST’s overall eTSPCK
episodes across multiple batches. The correlation coefficient is widely used in research to describe
the relationship between strength and direction of correlation between two variables that are being
investigated (McMillan & Schumacher, 2014; Benesty, Chen, & Huang, 2008). The strength of
correlation describes the magnitude of the association between the variables. On the other hand,
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the direction refers to the signage of the association, revealing whether the association is positive
or negative (McMillan & Schumacher, 2014). As alluded to in Chapter 3, the correlation
coefficient of zero implies that there is no linear association between two variables being compared
(McMillan & Schumacher, 2014; Schober, Boer, & Schwarte, 2018). Stronger linear relationships
are explained between the variables whose correlation coefficients are closer to -1 or +1. A positive
correlation exists when variables are directly associated whereby as the value of one variable
increases, so does the value of the other variable (Schober et al., 2018). A negative correlation
coefficient, on the other hand, reveals an inverse association between the variables whereby as the
value of one variable increases, a decrease occurs in the value of the other variable (Schober et al.,
2018). Figure 8.1 presents the overall correlation analysis findings. The first 3 batches in the green
shaded columns represent the correlation results between the PPSTs” eTSPCK episodes and
learner pre-test performances, while the second set of batches, in the pink shaded columns, display
the results of the correlation between the PPSTs’ eTSPCK episodes and learner post-test

performances. These are subsequently presented in detail in the sections that follow.

NOMA Pre-test average
r=-0.198 (p = 0.483)
Correlations
Leamners’ Batch 1: Batch 2: Batch 3: Learners’ Batch 1: Batch 2: Batch 3: negligible correlation
Pre-Test Noma's Noma's Noma's Post-Test Noma's Noma's Noma's
Person overall Qverall QOverall Person Overall Overall Qverall ¥
measures Episodes Episodes  Episodes  measures Episodes Episodes  Episodes Post-test average
Noma's  Pearson 1 -188 -207 -200 1 690 660 125 r=0.688 (p =0 016)
Overall  Correlation ' '
episodes  Sig. (2-tailed) 423 526 501 020 010 018 Moderate positive
N 15 15 15 15 15 15 15 15 correlation
LERATO Pre-test average
r=-0.172 (p = 0.600)
Correlations _ .
Leamers’ Batch 1: Batch 2: Batch 3: Leamers’ Batch 1: Batch 2: Batch 3: negligible correlation
Pre-Test Lerato’s Lerato's Lerato’s Post-Test Lerato's Lerato's Lerato's
Person Overall Overall Overall Person Overall Overall Overall Post-test average
measures Episodes Episodes Episodes  measures  Episodes  Episodes  Episodes g
Lerato's  Pearson 1 -066 -294 -156 1 817 768 780 r=0.788 (p = 0.03)
Overall Correlation
episodes  Sig_ (2-ailed) 823 308 BT0 045 034 010 High positive
N 14 14 14 14 14 14 14 14 correlation
SARA Pre-test average

r=-0.207 (p = 0.52)

negligible correlation

Correlations
Learners' Batch 1: Batch 2: Batch 3: Leamers’ Batch1: Batch2: Batch 3:

Pre-Test Sara's Sara's Sara's Post-Test  Sara's Sara's Sara's
Person Overall Overall Overall Person Owverall Overall Overall
measures  Episodes  Episodes  Episodes measures Episodes Episodes  Episodes Post-test average
Sara's Pearson 1 -.029 -.285 -307 1 871 856 816
Overall Cormelation r=0.841 (p =0.013)
Episodes  Sig. (2-tailed) .930 .297 333 .010 015 .013 High positive
N 12 12 12 12 12 12 12 12 correlation

Figure 8. 1: Overall correlation between the PPSTs’ eTSPCK and learner performances
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Figure 8.1 displays the overall quantitative findings of the correlation between the Rasch person
measures of each of the PPSTs’ overall eTSPCK episodes versus learner person Rasch measures
in the pre-and post-learner achievement tests on Chemical Equilibrium. As alluded to in Chapter
3, there are certain descriptors that are used to interpret correlation coefficients. The descriptors
are negligible for the values below +/- 0.3; low for the values ranging from +/- (0.3 to 0.5);
moderate for the values ranging between +/- (0.5 to 0.69); high and very high correlations for
values ranging between +/- (0.70 to 0.90) and +/- (0.90 to 1.00) respectively. Consequently, a
stronger association between two variables is explained by the Pearson correlation coefficient (r)

that is closer to +1 or -1.

Figure 8.1 shows an existence of an insignificant correlation between all the PPSTs’ eTSPCK
episodes and the learners’ pre-test performance with the average Pearson correlation coefficients
r=-0.198 (p =0.483), r=-0.172 (p = 0.600) and r =-0.207 (p = 0.52) for Noma, Lerato and Sara’s
case respectively measured at a significance level o = 0.05. The strength and negative signage at
the alpha values higher than the significant level of 0.05 suggest the presence of an insignificant
negative negligible correlation between the PPSTs’ eTSPCK and the learner pre-test performance.
The negative sign indicates an inverse relationship between the PPSTs’ eTSPCK and learner
performance in the pre-test whilst the statistically insignificant and negligible (r < -0.30)
correlation shows an absence of a considerable relationship between the variables. An insignificant
correlation between the PPSTs’ eTSPCK and learner pre-test performances provides confirmation
that the learners had not received any teaching on this topic prior to the pre-test. This suggests that

the gains by learners in the post-achievement tests may be linked to the PPSTs’ teachings.

A significant correlation was established between the PPSTs’ eTSPCK and learner post-tests
performance as observed by the average Pearson correlation coefficient r = 0.688 (p = 0.016), r =
0.788 (p = 0.03) and r = 0.841 (p = 0.013) for Noma, Lerato and Sara’s cases respectively,
measured at a significance level a = 0.05.The strength and direction of the Pearson correlation
coefficients at a significant level much lower than a = 0.05 indicated the presence of a statistically
significant and moderate to high correlation (between r = +0.50 and r = +0.90) between the PPSTs’
eTSPCK and the learners’ post-test performance. A positive signage indicates a direct relationship

between the PPSTs’ eTSPCK episodes and learner performance in the post-test. Accordingly, the
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statistically significant and moderate to high positive correlation shows the presence of a

considerable relationship between the variables.

The detailed results of the correlation analysis are presented in the section below. They are
presented case-by-case between each of the PPST’s eTSPCK and the learners’ performance. The
analysis was done in two sections: (i) First, the quantitative analysis of the correlation between
each of the PPSTs’ eTSPCK episode Rasch measures and their respective learners’ Rasch person
measures, (ii) second, the qualitative analysis on the correlation between the PPSTs’ eTSPCK and

learner performances to collaborate the quantitative findings.

THE CASE OF NOMA AND HER LEARNERS

Q) A quantitative analysis of the correlation between PPSTs’ eTSPCK and learner

performances.

A total of 16 eTSPCK episodes were identified in Noma’s recorded video on the teaching of
Chemical Equilibrium concepts, as analyzed in Chapter 6. Table 8.2 presents the content covered
per teaching segment, the resultant eTSPCK episode and the rubric score/level recalled from the
analysis done in Chapter 6. An additional information of the newly calculated Rasch person
measures for the eTSPCK episodes including the fit statistical parameters are also presented on
the last three columns (C-6, C-7 and C-8).
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Table 8. 2: Noma’s eTSPCK episodes converted into Rasch person measures

C-1 C-2 | C-3 | C-4 | C5 c6 | c7 ] C8
Time Teaching segments Emerging episodes TSPCK TSPCK | Rasch Fit statistics
(mins) Episode Rubric Person . OUT.
Category level measure  zSTD 7ZSTD
0-3 Characteristic of chemical LPK/CS Basic 1 -0.01 1.11 1.13
reactions
3-10 Types of systems LPK/R/CS/R Sophisticated 3 2.58 MAX MAX
10-17 Reversibility of reactions LPK-R/CS/WD/R/LPK  Sophisticated 3 2.58 MAX MAX
17-25 Rates at CE: rate time graph LPK/WD/R. Proficient 2 1.16 0.54 0.52
25-33 Explaining rate time graph R/LPK-WD Proficient 2 1.16 -0.51 -0.60
33-35 Dynamic CE R/CS/WD Proficient 2 1.16 1.81 1.79
3542 Concentrations at CE: LPK/WD/R Proficient 2 1.16 -0.51 -0.60
concentration time graph

42-50 Factors affecting CE: Temperature  CS/LPK-CS/WD Sophisticated 3 2.58 MAX MAX
50-57 Effect of temperature continued LPK-R'WD Proficient 2 1.16 -0.51 -0.60
60-65 Effect of Pressure R/LPK/WD/CS Sophisticated 3 2.58 -0.51 -0.60
65-72 The Le Chatelier’s Principle CS/WD Basic 1 -0.01 1.81 1.79
72-78 Change in concentration R/LPK-WD Proficient 2 1.16 -0.51 -0.60
78-88 Evaluation: effect of concentration R/LPK-CS/WD Sophisticated 3 2.58 -0.51 -0.60
88-97 Effect of pressure LPK-CS/R Proficient 2 1.16 0.54 0.52
97-101 General effect of a disturbance R/CS Basic 1 -0.01 1.81 1.79
101-105 The dynamic nature of CE R/WD/LPK Proficient 2 1.16 -0.51 -0.60
Reliability indices summarized Raschmean 1.04

Person reliability 0.00

Item reliability 0.74

Infit/Outfit indices 3 out of fit

Note: LPK-Learner Prior Knowledge; CS-Curricular saliency; WD-What is difficult to teach or understand; R-
Representations; CTS-Conceptual teaching strategies. The episodes are presented in descending order of the Rasch
person measures. The mean for the item measure is set to zero & Units per Logit=1 for the tests (UIMEAN=0 and
USCALE=1)

The fit statistical parameters represented by IN. ZSTD and OUT. ZSTD measure the coherence of
the person measures to the level of the difficulty of the items. In this specific analysis, the fit
statistics estimated the probability of the PPST to display the eTSPCK episodes that portray the
interactions between multiple TSPCK components. The statistical fit values are considered
acceptable and good when they are within the range of -2 and +2 (Boone et al., 2014). This would
be an indication that both the item and person measures work coherently together to measure a

single construct. The values below -2 and above +2 are regarded as not fitting the Rasch model.

Table 8.2 reveals three indices that are statistically out of fit. They are labeled as MAX. The outfit
index reflects items that are quite distant from a person’s ability level and therefore not expected
to be achieved (Boone & Rogan, 2005, p. 34). MAX in this case refers to the extreme explanations
by persons (the PPSTs). Looking at the column of “emerging episodes”, it can be observed that

those are sophisticated episodes with the highest person Rasch measure (2.58), which also portray
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a repeat of one of the TSPCK components. Perhaps, the system read this as unconventional and
unexpected, as it was observed in only a fewer number of episodes. For example, for the first
episode (LPK/CS) in Table 8.2, each component appears ones in the interaction, and hence were
each entered as “1” into the Excel spreadsheet (1-LPK and 1-CS). The second episode
(LPK/R/CS/R) on the other hand was added as 1-LPK, 2-R and 2-CS. So, while most of the
episodes had one component read ones, the highlighted episodes labeled as MAX had at least one
component each, read twice, thus making them different from the majority of the episodes.
Consequently, the Rasch model regarded these combinations of eTSPCK components as complex

and uncommon.

Noma’s learners’ pre-and post-achievement Rasch person measures were recalled from Chapter 7

and presented again (without any additional information) in Table 8.3 below for ease of reference.
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Table 8. 3: Noma’s learners’ Rasch person measures imported as Table 7.5 in Chapter 7

Learner Pre-learner achievement test Post-learner achievement test
code Rasch person  Fif statistics Rasch person Fit statistics

measure IN. ZSTD  OUT. measure IN. ZSTD  OUT.

ZSTD ZSTD

KEAM -2.47 -0.35 -0.24 2.65 0.28 -0.04
BASI 0.03 -0.04 -0.27 2.64 -0.36 -0.49
FELO 0.03 -0.04 0.27 2.64 0.65 1.23
SEMA 0.65 1.46 1.13 2.64 0.65 1.23
GUBE -2.47 -0.35 -0.24 1.73 0.30 -0.13
GELO -2.47 -0.35 -0.49 1.73 -0.18 -0.11
MOLI -1.43 -1.35 -0.80 1.73 0.13 1.57
PALE -0.65 -1.64 -0.60 1.73 -0.38 -0.46
NOSI -0.65 1.46 1.13 1.73 -0.38 -0.46
SAND 0.69 1.17 1.34 1.12 -1.08 -1.08
MAGI 0.03 -0.85 -0.77 1.12 -0.20 -0.37
MAYO -1.43 -1.35 -0.80 1.12 0.43 0.06
BALO -1.43 -1.35 -0.80 0.62 1.08 0.93
PELI -2.47 0.69 0 .49 0.18 0.39 0.19
KODI 0.03 -1.41 -1.12 -0.24 0.68 0.22
Reliability Rasch mean -1.11 Rasch mean 1.54
indices Person reliability 0.74 Person reliability 0.77
summarized | Item reliability 0.77 Item reliability 0.80

Infit/Outfit indices  All within +2;-2 range Infit/Outfit indices  All within +2;-2 range

Note: The names of the learners are presented in descending order of Rasch measures in the post-test. The mean for
item measure set to zero & Units per Logit=1 for the tests (UIMEAN=0 and USCALE=1)

The high Rasch person measures (with zero as a reference) indicate a high probability for the
participant to respond to the item correctly whilst the below zero Rasch person measures imply a

lower probability for the participant to answer the item correctly.

The Rasch person measures for Noma’s eTSPCK episodes from Table 8.2 and the learners Rasch
person measures from Table 8.3 were all run through the Statistical Package for the Social Sciences
(SPSS) to calculate the Pearson correlation coefficient (r) (Aldrich, 2018). As it is alluded to
above, the correlation analysis that compares two variables requires paired data sets when running
the statistical correlations (Greasley, 2007). Because of a different number of variables that were
paired, 16 eTSPCK episodes and 15 learner performance scores, a strategic random sampling was
done in three batches in order to allow for all the variables to be paired. Figure 8.2 presents the

results of the Pearson correlation analysis.
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NOMA
Correlations
Learners’ Batch 1: Batch 2: Batch 3: Average  Leamers' Batch 1: Batch 2: Batch 3: Average
Pre-Test Noma's Noma's Noma's Post-Test Noma's Noma's Noma's
Person overall Overall Overall Person Overall Overall Overall
measures Episodes Episodes  Episodes measures Episodes Episodes  Episodes
Moma's  Pearson 1 -188 - 207 -200 -198 1 690 660 125 688
Overall  Correlation
episodes  Sig. (2-tailed) 423 526 501 483 020 010 03 016
N 15 15 15 15 15 15 15 15 15 15

Figure 8. 2: Noma’s overall eTSPCK episodes and her learners’ Rasch Person measures

Figure 8.2 shows that the Pearson correlation coefficients between Rasch measures of Noma’s
e¢TSPCK episodes and her learners’ pre-test performances were r1 = -0.188 (p1 = 0.423), r,=-0.207
(p2 = 0.526) and r3 = -0.200 (ps = 0.501), calculated at a significant level « = 0.05. An average
correlation coefficient of r=-0.198 (p = 0.483) was calculated between Noma’s eTSPCK episodes
and her learners’ pre-test performances. The strength and the signage (negative) which determine
the direction of the correlation coefficient (r) at the alpha values that are much higher than the
significant level of 0.05, indicate the presence of an insignificant and negligible correlation
between Noma’s eTSPCK and the learners’ pre-test performance. The calculated average Pearson
correlation coefficient is below r = -0.30, which is the agreed cutoff for very low and hence
negligible correlations between two variables (Hinkle et al., 2003). Contrary to this, the Pearson
correlation coefficients of r1 = 0.690 (p = 0.020), r> = 0.660 (p = 0.010) and r3 = 0.725 (p = 0.018)
were calculated in the post-test. An average correlation coefficient of r = 0.688 (p = 0.016) was
calculated between Noma’s eTSPCK episodes and her learners’ post-test performances. The
resultant strength and direction of the correlation coefficient for all the three batches, at the alpha
values much lower than the significant level of o = 0.05 indicated the presence of a statistically
significant and moderate correlation between Noma’s eTSPCK and the learners’ post-test
performance. The calculated average correlation coefficient is within the established cutoff range
of r = +(0.5 to 0.69) which classifies the correlation as moderate. A positive correlation in this
case suggests a direct linear relationship between Noma’s eTSPCK and learner performance in the
post-test whilst the significantly moderate correlation value shows the presence of a fairly

reasonable relationship between the two variables.
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(i) A qualitative analysis of the correlation between PPSTs’ eTSPCK and learner
performances
This section presents a qualitative analysis of the link between Noma’s eTSPCK and the learners’
conceptual performance on Chemical Equilibrium. Noma had a total of 15 learner participants in
her class. The highest possible test performance for a total group of 15 learners would be the total
number of correct scores on each item in the pre-and post-test. Table 8.4 presents Noma’s learners’
conceptual performances in the pre-and post-learner achievement test items and her eTSPCK
episodes linking directly to those test items. The highlighted items on Table 8.4 correspond to the

eTSPCK episodes that were calculated as out of fit through the Rasch analysis model.

Table 8. 4: Noma’s eTSPCK episodes against her learners’ conceptual performances

Test Noma’s learners’ performances Noma’s eTSPCK
Item Pre-test | Post-test | Knowledge | Percentage | TSPCK episode TSPCK

gain gain (%) category
[tem 4 0 12 12 80 R/LPK/WD/CS Sophisticated
[tem 3 0 11 11 73 LEK/WD/R/CS Sophisticated
Item 7 3 13 10 67 LPE/R/CS/R Sophisticated
Item 6 3 13 10 67 LPK/R/CSR Sophisticated
[tem 1 3 13 10 67 LPK/WD/R Proficient
[tem 9 4 14 10 67 R/CS/WD Proficient
[tem 11 0 9 9 60 CS/WD Basic
Item 8 6 12 6 40 LPK-R/CS/'WD/R/LPK | Sophisticated
[tem 2 1 6 5 33 CS/LPK-CS/WD Sophisticated
[tem 3 10 13 3 20 LPK/WD/R/CS Sophisticated
Item 10 9 11 2 13 R/LPK-WD Proficient

Note: Items are in the order of decrease in calculated knowledge gain following the PPST’s teaching

Table 8.4 suggests that there is largely a direct relationship between the learners’ high post-test
item performance and most of the sophisticated category eTSPCK episodes. The test-items where
the learners show more knowledge gains can be linked to the teaching moments in which Noma
displayed sophisticated eTSPCK episodes. For example, item 4 which was linked to a sophisticated
eTSPCK episode (R/LPK/WD/CS) had a pre-and post-test item performance of 0 and 12 points

respectively, resulting in a huge 80% of learners with a knowledge gain.

Additionally, the results suggest a direct relationship between sophisticated eTSPCK episodes that
were found out of fit and the learners’ highest performance in the post-test. For example, a high
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number of the learners presented correct responses for items 6 and 7 (13 out of 15 learners) and 8

(12 out of 15 learners) in the post-test following Noma’s teaching that revealed sophisticated

eTSPCK episodes with at least one repeating TSPCK component.

Comparing Noma’s eTSPCK episodes and the learners’ performance for item 4

Item 4 required the learners to explain how a chemical reaction that has reached a state of Chemical

Equilibrium reacts to any form of disturbance caused. The learners’ understanding of this concept

reflects their understanding of the application of the Le Chatelier’s principle, a concept that the

learners find difficult to comprehend. On teaching this concept, Noma exhibited a sophisticated

eTSPCK episode, displaying an interaction between four TSPCK components.

Figure 8.3 presents an extract from Noma’s teaching that displays a sophisticated episode.

The effect of pressure changes on chemical equilibrium: 60-65mins

Noma: The second effect is that of pressure. {Writes a reaction; N:Os <>

NOz). Remember that these are both gases.
Think about it. So you apply

pressure on something, when you increase the pressure of gases, what
happens to the volume?

Stds: Decreases

Noma: . What do you think happens to the particles inside?
Stds: They collide more

Noma: . 50 what do you think of that reaction? So what
do you think, which reaction is going to be favored here?

Stds: Silence

Noma: It favors the one with fewer moles. There is too much pressure.
There is too much pressure. You got confused neh (referring to one
student)?

Std: Yes

Nema: 5o pressure does what? When you put too much pressure?

Stds: Increases collisions, decreases volume...

Noma: Normally it decreases the volume. So imagine when you have a
system like this and then you squeeze it. So you put a lot of pressure on this
system, what is going to happen? It's gonna go to where it is less, because it
needs to balance again. There is too much pushing from this side. Do you
understand, it is too much, so the reaction will want to produce less moles
to balance the pressure. So the forward reaction is favored. The favored
reaction is the one that uses the added substance, so that the pressure is
less after. And then, when you decrease your pressure, it is vice versa. So
increasing pressure favors production of less moles and the decrease in
pressure favors production of more moles.

Overview:

Reminds learners of the relationship between pressure and volume
as learned in other topics. The effect of an increase in pressure is
then discussed.

Qualitative in-depth analysis:

The segment’s discussion is on the effect of change in pressure
which begins with a display of a chemical equation (R). Noma then
links this to students’ previously learned knowledge between
pressure volume, by asking students what the effect of increasing
pressure is on both volume and the collision rate of the gas particle
(LPK) and explained the effect of increasing pressure to gaseous
reactions where the reaction attempts to reduce the added pressure
by favoring a reaction that produces less moles (WD). She continued
by explaining further that an increase in pressure means a decrease
in volume which bring more moles into a smaller space hence the
reaction that produces less moles will be favored to reduce the
pressure. This emphasis brings an aspect of CS into the teaching
segment.

A Sophisticated TSPCK episode: R/LPK/WD/CS

Teacher task: Explanation of important concepts

Figure 8. 3: Noma’s teaching segment on the effect of a disturbance at Chemical Equilibrium

Using a symbolic chemical reaction (R), Noma used the learners’ previously learned concept

(LPK), volume versus pressure changes relationship, to explain the effect of increasing pressure.

She further explained that a decrease in volume, which is similar to increasing the pressure causes
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a reaction to favor one that produces less moles as an attempt to reduce the added pressure. The
understanding of this concept is considered difficult for the learners (WD) while the emphasis
made brought to the fore, an aspect of curricular saliency (CS), as Noma explained what is
important. The explanation resulted into a sophisticated TSPCK episode, displaying an interaction
between four different TSPCK components (R/LPK/WDI/CS).

Presented in Figures 8.4 and 8.5 are the extracts from the responses of Noma’s learners on the
same concept represented as item 4 on the learner-achievement test. The pre- and post-test
responses on the item are both followed by an analysis that compares the responses to Noma’s

teaching episode (Figure 8.3).

Learner Gelo’s responses
4. What happens to a chemical reaction that has reached an equilibrium state when a disturbance
is added?
.............. Chaal ok, hremes ok di
7 Aot vchoy. oo T
@ hat . ... .qweeh r(‘1 goin.. ke
- UL AT A P15 2
“ J
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4 What happens to a chemical reaction that has reached an equilibrium state when a disturbance
is added?
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Figure 8. 4: Learner Gelo’s written responses on item 4 of learners’ achievement tests

Looking at a pre-test response by Gelo in Figure 8.4, the response shows lack of understanding or
a confused understanding of what happens. This is observed in the response that Gelo gave that,
““a reaction starts reacting again”. This response projects a common learner misconception where
the learners’ understanding is that there is no reaction at Chemical Equilibrium. The post-test
response shows an improved understanding of the concept as learner Gelo precisely shows that a
reaction that opposes the added disturbance is favored and that a new equilibrium is eventually
reinstated.
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Learner Peli’s responses

4. What happens to a chemical reaction that has reached an equilibrium state when a disturbance
is added?

When o Oisturponce  [s Qdded— it \ncrecses  the

rate at dnich tle. next. . equilipmn Wil be reached

Pre-test
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4. What happens to a chemical reaction that has reached an equilibrium state when a disturbancg
is added?

When  q distUrbance o cdoed  the  system.

Post-test

Figure 8. 5: Learner Peli written responses on item 4 of learners’ achievement tests

As shown in Figure 8.5, learner Peli pre-test response does not show any understanding of the
concept as Peli wrote that a disturbance added increases the rate at which the next equilibrium is
formed. The response that Peli presented is false, as the rate of a reaction would be limited to
specific forms of disturbance, either a change in the concentration of only the reactants and/or the
temperature. The post-test response however, showed an improved understanding as Peli was able
to indicate that a reaction that opposes the added disturbance/stress is favored and later a new

Chemical Equilibrium position will be formed.

When the learners were asked what teacher actions, they found useful during the lessons in
supporting their understanding of the concepts, the following responses were common to most
learners: (i) the use of examples that the learners could relate to and (ii) the explicit emphasis made
when explaining the concepts. For example, learner Gube wrote that Noma “gave an everyday
example that | do. That helped me to understand the concept, e.g., the boiling of water”. Put in
different words was learner Felo’s response that the PPST “gave examples and linked them to
everyday situations”. The responses given by the learners is evident in the explanations given by
Noma in episodes 2 and 3 which ran between 3-10 minutes and 10-17 minutes into the lesson (See
Appendix R), where an example of water changing its phase is used as a scenario to help the
learners to understand the concept of reversibility. Furthermore, the extract in Figure 8.3, presented

the evidence of Noma’s re-calling and building-on on the learners’ prior knowledge of the
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changing volume to introduce the concept of the effect of pressure changes at Chemical
Equilibrium. Using what the learners can relate to is in line with the constructivist’s theory of
learning which contends that learning becomes more effective when it is connected to the existing
knowledge (Kurnaz and Saglam-Arslan, 2011). Additional views provided by the learners, were
that the PPST explained the concepts again and again to show emphasis and to make the learners
understand. This demonstrates the aspect of repeatability which the learners stated as contributing
to their understanding. This can also be observed in the details that Noma gave repeatedly in figure
8.3 when she explained how an increase in pressure affected the state of equilibrium. An emphasis
of important aspects brought forth by the repeat of the concept explanations takes curricular

saliency (CS) into consideration.

The observed change in the understanding of Chemical Equilibrium concepts, as observed in the
learners’ post-item responses and performance, can be attributed to Noma'’s use of representations
that were familiar to the learners, including the replicating explanations to help put emphasis on
important concepts. This, according to the learners, is what contributed to their understanding of
the concepts.

THE CASE OF LERATO AND HER LEARNERS

)} A quantitative analysis of the correlation between PPSTs’ eTSPCK and learner
performances

Lerato’s teaching comprised 25 eTSPCK episodes as analyzed in Chapter 6. Table 8.5 displays the

content covered per teaching segment, the eTSPCK episode category and the corresponding rubric

score recalled from the analysis of Lerato’s lesson done in Chapter 6. The last columns (columns

C-6, C-7 and C-8) present the newly calculated eTSPCK episode Rasch person measures and the

fit statistical parameters.
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Table 8. 5: Lerato’s eTSPCK episodes converted into Rasch person measures

C-1 C-2 | C-3 | Cc4 | C>5 C-6 C-7 C-8
Time Teaching Segment Emerging TSPCK TSPCK | Rasch Fit statistics
(Mins) Episodes Episode Rubric Person I, OUT.

Category level measures  ZFSTD Z5TD
2-7 How reactions happen R/C3WD Proficient 2 1.31 0.02 -0.07
7-10 Conditions for chemical reactions R/CS Basic 1 0.00 -1.49 -1.48
10-15 The activation energy CS/FELPE Proficient 2 1.31 -035 -0.26
15-21 Open and closed systems R/LPE- Sophisticated 3 2.81 MAX MAX
C5WD/R/CS
21-27 Evaluation: Tvpes of svstems LPE-CS/E Proficient 2 1.31 -0.35 -0.26
27-32 Reversible reactions CS/R- Sophisticated 3 281 MAX MAZ
CSAWD/LPE/CS
32-37 Simmulating reversible reactions C5/FR/CS Proficient 2 0.00 -1.49 -1.48
37-41 Concentration time graph R/C5WD Proficient 2 1.31 0.02 -0.07
41-43 Changes in rates of forward and reverse CS/R Basic 1 0.00 -1.49 -1.48
reaction
43-50 Concentration time graph continued LPE-R/CS/LFE Sophisticated 3 1.31 1.33 1.54
50-55 Characteristics of CE and dvnamic CE WD/CS/LPE/R Sophisticated 3 281 1.89 2.00
55-60 Conditions for CE CS5WD Basic 1 0.00 1.11 1.15
60-64 General lesson evaluation LPE-C5 Basic 1 0.00 0.91 0.87
64-70 Rate time graph LPE-R/CS Proficient 2 1.31 -0.35 -0.26
70-77 Rate and concentration time graphs LPE- Sophisticated 3 2Bl MAX MAX
C5WD/R/CS
77-80 Concentration time graph for the Haber process  LPE-R/CS Proficient 2 1.31 -0.33 -0.26
80-87 Factors affecting CE: concentration CSAWD/R Proficient 2 1.31 0.02 -0.07
87-920 The spike after increazing concentration of a RILPEWD Proficient 2 1.31 1.33 154
reagent
20-93 The effect of change in concentration LPE/RWD/LPE Sophisticated ™ 3 1.31 1.33 1.54
03-08 Changing pressure LPE-CS5/E/WD Sophisticated 3 281 1.89 2.00
08-101 Balancing equations LPE-C5/E Proficient 2 1.31 -0.35 -0.26
101-102 A spike or lack of, after a disturbance WD/E Basic 1 0.00 1.11 1.15
102-110 Increasing temperature LPE/CS/RSWD Sophisticated 3 281 1.89 2.00
110-117 Summary on CE discussions CS/RLPE/FSWD  Sophisticated 3 2.81 MAX MAZX
117-120 The Le Chatelier’s Principle WD/CS Basic 1 .00 1.11 1.15
Reliability indices Raszch mean 1.36
summarized Person reliability 0.00
Item reliability 0.80
Infit'Outfit indices 4 out of fit

Note: LPK-Learner Prior Knowledge; CS-Curricular saliency; WD-What is difficult to teach or understand; R-Representations; CTS-Conceptual teaching
strategies. The order in which episodes are presented is based on descending order of the Rasch person measures. The mean for item measure set to zero & Units
per Logit=1 for the tests (UIMEAN=0 and USCALE=1)
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Similar to Noma’s case, the MAX fit statistics were revealed for sophisticated eTSPCK episodes
with the highest person Rasch measures (2.81) consisting also of repeating TSPCK components.
4 such episodes were classified by the Rasch analysis model as out of fit, with features not common

to most TSPCK components combinations.

Table 8.6 below presents Lerato’s learners’ pre-and post-achievement Rasch person measures

recalled from Chapter 7.

Table 8. 6: Lerato’s learners’ Rasch person measures imported as Table 7.10 in Chapter 7

Learner code | Pre-learner achievement test Post-learner achievement test

Rasch person Fif statistics Rasch person Fit statistics

measure . OUT. measure I OUT.

ZSTD ZSTD ZSTD ZSTD

TOEKA 1.23 1.01 0.66 2.40 0.99 0.67
DIWE 0.63 0.51 0.29 2.40 0.87 0.46
NALD -0.50 1.86 2.05 2.40 -0.78 -0.41
SELO -0.50 -0.90 -0.73 1.24 0.22 0.33
EMAN -0.50 0.44 0.04 1.24 -0.34 -0.23
MPHO -1.13 -0.71 -0.56 1.24 0.62 1.81
SILE -1.13 -0.71| -0.56 1.24 -0.34 -0.23
TUME -1.13 1.87 1.20 1.24 -0.71 -0.44
RABO -1.13 -0.71 -0.56 0.37 0.36 -0.02
SEGO -1.13 -1.09 -0.76 0.37 -0.95 -0.72
MANE -1.90 -0.23 -0.15 0.37 0.36 -0.02
DEKA -1.90 0.28 0.63 0.37 0.36 -0.02
MELI -3.04 -0.81 -0.57 0.37 -0.95 -0.72
LIND -3.04 -0.81 -0.57 -0.42 -1.45 -0.89
Reliability Rasch mean -1.08 Rasch mean 1.06
indices Person reliability 0.60 Person reliability 0.73
summarized Item reliability 0.73 Item reliability 0.83

Infit/Outfit 1 out of fit Infit/Outfit All within the +2;-2

indices indices range

The names of the learners are presented in descending order of Rasch measures in the post-test. The mean for item
measure set to zero & Units per Logit=1 for the tests (UIMEAN=0 and USCALE=1)

Similar to Noma’s case, the Rasch person measures for Lerato’s eTSPCK episode (displayed on
Table 8.5) and the learners’ Rasch person measures from Table 8.6 were put together on SPSS to
calculate the Pearson correlation coefficient (r). Random sampling which was done in three
batches was used to enable the pairing of all the variables. This was important to do since the
numbers of variables differ and the calculation for correlation requires paired data sets. Figure 8.6

presents the correlation results obtained through the SPSS Software.
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LERATO
Correlations
Learners’ Batch 1: Batch 2: Batch 3: Average  Leamers’  Batch 1: Batch 2: Batch 3: Average
Pre-Test Lerato's Lerato's Lerato’s Post-Test Lerato's Lerato's Lerato's
Person Overall Overall Overall Person Overall Overall Overall
measures Episodes Episodes Episodes measures  Episodes  Episodes  Episodes
Lerate’s  Pearson 1 -066 -294 -156 =172 1 817 768 780 768
Overall Correlation
episodes  Sig. (2-tailed) 823 308 670 600 045 034 010 030
N 14 14 14 14 14 14 14 14 14 14

Figure 8. 6: Lerato’s overall eTSPCK episodes and his learners’ Rasch Person measures

Figure 8.6 presents three batches of the Pearson correlation coefficients of r1 =-0.066 (p = 0.823),
r. =-0.294 (p = 0.308) and r3 = -0.156 (p = 0.670) between Lerato’s eTSPCK and the learners’
pre-test performance calculated at a significant level a = 0.05. An average Pearson correlation
coefficient of r = -0.172 (p = 0.600) was calculated between Lerato’s eTSPCK episodes and the
learners’ pre-test performance. The strength and direction of the correlation coefficients (r), at the
alpha values higher than the significant level of 0.05 for all the three batches, indicate the presence
of a statistically insignificant and negligible correlation between Lerato’s eTSPCK and the
learners’ performance. The calculated average Pearson correlation coefficient is below r = -0.30
which is the agreed cutoff value that classifies the correlations between two variables as negligible
(Hinkle et al., 2003).

Furthermore, the Pearson correlation coefficients of ry = 0.817 (p= 0.045), r.= 0.768 (p = 0.034)
and r3 =0.780 (p = 0.010) at a significant level « = 0.05, were calculated between Lerato’s eTSPCK
and learner performances for the post-test. An average Pearson correlation coefficient of r =0.788
(p = 0.03) was calculated between Lerato’s eTSPCK episodes and the learners’ post-test
performance. The strength and direction of the resultant correlation coefficients for the three
batches indicated the presence of a statistically significant and high correlation between Lerato’s
eTSPCK and the learners’ performances in the post-test. The calculated average Pearson
correlation coefficient (r = 0.788) is within the established cutoff range of r = +(0.70 to 0.90) which

classifies the correlation as high.

Q) A qualitative analysis of the correlation between PPSTs’ eTSPCK and learner

performances.

As highlighted in section 8.1, Lerato’s class had a total of 14 learner participants. The highest

performance that could be displayed for the tests should correspond to the total number of correct
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answers to each item in the pre-and post-test. Table 8.7 depicts the learners’ pre- and post-

achievement test item performance and the linking eTSPCK episodes from Lerato’s teaching.

Table 8. 7: Lerato’s eTSPCK episodes against his learners’ conceptual performances

Test Lerato’s learners’ performances Lerato’s e TSPCK
item Pre-test | Post-test | EKnowledge | Percentage | ISPCK episode ISPCK

gain gain (%) category
[tem 5 1 13 12 g6 LPK-R/CSLPK Sophisticated
Ttem 7 2 14 12 g6 R/LPE-CS'WD/R/CS Sophisticated
Ttem 6 3 14 11 79 R/LPE-CS'WD/R/CS Sophisticated
[tem 9 3 13 10 71 WD/CS/LPEKR Sophisticated
Item 11 0 9 9 64 WDJ/CS Basic
Ttem 8 6 14 g 57 CS/R-CS/WD/LPK/CS | Sophisticated
[tem 1 g 14 6 43 LPK-R/CS Proficient
Item 10 3 9 4 29 C5/WD/R Proficient
Item 2 3 8 3 21 WDJ/CS Basic
[tem 4 1 3 2 14 WD/CS Basic
[tem 3 10 12 2 14 LPK-R/CS/LPK Sophisticated

Note: Items are in the order of decrease in the calculated knowledge gain following the PPST’s teaching

Table 8.7 suggests a direct relationship between the learners’ high knowledge gains and higher
eTSPCK episode categories, just as it is the pattern in Noma’s case. For example, an 86% of
learners showing knowledge gain is observed for item 7 from a pre-test score of 2 after a teaching
that exhibited a sophisticated TSPCK episode (R/LPK-CS/WD/R/CS).

Additionally, the results suggest a direct relationship between sophisticated eTSPCK episodes that
were found out of fit and the learners’ highest performances in the post-test. For example, all 14
learners presented correct responses for items 6,7 and 8 in the post-test, following Lerato’s
teaching that revealed sophisticated eTSPCK episodes with at least one repeating TSPCK

component.
The analysis of Lerato’s eTSPCK episodes and learner responses on item 7

Table 8.9 presents an extract of Lerato’s eTSPCK episode displaying his teaching on the types of
chemical reaction systems. Lerato’s explanation of this concept occurred between 15-21 minutes
into the lesson. Following this was a discussion on reversible reactions, another essential condition
needed for a chemical reaction to reach a state of Chemical Equilibrium. Lerato used a simulation

video to put emphasis and visualization of the simultaneous nature of a forward and a reverse
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reaction, as long as the system remains closed to avoid the loss of mass. This resulted into a
sophisticated TSPCK episode (CS/R-CS/WD/LPK/CS). Figure 8.7 presents an extract from
Lerato’s teaching episode where he provided explanations on the types of systems.

4. Open and closed systems: 15-21mins

Lerato: SoIwant you guys to work in your pairs right? Discuss what happens and what is the difference
between vou boiling water when there is a lit, and vou boiling water when there iz no Ii

So discuss amongst yourselves for 3 minutes. Right we are back, so what did you
guys at the back discuss?
One 5td: Ok, eh, when there is no liteh...
Lerato: When there i3 no 1it?
Same std: Yes. When there iz no lit, we loge water...
Lerato: We lose water right?
Same std: The water will evaporate
Lerate: yes... (writes it on the board)
Same std: Eh, when there is a lit, 1t will not evaporate...

Lerato: If there i a 1it?

Same std: yes

Lerate: If we have a system that is open, what happens?

One std: We lose

Lerato: So in general chemistry language we say we lose mass right? So we are

gonna loose of whatever we have in there right. If it 1x a gas, then obwicusly it is gonna escape through
evaporation right? So we know, in an open system, we are gonna lose staff This means we can never
really achieve that whole converting back that he was talking about. Which iz very important to the
concept of chemical equilibrium? Secondly, in a closed system, we are not losing anything right. So
which means, you keep getting this whole process of your staff are turning back into other staff, and then
shﬂ'utmmgbankho&mshﬂnghﬂ]hsmamﬂyvaypawﬁﬂmmﬂmmimﬁmk
about it if we are in a closed _ It never stops. Even if looks like it

And that is what iz important. It's that, because that happens
at a microscopic level, you can't see that observable change. You can't see that it i3 happening but it is
happening right? Because we know that in a closed system, right that there iz this continuous
rearrangement back and forth with reactants forming products and products back to reactants. It is
however relevant to note that when we are dealing with water, water s not actually, there is no chemical
reaction when dealing with water. Water s still water. It is just water in another phase. You kmow this,
it 13 still water. When we look at closely, specifically other chemical reactions that are actually having a
chemical reaction right. So this is not a chemical reaction. It is just a physical reaction. But it is important
that we use it to sort of understand and get our heads around what exactly happens in a closed system
and sort of have a basic idea of what happens in an open system.

Overview:

The segment infroduces condibions for chemical
equilibrium; closed systems as opposed to open systems and
the reversibility of reactions. This 15 done from a scenario
of water in an open and a closed pot, providing
characteristics of each system, where a closed system
enables for reversibility of a reaction. Emphasts 13 then
made that although a physical process of water changing
phase i3 used, this is not necessarily a reaction, but that there
are reactions that actually reverse.

Qualitative in-depth analysis:

The segment begins with a scenario of boiling water in a
closed versus an open pot (R) which learners are to discuss
in their groups and give feedback (LPK). Lerato goes on to
introduce learners to the types of systems open and closed,
and their characteristics i terms of loss of mass by open
systems, and the opposite for closed systems (CS). Further
emphasis by Lerato pointed out the continmous nature of
reactions in the closed systems that never end, where
reactants rearrange forming products, whilst at the same
time products react back mfo reactants (WD). His
explanation also highlighted that the reversible nature of the
reactions can only be seen at a microscopic level (R). The
discussion ends with an emphasis that the change of phaze
of water iz not a chemical but a physical which was used to
explain the concept under discussion This emphasis
brought though a different aspect of CS focusing learners
on what is important to conceptualize. Four components are
interactively linked in this episode as displayed on the
TSPCEK map below.

A Sophisticated TSPCK episede: R'LPE-C3/WD/R/CS

Teacher task: Types of systems

Figure 8. 7: Lerato’s teaching segment on different types of systems

Figure 8.8 portrays Lerato’s learner’s written responses (learner Tume) before and after the

teaching on the different types of systems. Item 7 required the learners to provide their

understanding of what closed systems are.
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Learner Tume’s responses

b) closed systems:
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Figure 8. 8: Learner Tume’s written responses on item 7 of the learners’ achievement tests

As shown in the pre-test response written by Tume in Figure 8.8 the learner showed a minimal
understanding of what closed systems are, as he indicated that the reaction happens in a “closed
environment” which is correct, however, the learner did not provide any explanation of what the
characteristics of a closed environment are. The understanding was observed to have improved in
the post-test response as Tume wrote a rich response on closed systems, explicitly citing the
important features of the system. A similar understanding of the concept was portrayed in Toka’s
responses as presented in Figure 8.9 below.

Learner Toka’s responses

b) closed systems:
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Figure 8. 9: Learner Toka’s written responses on item 7 of learners’ achievement tests

As shown in the pre-test response by Toka in Figure 8.9, unlike learner Tume, the learner revealed
no understanding of closed systems. The response following Lerato’s teaching showed an

improved understanding. Toka wrote that these are the type of systems in which matter, and energy
are not lost.

On the question of what teacher actions supported their understanding of the concepts during the

lessons the learners cited (i) the use of examples and diagrams and (ii) the use of the examples that
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relate to the learners’ real-life experiences. Observed from learner Keka’s response, the learner
wrote that teacher-Lerato ‘“used examples, diagrams and graphs” which assisted their
understanding of the concepts. This is in line with what Mitchell and colleagues attested to, that
the use of representations (R) when teaching facilitates the learners’ conceptual understanding by
enabling the learners to make sense of the concept being discussed (Mitchell et. al., 2014). The
use of diagrams which came in the form of a simulation is observed throughout most parts of
Lerato’s teaching (see Appendix S). The simulation which was used to explain the concept of
reversibility was also used after an introduction of the types of systems where a scenario of a cyclic
process of the water changing phase from liquid to gas and back to liquid was given as an example.
Responding to the same question, learner Sile presented that the PPST “gave life examples and
interpreted what | had an idea on to further explain and clarify the concept . The use of a scenario
of water changing phase also meant that Lerato considered the existing knowledge that the learners
bring into the classroom (LPK), which could affect their understanding of the current topic content
(Kurnaz & Saglam-Arslan, 2011). With respect to the use of graphs, following the explanation of
reversibility (episode 27-32), Lerato was observed (in multiple teaching segments) explaining the
concept of reversibility using concentration and rate versus time graphs (see Appendix S).

According to the learners, this also contributed to their understanding of the topic concepts.

It can be concluded that the use of diagrams and graphs as representations by Lerato, has
contributed to the learners’ comprehension of Chemical equilibrium concepts. The learners
suggest that using examples that are familiar and associated with their everyday experiences

heightens the understanding of the concepts.

THE CASE OF SARA AND HER LEARNERS

e A quantitative analysis of the correlation between PPSTs’ eTSPCK and learner

performance.

As analyzed in Chapter 6, Sara’s teaching comprised 26 eTSPCK episodes. Presented on Table
8.8 is the content covered per teaching segment by Sara, including the eTSPCK episode categories
and the awarded rubric scores all recalled from the analysis done in Chapter 6. Additional
information of Sara’s newly calculated eTSPCK episodes Rasch person measures and the fit

statistical parameters are displayed from columns C-6, C-7 and C-8.
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Table 8. 8: Sara’s eTSPCK episodes converted into Rasch person measures

C-1 C-2 | C-3 | C-4 | C-5 C-6 | c-7 | C-8
Time Teaching segment Emerging epizode TSPCK TSPCK Ra=zch Fit staiistics
min Epizode Fubric Perzon
¢ ) CI;te TOTV lewel hiezsure EETD géJ-ITD
4-10 Leszon objectives CSLPKE Ba=ic 1 -0.82 -0.58 .17
10-13 Irreversible reactions LPE/R/CS/E Sophisticated 3 222 -0.39 =009
13-18 Beversible reactions CSLPE/F/LPEWD Sophisticated 3 222 -0.62 -0.72
18-19 Closad svatems CSLPK Basic 1 -0.82 -0.58 017
19-X2 Concentration time graph RELPE WD Proficient 2 023 023 035
1116 Dynamic Chemical Equilibrium (CE) WDE/LPE/CS Sophisticated 3 222 023 035
16-31 F.ate time graph LPE/CS-F WD Sophisticated 3 222 -0.62 -0.72
3140 Characteristics of CE LPESWD-EALPK Sophisticated 3 222 .14 0.17
40-43 Conditions for CE LPE/EWDVCS Sophisticated 3 222 -0.62 -0.72
43-44 Eeversible & irreversible reactions LPE/EWD Proficient 2 023 014 017
44-46 Definition of CE CEMDLPK Proficient 2 023 036 031
46-48 CE explained using graphs R/CS Basic 1 -0.82 098 0.52
48-55 Calculating rate LPE-E/CE Proficient 2 023 -0.38 -0.09
5560 EBate change in concentrations over time LPE/ES/CS Proficient 2 023 -0.30 000
60-65 Forward and backward reactions LPE/R/CS/LFK Sophisticated 3 232 -0.39 -0.09
G5-69 Evaluation: Dhvnamic CE LPE WD Basic 1 -0.92 023 035
69-T2 Meaning of Dyvnamic LPE-EWD Proficient 2 023 .14 .17
T1-To Change in concentrations before CE LPE-E/'CS Proficient 2 023 -0.39 -0.09
T6-834 Change in rate of forward reaction until LPE-R/CTS/CS Sophisticated 3 222 102 1.48
CE
34-80 Change in rate of reverse reaction until CE =~ LPE-E7WDVCSE Sophisticated 3 222 062 =072
89-96 Factors affecting CE (Le Chatelier’s CEMVDVLPECS Sophisticated 3 2322 -0.62 -0.72
Principle)
06-103 I.um-ealfae in Concentration of a reactant CEAVDCERICTS Sophisticated 3 222 2.00 135
103-107 Increaze in Concentration of a product LPE-EWD Proficient 2 023 014 .17
107-111 Decrease in Concentration of a reactant ILPE-WDVE/CS Sophisticated 3 222 =062 -0.72
111-115 Decrease in Concentration of a product I PEAVD-CS/E Sophisticated 3 222 -0.62 072
117-120 Effect of a disturbance: Concentration time  B/CS-TWD Proficiant 2 023 .88 1.00
graph
Reliability indices Basch mean 0.62
summarized Perzon reliability Q.00
Itemn relizbality 0.90
Infit'Cutfit indices All within the +2;-2 range

Note: LPK-Learner Prior Knowledge; CS-Curricular saliency; WD-What is difficult to teach or understand; R-Representations; CTS-Conceptual teaching
strategies. The order in which episodes are presented is based on descending order of the Rasch person measures. The mean for item measure set to zero & Units

per Logit=1 for
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Unlike in Noma and Lerato’s cases, all the statistical fit values in Sara’s case are within a range of
-2 and +2 (Boone et al., 2014). Even in the cases where combinations of TSPCK components
included components that were repeating in a single eTSPCK episode, none were marked as out
of fit. As highlighted in blue in Table 8.8 above, Sara’s lesson consisted of a higher number of
such eTSPCK episodes, making this a conventional (and not questionable) combination.

Table 8.9 displays pre-and post-achievement test Rasch person measures (recalled from the

analysis done in Chapter 7) of Sara’s learners.

Table 8. 9: Sara’s learners’ Rasch person measures imported as Table 7.15 in Chapter 7

Learner code | Pre-learner achievement test Post-learner achievement test

Rasch person  Fif statistics Rasch person Fit statistics

measure IN. ZSTD OUT. measure IN. ZSTD  OUT.

ZSTD ZSTD

KAMO -2.44 1.30 1.17 244 -0.70 -043
MBIZ -0.08 -1.01 -0.66 2.44 -0.70 -0.43
MAEK 251 -0.83 -037 2.44 0.84 053
BUKA -1.18 -1.34 -0.24 2.44 0.68 027
KALO -0.08 -0.18 -027 2.44 0.84 053
LERA -2.44 1.11 0.72 1.34 -0.44 -0.56
ZIMA -0.08 -1.01 0.66 134 -0.89 -0.89
TATO -2.44 1.11 0.72 1.34 -0.06 -0.12
KEEA -1.18 -1.34 -0.24 1.34 0.27 0.77
TEKO 251 -0.83 -0.37 1.34 1.23 1.20
TEBO -1.18 -1.34 -0.24 0.57 0.70 0.52
LESO -0.08 -1.01 -0.66 0.57 -0.01 0.01
Reliability Rasch mean -0.29 Rasch mean 1.67
indices Person reliability 061 Person reliability 0.73
summarized | Item reliability 0.80 Ttem reliability 0.86

Infit/Outfit indices  All within+2;-2 range | Infit/Outfit indices  All within +2;-2 range

Note: The order in which learners are presented is based on descending order of Rasch measures in the post-test. The
mean for item measure set to zero and Units per Logit=1 for the pre-and post-test (UIMEAN=0 and USCALE=1)

Similar to Noma and Lerato’s cases, the Rasch person measures for Sara’s eTSPCK episodes (see
Table 8.8) and her learners’ Rasch measures from Table 8.9 were together put on SPSS to calculate
the Pearson correlation coefficient (r). Random sampling which was done in three batches was
used to allow for the pairing of all the variables. Figure 8.10 depicts the correlation results.
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SARA

Correlations
Learners’  Batch 1: Batch 2: Batch3:  Average Leamers' Batch1. Batch2.  Bafch 3: Average

Pre-Test Sara's Sara's Sara's Post-Test  Sara's Sara's Sara’s
Person Overall Overall Overall Person  Owerall  Overall Overall
measures  Episodes  Episodes  Episodes measures Episodes Episodes  Episodes
Sara's Pearson 1 -029 -285 =307 -207 1 8N 856 816 8
Cverall Correlation
Episodes  Sig. (2-tailed) 930 297 33 520 010 015 013 013
N 12 12 12 12 12 12 12 12 12 12

Figure 8. 10: Sara’s overall eTSPCK episodes and her learners’ Rasch Person measures

The results in Figure 8.10 show the three batches of Pearson correlation coefficients of r; =-0.029
(p =0.930), r. =-0.285 (p = 0.297) and r3 = -0.307 (p = 0.333) between Sara’s eTSPCK episode
Rasch measures and learner performance calculated at a significant level o = 0.05. An average
Pearson correlation coefficient of r = -0.207 (p = 0.52) was calculated between Sara’s eTSPCK
episodes and the learners’ pre-test performance. The resultant strength and direction of the
correlation coefficients (r), at the alpha values higher than the significant level of 0.05, suggest an
insignificant negative negligible correlation between Sara’s eTSPCK and the learners’
performance in the pre-test. The calculated average Pearson correlation coefficient is below r = -

0.30 which is the agreed cutoff for the correlations classified as negligible (Hinkle et al., 2003).

The Pearson correlation coefficients of ry = 0.871 (p = 0.010), r>= 0.856 (p = 0.015) and r3 = 0.816
(p=0.013), at a significant level a = 0.05 were calculated for correlation between Sara’s eTSPCK
and learners’ performance in the post-test. An average Pearson correlation coefficient of r = 0.841
(p = 0.013) was calculated between Sara’s eTSPCK episodes and the learners’ post-test
performance. The strength and direction of the correlation coefficients (r), at the alpha values that
are much lower than a significant level of 0.05, suggested an existence of a significant positive
high correlation between Sara’s eTSPCK and the learners’ post-test performance. The calculated
average Pearson correlation coefficient (r = 0.841) is within the established cutoff range of r =

+(0.70 to 0.90) which classifies the correlation between two variables as high.
e A qualitative analysis of the correlation between PPSTs’ eTSPCK and learner
performance

As alluded to in section 8.1, Sara had a total of 14 learners in her class, two of whom did not write
the pre-learner achievement test. This reduced the number to 12. As such, the highest performance

that could be displayed for the tests should correspond to the total number of correct scores to each
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item in the pre-and post-test. Table 8.10 presents the learners’ pre and post-test item performance,

and Sara’s eTSPCK episodes linking directly to the test-items.

Table 8. 10: Sara’s eTSPCK episodes against her learners’ conceptual performance

Test Sara’s learners’ performances Sara’s TSPCK
item Pre-test | Post-test | Knowledge | Percentage | TSPCK episode TSPCK

gain gain (%) category
Item 4 0 11 11 92 CS/WD/LPK/CS Sophisticated
Item 9 0 11 11 92 WD/R/LPK/CS Sophisticated
Item 11 0 8 8 67 CS/WD/LPK/CS Sophisticated
Item 7 3 9 6 50 CS/LPK Basic
Item 6 5 11 6 50 CS/LPK Basic
Item 2 6 10 4 33 CS/WD/LPK/CS Sophisticated
Item 8 9 12 3 25 CS/LPK/R/LPK/WD | Sophisticated
Item 10 8 11 3 25 LPK-R'WD Proficient
Item 1 9 12 3 25 LPK/CS-R'WD Sophisticated
Item 3 9 12 3 25 R/LPK/WD Proficient
Item 5 2 4 2 17 R/LPK/WD Proficient

Note: Items are in the order of decrease in calculated knowledge gain following the PPST’s teaching

Table 8.10 suggests a relationship between the learners’ highest knowledge gains and
sophisticated eTSPCK episodes category. For example, items 4 and 9 had a knowledge gain of
92% with learner performance increasing from 0 to 11 in the pre-and post-test, respectively. The
items were both linked to sophisticated eTSPCK episodes (CS/WD/LPK/CS) for item 4 and
(WD/R/LPK/CS) for item 9. A detailed analysis of Sara’s teaching of content related to item 9and

accompanied by learner responses on the item is made below.

Also evident is that between 10 to 12 learners responded correctly to items related to sophisticated
eTSPCK episodes that consisted of at least one TSPCK component repeating. Examples of such
items, as presented in Table 8.10, include items 2, 4 and 8. A more complex eTSPCK episode
CS/LPK/R/LPK/WD which related to item 8 had all the learners presenting a correct response in

the post-test following Sara’s teaching.
The analysis of Sara’s eTSPCK episodes and learner responses on item 9

The teaching segment in which Sara discussed the dynamic nature of Chemical Equilibrium was
identified between times 22-26 minutes into the lesson. Prior to this, Sara introduced the learners

to concentration time graphs in order to explain the change in concentrations of reagents until
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Chemical Equilibrium is achieved. Emphasis was made on the constant nature of concentrations
of reactants and products at Chemical Equilibrium, which lead to her mentioning of the term
“Dynamic Equilibrium”. She further connected this chemical state to the reason for the occurrence
of the common misconception of thinking that there is no reaction happening at that point. Her
specific explanation unveiled a 3-component proficient eTSPCK episode (R/LPK/WD). Figure

8.11 presents the above-mentioned Sara’s teaching segment on dynamic Chemical Equilibrium.
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Explaining the dvnamic nature of chemical equilibrium: 22-26mins

Sara: Let me explain why you can’t see anything. So when we talk about chemical equilibrium, I said that you can't see what's taking
place neh. This is because at a macroscopic.. here 15 another terminology; what is macroscopic?

Stds: you can only see with a microscope?

Stds: We can't see with our own eyes

Sara: Microscopic, we cannot see with our naked eyes... 8o as [ was trying to explain, when chemical equilibrinm i3 established,
sometimes it can still be that you can't see what 1z happening, or it appears as if there i3 nothing happening within this reaction. It
seems as the reaction has gone to completion. But, at a microscopic level, there iz something that is taking place. Typical example
will be thiz (peferring to a closed bottle with water). This iz what system?
Stds: Closed

Sara: It's a clozed system. So matter and what?

Stds: energy

Sara: Cannot...

Stds: leave or enter the system
Sara: ﬂ Say this water is in chemical equilibrium, how can you see that it is

ok, how can you explain that it is chemical equilibrium?
Ome std: No reaction is occurring. ..
Sara: It is in chemical equilibrium?

Another std: There is no reaction happening .. _
Sara: . That's what I wanted to get at.

Stds: OQnoh...

Sara: At a macroscopic level, it seems as if there is nothing ing like we said. But if we were to look deeper, if we had eyes
that could see at the macroscopic level, there would be a reaction taking place... S0 when we are dealing with water. .. SoIsaid H20
changes from liquid to gas. I can see this at a macroscopic level, at a microscopic level, I'm scrry. At a microscopic level How do I
zeg this? This bottle of mine has water in liquid form. But you can see at the top, there is like fuzzy things that you can see. So water
evaporates. It goes up. And then when it evaporates, what form does it change to? The phaze?

Stds: gaz

Sara: It goes to a gaseous phase. And then it does return, it does. ... you can see here, there are some droplets that we can see. These
reprezent what, condensation. So there is evaporation that is taking place as the water goes up into the gaseous phase. And then there
is a time, as this reaction is taking place...so I put this water in the morning, it was just liquid. Ok it was just liquid at the bottom. As
time went by...evaporation occurred, but not all of it evaporates neh? So there comes a point in time whereby there is a lot of gaseous
phase water in the system. The gaseous water particles then collide to form liquid phase. It zoes from the gases phase, to the liquid
phase, back to the liquid phase. It changes phase and the liquid that is in there, some of it again evaporates and form water in the
gaseous phase...so it continues to occur. This i3 a classic example of phase change that i3 in equilibrivm. So it is a phase change
because we are changing from...

Stds: Liquid to gas...

Sara: And gas_..

Stds: To liquid...

Sara: But it is also a phase change because we have liquid going to gases phase. That's what [ wanted to get at. 8o at dynamic
equilibrium, the Rate of forward and reverse reactions are continuously occurring at the same rate.

Overview:

Sara explains the dynamic nature of chemical equilibrivm using a
bottle containing water to demonstrate the simultaneous change of
phase.

Qualitative in-depth analysis:

To explain the dynamic nature of chemical equilibrivm; a difficult
concept for students (WD), Sara pointed out that although at a
macroscopic level it may appear as if the reaction has stopped, the
reaction i3 actually still happening. She refers students to a bottle of
water which she uses to explain how both evaporation and
condensation continuously happen in a bottle. This iz an example of a
macroscopic representation (B). Through question an answer, Sara
points out to the students that the bottle 15 closed and hence cannot
allow matter in or out of the system. Thiz could be her way of
emphaszizing on a condition that will allow for reversibility to occur,
and hence chemical dynamic equilibriom. As the discussion
progresses, some learners express a misconception by indicating that
there 15 no reaction at equilibrium, which i3 another form of learner
prior knowledge (LPK). Sara indicates that there is still a reaction
happening, and argued further to eradicate thiz misconception, by
explaining to students how water in a bottle changed phase through
evaporation and condensation that happen at the same time within the
zystem (CS).

Thiz teaching segment displays an inferaction between four
components of TSPCK, with two of those components repeating.
These are displayed in a TSPCE map below;

A sophisticated TSPCK episode
interwoven components: WID/R/LPK/CS

displaying

Teacher task: dynamic nature of chemical
equilibrium

Figure 8. 11: Sara’s teaching segment on dynamic Chemical Equilibrium
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The written responses of Sara’s learners on item 9 for both the pre-and post-learner achievement

tests are presented in Figures 8.12 and 8.13. The analysis begins with learner Maek’s written
responses.

Learner Maek’s responses

d)Dynamic equilibrium: . .
G /\, ani( Ltltl)[l.up’? 5 a e G it
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R tempafure  and  predfure reman coingin,t

Figure 8. 12: Sara’s learners’ written responses on item 9 of learners’ achievement tests

The pre-test response by learner Maek in Figure 8.12 shows some understanding of the concept of
dynamic equilibrium as the learner correctly indicates that both the “rate of forward and reverse
reactions” are equal dynamic equilibrium. Although learner Maek went into the classroom with
some understanding of this concept, his conception of dynamic equilibrium was enriched
following Sara’s teaching. An improved understanding is observed in the post-response where
Maek added that the factors such as concentration, temperature and pressure remain constant at
dynamic Chemical Equilibrium. Maek’s slight slip into mentioning that the ‘concentrations
remain constant’ instead of specifying explicitly that it is the rate of change of the concentration
of the reagents that remains constant is a bit worrying, but he was given the benefit of the doubt
as he did not say they are the ‘same’; that would have been a misconception. A similar

understanding of the concept is observed in learner Tato’s response presented in Figure 8.13.
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Learner Tato’s responses
d)Dynamic equilibrium;
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Figure 8. 13: The written responses of Sara’s learners on item 9 of the learners’ achievement
tests

As shown from Figure 8.13, in the pre-test learner Tato revealed a misunderstanding related to the
common learner misconception regarding the concentrations of reactants and products at
equilibrium. This is observed in the statement that the learner made that “the products are equal to
the reactants” which could infer to her thinking that the concentrations of reagents are equal at
equilibrium. In contrast to the pre-test response, a thoughtful and precise explanation is provided
in the post-test item as learner Tato showed that rates are equal, whilst all other elements, including
concentration are kept constant. Similar to Maek’s response in the post-test, it would have been
more comforting if they had referred to the rate of change of the concentrations remaining constant
than the concentrations themselves. This may also be a language issue as the learners use English

as a second language.

When the learners were asked what tasks from their teachers’ lessons helped them to understand
the topic concepts, the learners enlisted: (i) the use of diagrams, graphs, (ii) slides with clear
explanations and (iii) examples that relate to the learners’ everyday experiences as the factors that
contributed to their understanding. Seen from learner Maek’s response, “[the teacher- Sara] used
diagrams and slides with explanations” to explain concepts. Learner Kalo added to this by
showing that Sara “used graphs and physical examples of how a reaction happens”. The use of
these representations (R) strengthened the learners’ understanding of Chemical Equilibrium
concepts. The use of slides which projected diagrams and or graphs to explain the concepts were

evident throughout Sara’s lesson (see Chapter 6). Each slide also provided the learners with a
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summary of the concept being discussed. The explanations of concepts depicted on the slides take
into consideration an aspect of Curricular Saliency (CS), as they project the concepts that are
important for the learners to understand the topic. A concept of dynamic equilibrium is considered
by the learners as difficult to conceptualize because the reactions in the laboratory usually occur
at a macroscopic level, preventing the learners from seeing the particles movement at a
microscopic level. The learners also struggle to understand that the reactions occur simultaneously.
In Table 8.13, Sara is observed explaining the concept using the cyclic and continuous notion of
water changing phase. According to Sara’s learners, using examples that are familiar assisted them
with an understanding of the concepts. Put in own words, learner Keka indicated that “[The
teacher- Sara] used real life scenarios that are related to the topic” and this heightened her

understanding. This takes into consideration the aspect of LPK.

It can be concluded that, the use of slides with clear explanations, the use of diagrams and graphs,
including the examples that the learners are accustomed to, were considered by the learners as the

factors that contributed to their understanding of Chemical Equilibrium concepts.

8.3. Summary of key the findings in this Chapter

Four salient features were revealed through this analysis chapter. Firstly, while the lessons
delivered by all the three PPSTs contained teaching segments that portrayed eTSPCK episodes
that fall in all of the three levels (Figure 8.14) in the eTSPCK rubric, sophisticated eTSPCK

episodes were in the majority in Sara’s teaching.

O e R W B U w00 WD

3
2
0 0

Overall eTSPCK Overall eTSPCK Overall eTSPCK

Noma's eTSPCK episodes || Lerato's eTSPCK episodes ., Sara's eTSPCK episodes
1

® Basic  m Proficient Sophisticated H Basic ®Proficient Saphisticated W Basic W Proficient sophisticated

Figure 8. 14: Overall eTSPCK episodes identified from the PPSTs’ teachings
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The sophisticated eTSPCK corresponded to the huge, noticeable, positive jumps across the
learners’ pre- and post-tests, as shown in Figure 8.14. There were a number of sophisticated and
proficient eTSPCK episodes generated in the lessons that did not necessarily speak directly to the
test-items. This could be used as an indicator that the PPSTs were not teaching for the test but
general to the two intended concepts in Chemical Equilibrium, namely, (i) the conditions
necessary for Chemical Equilibrium and (ii) the factors affecting the state of Chemical

Equilibrium.

Secondly, the calculated correlation between the PPSTs’ eTSPCK episodes and the learners’
achievement revealed an insignificant negative correlation between all the PPSTs’ eTSPCK
episodes and their respective learner performances in the pre-test. This finding was necessary as it
confirmed that the learners had not received any teaching of the concepts on Chemical Equilibrium
by the PPSTs’ before the pre-test. This understanding, therefore, enabled the study to establish a
link between the PPSTs’ teaching and learner post-test performances. A significant and positive
moderate to high correlation between the PPSTs’ eTSPCK episodes and learner performances was

established in the post-test, as shown in the summary in Figure 8.15.
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Figure 8. 15: Summative correlation analysis per each PPST

The Pearson correlation coefficients show that r = -0.30 at alpha values, much higher than a
significant level of 0.05, were calculated between each of the PPSTs eTSPCK episode Rasch
measures and their corresponding learner performances in the pre-test. The negative signage
indicated an existence of an inverse relationship between the PPSTs’ eTSPCK and learner
performances in the pre-test. The coefficient values suggested an insignificant and negative
negligible correlation between the PPSTs” TSPCK and learner pre-test performance. However, the
Pearson correlation coefficients between r = 0.688 and r = 8.41 at alpha values much lower than
the significance level of 0.05 were calculated in the post-test. The coefficient values suggested an
existence of a significant moderate to high correlations between the PPSTs’ eTSPCK and learner
performances in the post-test.
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Thirdly, largely sophisticated eTSPCK episodes were found to link evidently to the learners’
improved responses in the post-achievement test. This finding is highlighted in Figure 8.15 above

and summarized in Figure 8.16 below.

Learner performances

PPSTs' Sophisticated

ETSPCK epiSOdes prOfile n Increase in positive .
correlation strength High
sara 13— r=0.841
Learner
Post-

Lerato _ —— r=0.788 - achievement
l test
Decrease in positive Moderate

correlation strength

0 5 10 15

Figure 8. 16: A summary of the relationship between the PPSTs’ sophisticated TSPCK and
learner performances

The findings in Figure 8.16 revealed presence of a strong correlation between the highest quantity
of sophisticated eTSPCK episodes and learner post-test performances in the post-test. For
example, a significant moderate positive correlation was established for Noma who had the lowest
number of sophisticated eTSPCK episodes (5 episodes) but Sara who had the highest number of
eTSPCK episodes (13 episodes) had the highest positive correlation of all the PPSTs.

Lastly, learner views pointed to specific teacher tasks as having visibly assisted their learning.
These are: (i) the use of diagrams and graphs, (ii) examples that relate to the learners’ everyday
encounters, (iii) explicit emphasis when explaining concepts and (iv)projecting the slides that
clearly explained the concepts. The first two tasks were common learner views across the three
PPSTs’ cases. The use of graphs and diagrams implied that the PPSTs viewed/considered an aspect
of Representations (R) as important when explaining the concepts. Similarly, the PPSTs’ use of
examples that are relatable to the learners is an indication of the value of Learner Prior Knowledge
(LPK). However, the third task which is specific to emphasizing the important concepts explicitly
was specific to Noma, whilst the fourth task was presented by Sara’s learners. The last two tasks

demonstrate the PPSTs’ consideration of an aspect of Curricular Saliency (CS) in their teachings.
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This specific TSPCK component speaks to the aspect of what is core and peripheral to the content
being taught, hence it points the learners to what they need to understand about the topic. It can
then be concluded that three TSPCK components (LPK, R and CS) were considered by the learners
as important in enhancing conceptualization. The next chapter is a discussion and recommendation

chapter. The Chapter provides a summary of all the findings discussed from the previous chapters.

266



CHAPTER 9

DISCUSSION AND IMPLICATIONS

This chapter provides a reflective summary of what the study is about, drawing from the
discussions in the previous chapters. The findings are discussed in relation to the research
questions. The chapter begins with an introduction relating to the theoretical framework that
guided this study. Following this is the establishment of the credible baseline of this study which
precedes the reflections on empirical findings and discussions corresponding to the research
questions. Based on the empirical findings, the implications for PPSTs development within the
context of South Africa are drawn. The chapter concludes with the recommendations and

suggestions for future research.
9.0. Introduction

The interest of this study was on the development of the teacher professional knowledge of pre-
service teachers (PCK), following the PGCE qualification track, referred to briefly as PPSTs.
Shulman refers to PCK as uniquely the province of teachers that separates a science teacher from
a science specialist (Shulman, 1986). Grounding this study was the acknowledgement of
Shulman’s (1987) theoretical PCK framework that effective teaching requires transformation of
content knowledge whose value can be measured through its effects on learner achievement
(Rollnick & Mavhunga, 2015). The study further acknowledges the topic specificity of
Pedagogical Content Knowledge (TSPCK).

TSPCK has been defined as the knowledge used to transform content knowledge of a specific topic
(Mavhunga, 2016). As it was alluded to in Chapter 2, the construct is defined through the use of
five content-knowledge components that distinguishes it from other grain sizes of PCK:
Curriculum saliency, learner prior knowledge including misconceptions, what is difficult to
understand and teach, the use of representations and analogies and conceptual teaching strategies.
The topic specific nature of PCK has been recognized in the Refined Consensus Model of PCK-
RCM model (Carlson et al., 2019). The PCK-RCM Model categorized PCK into three grain sizes
which are discipline-specific, topic-specific and context-specific PCK, all visible in different
realms (Carlson et al., 2019). The first realm, known as collective PCK (cPCK), refers to the PCK
knowledge shared by the community. They are acquired through formal courses such as the initial

teacher development programmes, where published knowledge is discussed. The second realm is
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personal PCK (pPCK). This refers to an individual teacher’s own PCK which is visible from the
teacher’s planning to teach, as planned PCK (pIPCK), and during classroom enactment as enacted
PCK (ePCK). Both pIPCK and ePCK are the teachers’ personal PCK (pPCK). In this study,
cTSPCK refers to the TSPCK knowledge taught in the formal course, the intervention of this study,
pITSPCK as the TSPCK manifesting in the PPSTs’ planning to teach and eTSPCK for the TSPCK
observed in the classroom enactment. This study desirably explored the development of PPSTs
from their acquisition of TSPCK in Chemical Equilibrium, tracking their TSPCK through the
CTSPCK-pITSPCK-eTSPCK continuum and their ultimate effect on learner outcomes, as defined
in the PCK-RCM model. The significance of exploring TSPCK this way, lies in the fact that very
few studies have explored the entire continuum in a single study, particularly with PPSTs whose
exposure to PCK and other pedagogies is limited to a single year as opposed to the 4-year period
common to traditional pre-service teachers. Thus, this study, reports comprehensively on the
PPSTs’ multiple dimensions of TSPCK captured as they move from the one PCK realm into
another and the ultimate impact of their eTSPCK on learner outcomes. The exploration had to
begin on a credible baseline reflecting the PPSTs” TSPCK at the beginning of the study in order
to interpret the ensuing shifts of interest with both reliability and validity.

9.1. Establishing a credible baseline of the study: pITSPCK acquired from a cTSPCK based

intervention

Establishing a credible baseline is an important foundational step when shifts and growth patterns
of participants are explored, as in this study. In this study, the credibility of the baseline was built
accumulatively through the employment of a validated intervention through the validated tools
used to capture and measure the quality of TSPCK and the actual shift in patterns determined as
the findings from the intervention. The development of PPSTs” TSPCK happened through a
signature intervention (Mavhunga & Rollnick, 2017) whose content structure has been used widely
to improve the quality of TSPCK in various science topics. Examples of empirical studies that
have employed the same intervention structure include the development of TSPCK in
electrochemistry with in-service teachers (Rollnick & Mavhunga, 2014), in particulate nature of
matter with novice uncertified teachers (Pitjeng-Mosabala & Rollnick, 2018), in electric circuits
by Mavhunga et al. (2016) with physics pre-service teachers, and recently in Organic Chemistry

(Akinyemi, 2020) with chemistry pre-service teachers. These, as well as the present, studies used
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signature TSPCK tools, sharing a common item structure, unit of analysis based on the extent of
component interaction, but differ in the content of the topic. In each of these cases, the intervention
led to an improvement in the quality of the participants’ TSPCK. Similar to the previous studies,
the same intervention procedures were replicated with a cohort of PGCE physical science PSTs
(PPSTSs) on a topic of Chemical Equilibrium to confirm the development of their personal TSPCK
at a planned level (pITSPCK). Fundamental to the intervention discussions was for the PPSTs to
develop generic competence to use the TSPCK framework to transform content knowledge of any
given topic into a teachable form. Mavhunga (2016) referred to this as pedagogical transformation
competence (PTC). Accordingly, when any topic is reasoned through and transformed using the
five content-specific components, a PCK is developed, which is specific to that topic (TSPCK).
Mavhunga (2016) then described pedagogical transformation competence as the skill and
knowledge to interactively use the TSPCK components to transform content knowledge of any

given topic, thereby self-developing TSPCK.

The results of the intervention in this study (Chapter 5) based on the shifts between the pre- and
post-TSPCK tools revealed an increase in the PPSTs quality of TSPCK at a planned level
(pITSPCK). The quality of the PPSTs” pITSPCK demonstrated a shift of two quality categories,
improving from a low category (limited TSPCK) to a higher category (developing TSPCK). The
improvement in the quality of PPSTs’ pITSPCK was collaborated by the findings from the shifts
observed between the pre- and post-CoRes. The post-CoRes showed quality in the depth of
explanations that are more comprehensible, and which revealed an improved quality of pITSPCK
on the topic of intervention. This shows the strength of the finding as it is triangulated from two
different major data sources to validate the outcome. This is the first finding in this study, and it is
important as it is for a specifically unique group of participants (PPSTs) who had a limited
exposure to pedagogy teaching including TSPCK. It is then comforting that the approach of the
intervention that is used with the traditional PSTs who are likely to have additional exposure at
different levels of their 4-year study period generated the same improvement for this unique group.
Secondly, this finding most importantly validates the baseline from which all shifts can be
interpreted as trustworthy and credible findings.

Whilst the repeated finding confirms the trustworthiness of the intervention, it also adds to the

support for the call for nationalizing the implementation of the TSPCK construct in preparation of
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science teacher education training (Mavhunga & Rollnick, 2017; Akinyemi, 2020), and a possible
response to the core practice movement (McDonald et al., 2013) that called all disciplines to
forward what is regarded as core competences in their respective fields. Section 9.2 discusses the

study’s key contributions to new knowledge.

9.2. Contributions to New Knowledge

Emerging from this study are four key findings that contribute to new knowledge and expand our
understanding of PCK as the teacher knowledge for teaching science. The first contribution is with
regard to the development of PPSTs” TSPCK observed in planning and its translation for use in
classroom enactment in similar patterns as that reported widely with traditional pre-service
teachers. This finding is important in understanding PGCE as a route to fast-track the production
of qualified science teachers, particularly for the developing countries, such as South Africa,
burdened with poor learner performance in science. The thought of PPSTs who could deliver sound
science lessons on arrival in schools is attractive. The second important new contribution is with
regard to the established, conclusive and significant correlation between eTSPCK and learner
outcomes. There have been contradicting studies casting doubt about the direct correlation of
teachers’ PCK to learner outcomes in the literature. The third finding is with regard to the new
PCK-RCM model that presents the teachers’ PCK development trajectory as the ¢TSPCK-
pITSPCK-eTSPCK continuum and the ultimate link to learner outcomes. The continuum is one
of the important features of the newly produced PCK-RCM model which was, however, conceived
systematically from theoretical rather than empirical arguments. The fourth and last finding is with
regard to what the learners perceived as important qualities that reflected the TSPCK of the PPSTs.
The finding is important in explaining which elements of the PPSTs’ teaching might have
amplified, or filtered learners’ understanding of the concepts of Chemical Equilibrium and thus
need emphasis on the intervention. The findings in this study add to the literature the much-needed
empirical evidence that validates the conceptually conceived cTSPCK-pITSPCK-eTSPCK
development continuum in the PCK-RCM model. The discussion below unpacks each of these

findings.
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9.2.1. The development of PPSTs’ pITSPCK and eTSPCK

The complex and tacit nature of PCK, requires that it be explained by looking at not only what a
teacher knows about teaching a topic usually observed in their planning for teaching, but also their
classroom enactment (Aydeniz & Kirbulut, 2014). The examination of PCK across the two realms
provides richer insights into understanding the PCK development and subsequently its
manifestation in the actual classroom teaching. This section provides insights into the relationship
between the PPSTs’ pITSPCK and eTSPCK by investigating the development of their PCK in
Chemical Equilibrium, from an intervention and its demonstration in both the PCK realms. The
gist of the discussions in the intervention was on the interactive use of individual TSPCK
components when explaining the concepts of Chemical Equilibrium, to produce a more
comprehensible content. The findings revealed congruence between the PPSTs TSPCK in
planning and actual classroom contexts. Recalled from Chapter 5, the analysis revealed an
improvement in the quality of the PPSTs’ pITSPCK which shifted from a limited category to a
developing category of TSPCK in the pre- and post-TSPCK test, respectively. Their post-TSPCK
test responses portrayed the PPSTs’ ability to interactively use multiple TSPCK components in
their explanations. This was the main signature driving the intervention discussions. Similarly, the
analysis in Chapter 6, which focused on a subset of 3 PPSTs’ eTSPCK from their actual classroom
teachings, revealed that their lessons were dominated by proficient (28) TSPCK episodes followed
by sophisticated (25) and basic (14) TSPCK episodes. The emergence of developing and proficient
TSPCK episodes in the quality of the PPSTs’ pITSPCK when planning to teach and in the actual
classroom enactment (eTSPCK) signified by an interactive use of three components, indicates a
similarity in the PPSTs’ personal TSPCK seen in planning (plTSPCK) and in classroom teaching
(eTSPCK) of Chemical Equilibrium.

For a closer look into the relationship and links between the PPSTs’ TSPCK across planning

(pITSPCK) and classroom enactment (¢TSPCK), Sara’s typical case is discussed further.
Sara’s personal TSPCK in planning (pITSPCK) and enactment (eTSPCK)

A planned TSPCK (pITSPCK): The PPSTs’ pITSPCK was explicitly discussed in Chapter 5
using data collected through pre-and post-TSPCK test tools and the post-CoRe, including the

intervention discussions and presentations by the PPSTs. This enabled the study to track a
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progressive development of the PPSTs pITSPCK as it was developing, until the end of the
intervention. One example extracted from the TSPCK-tool as analyzed in Chapter 5 is that of item
1 in the TSPCK tool. The item was based on a doubt projected by a learner (considered to result
in a misconception) about the reactions at Chemical Equilibrium as the learner asked whether
“both the forward and the backward reaction actually take place if a closed system is at
equilibrium?” The question required the PPSTs to choose the best response which they considered
appropriate to address and clear the learner doubt from a given list of responses. The question
further requested that they expand on their choice of response (see Chapter 5; section 5.1.2a). As
explicitly discussed in Chapters 3 and 5, the TSPCK tool questions are structured using the five
TSPCK components to capture the teachers’ knowledge and understanding of the TSPCK
construct. Accordingly, item 1 which was based on a learner doubt examined the ability of the
PPSTs to identify a learner misconception and provide an explanation that rectifies that
misconception. Figure 5.14 in Chapter 5 portrays the pre- and post-TSPCK test responses by Sara
for item 1. In her pre-TSPCK test, Sara’s response was categorized at a Limited level. As Sara
attempted to address this misconception, she indicated that when a reaction has reached a Chemical
Equilibrium state, both forward and reverse reactions are happening at the same rate (WD).
Expanding to this, Sara’s explanation displayed her own misconception, as she indicated that the
“amount” of products and reactants are equal at equilibrium. The post-TSPCK response which was
scored at a Developing level showed an improved understanding as the explanation displayed a
greater ability to deal with a learner misconception and move a learner towards the correct
knowledge of concepts. Sara began her response by showing that the two reactions are happening
simultaneously and the rates for the forward and reverse reactions are equal at Chemical
Equilibrium. An aspect of curricular saliency (CS) surfaced when Sara indicated that those are the
characteristics of chemical Equilibrium (see Chapter 5; Figure 5.14). She explained this further by
showing that at Chemical Equilibrium, the concentrations of reactants and products at Equilibrium
must not necessarily be equal but should remain constant. The response shows that Sara was
mindful of one of the common learner misconceptions with regard to concentrations of reactants
and products at Chemical Equilibrium, with the learners believing that concentrations are equal
(LPK). To emphasize this further, Sara ended her explanation by suggesting that “...the graphs of
concentration vs. time and rate vs. time help the teacher to explain the difference between equal

rate and constant concentrations” Which shows her understanding of the concept of
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representations (R) and the improvement of her own conceptual understanding, as discussed in the
intervention (see Chapter 4; section 4.3.5). The post-TSPCK responses by Sara resulted in an
interactive use of three TSPCK components CS/LPK/R improving from a one TSPCK component
explanation in the pre-TSPCK test. Sara’s competence displayed in her interactive use of multiple
components in an explanation seems to reflect back to the focus of the intervention, growing her
personal TSPCK in a context of planning to teach (pITSPCK) and thus enabled her to provide
teacher explanations with more depth. Furthermore, a certain portion of this development can be
ascribed to improvement in content knowledge (Davidowitz & Potgiter, 2016).

Enacted TSPCK (eTSPCK): One of the Big Ideas of Chemical Equilibrium that the PPSTs had
to teach in their lessons was “conditions necessary for Chemical Equilibrium”. One aspect related
to this Big Idea concept has to do with reversible reactions. As discussed in Chapter 4, amongst
the learners’ common misconceptions around the topic of Chemical Equilibrium is that “there is
no reaction at Chemical Equilibrium”. During a tutorial presentation which resulted in the
intervention, Sara showed the importance of emphasizing the concept of reversibility, including
its simultaneous and continuous nature, to address the same misconception. She related this
misconception to the inability of the learners to visually see the particles’ rearrangements in
chemical reactions that happen at a macroscopic level in the laboratory. The same misconception
was envisaged by Sara in her post-CoRe and lesson planning and associated with the microscopic
nature of chemical reactions done in the laboratory. Sara suggested the use of representations such
as a scenario of water changing phase coupled with its microscopic and symbolic chemical
equations to address this and improve conceptual understanding. The lesson plan presented a single
sophisticated TSPCK episode for the teaching of a concept of reversibility (CS/R/LPK-WD). In
her actual teaching of reversibility of chemical reactions (see Chapter 6; Table 6.7, TSPCK episode
3), Sara began this segment by explaining that Chemical Equilibrium can only be achieved for
reversible reactions. This teaching episode came after an episode that reviewed the irreversible
reactions which she argued would help the learners to differentiate between reactions that go to
completion versus reversible reactions that do not go to completion. The aspect of reversibility is
an important condition for Chemical Equilibrium. It shows that Sara understood the aspect of
curricular saliency (CS). Using a question-and-answer method to probe on the learners’ knowledge
of the concept of reversibility, Sara explained this further using a symbolic chemical reaction on
the formation of Ammonia gas through the Haber process. The question-and-answer strategy
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brought about an aspect of LPK, whilst reference to the Haber process reaction brought through a
symbolic representation (R). She further added that in this reaction, a reverse reaction that involves
ammonia gas breaking into its original reactants (H. and N2) begins before the completion of the
forward reaction (N2 + H2 «» NH3), thus emphasizing that this is a continuous reaction that does
not go to completion. Two components of TSPCK: WD and LPK in the form of misconception
came to play in this explanation. Sara’s emphasis that reversible reactions do not go to completion
indicates that she was mindful of the common learner misconception that “there is no reaction
happening at equilibrium”. The explanations given by Sara were similar to the discussions held in
the intervention on the concept of reversibility and the dynamic nature of chemical equilibrium,
also observed in her tutorial presentation response and the post-TSPCK response. Her teaching of
this concept resulted in a sophisticated TSPCK episode (CS/LPK/R/LPK/WD), displaying an
interactive use of four different TSPCK components, with an LPK component repeating. The
integration of multiple TSPCK components in an explanation seems to reflect back to the focus of
discussions of the intervention on the importance of an interactive use of TSPCK components
when transforming the content knowledge of a topic of Chemical Equilibrium to produce a more
comprehensible format. This competence was also displayed when analyzing Sara’s pITSPCK, as
demonstrated above where the response displayed an interactive use of three TSPCK components,
categorizing the episode at a developing level. Multiple other episodes (of different TSPCK
category levels) following this emerged. They put more emphasis on the simultaneous nature of
reversible reactions, using different representations such as “water changing phase” and graphs.
This resonates with the findings by Mavhunga and van der Merwe (2020) that a single TSPCK
episode identified from a lesson plan re-surfaced in clusters of episodes in the classroom lessons.
This assisted with removing the common learner misconception referred to above, that there is no
reaction at Chemical Equilibrium and that the forward reaction has to go to completion before a
reverse reaction starts. Furthermore, episode 17 (see Chapter 6, Table 6.7) reveals the learners’
response on the dynamic equilibrium. The correct response that the learners gave showed that they
understood the explanations that Sara gave regarding the simultaneous and continuous nature of
reactions at equilibrium. These findings revealed a similarity in the pedagogical transformation
competence (PTC) seen in the high quality of TSPCK demonstrated across planning (pITSPCK)
and enactment (eTSPCK) on a topic of Chemical Equilibrium.
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The paragraphs above empirically demonstrated how the planned TSPCK translated into
enactment in the topic of Chemical Equilibrium and revealed the similarities between the two
realms of PCK. This finding expands on the existing understanding, in the literature, on the
importance of interactions among TSPCK components which is crucial to the quality and
development of PCK in a given topic, as opposed to the knowledge of individual components
(Nilsson & Karlsson, 2019; Park & Chen, 2012). The understanding of the link between the
PPSTs’ pITSPCK and eTSPCK across the two PCK realms is new knowledge that has not been
examined in the PCK literature. This finding provides an understanding of how the TSPCK
construct can be used in initial teacher training of PGCE pre-service teachers to develop sound
personal TSPCK. The thought of using the same signature intervention in the PGCE programmes
to develop PPSTs’ whose delivery of the lessons is sound and understood by the learners on arrival
in schools is an exciting finding extending our understanding of making most in the PGCE as a
route to fast-track the production of qualified science teachers, particularly for developing

countries such as South Africa which are burdened with poor learner performance in science.

9.2.2. The correlation between PPSTs eTSPCK and learner outcomes

One of the study’s major aims was to trace the development of the PPSTs’ acquired TSPCK
through planning to teach (pITSPCK), its manifestation into classroom enactment (eTSPCK) and
the ultimate link to learner performance in Chemical Equilibrium. The teacher TSPCK-learner
outcomes relationship was explored by calculating correlation. Chapter 7 of this study analyzed
the learner conceptual performance on Chemical Equilibrium concepts captured through their pre-
and post-learner’s achievement tests. The analysis revealed a significant improvement in learner
conceptual performance as a direct impact of the PPSTs teachings. Chapter 8 analyzed the
correlation between the PPSTs eTSPCK and learner outcomes, and a positive significant
correlation was established to exist between the PPSTs’ eTSPCK and learner performance in the
post-achievement test. In this section I discuss the established correlation between the PPSTs’
eTSPCK and learner performances as reported in Chapter 8. The chapter begins by reflecting back
on the learner performances reported in Chapter 7.
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Reflecting on learner achievement

Two learner-achievement tests were administered to 3 different groups of learners from the 3
PPSTSs classes, as observed in Chapter 7. Pre-learner achievement tests were administered before
any teaching by the PPSTs and the post-achievement tests followed immediately after the teaching
by the PPSTs. An analysis of these tests involved: (i) the marking of the tests, using a memorandum
of correct answers, and an interpretation of the raw scores to establish the development/gain in the
learners’ scores (see Chapter 7, Table 7.4) and (ii) the raw scores turned into Rasch measures,
using the Winstep Rasch Analysis model to assist in measuring the significance of the learner
performance knowledge gain (see Chapter 7, Table 7.5). All the learners from the 3 PPSTSs classes
registered a significant improvement from the lower test scores in the pre-tests to the higher scores
in the post-tests. Their overall raw test score performance, across all three PPSTs improved from
an average performance of 33.3% in the pre-test to an overall average of 75% in the post-
achievement test, thus indicating a knowledge gain of 41.7%. The results pointed to a significant
improvement in the learner outcomes for the topic of Chemical Equilibrium following the teaching
by each of the PPSTs. When the data were converted to Rasch analysis, similarly, the overall Rasch
person measures for all the PPSTs’ learners improved following the teaching by the PPSTs. For
example, Noma’s learners had an average Rasch person measure of -1.58 which increased to 2.97
logits following Noma’s teaching. Lerato’s learners saw an average pre-test Rasch person measure
of -1.08 and a post-test Rasch person measure of 2.54. Accordingly, the Rasch person measures of
Sara’s learners improved from -0.29 to 4.41 logits in the pre- and post-tests, respectively. Across
the 3 PPSTs’ lessons, the learners experienced overall Rasch person measures of 4.55, 3.62 and
4.73 logits as the knowledge gains for Noma, Lerato and Sara, respectively. An improvement in
the Rasch person measures is proof that learning had occurred hence the learners gained knowledge
of concepts related to Chemical Equilibrium after being taught by the PPSTs. Although this study
was focused on the PGCE cohort of physical science PSTs, a group that was exposed to a TSPCK
construct for a short period of time in their 1-year programme, it is highly encouraging that the
change in their learners’ conceptual performances was found to be significant following their
teaching. The findings are significant in the context of breaking the back of poor learner
performance in South Africa by delivering, expeditiously, teachers who have such influence
through the PGCE track. The findings portrayed herein are similar to those by Akinyemi (2020)
whose focus was on the fourth year B Ed PSTs” TSPCK-learner outcomes link on a topic of
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Organic Chemistry. Similarly, Akinyemi’s findings revealed a high significant improvement in
cach of the PSTs’ learner performances on the topic of Organic Chemistry (Akinyemi, 2020).The
findings in this study were also consistent with those revealed in the previous studies(such as
Sadler et al., 2013) which investigated the influence of physical science teachers’ knowledge on
student learning and Keller et al. (2017) who examined the impact of physics teachers’ PCK and

motivation on the learners’ interest and achievement.

Reflection on the methodology for analysis of correlation between the PPSTs’ eTSPCK and

learner performances

The correlation between the PPSTs’ eTSPCK against learner performance on a topic of Chemical
Equilibrium was exhaustively analyzed and reported in Chapter 8. Although the study tracked and
reported on the different realms of TSPCK by explaining the cTSPCK-pITSPCK-eTSPCK
trajectory, the PPSTs’ TSPCK which was selected for exploration to have a direct link to learner
performances is the one revealed in the actual classroom teaching (eTSPCK). It is the closest form
of PPSTs” TSPCK that the learners were exposed to. Many factors have been found to have an
effect on learner performance in the classroom, thus reducing its direct linkage to the PPSTs
TSPCK. These factors include teacher content knowledge, pedagogical knowledge, student and
teacher beliefs etc. (Gess-Newsome, 2015). The study therefore acknowledges this complexity of
teaching and learning, hence precautions were taken during the analysis to interpret the TSPCK-
learner outcome relationship, as exactly reflecting the relationship rather than causality.

In order to be able to analyze the data for correlation between the two variables (PPSTs’ eTSPCK
versus learner performances), the study first analyzed the data for the PPSTs” eTSPCK (see
Chapter 6) by purposefully identifying the teaching segments that were strictly TSPCK episodes.
It was then important that those lessons display the evidence of TSPCK episodes referred
throughout the study as the moments in teaching that revealed an interaction between two or more
TSPCK components in an explanation of the concepts. This analysis was done separately from
other factors that might have impacted on the classroom enactment as a precautionary measure to
sift and reduce the impact of other possible factors. Furthermore, while the PPSTs were aware of
the learner-achievement tests, the details of the content of the tests were concealed and not known
to any of them. In order that the PPSTs would not teach the test but rather provide a high-quality
instruction that efficiently contributed to the learners’ understanding of the Big Ideas of the topic
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(Chemical Equilibrium) they were required to teach the conditions for Chemical Equilibrium and
the factors that affect chemical reactions at a state of Chemical Equilibrium. On analyzing the
data for the correlation (as presented in Chapter 8), the first step was to ensure that only the test
items that were covered by the PPSTs in their teaching were included in the analysis. Fortunately,
all the test-items were covered in each of the PPSTs’ teaching. This refinement of data was done
to ensure the credibility of the correlation analysis and thus to ensure that TSPCK could be
examined independently as one factor that could be used to improve the learner performance.
Having sifted out the effect of TSPCK and other factors that may have impacted on the classroom
enactment, the correlation analysis followed between the PPSTs eTSPCK episodes and learner
performances. The analysis focused on the overall TSPCK episodes against the learners’ pre-and
post-achievement test performances, respectively. The overall TSPCK episodes were found to
have clusters of TSPCK episodes of different categories that all worked together to enhance learner
understanding of concepts. This observation was made during the data analysis, in preparation for
the calculation of the correlation to determine the TSPCK-learner outcome link. It was through
this in-depth qualitative process that an observation was made revealing that a single test-item was
linked to multiple TSPCK episodes, identified as episode clusters and all working together to
explain and strengthen the learners’ understanding of a concept (Akinyemi, 2020; Mavhunga &
van der Merwe, 2020). Using the PPSTs’ overall TSPCK episodes emerging from their teaching
was therefore a way of acknowledging all the efforts that they put in ensuring that the learners
understood the concepts. A statistical correlation process then followed to establish the relationship
between the Rasch measures of the PPSTs’ eTSPCK episodes and learner performance. Moreover,
the calculation of correlation required that the data be paired. Therefore, in cases of unpaired
observations, a strategic random sampling is advised to satisfy the principle of pairing of variables
for correlation analysis (Lorenz et al., 2018). For this reason, the study employed random sampling
of the two variables (TSPCK episodes versus learner performances) through the multiple
permutations of the pairing of data sets. For each PPST, three batches of paired data sets were done
for the analysis of the correlation between the PPSTs’ eTSPCK episodes and learner performance.
The 3 batches were considered in this study as fitting and assisting with accuracy of the results to
measure the overall relationship between the two variables. As a way to minimize bias, each batch
selected for further correlation analysis had to consist of data that was not included in the random

selection of data for the previous batches (Lorenz et al., 2018). For reliability and credibility of
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the findings, three independent raters who are also TSPCK researchers assisted with the entire
correlation analysis. They also assisted with the identification of TSPCK episodes from the PPSTs’
teaching, identifying TSPCK episodes that matched directly to individual test items in the learner
achievement tests, including a process of strategic random sampling of TSPCK episodes and the
learners’ conceptual performance. All these processes were repeated until the consensus could be

reached between all the raters and myself, thus ensuring the credibility of the findings.
Reflecting on the correlation results; the PPSTs’ eTSPCK against learner performance

One major finding of the study was revealed in the analysis of the correlation between the PPSTs
overall eTSPCK episodes versus learner performances (Figure 8.1). First, the analysis between
each of the PPSTs’ overall TSPCK versus learner performances in the pre-test revealed the
correlation coefficients of r =-0.198 (p = 0.483), r =-0.172 (p = 0.600) and r = -0.207 (p = 0.52)
for Noma, Lerato and Sara, respectively. The correlation coefficients across the 3 PPSTs’ cases
show an insignificant correlation due to the alpha values that are higher than the significant level,
a = 0.05. The findings revealed the presence of a statistically insignificant and negative negligible
correlation between the PPSTs’ overall TSPCK episodes and the learners’ performances before
the teaching by the PPSTs. The negligible correlation was not a surprise as the learners had not
received any teaching of the concepts on Chemical Equilibrium by the PPSTs’ before. These
patterns are similar to those in other studies that have employed correlations (Sadler et al., 2013;
Fortsch et al., 2016; Akinyemi, 2020). Contrary to this, the correlation coefficients for the analysis
of the PPSTs overall eTSPCK episode and learner performances in the post-test; r = 0.688 (p =
0.016), r = 0.788 (p = 0.030) and r = 0.841 (p = 0.013) at the alpha values much lower than the
significant level, o = 0.05 were revealed for Noma, Lerato and Sara, respectively. A significant
positive correlation is revealed to exist between the PPSTs’ overall eTSPCK and learner
performance, following the PPSTs’ teaching. The findings indicate the presence of a relationship
between the PPSTs’ eTSPCK episodes and the learner performance observed after the teaching by
the PPSTs (see Chapter 8, Figure 8.1).

Furthermore, the analysis revealed the existence of a positive correlation between the PPSTs’
sophisticated TSPCK episodes and the learners’ high post-test item performances in Chemical
Equilibrium. A positive correlation refers to a linear and direct relationship between two variables

being investigated, whereby as the value of one variable increases, so does the value of another
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variable (Schober et al., 2018). In this study, this implies a direct association between high quality
explanations given by the PPSTs to the high learner performance and understanding of concepts.
This finding provides an understanding of how the TSPCK construct can be used in the training
of PGCE pre-service teachers to develop a sound personal TSPCK that results in effective teaching
which, in turn, enhance learning. This finding provides evidence of the potential in the use of the
TSPCK construct to fast-track the development of high-quality teachers using a time-constrained
1-year PGCE programme. While multiple studies have discussed the link between teachers” PCK
and learner outcomes (Alonzo et al., 2012; Fortsch et al., 2016; Keller et al., 2017), there is limited
literature on the studies that investigated the cPCK-pIPCK-ePCK continuum link to the learner
outcomes (Akinyemi, 2020). This study therefore contributes to these findings from the PGCE

pre-service teacher perspective

For example, in the case of Sara whose lesson consisted of the highest number of sophisticated
TSPCK episodes compared to the proficient and basic episodes, there existed the highest positive
significant correlation between the eTSPCK episodes and the learner post-test performance. The
correlation was moderate in the case of Noma, whose lesson consisted of the highest number of
proficient TSPCK episodes. The observed difference in the correlation coefficients was brought
about by the quantity of the sophisticated TSPCK episodes per PPST’s teaching compared to other
categories of TSPCK (proficient and basic levels). A sophisticated TSPCK episode resembles the
highest category of TSPCK, indicating the PPST’s most developed level and ability to transform
content knowledge into a teachable form. The demonstrated high and moderate correlations
suggest that the correlation gradient is in cognizance with the different qualities of TSPCK
episodes. This coincides with what Miheso (2018) has shown that the combination of a high
number of proficient and sophisticated TSPCK episodes in one’s teaching designates a more
developed TSPCK. Similarly, a low developed TSPCK is argued for a combination of a high
quantity of basic and proficient TSPCK episodes. This finding therefore suggests a relationship
between a more-developed TSPCK and the learners’ high post-test performance. The direct
association between the PGCE pre-service teachers’ overall TSPCK episodes and the learners’
post-test performance contributes to the reliability of the correlation analysis, thus suggesting that

TSPCK can be considered as a factor when examining learner performance.
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The established positive correlation between all the 3 PPSTs’ TSPCK episodes and learner post-
test performance is consistent with the results from the previous studies that reported a positive
correlation between teachers’ general PCK and learner performance (Fortsch et al., 2016; Sadler
et al., 2013; Mansor et al., 2010) and more precisely, a study by Akinyemi (2020) whose findings
revealed a high positive correlation between the PSTs’ eTSPCK and learner performances. This
confirms the reliability of the methodology followed for the correlation analysis which was first
used by Akinyemi (2020) and which also points out to the use of teachers’ TSPCK to investigate
learner performance. Several studies have however found no correlation between the observed
teachers’ broad PCK and learner achievement (Liepertz & Borowski, 2019; Gess-Newsome et al.,
2019). This finding contradicted the study by Gess-Newsome et al. (2019) which revealed a strong
positive association between the learners’ learning and teachers’ perceptions about the changes in
their teaching practice. Similarly, while Liepertz and Borowski (2019) had assumed that teachers
who have higher professional knowledge can provide a worthwhile learning environment which
initiates the learners’ understanding, the analysis of their data revealed a negative correlation
between the observed teachers’ PCK and learner achievement. These inconsistencies in the
findings have resulted in mixed signals to the PCK community, which left the issue unresolved.
The contradictions, in my view, may be assigned to the difference in the methodologies used and
the conceptualizations of PCK. For example, the two studies by Liepertz and Borowski (2019) and
Gess-Newsome et al. (2019) used the discipline specific grain size of conceptualization while
focusing on specific topics.

For science education, understanding the relationship between the teachers’ PCK and learner
outcomes with certainty is the missing piece in fully describing the integral output of the PCK
theoretical construct on learning science. The ultimate proof would be the calculation of a causal
effect between the quality of teachers’ PCK and learner outcomes. However, such a calculation
would first need a convincing proof that there is a relationship between PCK and learner outcomes
to start with. Thus, the importance of the positive correlation calculated in the present study
contributes towards the pool of studies that are building convincing findings about the relationship.

This study contributes from the context of PGCE pre-service teachers.
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9.2.3. The cTSPCK-pITSPCK-eTSPCK trajectory link to learner outcomes

With PCK regarded by research as contributing to learner achievement (Kind, 2017; Kind 2018),
the discussions above aimed at explaining the empirical demonstration of the cTSPCK-pITSPCK-
eTSPCK continuum link to learner outcomes on a topic of Chemical Equilibrium. This also
resonates with what most studies have attested to that it is important to establish not only what the
teacher knows, but also what they are able to do in the classroom in order to determine the
relationship between teacher knowledge, teaching and student learning (Aydeniz & Kirbulut,
2014; Park & Oliver, 2008). Likewise, Adadan and Oner, (2014), have argued on the importance
of understanding how teachers’ PCK progresses from preparation through actual teaching to
ensure for effective learning. Therefore, focusing on what the PSTs know in teacher education
programmes including what they eventually do in the classroom can be used to ensure proficiency
of their development (Ball & Forzani, 2009; Mathewson & Reid, 2017).

While a few empirical studies to date have assessed the relationship between science teacher
knowledge (PCK) and learner outcomes (Akinyemi, 2020), this study has contributed to similar
findings through tracking the PPSTs knowledge for teaching Chemical Equilibrium (pITSPCK),
how it translated into actual classroom enactment which revealed their eTSPCK and how this
ultimately impacted on learner conceptual performances of Chemical Equilibrium.
Acknowledging that PCK and its associate TSPCK is not transferable (Mavhunga, 2016), this
study provided the empirical evidence that the competence gained in the context of planning to
teach through exposure to cTSPCK to develop pITSPCK is transferable into classroom teaching
captured as eTSPCK. While the integration of TSPCK components to explain concepts was at the
heart of the intervention discussions, this competence was observed in the PPSTs’ planning and
teaching, indicating a consistent link across the three realms of TSPCK. This is consistent with the
findings in the previous studies (Mavhunga& van der Merwe, 2020; Akinyemi, 2020) who found
the planned TSPCK of pre-service teachers to be visible in more complex and clustered manner in
actual classroom teaching. However, the finding contradicts the finding by Mazibe et al. (2020)
who found that the teachers’ reported/planned PCK was not necessarily a reflection of their enacted
PCK. The difference between the contradicting studies points to the powerful influence of a PCK-

based intervention. This study therefore provided empirical evidence that validates the
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conceptually conceived cTSPCK-pITSPCK-eTSPCK continuum link to learner outcomes in the
PCK-RCM model.

9.2.4. Reflection on elements that exposed the quality of the PPSTs’ TSPCK by the learners

In addition to reporting on the correlation analysis between the PPSTs” TSPCK episodes and
learner performance, Chapter 8 also presented on the learners’ views about what the PPSTs’ did
in the classroom that contributed or hindered their understanding of the topic content. Common to
all the learners’ responses was that the PPSTs used diagrams, provided everyday life examples
that they could easily relate to and repeatedly emphasized the important concepts and giving
explanations that were accessible to the learners. This indicates the PPSTs’ understanding of
TSPCK construct which includes aspects of representations (R), learner-prior knowledge (LPK)
and aspects of curricular saliency (CS). The learners’ views then acted as confirmation to the
PPSTs’ quality of eTSPCK observed in their interactive use of R, LPK and CS as the components
that dominated and shaped their eTSPCK (see Chapter 6). While the use of representations such
as diagrams, simulation videos, scenarios etc., has been confirmed to enhance conceptual
understanding (Mitchell et. al., 2014), research has also shown that learning becomes more
effective when it builds on the existing knowledge (Kurnaz & Saglam-Arslan, 2011). Carlson and
Daehler (2019, p. 88) observe that “Knowledge of students ... has a great influence on a teacher’s
pedagogical reasoning and their cycle of planning, teaching, and reflecting”. This correlates with
the findings in this study where learner-teacher interactions appeared to result in rich teacher
explanations that were more meaningful to the learners with TSPCK component interactions that
portrayed high quality TSPCK. It also implies that, while the PPSTs’ eTSPCK contributed to the
learners’ improved performance, the learner engagements also influenced to the observed quality
of the PPSTs eTSPCK, which reveals a two-way eTSPCK « learner outcome link. Such moments
were observed when the learners asked or responded to the questions by the PPSTs which aimed
to establish their prior knowledge. Although the 3 PPSTs’ teaching revealed these features in their
lessons (especially the questioning and dialogue format), Sara’s lesson projected the most learner
interactions, with the learner responses demonstrating a deeper understanding of the concepts (see
Finding 3 of Chapter 6). The TSPCK episodes triggered by these engagements were classified
under two quality categories which are proficient and sophisticated levels. These explanations

carried more meaning and were thus well-received by the learners as projected in their responses
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which revealed evidence of understanding, both during the lessons and after the PPSTs’ teachings
in the learner post-achievement tests. This finding supports the understanding that learners are
active participants in their own learning (Lee & Branch, 2018), including that teacher-student
interactions can contribute to enhancing learner outcomes (Ajjawi & Boud, 2017; Tan et al., 2019).
While the component of representation (R) was a dominating factor across all those eTSPCK
episodes, concepts of LPK and CS were also common across most episodes. The interactive use
of the three components of TSPCK (R, LPK and CS) is suggested by the learners as the elements
of their PPSTs that contributed to their understanding of the concepts, as presented in the above
sections. This observation supports the existing understanding in the literature that the learners’
perceptions can be used to get information on the quality of their teachers’ PCK (Halim et al.,
2013).

Furthermore, in case of Sara whose teaching was dominated by sophisticated TSPCK episodes and
whose eTSPCK correlation was highly correlated with post-test learner performance, her learners
showed that getting more examples would have improved their understanding further. In the case
of Noma, whose lesson consisted of the lowest number of sophisticated TSPCK episodes, with a
moderate correlation between her eTSPCK and post-test learner performance, the learners’ views
called for the use of more examples and video simulations on Chemical Equilibrium. The
responses reflecting on the learners’ views show that they can tell when explanations given are not
strong enough and lack clarity. Hence Noma’s learners needed videos to give meaning to the
concepts which were apparently not meaningfully explained. This supports the understanding in
the literature that the learners’ views can also be used to get information on the quality of their
teachers’ PCK (Halim et al., 2013). Furthermore, the knowledge of learners’ perspectives can
enable teachers to understand and hence appreciate the instructional processes that influence
students’ learning, including how to improve their teaching processes (Senocak, 2009; Halim et
al., 2013). This is similar to Park and Oliver’s (2008) view that science teachers have to get
sensitized to the needs of the learners, and this can help them to think of how to improve the quality
of their instructions. This understanding may, as a result, contribute to the development of their
teachers’ PCK (Halim et al., 2013). The understanding of this view can be helpful to the science
teacher educators to know which knowledge components to emphasize during the development of
the PPSTs’ TSPCK. Accordingly, the knowledge of different TSPCK components including the

competence to effectively use multiple components to produce meaningful explanations in one’s
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planning and teaching is essential. It can therefore be concluded that the learners’ views reveal the
features that reflect the quality of the PPSTs’ eTSPCK that resonates with the learners. It further
confirms the learners’ ability to identify quality in teachers’ eTSPCK (Halim et al., 2013).

9.3. Summary of research questions

The main question that this study sought to answer was: How does the competence to
pedagogically transform content knowledge of Chemical Equilibrium learned by PGCE PSTs

influence their quality of personal TSPCK and its relationship to learner achievement?

First, it was necessary to elaborate on the theoretical framework and the models used to investigate
the problem as discussed in Chapter 2. It was equally important to clearly explain the research
methodology followed to enable the mixed-method approach to be used for data collection and
analysis in Chapter 3. The main research question was re-structured into three sub-questions. All
of them aimed at tracking the influence of the learned competence to pedagogically transform
content knowledge based on collective TSPCK as seen in planning to teach and classroom
enactment related to the learner performance in Chemical Equilibrium. A summary of the findings
from this study in relation to the sub-research questions, conclusions and recommendations on

these are given below.
Research question 1:

What is the quality of TSPCK displayed by the PGCE pre-service teachers in their planning to
teach Chemical Equilibrium, following the explicit discussions of the intervention that aimed at

developing their knowledge to teach Chemical Equilibrium?

This research question was intended to establish a credible baseline from which the TSPCK seen
in the actual classroom teaching (eTSPCK) and the possible relationship to the learner
performances could be based. First, the PPSTs were exposed to explicit discussions of each of the
five TSPCK components used in pedagogically transforming content knowledge in Chemical
Equilibrium as reported in Chapter 4. The main emphasis of these discussions was the interactive
use of these content-specific components when transforming content. As discussed in Chapter 5,
the findings revealed an improvement in the quality of the PPSTs’ planned TSPCK from a lower
category Limited TSPCK level in the pre-TSPCK test, to a higher Developing TSPCK category in
the post-TSPCK test. The PPSTs’ written responses in the post-TSPCK test and CoRe tool
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revealed an improved ability to interactively use multiple TSPCK components in an explanation.
This indicated a successful application of competence learned through the intervention

categorizing their pITSPCK at a developing level.
The response to this question is:

The intervention improved the quality of the PPSTs’ planned TSPCK in Chemical Equilibrium.
This was observed in the PPSTs’ interactive use of TSPCK components, shifting from an initial
category of ‘limited TSPCK’ by 2 jumps to the category called ‘developing level of TSPCK,’

following the intervention.

Research question 2: The second research question was:

What is the quality of the PGCE’s TSPCK observed in classroom teaching and in what

ways is does it reflect the observed TSPCK in planning?

Chapter 6 reported on the findings that revealed the nature and quality of the PPSTs’ eTSPCK in
the actual classroom teaching of Chemical Equilibrium which were captured through an in-depth
qualitative analysis by identifying the TSPCK episodes and then categorized using the eTSPCK

rubric.

Firstly, the findings revealed the presence of basic, proficient and sophisticated TSPCK episodes
across all the PPSTs’ teaching. The emerging episodes from the PPSTs’ teaching were largely
proficient. This is similar in quality to the ‘developing level of TSPCK’ that described the PPSTs’
TSPCK from planning to teach (pITSPCK). It involves an interactive use of three TSPCK
components in an explanation. Secondly, there was an emergence of sophisticated TSPCK
episodes in the actual classroom teaching. The clustering of TSPCK episodes was also observed
where episodes of different categories appeared to work together in building up an explanation.
The intention seen in the pITSPCK episodes was retained in the delivered lesson. An increase in
TSPCK clustering was further prompted by the teacher-learner interactions, through the learners’

responses or questions that needed clarity.
The response to this question is:

The quality of PGCEs enacted TSPCK as described by the constructed teacher TSPCK profiles,

showed increased quantities of proficient and sophisticated eTSPCK episodes that fall in the higher
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quality categories of the rubric used in this study. This signaled the presence of high quality

TSPCK episodes in each of the pre-service teachers’ lessons.
Research question 3:

The third research question examined the relationship that the PPSTs’ eTSPCK observed in their
classroom teaching of Chemical Equilibrium had to the learner conceptual performance. The

question was:

In what ways does the observed PGCE’s enacted TSPCK observed in the classroom relate

to the learner performance in Chemical Equilibrium?

First, the performances of the learners prior to the teachings by the PPSTs was established as a
reference point through which the knowledge gain can be calculated following the PPSTs’ teaching
of Chemical Equilibrium. The correlation test then followed to determine the relationship between
the PPSTs” eTSPCK and the learner performance in the pre-and post-achievement tests. The
findings revealed that the presence of a statistically significant improvement was observed in the
learner performance test, with an average of 75% following the PPSTs’ teaching of Chemical
equilibrium. Additionally, a high correlation between the PPSTs’ overall eTSPCK episodes and
learner post-test performance in Chemical Equilibrium was established. Finally, a high correlation
was found to have a positive value indicating a direct relationship between sophisticated eTSPCK

episodes and learner performances in the post-test following the teachings by the PPSTSs.

The three research questions provided adequate findings enabling the formulation of a response

for the main research question guiding this study as follows:

The explicit discussions of content-specific components of TSPCK on a topic of Chemical
Equilibrium, which equipped the PPSTs with pedagogical transformation competence, influenced
the quality of the PPSTs’ personal TSPCK seen in their planning to teach as pITSPCK and
enactment level (eTSPCK)as observed in their actual classroom teaching of Chemical
Equilibrium. The PPSTs’ pITSPCK improved from a lower limited TSPCK category to a higher
developing TSPCK category following the intervention, while their teaching was dominated by
proficient and sophisticated eTSPCK episodes. A positive and high correlation between the

PPSTs’ eTSPCK episodes and learner performances in the post-test suggest a strong direct
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correlation between the PPST’s TSPCK and the gain in the knowledge observed in learner

performance in the post-test.

9.4. Conclusion

The study aimed at providing an insight into the PCK literature on how the intervention that aimed
at developing the PGCE PSTs’ TSPCK when planning to teach translates into classroom teaching
and how this influences learner achievement. This view emanated from the reported consensus
that PCK can be examined through planning by investigating what a teacher knows and how they
are able to do what they know which can only be observed in the actual classroom teaching of
specific topics (Mavhunga & van der Merwe, 2020; Aydin, et al., 2015). This study was intuitively
linked to the challenge of the recurring issue of the theory-practice gap which has been challenging
in education researchers (Mavhunga & van der Merwe, 2020; Barradell & Kennedy-Jones, 2015;
McDonald et al., 2013). Central to this problem is the acknowledgement of the dissonance between
knowledge acquired through planning to teach, and the actual teaching of content in the classroom
(Mavhunga & van der Merwe, 2020). Pedagogical content knowledge (PCK), particularly topic-
specific pedagogical content knowledge (TSPCK), has been proven in this study as a theoretical
construct that offers an opportunity to the science educators to bridge the theory-practice divide

with the aim of improving learner achievement in science topics.

The findings in this study have supported the claim in the literature on the topic specific nature of
PCK, and how the quality of a teacher’s PCK in a specific topic can be used as a determining factor
of learner outcomes in that particular topic (Fortsch et al., 2016; Akinyemi, 2020). This study
concludes by appreciating the advantage in the qualitative and quantitative ways accrued to
developing the PPSTs” TSPCK for planning to teach a specific physical science topic, as seen in

the planning and actual classroom teaching with a positive influence on learner performance.

9.5. Implications and recommendations of the study

In this section, I provide implications and the recommendations of this study within a South
African context. Although this study was conducted within a specific case of physical science
PGCE pre-service teachers, and the findings can, therefore, not be generalized; the following
implications are made to the science education community and pre-service teacher preparation

programmes, specifically the PGCE pre-service teachers.
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Implications for the science education research community
The findings in this study have added to the empirical evidence justifying the topic specific
nature of PCK described from various content-specific components that constitute PCK.
The idea of exploring the topics one after the other, using a TSPCK construct has a promise
for understanding the nature of PCK from using the content-specific components for
pedagogical transformation content knowledge of a topic.
By exploring the link between the PPSTs> TSPCK and learner outcomes for a specific
topic, this study has validated the Refined Consensus Model (RCM) of PCK that suggested
a CPCK-pPCK-ePCK-learner outcomes continuum link by providing the empirical findings
that confirm this link.
This study has also added to the empirical evidence that established a relationship between
the teachers’ high TSPCK quality and high learner performances. This contributed to the
literature that reports on the existence of a positive relationship between PCK and learner
outcomes, and thus a solid base for exploring further research for the casual-effect link.
Implications of the study for the PGCE science teacher education programmes
The findings in Chapter 5 indicated that PCK within a topic can be improved
significantly in PGCE pre-service teachers (PPSTs). The PPSTs’ TSPCK of any topic
can be improved by emphasizing the interactive use of content-specific components of
pedagogical transformation of content knowledge. This understanding was seen in the
PPSTs’ explanations presented in the post-TSPCK tool and CoRe tool which
demonstrated the application of the competence learned in the intervention. The study
recommends that the TSPCK construct should be included in teacher preparation
programmes and more specifically in the preparation of PGCE PSTs. The findings have
the potential to benefit teacher preparation in South Africa and other developing
countries in Africa, where there is a high shortage of skilled and knowledgeable science
teachers.
The findings in Chapter 6 showed the transfer of competence by the PPSTs, revealed
through the interactive use of content specific TSPCK components in their actual
classroom teaching of Chemical Equilibrium. The PPSTs’ teaching was dominated by
TSPCK episodes of high quality, largely categorized at proficient and sophisticated
TSPCK levels. In the end, the quality of the PPSTs’ enacted TSPCK was similar to



their planned TSPCK, following the explicit discussions that emphasized the
interactive use of multiple content-specific components when transforming content
knowledge in Chemical Equilibrium. The study thus recommends the inclusion of this
construct in teacher education programmes to bridge the theory-practice divide for
newly prepared teachers.

iii. The findings in Chapter 7 revealed an improvement in the learners’ post-achievement
test performances following the PPSTs’ teachings. Chapter 8 also revealed a significant
positive correlation between the PPSTs’ enacted TSPCK and learner performances in
the post-test. The strength in correlation was found to increase with higher quantities
of sophisticated TSPCK episodes. It is therefore recommended that PGCE pre-service
teacher education programmes give priority to including the TSPCK construct in their
programme, to develop the teachers’ competence in transforming content in the form
that the learners can efficiently understand.

iv. The findings in Chapter 8 showed that the learners’ performance and understanding of
the concepts is driven by the PPSTs’ use of representations, giving real-life examples
and emphasis of important concepts. This discovery confirms the importance of
knowledge of content specific TSPCK components and their interactive use to provide

the meaningful nuance of a concept.

This study has shown that the PGCE programmes (short as the programme is) have the potential
to affect the quality of the teachers’ topic specific PCK for teaching science. By introducing the
TSPCK construct in PGCE teacher training programmes, the PPSTs are likely to exit the
programme with pedagogical transformation competence to reason through any topic content into
a form more compressible by the learners. This can help to fast-track the ability of the PPSTs to
deliver sound lessons on entry into the classroom. Growing their competence to teach for
understanding is likely to positively impact on student achievement, and thus improve the

performance of the learners in South African schools.
9.6. Critical reflections of the research process
9.6.1 Collective TSPCK: Reflection on the intervention

As discussed in the previous sections, several studies have employed the same intervention using

a TSPCK construct as the framework anchoring the intervention. Although the prime focus of this
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study was not necessarily the intervention, the aim was to create a credible baseline from which
the link between TSPCK and learner achievement would be interpreted. The first observation that
was made was the importance of maintaining the purpose of the study throughout the weeks of
running the intervention. For this reason, each session would begin with a recap of what the
purpose of the intervention was, which aimed to develop their ability to pedagogically transform
content knowledge of Chemical Equilibrium into a teachable form that can efficiently be accessed
by the learners and how this can be done. These opening reflections made it possible for the
connections to be made between the sessions even though the aspects discussed were different for
each session. The observations are consistent with the previous research that there is benefit in
raising the PSTs’ awareness of PCK as the knowledge they themselves are acquiring and in the
processes, they are undertaking (Mavhunga, 2012; Akinyemi, 2020). In some instances, the PPSTs
would ask questions related to the previous lessons which proved the relatedness between the
TSPCK components being discussed.

Second, the explicit nature of the session discussions was an efficient approach of exposing the
PPSTs’ to the TSPCK construct. This enabled them and the researcher to engage through a mix of
explanations, questions and responses. Through these engagements and discussions, the PPSTs
and the researcher witnessed a development in understanding as each session unfolded. Some of
these instances which revealed a development in the understanding of the construct have been
presented in chapter 4 which described the actual intervention process in detail. The learning
environment in the classroom was always welcoming and did not have any signs of hostility. Any
cases of disruptions from the PPSTs’ were strongly discouraged and such moments were not
recurrent because of a small number of PPSTs in the class (a total of 8). In most cases, | had to
move back and forth, repeating concepts because the PPSTs were struggling to understand. This
was the case mostly because the PPSTs are not taught content knowledge in their programme.
They are only taught the pedagogy of teaching the content. This is because of the assumption that
they already have content in place from their previously acquired bachelor’s degrees. This resulted
in the discussions taking longer than anticipated as the purpose was to also ensure that the PPSTs
understood the topic content since content knowledge is regarded as the precursor to developing
knowledge for teaching (Pitjeng-Mosabala & Marissa, 2018). As overwhelming as some sessions
were, with the assistance of one of the experienced teacher educators who delivered most of the

methodology courses, the discussions were always very interesting and fulfilling.

2901



9.6.2. Reflections on the research methodology used

Of great interest in this study was to understand the TSPCK-learner achievement continuum link
for a group of PPSTs, following the exposure to the TSPCK construct that aimed at developing
their knowledge for teaching Chemical Equilibrium. The study employed a mixed method
approach through the use of both qualitative and quantitative processes. The benefits of using a
mixed method approach included helping one to understand and reflect on the complexity of the
phenomenon and to developing new knowledge through the synthesis of the findings emerging
from different research approaches (Creswell & Clark, 2017). The use of a mixed method approach
in this study assisted me with capturing and portraying the PPSTs” TSPCK which is understood to
be complex. The discussions below provide reflections on the cases where the mixed method

approach became beneficial.

First the study utilized an in-depth qualitative analysis to explain the quality and development of
the PPSTs’ planned TSPCK, captured through intervention discussions as well as the written
explanations during and after the intervention. Thus, qualitative approaches assisted the study with
capturing pedagogical constructive processes as they manifested verbally and from written
explanations provided by the PPSTs. The pre-and post-intervention TSPCK tests were
quantitatively processed to confirm the improvement in the PPSTs’ TSPCK following the
intervention. The quantitative scores were interpreted qualitatively to understand the degree and
quality of TSPCK development. The qualitative approaches were also suitable for examining the
application of PPSTs’ understanding of the interactive use of content-specific TSPCK
components, acquired during the intervention, in completing content representations (CoRes) on
the same topic of intervention, Chemical Equilibrium. The findings of this analysis acted as a

credible baseline from which the eTSPCK-learner achievement link was examined.

Similarly, an in-depth qualitative analysis was employed to describe the PPSTs’ enacted TSPCK
which involved capturing and portraying their interactive use of content-specific components in
their teaching of Chemical Equilibrium portrayed in TSPCK episodes. This was a mini-case study
of 3 PPSTs derived from a cohort of 8 PPSTSs that participated in the intervention. The use of a
case study as an approach facilitated an in-depth exploration of the PPSTs’ eTSPCK, considering
the complexity of the actual classroom teaching and learning. The interpretation of identified

eTSPCK episodes involved categorization, using an eTSPCK rubric that classifies episodes into
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different levels of TSPCK episodes and visually presented into TSPCK maps. To help describe
how different TSPCK episodes build onto each other to explain concepts, the episodes were then
visually presented in the order of their emergence in the lesson. The revealed extent of the
interactive use of TSPCK components when teaching Chemical Equilibrium concepts signaled the
quality of the PPSTs’ eTSPCK.

The findings from this qualitatively analyzed data were useful for determination of the TSPCK-
learner achievement link. Through the use of quantitative approaches, the learners’ achievement
tests were analyzed, and the extent of the significant difference determined with the focus being
on the learners’ pre-and post-test scores. This provided an understanding about the learners’
conceptual performance and the level of engagement on the test items prior to and following the
PPSTs’ teaching. Statistical analysis also assisted the researcher to determine the correlation
between the PPSTs” TSPCK and learner achievement in Chemical Equilibrium by revealing the
strength and direction of the correlation. Following this was the use of qualitative approaches
which allowed the examination of the relationship between the quality of TSPCK episode and the
learner performance gains and quality of written responses in the pre-and post-achievement tests.
While quantitative approaches provided the strength and direction of the correlation, qualitative
patterns complemented this by revealing the weakness or strength of interactions among TSPCK
components. This was an indication of high or weak correlations to learner performances.
Consequently, the use of a mixed methods approach enabled the correlation analysis to be done
using both qualitative and quantitative approaches. Through the convergence of the two
approaches, the study successfully examined the nature of the relationship between the PPSTs’

eTSPCK and learner performances.

Furthermore, while the use of a case study research approach allowed for an in-depth exploration
from small samples, one of the disadvantages is that the findings cannot be generalized. For this
particular study, a total of 8 PPSTs formed a larger case that was exposed to the intervention and
had their pITSPCK examined. From this cohort, 3 PPSTs formed mini cases from which the
eTSPCK was explained and correlation with learner performances established. The study

acknowledges the limitation of the sample which restricts the generalization of the findings.
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9.6.3. Validity and Trustworthiness

The superiority of a mixed method research design over a single design includes the fact that it
allows for a greater understanding of a phenomenon being studied by offering detailed information
that might be missed when using only one research design and it results in more reliable and
relevant findings (Caruth, 2013; Cronholm & Hjalmarsson, 2011).Furthermore, the quality of
mixed method research studies is generally determined by the quality of each of the qualitative
and quantitative strands. As argued by Teddie and Tashakkori (2009), “if the data of the individual
strands is valid and credible, then the mixed study will have a high overall data quality” (p. 209).
The observation of different standards in the assessment of the quality of data collected through
the respective research approaches reflects the overall quality of data in this study. Some of the
practices that have been reported to enhance data quality have been provided at various points in
the discussion above and reported extensively in Chapter 3. Examples of such practices included
using various data collection strategies such as pre-and post-TSPCK tests, Content Representations
(CoRes), on-going tutorial presentations, videorecording of classroom teaching and respective
collection of the lesson plans, conducting pre-and post-lesson and stimulated-recall interviews,
learner pre-and post-achievement tests and the collection of the learners’ views. This reduced my
own bias as a researcher and thus enhanced the credibility of the research findings. An involvement
of a team of experienced independent raters, who assisted in analyzing the completed TSPCK test
tools and TSPCK episodes from the video recorded lessons as well as in scoring the identified
episodes and the learners’ pre-and post-achievement tests was to ensure the trustworthiness of the
findings of this study.

9.7. Limitations of the study

This study acknowledges the presence of a few critical limitations. Firstly, the study was a case of
eight PPSTSs that examined planned TSPCK which was captured before and after the intervention.
Three out of this class of 8 PPSTs were used as mini-cases and their enacted TSPCK captured
when teaching Chemical Equilibrium. The small sample sizes for this study means that the findings
cannot be generalized but can possibly be considered for other groups of PPSTs. Secondly, the
absence of a control group (for teaching) and the records of the PPSTs’ teaching of the same topic
prior to the intervention makes it difficult to claim that all that was observed in their teaching was

exclusively the result of the intervention. Thirdly, the tacit and complex nature of PCK also means
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that the classroom observations made of the PPSTs teaching Chemical Equilibrium, with the focus
on the interactive use of TSPCK components, may have portrayed their PCK only partially
(Alonzo et al., 2012; Aydin et al., 2014). For this reason, the study does not, in any way claim, to
have captured all the aspects of the PPSTs’ eTSPCK, although efforts were made to portray the
TSPCK seen in the classroom teaching. Furthermore, the study acknowledges that the use of video
recording of the lessons may have affected the behavior of both the PPSTs and the learners, thus
causing bias. The use of independent raters to assist with the analysis multiple follow-up interviews
and in-depth approaches of analysis also assisted with alleviating this bias.

Nevertheless, this study has provided empirical evidence that an introduction of the TSPCK
framework in the teacher training has the potential of fast-tracking the development of the PSTs’
TSPCK in the context of learning to teach (Mavhunga & Rollnick, 2013). Also important was the
need to emphasize the interactive use of TSPCK components to develop PPSTs’ pITSPCK and
eTSPCK and ultimately make an impact on learner outcomes. Remarkably, even with a limited
time of exposure to the TSPCK framework, the PGCE pre-service teachers” TSPCK improved,
following the intervention. This study has therefore provided some insights about the benefits of
influencing the educational policy on initial teacher training to have programmes that focus on the

TSPCK construct in order to improve science teaching and, ultimately, learner outcomes.

9.8. Future Research

This study has firstly shown that the quality of the PPSTs’ planned TSPCK may be improved by
explicit discussions that focus on the TSPCK components needed to pedagogically transform the
content knowledge of a given topic. Secondly, the study revealed that the pedagogical
transformation competence learnt by the PPSTs during the intervention in the context of planning
to teach Chemical Equilibrium was evident in the PPSTs’ actual classroom teaching of Chemical
Equilibrium. This study also revealed that the enacted TSPCK observed in the actual teaching of
content in the classroom can be positively linked to the learner outcomes. As explained earlier, the
findings on planned TSPCK emerged first from a cohort of 8 PPSTs, whilst that on eTSPCK
emerged from a subset of 3 PPSTs. It is therefore necessary to conduct further research that
involves a larger sample to show how an exposure to explicit discussions on topic specific PCK
development of core science topics influence the planned and enacted TSPCK of PPSTs in relation

to learner outcomes. This also includes the need for large scale studies that explore the causal-
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effect link. Further research with the PPSTs that involves the transferability of the learnt
pedagogical transformation competence (similar to Mavhunga et al., 2016) into other chemistry
topics is also necessary. In developing countries such as South Africa, where teacher education
and learner performance in science are challenging issues, a large-scale research focusing on the
effect of this TSPCK construct may generate useful information for improving pre-service science
teacher education programmes, the quality of instruction in schools and ultimately learner

outcomes.
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Appendix A: TSPCK tool in Chemical Equilibrium

CHEMICAL EQUILIBRIUM TSPCK

The information will be used for research purposes only: your responses will be treated

confidentially. Codes will be used to protect your identity.

NAME AND SURNAME:

NAME OF HIGHEST QUALIFICATION IN SCIENCE:

Gender (tick v):

Female

Male

MAJOR SUBJECTS:

NAME OF HIGHER EDUCATION INSTITUTION WHERE HIGHEST QUALIFICATION

IN SCIENCE WAS RECEIVED:
PROVINCE:

Kindly describe your activities in the last 3 years (e.g., studying, working, study break,

etc.). Please provide as many details as possible:
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CATEGORY A:

1. Inaclassroom setting, which of the following responses will you choose to answer a
learner who seems to be in doubt and asks you:

“Do both the forward and the backward reaction actually take place

if a closed system is at equilibrium?”’

Response A: Yes; the rate at which the forward reaction occurs is the same as the rate
at which the backward reaction occurs. We do not see them because both reactions happen
under a microscopic eye.

Response B: Yes; for a reaction to be considered as at equilibrium, the rate of the forward
reaction is the same as the rate of the reverse reaction. As products are formed, they
decompose or react with each other and form reactants. In this way the reaction is kept at
equilibrium.

Response C: Yes; a reaction that is at equilibrium has a forward and a reverse reaction. The
forward reaction produces products, and the backward reaction produces reactants.
Sometimes the concentration of products is higher than the reactants, sometimes vice versa.

Response D: None of the above.

Choose your response and use the space below to expand on your choice.

My choice is Response ....
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2.

What comment would you write on a learner’s script who writes:

A reaction reaches equilibrium when the concentrations of the

products and reactants are equal.

Response A: No; when a reaction reaches equilibrium, it does not mean the concentrations
of the reactants and products are equal. The concentration of reactants and those of products
are not equal at equilibrium. Sometimes the concentration of reactants is more than that of
products and vice-versa. It depends on the type of reaction.

Response B: No; when a reaction reaches equilibrium the concentration of the products and
the reactants are not equal. Equilibrium is reached when both reactions proceed at the same
rate.

Response C: No; the concentration of reactants and products at equilibrium are not equal.
Each reagent may have its own concentration which is different from the other. What ensures
a reaction to be at equilibrium is the rate at which the forward and the reverse reaction occur.
For equilibrium to occur this rate must be equal for both reactions.

Response D: None of the above

Choose your response and use the space below to expand on your choice.

My choice is Response....
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CATEGORY B:

Questions 3.1 -3.4 relate to planning and sequencing of concepts.

3.1 What do you consider to be the three main ideas (main concepts) to be taught about
equilibrium at Grade 12? Choose from the list provided.

Dynamic equilibrium Equilibrium constant
Chemical reactions Rate of reaction
Lé Chatelier’s principle Equilibrium shift
Factors that affect Calculation of equilibrium
equilibrium concentrations
Open and closed systems Homogeneous and
Heterogeneous equilibrium
Physical equilibrium Forward reaction and
reverse reaction
Extent of reaction Other
4.
.
6.

3.2 Make a map or a diagram of these three ideas showing how they link to the subordinate
ideas.
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6.3 What topics must have been covered in chemistry before you can teach chemical

equilibrium?

List of Topics to be taught Place them in a sequence Provide reasons for the
before Chemical (the one to be taught first, proposed sequence
Equilibrium place it as No. 1)

1.

2.

3.

4.

3.4 Why is it important for learners to learn about equilibrium? Identify reasons related to:

V. Sequencing
vi. Application
vii. Motivation or Interest
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CATEGORY C:

4. Tick (¥'), from the list below, the concepts of chemical equilibrium that you consider
difficult to teach. You may also add your own. Explain why you consider the chosen
topics difficult to teach.

Concept v Why considered difficult?

Closed and open system

The calculation of concentration
using the (RICE) ratio/
Initial/Concentration/Equilibriu
m Table

Physical equilibrium vs. chemical
equilibrium

Calculations of concentrations
vs. calculations of moles

Working with the equilibrium
constant in calculations, just a
number with no units

Using mathematical ratios in a
chemical concept

Dynamic equilibrium —in
chemical systems
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CATEGORY D:

Dynamic and Static equilibrium

5. Below are possible representations/analogies/models for teaching the concept of static
versus dynamic equilibrium.

Representation 1

B

Static equilibrium Vs. Dynamic equilibrium

Representation 2
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Representation 3

5.1 Complete the table below by providing as many details as possible.

Representation
No.

What I Like

What | do not like

1
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52 Which representation do you like most?

5.3  How would you use the representation that you like most?
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CATEGORY D:

Le Chételier's’ Principle

6. Following below is a student’s written response in a class test designed to assess prior
knowledge of students about Le Chatelier’s’ Principle.
Question:

What is the effect of adding more water to the reaction given below at equilibrium?

CHsCO2H(aq) + H20 () == CH3CO; (aq) + HsO*(aq)

A student responded:

‘More CHsCO,~ (aq) and HsO* (aq) will be formed, to counteract the effect
of adding more water to the reactants. This will happen until a new

equilibrium (s reached’.

6.1 Following the student’s response, how will you teach a lesson on predicting the effect of
the factors disturbing the equilibrium?
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Appendix B: Content Representation (CoRe)

Components of Topic Specific PCK

Big Idea 1

Big Idea 2

Big Idea 3

All these questions
including
formulation of Big
Ideas are
considered to be
elements of the
component of
TSPCK called
curricular saliency

What would you consider as Big
Ideas for this topic?

What do you intend the learners
to know about this idea?

Why is it important for the
learners to know this Big idea?

What concepts need to be taught
before teaching this Big idea?

What else do you know about
this idea (that you do not intend
the learners to know yet)?

What is difficult to
understand

What do you consider easy or
difficult in teaching this Big
idea? Provide the reasons.

Learner Prior
Knowledge

What are the typical student
misconceptions in this Big idea?

How would you go about
correcting them?

Representations

What representations would you
use in your teaching strategies,
and why?

Conceptual
teaching
strategies

What conceptual teaching
strategies would you use in
teaching this Big idea?
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Appendix C: An interview protocol

Post-lesson interview questions

1. How do you think the intended lessons objectives were achieved?

2. Could you recall what assisted you to explain the concepts?

3. What challenges did you experience?

4. What (if any) would you do differently next time?

Stimulated Recall Interview

Show each PPST several video clips on their teaching of the lesson (s) on the topic. The
aim is to recap their memories on various lesson episodes. This is followed by some
questions related to each video episode after viewing the video together.
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What concept(s) related to the topic did you want to bring out from this teaching and
learning activity?

Was this instructional activity planned? How did you come up with that idea?

In what way is this strategy useful in helping the students to learn the concept(s) that
you want them to understand?

Have you thought of any other ways to explain this key concept? If so, why didn’t you
choose the alternative ways?

When the learner said this /asked this question you responded by saying (repeat what
teacher said) and your response was (repeat what teacher said). What were the reasons
for giving this response? Why?

You used (an animation, picture and analogy) to help students learn.... Why? Are there
any particular reasons for the use of this (strategy) for teaching?

Overall, do you think this activity worked well in achieving its planned objective (s)?
Are you satisfied with the activity? Why?

Will you use the same activity in your next round of teaching? Why or why not? If
yes, how would you modify this activity in your next round of teaching?



Appendix D: Achievement test on Chemical Equilibrium (with marking memo)

éW&E

g I Wits School of Education I
L ]

Division of Science and Technology Education

LEARNER ACHIEVEMENT TEST

TOPIC: Chemical Equilibrium

Instructions:

This achievement test is for research purposes only. Your responses will be kept
confidential.

V=] 1 0 1=
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1. At equilibrium,
A. The rates of the forward and reverse reactions are equal
B. The rate constants of the forward and reverse reactions are equal
C. All chemical reactions have ceased

D. The value of the equilibrium constant is 1

2. The reaction represented below reaches equilibrium in a closed container:
CuO¢s) + Hzgy= Cus) + H20g) AH <0
Which ONE of the following changes will increase the yield of products?
A. Increase temperature.
B. Decrease temperature.
C. Increase pressure by decreasing the volume.

D. Decrease pressure by increasing the volume.

3. Which of the following is true regarding the concentration of products, for a chemical reaction
that is already at equilibrium, assuming no disruptions to the equilibrium?

A. The concentrations of products will not change because there are no more reactants.
B. The concentrations of products will not change because the limiting reagent is gone.

C. The concentrations of products will not change because the forward and reverse rates
are equal.

D. The concentrations of products will change continually because of reversibility.

4. What happens to a chemical reaction that has reached an equilibrium state when a disturbance
is added?

325



5. The reaction below represents the decomposition of N2Oa(g) in a closed container according to
the following equation: N204g= 2NO2()

On the space provided, draw a concentration vs time graph for this reaction at equilibrium

6. Explain what is meant by the following:

a) Open system:

7. An unknown gas, Xz(g), is sealed in a container and allowed to form X3z at 300 °C. The
reaction reaches equilibrium according to the following balanced equation: 3X3zg)= 2X3(g)

a) How will the rate of formation of X3y compare to the rate of formation of X at
equilibrium? Write down only HIGHER THAN, LOWER THAN or EQUAL TO.

b) More Xz is now added to the container. How will this change affect the amount of
X2(g)? Write down INCREASES, DECREASES or REMAINS THE SAME.
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‘0, W0 Wits School of Education
AdprstY

LEARNER ACHIEVEMENT TEST

NIV,

TOPIC: Chemical Equilibrium

Instructions:
This achievement test is for research purposes only. Your responses will be kept confidential.

Name: KEAM

PRE- TEST RESPONSE

1. At equilibrium,
@Thﬂ rates of the forward and reverse reactions are equal

B The rate constants of the forward and reverse reactions are equal 1
C All chemical reactions have ceased \/ |_
D The value of the equilibrivm constant is 1 '.t 2

2, The reaction represented below reaches eguilibrium in a closed container:
CuOis) + Ha{g = Cuis) + HoO{g) AH =0 = bt e -
Which ONE of the following changes will increase the yield nfpru-c;ucts?

A Increase temperature.

B Decrease temperature. D(’

C Increase pressure by decreasing the volume.

@Decrea&e pressure by increasing the volume.

3. Which of the following is true regarding the concentration of products, for a rical reaction
that is already at equilibrium, assuming no disruptions to the equilibrium? |

A The concentrations of products will not change because there are no more reactants.

B The concentrations of products will not change because the limiting reagent is gone.

@Thewims Df_p_mdums will not change because the forward and reverse rales are
equal.

D The concentrations of products will change continually because of reversibility.
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4. What happens to a chemical reaction that has reached an equilibrium state when a disturbance
is added?

voured. ™

5. The reaction below represents the decomposition of N;O4(g) in a closed container according to
the following equation: N,O4(g) = 2NO;(g)

On the space provided, draw a concentration vs time graph for this reaction at equilibrium

|

6. Explain what is meant by the following:
a) Open system:

b) closed systems:

A system wkerlly oy rtactants ond the  oroducs.

--------------------

peack uotis. eoch. ote ... D( ..................................
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¢} reversible reaction:

A rtackicn.. teat. Devans  Hee . Same  Wokether. ...
L bve. . prducks. | st reacked. ..%e_:zetw *Hni'j Sl Prpduce

e troch. samp.. realtants  Elet . weels
i Form ﬂtbem

dyDynamic equilibrium:

mraba RS EadEERARARUERT RER DS

GaRsEaLETEREY R BEAEPA PSRRI RN IR R P PR PR R RS

7. An uriknown gas, Xa(g), is sealed in a container and allowed to form Xs(g) at 300 °C. The
reaction reaches equilibrium according to the following balanced equation: 3X(g) = 2Xs(g)

a) How will the rate of formation of Xs(g) compare to the rate of formation of Xz(g) at
equilibrium? Write down onty HIGHER THAN, LOWER THAN or EQUAL TO.

Higuee, THAN Y

b) Mure ¥a(g) is now added to r.h-: container. How wﬂl ilus chan,ge aft'ect tlm amnunt of
Halg)? Write down INCREASES, DECREASES or REMAINS THE SAME.

Ernceense. DEceeases. X

.............................

¢) Use Le Chatelier's principle to explain the answer to QUEST]DN b,

e e amaidt... 28 Xa.. 5. addéjmtﬂm
Sgsten’?; a. d-wquce accufs,.T 2, WIeaoten...........
Land. tue omeuntof ¢
,\#}_ mﬂ!{-bm decrﬁzsﬁ

ikl
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POST-TEST RESPONSE

1. At equilibrium, X
@‘hemtesofﬂtefgmmdmvmmcdu\smggl

B The rate constants of the forward and reverse reactions are equal

C All chemical reactions have ceased \/ l

D The valuc of the equilibrium constant is 1

2. The reaction represented below reaches equilibrium in a closed container:
CuO(s) + Ha(g = Cu(s) + H:O(g) AH <0

Which ONE of the following changes will increase the yield of products?

A Increase temperature. W 2
B Decrease temperature.

C Increase pressure by decreasing the volume.

@Decmsc pressure by increasing the volume.

3. Which of the following is true regarding the concentration of products, for a chemical reaction
that is already at equilibrium, assuming no disruptions to the equilibrium? '

A The concentrations of products will not change because there are no more reactants. o

B The concentrations of products will not change because the limiting rcagent is gone.

e concentragions of products will not change because the forward and reverse rates.acg
al
equal.
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4. What happens to a chemical reaction that has reached an equilibrium state when & disturbance
is added?

Tiea. disturbance. will. Cause. . Shess Yo the  suckem;..
Yuerefere M.Sj.c&m_mﬂ msmqu%gto\j _L
OpPpose e distirbance boob las.. occured 4 Ttat
-Lquilibrium... o, be. Staklithed 29ain ...

5. The reaction below represents the decomposition of N2Ou(g) in a closed container according to
the following equation: N2O4(g) = 2NO,(g)

On the space provided, draw a concentration vs tu\nses graph for this ion at equilibrium

for NOyp = 2NO5¢q)

2quil o um
S"“‘b(\ \ .
@) A

e (s
6. Explain what is meant by the following: )

>%

a} Open system:

...............................

-----------------------------------------------------------------------------------------------------------
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¢) reversible reaction:

-----------------------

d)Dynamic equnhbnum J
Q.. Stafe. doherby o ....clased sﬂsmm..... \«eﬂb»jﬁ» i

PFQSSM.
‘orvclucts are- (Ameun  CenSteutd ot equilibrium

7. An unknown gas, X>(g), is sealed in a container and allowed to form X;(g) at 300 °C. The
reaction reaches equilibrium according to the following balanced equation: 3Xz(g) ZX;(g)

a) How will the rate of formation of Xs(g) compare to the rate of formanon of X;(g) at
equilibrium? Write dow:?y HIGHER THAN, LOWER THAN or EQUAL TO.

LQUAL TN e

b) More X;(g) is now added to the container. How will this change affect the amount of
Xa(g)? Write down INC \jS DECREASES or REMAINS THE SAME.

NG REASE N ot

¢) Use Le Chatelier's principle to explam the answer to QUESTION 8b.

When.oe. Xy ls...odded. to. tie.. System, e S
ao\us‘curbnngelwﬂoersereacfmw“‘fawwd

owerall s&mm wil 0 tumn  also  increase: ..

-----------------------------------------------------------------------
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Appendix E: Questions for collecting the learners’ views about the pre-service teachers

Ws.E

4
Wits School of Education

»
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marang

LEARNERS’ VIEWS ABOUT UNIVERSITY STUDENT-TEACHERS’ TOPIC SPECIFIC PCK

NAME:

Information:

The questions below are for research purposes only. Your responses will be kept confidential

Your responses will help us to improve the quality of physical sciences teaching and learning.

1.

What did the student-teacher do, that helped you to understand the concepts? Give an example.

2. What was done in the class by the student-teacher that you liked most?

3. What was done in the class by the student-teacher that you did not like?

4. What do you think would help you to understand better?
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Appendix F: A rubric for measuring planned TSPCK

Feazons not given

TEPCE

Limited(1) 2] Basic (3] Developing Exemplary (4]
Learner Priar . o identification Mo +  Identifies misconception or prior kmowledze | &  Idemtifies misconception or prior mowlzdze #  Identifizs misconception or prior mowledze
Knowladge ackmowledgement Mo consideration | o Provides standardized knowledzs as +  Provides i a3 definiti +  Provides i as definiti
of smdant prior knowledze or definition +  Expands and re-phrase explanztion using tovo s  Expands and raihrases explanation correctly
misconceptions +  Fepeats standard definition drawing on one other component of TEPCK interactively »  Confronts misconceptions/confirms acourate understanding drawing on
. Flepeat: stzndard definition with other component of TEPCK thres or more other componant of TEPCK intaractively
refarance to any other component of
TSPCK
»  Identified concepts are a mix of Big + Identifies at least 3 Big Ideas » Identifies at least 3 Big Ideas » Identifies at least 3 Big Ideas
Idezs and most important subordingts | s Mot all 3 Big ideas have most important + Identified most i ideas and + Identifies most important subordinate ideas and explaing their links to the
ideaz subordinate concepts identified however those shows (zymbelic) links to Big ideas with no Big [deas and to each other within a Big Idea
»  Identified subordinate idess are a mix identified are comect additional explanations # Provides logical sequence of zll three Big Ideas and that of subordinate
with those of other tapics ar no + Suggested zequencing has one or twe illogical | » Provides logical sequence of concepts of &l three concepts within a Big idea
curriculum subordinates provided placing of main concepts (Big [deas) Biz Ideas. # Identified pre-concepts include thoss needed spacially in discussing the
saliency +  Idemtified pre-concepts are 2 miz with | » Identified pre-concepis are far fom the » Identifies pre-concepts includes those needed for the introductory definitions aspacts and those sequentizlly needed in the next
those ta be taught in current topic current topic, they refer to concepts basic to CUrTent topic Big Ideas of the current topic.
+ Bequencing no value due to mixed tha mubject. » Feasons given for importance of topic incloda » Reasons given for importance of topic inchida conceptual
concapts + Feasons given for importance of topic reference to concepmal scaffolding/sequential scaffolding 'sequentizl development of understanding for specified
#  Reasons given for importance of exclude concapmal considerations such as development of understanding of other topics in the subzequant topics in the subject.
topic limited to genaric benafit of scaffolding or saquential developmen: for zubject however without specifving the topics
education other topics in the subject. # Feasons may also draw interactively on what makas
topic difficult
#  Identifies broad topics without + Identifies specific concepts but provides # ldentifies specific concepts with rezsons relzted to # Identifies specific concepts with rezzons related to prior kmowledge of
What makes specifying the acmal sub-concepts that Troad generic reasons such as ‘ghsract’ two gther TEPCKE specified students and aspects of curricular saliency
topic difficult ara problamatic + Faazers drawing on cne other component of #  Provides reasons linking to zpecific zate kesping concept: that when

not fully understood adds to the difficulty of a concept regarded as
difficult - thus drawing on three or maore TSPCE

Representations

Limitad to nsa of only macrazcopic
anzlogies, demos, etc.) represantation
with no explanation of specific links
to the concepts reprazentad

Use of macroscopic representation
{znalogies, demos, etc) and uza of
scientific symbolic representation without
explanztory notes to make the links to the
aspects of the concept being explained.

Uze of macroscopic representation (analogies,
demas, etc.) and use of scientific symbolic
representation with explanatory notes linking the
two Tepresentation to the aspect(s) of the concept
being explained
Use of reprezentztion linked to two othar TSPCE
&.2. leamar prior and
aspects of curricular saliency

Use of macroscopic representation (analogies, damos, etc.) or symbolic
represantation and

Tse of sub-microscopic representation to enforce a specific aspect (=) of
the concept being axplained

Explicit link'smphasiz of core aspect of CK demonstrated in the
represantstions.

Tse of representation linked to other two components of TSPCE | likely
o be leamer prior knowledge and aspects of curricular zalisncy

Teaching
Strategies

Mo evidence of acknowledgement of
sidant prior kmowledge and
mizconceptions

Lacks aspects of curriculum salisncy
Use of representations limited to
macroscopic ar symbolic scientific
symbolic reprasentation with no linking
axplznatory notes

*  Acknowledges student misconceptiong

werbally with no corresponding
confrontation strategy

#  Lacks aspects of curriculum salisncy
# Uz of macroscopic and symbalic

reprazentations with no linking
explanatory notes

*  Conziders confirmation /confrontation of student

prior knowledge and or misconcaptions

»  Considers at lezst one aspect related to

curriculum zaliency: sequencing or what not to
discuss yet or emphasis of important concepts
U'ses at least two different levels of

ions to enforca mg
thus draws on other components of TSPCE in
the process e.2. could be a carricular salisncy
aspect such as prior concept to be understoad
first and a clearly articulated undarstanding of
potentizl difficulty that could result

Orverall, excellent strategy to teach required concept
Considers student prior knowledge and evidence of confrontation of
misconceptions.
Conziders at least two aspects related to curriculum salisncy:
sequencing, what not to discuss yet, emphasis of important conceptual
aspects, et
Uses either the macroscopic or symbalic representation with sub-
microzcopic ion to enforce ing and uses three
other components of TSPCK in the process e.g. could be a curricular
saliency aspect such as prior concept to be understood first and 3
clearly articulated undarstanding of potential difficulty that could result
parhaps because of what students kmow from another lesson that may
appear 10 contradict current dizcuszion
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Appendix G: A rubric for measuring enacted TSPCK

Type 1: Simple TSPCK Episode

Type 2: Proficient TSPCK Episode

Type 3: Sophisticated TSPCK Episode

s Evidence of two different
TSPCK components
interacting evidently and
distinguishably in a specific
teacher task segment

¢ The TSPCK component
interactions maybe
interwoven or have a linear
sequence structural
formation.

¢ Both components work
together to support an
explanation of a single or a
pair of concepts that are
related

¢ Evidence of three different TSPCK
components interacting evidently
and distinguishably in a specific
teacher task segment

Or

¢ Evidence of three different TSPCK
components interacting, evidently,
and distinguishably in a specific
teacher task segment, but one
component repeating and bringing
a different level of explanation that

complements the initial emergence.

e The TSPCK component interactions
maybe interwoven or have a linear
sequence structural formation or
both

o The three components work
together to support an explanation
of a single or a pair of concepts that
are related

s Evidence of four different TSPCK
components interacting evidently and
distinguishably in a specific teacher
task segment

Or

s Evidence of four different TSPCK
components interacting evidently and
distinguishably in a specific teacher
task segment, with one of the
components repeated more than once
or one of the components bringing
different levels of sophistication (e.g.
representations used at macro,
symbolic and submicroscopic levels.

s TSPCK component interactions maybe
interwoven or have a linear sequence
structural formation or both.

s All the TSPCK components work
together to support an explanation of
a single or a pair of concepts that are
related
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Appendix H: Ethics Clearance report
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Wits School of Education W I TS

UNIVERSITY

27 5t Andrews Road, Parktown, Johannesburg, 2193 Private Bag 3, Wits 2050, South Africa. Tel: +27 11
717-3064 Fax: +27 11 717-3100 E-mail: enquiries@educ. wits.ac.za Website: www.wits.ac.za

27 November 2017

Student Number: 1304503

Protocol Number: 2017ECEQ35D

Dear Mamohato Violet Makhechane

Application for Ethics Clearance: Doctor of Philosophy

Thank you very much for your ethics application. The Ethics Committee in Education of the
Faculty of Humanities, acting on behalf of the Senate, has considered your application for ethics
clearance for your proposal entitled:

Exploring the mechanism through which the acquired competence to pedagogically transform
content knowledge is transferred within planning and classroom contexts by PCGE student
teachers

The committee recently met and | am pleased to inform you that clearance was granted.

Please use the above protocol number in all correspondence to the relevant research parties
(schools, parents, learners etc.) and include it in your research report or project on the title

page.

The Protocol Number above should be submittaed to the Graduate Studies in Education
Committee upon submission of your final research report.

All the best with your research project.




Appendix I: GDE Approval

GAUTENG PROVINCE

Departrsnt: Education
L T T - 1 EEPUBLIC OF SOUTHAFRICA

Bialan/z

GDE AMENDED RESEARCH APPROVAL LETTER

| Darbe: [ 23 January 2018
[ | 05 February 2016 - 28 September 2018 i
Valkdity of Research Approval;
altdity 20172548
“Mame of Ressarchar: " | Makhechane V.M T
| Address of Researcher: | Park Mews o

Mo. 1 Princess Place, Parkiown
T Johannesburg 2193
| Telephona Mumber: | 060 TT3 2490 o
| Email address: | 1304503 @students, wits, ac.za
] o | Exploring the mechanism through which the
acquired competence to pedagogically transform

Reasarch Topia: conlent knowledge is transfermaed within planning
and classroom contexts th'FECE gtdent
teachars
| Mumber and typs of schaals: ' Five Secondary Schools
| DistrictiaO - Johannesburg Central and Johannesburg East |

Re: Approval in Respect of Request to Conduct Research

This latter sarves lo indicoie that approval i@ bereby granted 1o the above-merlioned
resgarcher o processd with research in respact of the siudy indicaled abowe, The anus reshbs
wiEh T researcher io negotiate appropriste and relevant time schodules with the schoolis
ardlicr offices invaleed lo conduct tha reseasch. A separale copy of this lefier must ba
pragenied o bolh the Schoal (begh Principsl and SGE) and the DisrictHead Ofice Senior
Manager confirming that on hap besan granbed for the research o e conduciad.
S il aiiorfaois

The following conditl apply io GDE research. The ressarchar may proceed with tha
above sfudy subject fe the conditions listed bolow being mel Approwal may b
withdrasn should any of the conditions listed below be flouted: |

Making aducation & socielal pricrily

Office of the Director: Education Ressarch and Knowledge Managemosnt
T Flnor, 17 Slemonds Streot, Jofeanme g, 2001
Tal [041h 5255 G4l
Errmil: Fath, Tobaba kb igoadong goe 2o
WhpbEha: Weew Befiu Carion S G Ee
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Appendix J: Consent form to the Head of School

2 Wa.E
4

l Wits School of Education I

T .0

University of Witwatersrand. Education Campus, Science and Technology Division; 27 St Andrew Road; Parktown.

LETTER TO THE HEAD OF SCHOOL
DATE:

Dear Professor Karin Brodie,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of
Education at the University of the Witwatersrand. | am doing research on the development of FET
Physical science PGCE student teachers’ Topic Specific Pedagogical Content Knowledge.

My research interest is on the physical science methodology class that the student teachers are
taking. To develop the student teachers’ professional knowledge, this course equips them with the
teacher core competence referred to as Topic Specific Pedagogical Content Knowledge (TSPCK)
in one selected chemistry topic, specifically topics that are in the high school syllabus. This
competence, when acquired, helps to build the student teachers’ pedagogical reasoning in the
specific topic which can then be used to successfully transform the content knowledge of other
topics into a teachable form so that the learners can comprehend it. The focus of this research study
therefore is to explore these PGCE student teachers’ pedagogical reasoning competence and
development as a result of their exposure to the TSPCK construct of content knowledge
transformation. To do so, the study will explore those student teachers’ TSPCK in the context of
planning to teach, its manifestation into classroom enactment, and how this influences learner
performance. This involves following the student teachers in their second teaching experiences
(TE).

The data will help the researcher to determine the effectiveness of the intervention in developing
the student teachers’ pedagogical reasoning competence so that their transformed content
knowledge can be effectively accessed by the learners. The three lessons from each of the three
volunteers PGCE student teachers will be audio/video-recorded during their TE after the
intervention. The student teachers will be interviewed before and after the lesson observations and
their lesson plans will be collected for further examination. |1 would also like to sit in their
methodology class during the intervention in order to observe how the intervention is
implemented, have access to all the work (including assignments and presentations if any) related
to the intervention and use them as part of my research data. Only the work of those student
teachers who have volunteered to participate in this research study will be included as my data.

Because participation is voluntary, any participant PGCE student teacher who may wish to
withdraw from participating in this study will be free to do so and this will not in any way impact
on their academic work. The participants will also be reassured of the confidentiality of all the data
collected. Where all the video/audio recordings and transcriptions will be computer and USB
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stored and protected with a password, while hard copy data such as lesson plans and assignments
will be safely locked in my supervisor’s office. All data will be made accessible only to me and
my supervisor. On the analysis of the data, no real names of participants but pseudonyms will be
used hence the participants will remain anonymous in all my written work. There are no
foreseeable risks in participating in this study and the participants will not be paid for their
participation.

Please let me know if you require any further information. I look forward to your response as soon
as it is convenient.

Yours sincerely,

Name: Mamohato Violet Makhechane
Email; 1304503 @students.wits.ac.za
Phone Number: 0607732490

Head of School’s Consent Form

Please fill in to indicate your consent to allow your class to participate in the study.
Circle one

| agree that physical science methodology class should be used for this research study YES/NO

I agree that students’ submitted work should be used for this research only YES/NO

| agree that the students should be followed into their TE and their records and lesson plans be
used for this research study only YES/NO

Sign Date
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Appendix K: Consent form to the Course Coordinator

LETTER TO THE COURSE CO-ORDINATOR
DATE:

Dear Prof. Mavhunga,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of
Education at the University of the Witwatersrand. | am doing research on the development of FET
Physical science PGCE student teachers’ Topic Specific Pedagogical Content Knowledge.

My research interest is on your physical science methodology class that the student teachers are
taking which aims to develop the student teachers’ professional knowledge by equipping them
with teacher core competence referred to as Topic Specific Pedagogical Content Knowledge
(TSPCK) in one selected chemistry topic, specifically topics that are in the high school syllabus,
which when acquired helps in building the student teachers’ pedagogical reasoning in that specific
topic which can be used to successfully transform their content knowledge of other topics into a
teachable form, so that the learners can comprehend. The focus of this research study therefore is
to explore these PGCE student teachers’ pedagogical reasoning competence and development as
a result of their exposure to the TSPCK construct of content knowledge transformation. To do so,
the study will explore those student teachers” TSPCK in the context of planning to teach, its
manifestation into classroom enactment, and how this influences learner performance. This
involves following the student teachers in their second teaching experiences (TE).

The second TE occurs after an exposure to the TSPCK construct and this will help the researcher
to determine the effectiveness of the intervention in developing the student teachers’ competence
so that their transformed content knowledge can be effectively accessed by the learners. The three
lessons of the three volunteer PGCE student teachers will be audio/video recorded during their TE.
The student teachers will also be interviewed before and after the lesson observations which will
be audio recorded and their lesson plans will be collected. I would also like to sit in their
methodology class during the intervention in order to have the experience of how the intervention
was implemented, and also access all their work (including assignments and presentations if any)
related to the intervention and use them as part of the data for the study. Only the work of those
student teachers who have volunteered to participate in this research study will be included as the
data.

Because participation is voluntary, any participant PGCE student teacher who may wish to
withdraw from participating in this study will be free to do so and this will not in any way have an
impact on their academic work. The participants will also be reassured of the confidentiality of all
the data collected. All the video/audio records and transcriptions will be computer and USB stored
and protected with a password while hard copy data such as lesson plans and assignments will be
safely locked in my supervisor’s office. All data will be made accessible only to me and my
supervisor. On analysis of the data, no real names of participants but pseudonyms will be used,
hence the participants will remain anonymous in all my writings. There are no foreseeable risks in
participating in this study and the participants will not be paid for this study.
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Please let me know if you require any further information. I look forward to your response as soon
as it is convenient.

Yours sincerely,
Name: Mamohato Violet Makhechane

Email: 1304503 @students.wits.ac.za
Phone Number: 0607732490

Course Co-ordinator’s Consent Form
Please fill in to indicate your consent to allow your class to participate in my study.

I, give my consent for the following:

Circle one

| agree that physical science methodology class should be used for this research study YES/NO
I agree that students’ submitted work should be used for this research only YES/NO
| agree that the students should be followed into their TE and their records and lesson plans be

used for this research study only YES/NO

Sign Date
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Appendix L: Consent form to the Course Lecturer

LETTER TO THE COURSE LECTURER
DATE:

Dear Prof. Mavhunga,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of
Education at the University of the Witwatersrand. | am doing research on the development of FET
Physical science PGCE student teachers’ Topic Specific Pedagogical Content Knowledge.

My research interest is on your physical science methodology class that the student teachers are
taking which aims to develop the student teachers’ professional knowledge by equipping them
with teacher core competence referred to as Topic Specific Pedagogical Content Knowledge
(TSPCK) in one selected chemistry topic, specifically topics that are in the high school syllabus,
which when acquired helps to build the student teachers’ pedagogical reasoning in that specific
topic which can be used to successfully transform their content knowledge of other topics into a
teachable form, so that learners can comprehend. The focus of this research study therefore is to
explore these PGCE student teachers’ pedagogical reasoning competence and development as a
result of their exposure to the TSPCK construct of content knowledge transformation. To do so,
the study will explore those student teachers TSPCK in the context of planning to teach, its
manifestation into classroom enactment, and how this influences learner performance. This
involves following the student teachers in their second teaching experiences (TE).

The second TE occurs after the exposure to the TSPCK construct and this will help determine the
effectiveness of the intervention in developing further the student teachers’ competence so that
their transformed content knowledge can be effectively accessed by the learners. The study would
audio/video record about four lessons of three volunteered PGCE student teachers during their TE,
prior and post-intervention. The student teachers will also be interviewed before and after the
lesson observations which will be audio recorded and their lesson plans collected. | would also
like to sit in their methodology class during the intervention in order to have a view of how the
intervention was implemented, and also access all their works (including assignments and
presentations if any) related to the intervention and use them as part of the data. Only the work of
those student teachers who have volunteered to participate in this research study will be included
as the study data.

Because participation is voluntary, any participant PGCE student teacher who would wish to
withdraw from participating in this study will be free to do so and this will not in any way impact
their academic work. The participants will also be reassured of the confidentiality of all the data
collected. All the video/audio records and transcriptions will be computer and USB stored and
protected with a password, while hard copy data such as lesson plans and assignments will be
safely locked in my supervisor’s office. All the data will be made accessible only to me and my
supervisor. On analyzing the data, no real names of participants but pseudonyms will be used
hence the participants will remain anonymous in all my writings. There are no foreseeable risks in
participating in this study and the participants will not be paid for this study.
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Please let me know if you require any further information. I look forward to your response as soon
as it is convenient.

Yours sincerely,

Name: Mamohato Violet Makhechane

Email: 1304503@students.wits.ac.za

Phone Number: 0607732490

Course Lecturer’s Consent Form

Please fill in to indicate your consent to allow your class to participate in my study.

I, give my consent for the following:

Circle one

| agree that physical science methodology class should be used for this research study YES/NO

I agree that students’ submitted work should be used for this research only YES/NO

| agree that the students should be followed into their TE and their records and lesson plans be
used for this research study only YES/NO

Sign Date
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Appendix M: Consent form to the PGCE pre-service teachers

LETTER TO THE PGCE STUDENT TEACHERS — PHYSICAL SCIENCE

DATE:
Dear PGCE student teacher,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of
Education at the University of the Witwatersrand. | am doing research on the development of FET
Physical science PGCE student teachers’ Topic Specific Pedagogical Content Knowledge.

| am inviting you to participate in my research study. This study is aimed at improving a special
teacher knowledge that assists teachers to efficiently teach specific topics, referred to as Topic
Specific Pedagogical Content Knowledge (TSPCK). My research interest is on your physical
science methodology class which aims to develop your professional knowledge by equipping you
with core competence referred to as Topic Specific Pedagogical Content Knowledge (TSPCK) in
one selected chemistry topic, specifically a topic that is on the high school syllabus, which when
acquired helps in building your pedagogical reasoning in that specific topic which can be used to
successfully transform your content knowledge of other topics into a teachable form, such that
learners can comprehend. The focus of this research study therefore is to explore your pedagogical
reasoning ability and development as a result of an exposure to the TSPCK construct of content
knowledge transformation. To do so, the study will explore the TSPCK components that occur
naturally in your teaching before the intervention, versus those that are seen in classroom practice
after treatment.

| would also like to sit in the methodology class during the intervention in order to observe how
the intervention is implemented and also to access all your submitted work (including assignments
and presentations if any) related to the intervention and use them as part of the study data. | will
also follow some of you (3 who will volunteer) during second teaching experiences (TE). The
second TE occurs after the exposure to the TSPCK construct and this will help determine the
effectiveness of the intervention in developing further your pedagogical reasoning competence so
that your transformed content knowledge can be effectively accessed by the learners. Four lessons
of each of the three volunteer PGCE student teachers will be audio/video recorded during the TE.
The student teachers will also be interviewed before and after the lesson observations which will
be audio recorded and their lesson plans collected. Only the work of those student teachers who
have volunteered to participate in this research study will be included as the study data.

Because participation is voluntary, any participant who wishes to withdraw from participating in
this study will be free to do so without fear of prejudice and this will not in any way have an impact
on your academic work. Confidentiality of all the collected data will be maintained at all times,
where all the video/audio records and transcriptions will be computer and USB stored and
protected with a password. The hard copy data such as lesson plans and assignments will be safely
locked in my supervisor’s office. All the data will be accessible only to me and to my supervisor.
On the analysis of the data, the real names of participants will not be used; only the pseudonyms
will be used, hence the participants will remain anonymous in all my written work and the data
will be destroyed between 3-5 years after | have completed my project. There are no foreseeable
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risks in participating in this study and the participants will not be paid for participating in this
study.

If you wish to have further information regarding your rights, as a research participant, you may
contact: Human Research Ethics Committee (HREC) at 0117173055 or Ms. Matsie Mabeta via
email at

Matsie.Mabeta@wits.ac.za.

I look forward to working with you!

Please feel free to contact me if you have any questions.

Thank you

Name: Mamohato Violet Makhechane

Email: 1304503@students.wits.ac.za

Phone Number: 0607732490

PGCE STUDENT TEACHER’S CONSENT FORM

Please fill in below indicating your willingness voluntarily participate in my study

l, give my consent for the following:

Circle one

| agree to participate in this research study and to have my submitted work used for this study:
YES/NO

| agree to be followed into TE and agree that all the information gathered may be used only for
this research study: YES/NO

| agree that my lessons maybe video/audio recorded and that all the recordings maybe used for
this research study only: VIDEO/AUDIO

| agree to be interviewed and to have the information gathered used for this research study only:
YES/NO

Informed Consent
| understand that:
¢ my name and information will be kept confidential and safe and that my name and the

name of my school will not be revealed.
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e | am not forced to respond to the questions that I am not comfortable with and can
withdraw from the study at any time.

e | can ask not to be video/audio recorded.

e All the data collected during this study will be destroyed within 3-5 years after
completion of my project.

Sign Date
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Appendix N: Consent form to the Principals
LETTER TO THE SCHOOL PRINCIPAL
DATE:
Dear Principal,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of Education
at the University of the Witwatersrand. | am conducting research on the development of (senior phase/FET)
PGCE student teachers’ Pedagogical reasoning ability for specific science topics. The research aims at
improving special teacher knowledge for teaching science topics efficiently. The knowledge is called Topic
Specific Pedagogical Content Knowledge (TSPCK). The approach of TSPCK is considered valuable by
the science education community, nationally and internationally in improving teacher effectiveness in
teaching for understanding.

The research is at a stage where | need to evaluate the effectiveness of teaching by our student teacher
posted to your school for a teaching experience this academic session. | would like to use this opportunity
to evaluate the quality of his/her teaching. In order to do this, at least one of the student teacher’s lessons
will be video/audio recorded to capture their TSPCK in action. | will stand behind the learners in the class
to video/audio record the moves and actions of the student teacher and the learners during the lesson. This
will allow the research do explore through this observations and records, the ability of the teacher to
transform content for accessibility by the learners. I will also need to interview the student teacher prior to
and post every lesson observation.

I therefore need your permission to carry the above laid activities. | am aware that consent is also needed
from not only the supervising teacher but also from the learners’ parents and from learners as learners are
likely appear in the video records and their voices captured through audio records. Such consent forms
have been prepared and their samples attached to this letter. | have also attached to this letter, approvals
from GDE and from Wits University Ethics committee. The learners’ responses that will be captured
through the records during the lesson observations will not be made public, but they will be accessible only
to me and my supervisor. Efforts will be made to avoid capturing of learners who have not consented and
if captured unavoidably, their faces will be screen blocked. The recordings will be kept confidential and
saved under password. The learners’ names, school’s name and the identities will be kept confidential at
all times in all my academic written work. The privacy of the learners will be maintained in all published
and written data resulting from this study. If a need arises that we need to quote from the recordings and a
learner’s name was mentioned by the student teacher, a pseudo name will be assigned to the person quoted.

Your learners will not be advantaged or disadvantaged in any way. They will be reassured that they can
withdraw their permission to be video recorded at any time during this research without any penalty. There
are no foreseeable risks in participating in this study. Your learners will not be paid for participating in this
study.

All research data will be destroyed between 3-5 years after the completion of the research study. Please let
me know if you require any further information.

Thank you for your help.
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Yours sincerely,

Name: Mamohato Violet Makhechane

Address: Wits University, Education Campus, Science and Education Technology Division, 27 St.
Andrew Road, Parktown.

Email: 1304503 @students.wits.ac.za
Phone Number: 0607732490
SCHOOL PRINCIPAL’S CONSENT FORM

Please fill in the blanks below as an indication of your approval, allowing your school and the learners to
participate in my voluntary research project called Topic Specific Pedagogical Content Knowledge.

I, give my consent for the following:

Please Circle one

| agree that my school should participate in this research study and that all the recordings be used only for
this research. YES/NO

| agree that the learners taught by the Wits PGCE student teachers can be audio recorded and the captured
responses maybe used only for this study. YES/NO

| agree that the learners taught by the Wits PGCE student teachers can be video recorded and the captured
responses maybe used for purposes of this study only. YES/NO

Informed Consent
| understand that:

e my school’s name and learners’ names and information will be kept confidential and safe and that
the names and identities will not be revealed.

e The learners in the classes taught by Wits PGCE student teachers can ask not to be audio/video
recorded.

o all the data collected during this study will be destroyed within 3-5 years after completion of this
research project.

Sign Date
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Appendix O: Consent form to the Supervising teacher
LETTER TO THE SUBJECT TEACHER
DATE:
Dear Subject Teacher,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of Education
at the University of the Witwatersrand. | am conducting research on the development of (senior phase/FET)
PGCE student teachers’ pedagogical reasoning ability for specific science topics. The research aims at
improving special teacher knowledge for teaching science topics efficiently. The knowledge is called Topic
Specific Pedagogical Content Knowledge (TSPCK). The approach of TSPCK is considered valuable by
the science education community, nationally and internationally in improving teacher effectiveness in
teaching for understanding.

The research is at a stage where | need to evaluate the effectiveness of teaching by the student teachers. |
would like to use this opportunity to evaluate the quality of their teaching to your grade 11 and 12 physical
science classes. In order to do this, the student teachers will have to teach them for at least two lessons in
a selected topic. Their lessons will be video/audio recorded to capture their TSPCK in action. | will stand
behind the learners in the class to video/audio record the moves and actions of the student teacher and the
learners during the lesson. This will allow the research do explore through this observations and records,
the ability of the teacher to transform content for accessibility by the learners.

I therefore need your permission to carry the above laid activities. | am aware that consent is also needed
from the school Principal hence attached. | have also attached to this letter, approvals from GDE and from
Wits University Ethics committee. Participation in this study is voluntary. The learners’ responses that will
be captured through the records during the lesson observations will not be made public and will be but
accessible only to me and my supervisor. Effort will be made to avoid capturing of learners who have not
consented and if captured unavoidably, their faces will be screen blocked. The recordings will be kept
confidential and saved under password. The learners’ names, school’s name and identities will be kept
confidential at all times in all my academic writings. The privacy of the learners will be maintained in all
published and written data resulting from this study. If a need arises that we need to quote from the
recordings and a learner’s name was mentioned by the student teacher, a pseudo name will be assigned to
the person quoted.

Your learners will neither be advantaged or disadvantaged in any way. They will be reassured that they
can withdraw their permission to be video recorded at any time during this research study without any
penalty. There are no foreseeable risks in participating and your learners will not be paid for participating
in this study.

All research data will be destroyed between 3-5 years after completing the research study. Please let me
know if you require any further information.

Thank you for your help.

Yours sincerely,
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Name: Mamohato Violet Makhechane

Address: Wits University, Education Campus, Science and Education Technology Division, 27 St.
Andrew Road, Parktown.

Email: 1304503 @students.wits.ac.za
Phone Number: 0607732490
SUPERVISING TEACHER’S CONSENT FORM

Please fill in below as an indication of your approval, allowing your school and learners to participate in
my voluntary research project called Topic Specific Pedagogical Content Knowledge.

I, give my consent for the following:

Circle one

| agree that my school may participate in this research study and that all the recordings be used only for
this research. YES/NO

| agree that the learners taught by the Wits PGCE student teachers can be audio recorded and the captured
responses maybe used for this study only. YES/NO

I agree that my learners taught by the Wits PGCE student teachers can be video recorded and the captured
responses maybe used for this study only. YES/NO

Informed Consent
| understand that:

e my school’s name and learners’ names and information will be kept confidential and safe and that
the names and identities will not be revealed.

e The learners in the classes taught by Wits PGCE student teachers can ask not to be audio/video
recorded.

o all the data collected during this study will be destroyed within 3-5 years after completion of the
research project.
Sign Date
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Appendix P: Consent form to the Parents

LETTER TO THE PARENTS
DATE:
Dear Parent,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of Education
at the University of the Witwatersrand. | am conducting a research study on the development of (the senior
phase/FET) PGCE student teachers’ Pedagogical reasoning ability for specific science topics. The research
study aims at improving special teacher knowledge for teaching science topics efficiently. The knowledge
is called Topic Specific Pedagogical Content Knowledge (TSPCK). The approach of TSPCK is considered
valuable by the science education community, nationally and internationally in improving teacher
effectiveness in teaching for understanding.

The research is at a stage where | need to evaluate the effectiveness of teaching by our student teachers
posted to your child’s school for a teaching experience this academic session. During this time, student
teachers, under the guidance of a practicing teacher, are assigned to teach various classes in the Senior/FET
phase. | would like to use this opportunity to evaluate the quality of their teaching. In order to do this, at
least three of the student teacher’s lessons will be video/audio recorded to capture their ability to teach for
understanding. | will stand behind the learners in the class to video/audio record the moves and actions of
the student teacher and the learners during the lesson. This will allow the research study to explore through
these observations and record, the ability of the teacher to transform the content for accessibility by the
learners.

I therefore need your permission to carry out the above-mentioned activities. All the recordings from your
child will remain confidential. They will be used only by me and my research supervisor. The recordings
will be kept confidential and saved under password. Your child’s name and identity will be kept
confidential at all times and in all academic writing about this study. The privacy of your child will be
maintained in all published and written data resulting from this study. If a need arises that we need to quote
from the recordings where your child’s name was mentioned, a pseudo name will be assigned instead not
your child’s real name.

Your child will not be advantaged or disadvantaged in any way. He/she will be reassured that they can
withdraw their permission to be video recorded at any time during this research without any penalty. There
are no foreseeable risks in participating and your learners will not be paid for participating in this study.

All research data will be destroyed between 3-5 years after completing the research study. Please let me
know if you require any further information.

Thank you for your help.

Yours sincerely,

Name: Mamohato Violet Makhechane
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Address: Wits University, Education Campus, Science and Education Technology Division, 27 St.
Andrew Road, Parktown.

Email: 1304503 @students.wits.ac.za

Phone Number: 0607732490

PARENT’S CONSENT FORM

Please fill in below as an indication of your agreement to allow your child to participate in my research
project.

I, give my consent for the following:

Circle one

I agree that my child should participate in the research study and all the recordings be used for this
research only
YES/NO

| agree that my child should be audiotaped and that the audio recordings will be used for this study only
YES/NO

| agree that my child should be videotaped and that the videotapes will be used for this research only
YES/NO

Informed Consent

| understand that:

e my child’s name and information will be kept confidential and safe

e my child can ask not to be audio/ video recorded

o all the data collected during this study will be destroyed within 3-5 years after completion of the
project.

Sign Date
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Appendix Q: Consent form to the Learners
LETTER TO THE LEARNERS
DATE:

Dear Learner,

My name is Mamohato Violet Makhechane, a PhD student in Science Education in the School of Education
at the University of the Witwatersrand. | am conducting are search study on the development of FET
Physical science PGCE student teachers’ Topic Specific Pedagogical Content Knowledge.

The student teacher taking your class for physical science lessons has been exposed to a hew approach of
preparing and teaching science topics. The aim of this new method is to ensure that concepts are explained
in a manner that you can understand. During the teaching practice, the student teacher’s lessons will be
video recorded. The recordings are intended to focus on the actions and moves of the student teacher as
well as your contributions as a learner during the lessons. | will stand at the back of the class to video
record all that happens during the lessons.

I therefore need your permission to carry the above-mentioned activities. All the recordings and responses
from you during the recordings will not be made public. They will be used by me and my research
supervisor only. The recordings will be kept confidential and saved under password. Your name and
identity will be kept confidential at all times and in all academic writing about this study. If a need arises
to quote from the recordings, a pseudo name will be assigned to the person, and no real names will be used.
You will not be advantaged or disadvantaged in any way. You can choose to withdraw your permission to
be video/audio recorded at any time during this research study without any penalty. There are no
foreseeable risks in participating and you will not be paid for participating in this study. However, you are
allowed to refuse permission to be video/audio recorded during the lessons if you wish to do so. Insuch a
case, all efforts will be made to electronically block your voice and physical recording. There will be no
penalty in any form to you for refusing to be recorded. The value of the recordings and responses to the
guestionnaires is to improve the way Universities prepare and train future science teachers.

All research data will be destroyed between 3-5 years after completing of the research. Please let me know
if you require any further information.

I look forward to hearing from you and wish you an enjoyable experience with our student teacher.
Thank you for your help.

Yours sincerely,

Name: Mamohato Violet Makhechane

Address: Wits University, Education Campus, Science and Education Technology Division, 27 St.
Andrew Road, Parktown.
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LEARNER’S CONSENT FORM

Please fill in below as an indication of your agreement to participate in my research project.

I, give my consent for the following:

Circle one

| agree to participate in the research study and my responses will be used for this research only

YES/NO
| agree to be audiotaped during the classroom teaching YES/NO
I agree to be videotaped during the classroom teaching YES/NO
| agree that the audiotapes/videotapes should be used for this research only. YES/NO

Informed Consent

| understand that:

e My name and information will be kept confidential and safe and that my name and that of my
school will not be revealed.

e | can ask not to be audiotaped and/or videotaped.

e All the data collected during this study will be destroyed within 3-5 years after completion of my
project.

Sign Date
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Appendix R: A4 detailed analysis of Noma’s lesson

Episode Extract Qualitative in-depth analysis

Review on characteristic features of chemical reactions: 0-3mins Overview:
General probing by Noma to check if students know about characteristics of
Noma: What can you tell me about particle? Do you know anything about particles? | chemical reactions.

Stds: Yes

Noma: But what happens during a reaction? What do you think happens to them | Qualitative in-depth analysis:

during a reaction? Noma probes learners around to their understanding of how reactions happen
One std: They bond and react... which is evidence of learner prior knowledge (LPK). She then mentioned that
Noma: They bond...yes, they react together. What about that bonding? What can | reactions that need to absorb energy in order to occur are endothermic while
you talk about, about that bonding that happens when particles start to react? those that release energy are exothermic. This is an aspect of curriculum saliency
One std: Some bonds are stronger, and some bonds are weaker... (Cs).

Noma: But what makes some to be strong and what makes some to be weaker?

One std: The forces between them In this teaching segment, there is an interaction between two TSPCK components
Noma: The forces between the particles, what else? as displayed in the TSPCK map below.

Another std: energy
Noma: Thank you, that's what | was looking for, energy. Yes, he spoke about energy. A Basic TSPCK episode: LPK/CS

Obviously, particles in order for particles to react, they need to have energy, don’t

you think? So, what do you think will happen?

One std: We can increase the temperature.

Noma: Thank you. So now, two things that can happen; you can either get a reaction | Teacher task: Characteristics of chemical reactions
that is endothermic, or you can get a reaction that is exothermic. An endothermic

reaction, this is where the particles in actual fact, do not have a lot of energy, neh?
So, for that reaction to happen, energy needs to be put in, but exothermic reactions
give out energy instead.

Introducing the types of systems: 3-10mins Overview:

Probes learners to have them explain and differentiate between open and closed
Noma: Ok, with reactions, where do you think they take place most of the time? systems which they struggle to expound on. Demonstrates the two types of
One std: | think they happen everywhere systems using an open and a closed beaker enclosing arbitrary reactions and
Noma: Everywhere? Yes, | agree. So, if they take place everywhere, what kind of a | emphasizes that reactions that happen in open systems lose mass to the
system do you think it is? surroundings, whilst those in the closed systems do not lose mass, but it is
One std: Open enclosed within the system. Makes an analogy of boiling water in a closed beaker

Noma: Open, so what is an open system? ... So, you are saying that reactions take | versus an open beaker.
place in an open system. So, what is an open system?

One std: Atoms can be shared Qualitative in-depth analysis:
Another std: They can be transferred... To introduce types of systems in which reactions can take place in, Noma probed
Another std: Some reactions go in reverse for learner knowledge on the aspect (LPK). When she realized that students

Noma: struggled to understand her questions, she demonstrated to them using an open

, what else? and a closed beaker (R), to help them differentiate between the two types of
Stds: Silence systems. She emphasizes on the important features regarding open and closed
systems (CS) using an analogy of boiling water in each to explain (R).

, when is it an open system when they react? Ok, | take a | Three different TSPCK components are interactively used in this episode with one
lid and | cover it (closes the beaker) ... of the components repeating as displayed in the TSPCK map below.
Stds: It is a closed system
Noma: It is a closed system. So now the question is what is an open system? What | A Sophisticated TSPCK episode: R/ LPK /CS/R

is an open and what is a closed system?
One std: A reaction that happens in the air... °°
Noma: A reaction that happens in the air?

Another std: | think a closed system is a reaction that happens in a closed
environment...

Noma:
. So, whatever is emitted here; the vapor, it interacts with the

environment right. It escapes to the surrounding outside the beaker. But with a
closed system, whatever that is emitted here, from the reaction, is kept within that
environment. The vapor cannot leave because we have the lid that stops it from
escaping

‘ Teacher task: Response to learner comment |
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The reversibility of chemical reactions: 10-17mins

Noma: ... Ok, let us talk about reversible reactions...for example, where do you think
this reversibility takes place? What kind of a system?

One std: Open

Noma: Ok, you are saying open. Why are you saying open?

Same std: Eh, ma’am gases can be compressed to maybe, eh let us say water, it can
be converted into gas, and later into liquid...

Noma: Do you think it is an open system?

Same std: | think so because it happens in ...

Other stds: No, it is a closed system

Another std: | think it is in a closed system because it is in a controlled environment,
so you know what reacted and you can reverse that.

Noma: And you can reverse that right... So, give me a definition of what reversing
means in chemistry...

One std: It is maybe when a reaction is undone...

Noma: Let us say you have two reactants reacting,

. | know from grade 9, you were
only doing it like this neh . Where you find that most
of your reactions would be going only in one direction. So, when a reaction happens
in a closed system, reactants combine to form products, and products also react to
form back the reactants. Those types of reactions are called reversible reactions.
They are reversible because reactants combine to form products, and products form
and form, and those products also react and form reactants.

After some time, the reaction will reach chemical equilibrium. Ok, this does not only
happen with water. It happens with a lot of reactions too.

Overview:

Introduction of the reversible nature of chemical reactions using arbitrary
symbolic equations and a change of phase of water for emphasis. Emphasized on
the continuous nature of reversible reactions, highlighting that they never end.

Qualitative in-depth analysis:

She introduced the concept of reversibility by tapping on students’ understanding
of what reversible reactions entail (LPK). She the continued by referring students
to the chemical equations/reactions that were discussed earlier in the lesson.
Chemical equations are examples of symbolic representations (R). She puts an
extra emphasis that reversibility happens in closed system; an aspect of
curriculum saliency (CS). Providing a scenario of water evaporating and
condensing back to a liquid (R) to emphasize that this is a continuous process
where one does not have to stop before the other begins. This is evidence of
learner prior knowledge in the form of a misconception (LPK).

A four component TSPCK episode evidently interacting in an explanation as
displayed on the TSPCK map with LPK linearly linked to other interwoven

components.

A Sophisticated TSPCK episode: LPK-R/CS/R/LPK

Teacher task: Explanation of important concepts

The rate of reactions at equilibrium-rate time graph: 17-25mins

One std: Madam how do we define chemical equilibrium then?

Noma: Remember we are dealing with reversible reactions, right. Now what
happens is, when this reaction reaches chemical equilibrium, the rate of the
formation of the product will be the same as the rate of the formation of the
reactants. So. do you understand when | say the rate?

Stds: Yes

Noma: What did | mean?

One std: The speed...

Noma: The speed at which?

Same std: The products form reactants and reactants form products.

Noma: The speed at which they react. So that is what we call chemical equilibrium.
So, two reactions, forward and reverse are taking place at the same speed, but we
say rate not speed. So, the rate at which reactants form products is equal to the rate
at which the products are combining themselves to give us reactants. So as the
product is being formed, the reactant is being formed. Do you understand what |
am saying?

Stds: Yes

Noma:

- So, the rate of the forward reaction is equal to the rate of the reverse reaction
as seen here where the graph is flat. This is a rate time graph that we use to show
that rates are equal at equilibrium

Overview:

Defining chemical equilibrium using the rates of forward and reverse reactions;
using the rate versus time graph on formation of N204 from NO2 and specifically
indicating which part of the graph represents chemical equilibrium.

Qualitative in-depth analysis:

Triggered by a learner question (LPK), Noma explains chemical equilibrium in
terms of rates of forward and reverse reactions, which are equal. This is a concept
that is not easy for students (WD). She then emphasizes further on the nature of
rates by providing a rate graph (R) and indicates specifically which area within the
graph represents chemical equilibrium.

Three components are evidently interacting in this episode as displayed on the
TSPCK map below.
A proficient interwoven TSPCK episode: LPK-WD/R

| Teacher task: Response to learner comment

Rate versus time graph explained: 25-33mins

Noma:

We have our reactants, and we have our products, and we are talking about
chemical equilibrium. Can someone explain what is happening in this graph?

One std: It is equal

Noma: What is equal?

Another std: Both

Noma: What is “both”?

Another std: The formation...

Noma: The formation of what...we spoke about that. Now | am saying explain what
is happening in this graph.

Another std: Is not it that the speed ma’am...

Noma: What about the speed?

Same std: The speed of a reaction, is it decreasing, because madam it’s getting
downwards.

Another std: Can | please break it down? Yeah, the dots, eh, the graph below is
showing the reactant part...

Noma: Are you saying this is the reactant part?

Overview:

In this segment, Noma probed students to explain the change in rates within the
rate versus time graph, which they failed to do. Noma then explained the graph
from the beginning until chemical equilibrium is achieved where the forward
reaction rate is equal to the reverse reaction rate.

Qualitative in-depth analysis:

This segment begins with a display of a rate time graph (R) which the group has
touched on prior to this discussion. Noma then asked students to explain the
graph, probing them for the correct responses, but students could not describe
the graph (LPK). In response to this, Noma explained the rate changes herself in
different sections of the graph until chemical equilibrium is achieved where the
rate of forward and reverse reactions are equal (WD).

Three components are evidently interacting in this episode as presented on the
TSPCK map below. The episode has both linear and interweaving components.

A Proficient TSPCK episode: R/LPK-WD
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Same std: Yes, because the time there shows that they are increasing. So, it shows
the time and rates, they are increasing. So, | think it is the reacting part. And then
the above graph it shows the products

Noma: O let me explain. I think you guys are confusing a lot of things. Ok, what did
we say about chemical equilibrium and a definition of it?

One std:

Noma: Its the same... Tielfifst part, we lhave got the NO2, it being ised Up! When

something is a reactant, isn’t it that it is being used up? You will get less and less of

that; don’t you think?

Stds: Yes ma’am.

Noma: Do you understand, you get less and less of that, less and less of that
What about the product, it is increasing? There

was not anything in the beginning remember. You had the reactant (referring to the

chemical equation on the board), do you understand? So, when we look at this

graph, we see that the rate at which reactants form into products is decreasing.

But the rate of formation of
reactants from products increases with time which is observed in the increasing
slope of the products. We then get to this point where now the rates are equal,
which we said is show now that our reaction is at chemical equilibrium. Are we clear
now?

Stds: Yes ma’am.

Teacher task: Explanation of important

concepts

The dynamic nature of chemical equilibrium: 33-35mins

Noma:
the forward reaction happens at the same time as

the reverse reaction?

One std: Can you say it again?

Noma: The forward reaction happens at the same time as the reverse reaction. So,
we call this a dynamic process. Because both reactions, the forward reaction that
forms products and the reverse reaction where products are breaking into reactants
are continuously happening at the same time, they call this process a dynamic
chemical equilibrium. It is because the reactions are happening at the same time,
they are happening together, and it is a continuous process. So, when we reach a
point where these two reactions that are simultaneously happening, happen at the
same rate, we call that dynamic chemical equilibrium.

Overview:
Explaining the dynamic nature of chemical equilibrium

Qualitative in-depth analysis:

Referring learners to the reaction on the board and a case of water changing
phase (R), Noma reminds students that in reversible reactions, both forward and
reverse reactions occur simultaneously as discussed in the previous sections (CS).
She explains this further showing that the simultaneous occurrence of the two
reactions is referred to as a dynamic process (WD); hence the stage where rates
of reactions are equal is referred as dynamic chemical equilibrium.

This is a three component TSPCK episode with the 3 components evidently
interacting in an interwoven fashion as displayed on the TSPCK map below.

A proficient TSPCK episode: R/CS/WD

Teacher task: Dynamic chemical equilibrium

The nature of concentrations of reagents at equilibrium-concentration time graph:
35-42mins

Noma: what do you think happens to the concentrations at this point, at a chemical
equilibrium position?

One std: It changes

Noma: Do you all think it changes?

Another std: It stays the same

Noma:[fReyistayithelsame. The concentrations stay the same, they do not change,
they remain constant. The concentrations can also be demonstrated on a graph like
we did with rates. (DraWs/a concentration time graph for an arbitrary reaction)! First
of all, we have the concentration of reactants decrease remember because they are
reacting and forming products. So, their concentration decreases like it is showing
in this graph. Do you see the slope is decreasing? Then we started with no products,
this is why we start at the bottom, then products increase, increase and increase,
until we get here, where the lines are not changing. So, can someone tell me where
this equilibrium is going to take place? Do you remember the graph that we had
initially? But that one was rate and time right, (draws the rate graph on the board)?
Then we had something like this and something like that? And | said somewhere
here, that’s where equilibrium starts right? What about this one (concentrations
versus time graph)? Which part shows chemical equilibrium?

One std: Eh, | think equilibrium is here, where the concentrations are constant
(draws a vertical line where they are constant).

Noma: Absolutely, this is where the concentrations are constant, and that shows
chemical equilibrium.

Overview:

The concentration versus time graph used in explaining how the changes in
concentrations of reactants and products happen throughout the reaction, until
dynamic chemical equilibrium is achieved where concentrations of both
reactants and products remain constant.

Qualitative in-depth analysis:

Noma begins this teaching segment by probing on learners’ knowledge (LPK) with
regards to the nature concentrations of reagents at chemical equilibrium. Noma
commends the response that they stay the same and goes further to show that
they do not change but remain constant (WD). She then presents a concentration
time graph of an arbitrary reaction (R) explaining how concentrations change
across, until chemical equilibrium is achieved. An emphasis on the changes
brought an aspect of curricular saliency (CS).

Four components are evidently interacting in an interwoven fashion in this
episode as displayed on the TSPCK map below.

A proficient TSPCK episode: LPK/WD/R/CS

Teacher task: Concentration time graph

Introducing factors affecting chemical equilibrium- effect of temperature
explained further: 42-50mins

Noma: Ok, let us move then to the factors that affect the chemical equilibrium, the
dynamic chemical equilibrium. What do you think are those factors?

Overview:

Introducing factors that affect chemical equilibrium; The effect of temperature
explained, and emphasis made on the need to know whether the reaction is
endothermic or exothermic before deciding on the effect that the change in
temperature will have on chemical equilibrium.
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One std: Temperature

Noma: Temperature, what else?
Another std: Pressure

Noma: Pressure...

Another std: Concentration
Noma: Did you say concentration?
Stds: Yes

Noma: Let us begin with change in temperature. What do you think will happen
when you increase temperature?
One std:

Noma: So currently the normal reaction, the forward reaction is an exothermic
reaction right, but the minute you put/increase the temperature, it is gonna favor
the endothermic side of this reaction. Do you understand?

Stds: Why?

Noma: So, when we change temperature, before you think about the effect on
chemical equilibrium, you have to know which reaction is endothermic and which
one is exothermic. So now we are saying the forward reaction is exothermic right.
And we said that we are increasing temperature, so which reaction will be favored?
Stds: Silence

Noma: We favor the reverse reaction. The endothermic reaction is favored. So, if
we reduce the temperature, the forward reaction will be favored which is the
exothermic one.

Qualitative in-depth analysis:

In this teaching segment, Noma introduces students to three factors that affect
chemical equilibrium (CS). She the taps on learners’ prior knowledge on the effect
of change in temperature of the system (LPK). This she explains further by
emphasizing on the sequence in which to follow before deciding on the effect
(CS). The then uses the arbitrary reaction (R) to explain the effect of change (WD).

Three different TSPCK components are evidently interacting in this episode with
one of the components repeating. The episode is presented in the TSPCK map

below.

A sophisticated TSPCK episode: CS/LPK-CS/WD

Teacher task: Explanation of important concepts

Re-emphasis on the effect of temperature on chemical equilibrium: 50-57mins

One std

Noma: Are you confused by the last part or the whole endothermic and exothermic
reactions?

Stds: Mmmm

Noma: So which reaction is going to be favored?

So, she moves where, towards where | am at.
She pushes me away. When | am pushed away, then she maintains her equilibrium.
So, under normal circumstances, this reaction is exothermic. So, this means when
this is being produced, at the same time this is being produced (reactants and
products respectively) at that temperature. Let us say 25°C. But then | minus 2°C but
| still use this thing... the forward reaction was exothermic. So, what is going to
happen?
One std: So, what happens to the temperature?
Noma: It is going down... Do you understand what | am saying? What is exothermic?
Heat is emitted. So, when you reduce the temperature of the system...then the
reaction is going to move in which direction, the direction which produces that lost
energy. Which means the forward reaction will still be favored, which is the
exothermic reaction.

Overview:

Noma emphasizes on the effect of temperature changes on chemical equilibrium,
by discussing more on what reducing temperature does to the system. When
learners got confused, she used a familiar analogy to help them understand the
concept.

Qualitative in-depth analysis:

To put more emphasis on the effect of change in temperature on chemical
equilibrium, Noma begins by probing students with respect to what decreasing
the temperature of the system would do to the reaction (LPK). When one student
seemed not to understand how one gets to the conclusion of how the system
reacts to the disturbance, Noma used an analogy of pushing someone against the
wall and how the person would react to the push by pushing back in order to
maintain their balance (R). This provided a sense of the reaction reacting in a way
that opposes the disturbance which he then showed later on the discussion that
lowering the temperature will have a system favoring a reaction that increases
the removes substance, an exothermic reaction. This is a concept that students
find difficult to conceptualize (WD).

Three components are evidently interacting in this episode in both linear and
interwoven fashions. The component interactions are displayed in the episode

below.

A proficient TSPCK episode: LPK-R/WD

Teacher task: The effect of decreasing temperature on
chemical equilibrium

The effect of pressure changes on chemical equilibrium: 60-65mins

Noma: The second effect is that of pressure.
Remember that these are both gases.

Think about it. So, you apply pressure on something, when
you increase the pressure of gases, what happens to the volume?

Stds: Decreases

Noma: _ What do you think happens to the particles inside?

Stds: They collide more

Noma: . So, what do you think of that reaction? So, what do you
think, which reaction is going to be favored here?

Stds: Silence

Noma: It favors the one with fewer moles. There is too much pressure. There is too
much pressure. You got confused neh (referring to one student)?

Std: Yes

Noma: So, pressure does what? When you put too much pressure...?

Stds: Increases collisions, decreases volume...

Overview:
Reminds learners of the relationship between pressure and volume as learned in
other topics. The effect of an increase in pressure is then discussed.

Qualitative in-depth analysis:

The segment’s discussion is on the effect of change in pressure which begins with
a display of a chemical equation (R). Noma then links this to students’ previously
learned knowledge between pressure volume, by asking students what the effect
of increasing pressure is on both volume and the collision rate of the gas particle
(LPK) and explained the effect of increasing pressure to gaseous reactions where
the reaction attempts to reduce the added pressure by favoring a reaction that
produces less moles (WD). She continued by explaining further that an increase
in pressure means a decrease in volume which bring more moles into a smaller
space hence the reaction that produces less moles will be favored to reduce the
pressure. This emphasis brings an aspect of CS into the teaching segment.

A Sophisticated TSPCK episode: R/LPK/WD/CS
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Noma: Normally it decreases the volume. So, imagine when you have a system like
this and then you squeeze it. So, you put a lot of pressure on this system, what is
going to happen? It is going go to where it is less because it needs to balance again.
There is too much pushing from this side. Do you understand, it is too much, so the
reaction will want to produce less moles to balance the pressure. So, the forward
reaction is favored. The favored reaction is the one that uses the added substance,
so that the pressure is less after. And then, when you decrease your pressure, it is
vice versa. So, increasing pressure favors production of less moles and the decrease
in pressure favors production of more moles.

Teacher task: Explanation of important concepts

Introducing the Le Chatelier’s principle: 65-72mins

Noma: Now, before we talk about concentration, when any of these factors are
changed, there is something that happens to the reaction. There is something that
the reaction wants to do. What do you think the reaction wants to do?

Stds: Silence

Noma: So, there is this principle by the Le Chatelier’s. Now this principle is saying,
when our reaction will be in equilibrium and you apply this disturbance to your
reaction; that reaction is going try to regain equilibrium again. Do you understand?
That is what the principle is all about. And this principle it applies normally when it
comes to your dynamic equilibrium. So, when it is disturbed, the reaction will re-
instate a new equilibrium. To re-instate a new equilibrium, how does it do that?
When it re-instates a new equilibrium?

Stds: Silence

Noma: It will favor the reaction that opposes that disturbance. It favors the reaction
that opposes the disturbance. So, there is a disturbance in the system

One std: So, the system opposes the disturbance?

Noma: For example, we said when we put in a lot of pressure, it will favor which
reaction?

Stds: The one with the less moles

Noma: The one with the less moles. You decrease the pressure; it will do the reverse.
So that is why they are saying when the equilibrium in a closed system is disturbed
by the temperature, pressure or concentration, the system will therefore reinstate
a new equilibrium. And how does it do that, by favoring that reaction which actually
opposes the disturbance.

Overview:

Explaining the Le Chatelier’s principle to the students, by indicating that a
reaction that opposes a disturbance is favored, and later the whole reaction
reinstates a new chemical equilibrium position. Provides an example of increasing
pressure in a reaction, where the reaction will react to reduce the disturbance by
favoring the side that produces less moles of gas as a way of reducing pressure to
the system.

Qualitative in-depth analysis:

In this segment, Noma introduces learners to the Le Chatelier’s principle; an
important principle used for predicting the effect of a disturbance to a reaction
at chemical equilibrium (CS), which states that a system always reacts to oppose
the added disturbance. She emphasized this with an example of change in
pressure, explaining how the system reacts to the change (WD).

The episode shows an evident interaction between two TSPCK components as
displayed on the TSPCK map below.

A Proficient TSPCK episode: CS/WD

Teacher task: Explanation of important
concepts

The effect of change of concentration of one reagent on chemical equilibrium: 72-
78mins

Noma: Moving on to concentration.
. Let us say that you increase B, what will happen? Think about what Le
Chatelier’s Principle says?
One std: A system will try to oppose the disturbance.
Noma: Where do you
think the reaction is going to shift?
One std: To the left
Noma: Remember,

) and this reaction is at equilibrium. Now what do you do, you are saying, | am
gonna increase the concentration of B. Do you understand? So, what is going to
happen is a lot of instability here, don’t you think? So, this reaction is going to push
more towards the product side, to make more of C so that there can be stability
again this side (the reactant side). So, to oppose an increase of this, it then shifts
towards the right, forming more products; this way the disturbance caused by
adding more of B is reduced because it is now reacting to form more of C. After some
time, the reaction will form or reach new chemical equilibrium. Remember we said
after a disturbance, a reaction will always re-instate another equilibrium.

What do you think will happen if | increase the concentration of
N,04? It will favor which side?

Stds: The reactant side

Noma: Yes, a reversible reaction will be favored because we have increased the
concentration of a product. So, do you see the trick? The reaction tries to oppose
the disturbance by favoring the reaction that reduces that disturbance. This way the
reaction can get stable again and re-gain another equilibrium state.

Overview:

The effect of change in concentration on the equilibrium position. Noma used
both an arbitrary and the actual chemical reaction to explain the effect of
changing the concentration of a reactant.

Qualitative in-depth analysis:

The segment begins with a display of a symbolic equation (R) to explain the effect
of change in concentration on chemical equilibrium. Learners are then requested
to apply their understanding of the Le Chatelier’s principle to explain the effect
of concentration change (LPK). Noma emphasizes on the effect of change using a
different chemical equation, also highlighting that the reaction will always re-
instate a position of chemical equilibrium even after a disturbance (WD).

Three components are evidently interacting in this episode as displayed in the
TSPCK map below.

A proficient TSPCK episode: R/LPK-WD

Teacher task: Response to learner
comment

An evaluation on learner understanding of the effect of concentration: 78-88mins

Noma: Presents an equation on the board; _ I need someone to

come and draw a concentration time graph that shows an effect of a decrease in
temperature for this reaction, which is at equilibrium, assuming that the forward
reaction is exothermic.
One std: Draws the graph, exothermic will be favored.
Noma: Do you all agree with him?

What happens when we increase the temperature?
One std: It will favor the reverse

Overview:

The segment acts as an evaluation episode that attempts to check learners’
understanding of the effect of temperature on the reaction at a state of chemical
equilibrium, and how this change can be presented on a concentration versus
time graph.

Qualitative in-depth analysis:

The segment begins with a display of an equation for a chemical reaction that is
assumed to be at equilibrium (R) which learners are to draw a concentration time
graph for (LPK). Most students however appeared to be confused when asked
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m_ why? | want you guys to think of it in terms of collision...

Remember this is an exothermic reaction. Do you understand what | am saying?
One std: What was the original question?

Noma: My question was the temperature has actually been decreased.

Stds: Sound confused

Noma: Guys just look back at the example that | gave you; then the example that |
said to you when you increase the temperature. What happens on an exothermic
reaction?

Stds: It will favor the endothermic reaction.

One std: Which side is that?

Noma: Ok guys, let us go back... What are the properties of the exothermic reaction
when it comes to collision?

One std: There are more collisions

Noma: There are more collisions. So, this reaction, there are more collisions;
decrease the temperature...so it means we are gonna move to which side, that way
(indicating the forward reaction).

Stds: Ooooh

Noma: You got it? Who did not get it? You did not?

One std: yes

Noma: Listen, an exothermic reaction, what comes to mind?

One std: It happens spontaneously

Noma: But what happens to the particles?

One std: Collisions are more

Noma: [EreNIIBEINCHHEOIISOnS R aHOCeUrSPORtanEoUs and the reaction
itself produces heat energy, so you decide to increase the temperature to that, what
happens? This is now equilibrium, there is a lot of collisions happening, from this to
that (reactants to products), this is why it is then exothermic. If the temperature is
increased, what do you think is gonna happen? Where do you think there is gonna
be a lot of pressure? So already it is happening spontaneously, increase the
temperature now...what will happen to the particles?

Same std: It will move to the left.

Noma: The left, and what do you mean by the left? Which reaction is favored?

One std: The endothermic reaction.

Noma: Do we all understand? Remember we said a system tries to oppose the
disturbance and, in this case, increasing temperature causes a disturbance. So, a
reaction that removes or uses that heat is favored, which is the endothermic
reaction.

how the graph was obtained. Noma then explained this further through probes
by indicating that the forward reaction is exothermic, which means it is
spontaneously happening and produces heat energy as one of the end products
(CS), hence if the temperature is increased, the reaction that reduces the added
temperature will be favored, which is an endothermic reaction (WD).

Four TSPCK components are evidently interacting in this episode as displayed on
the TSPCK map below. The episode displays both linear and interweaving
components.

A sophisticated TSPCK episode: R/LPK-CS/WD

cs
>

Teacher task: Response to learner comment

An evaluation on the effect of pressure: 88-97mins

Noma: | need someone to draw a graph for a decrease in pressure for the reaction
between Sulphur dioxide and oxygen above.
One std: Went to the front to draw the concentration versus time graph...
Noma: (As the student writes the axis name), you can write the moles (referring to
the side where the students wrote concentration), but this is fine. Now can you
explain how the graph is going to be affected by this increase in pressure?
Same std: So, when pressure increases, the volume is gonna decrease, therefore
there is gonna be more collisions. And then this side has more moles (the reactant
side) than this side with only two moles. So, this reaction will favor the side with less
moles. So, the reaction will move this way (towards the product side).
Noma: [NV GREIDrOUUCHONONENEIDIOaUE!. Do we agree?
Stds: yes
Same std: So, the products are gonna increase (draws the graph). So, these are the
reactants, and these are products (presents/denotes that on the graph).

Who can come

and draw the graph?...

Stds: Yes

Noma: Remember it is concentration versus time guys neh?

Stds: Yes

Second std: Draws the graph...

Noma: So, listen guys, the reactants become less... and more products are forming
right?

Same std: Draws the opposite (increase in reactants and decrease in products) ...
Noma: Ok, let me help you. Ok, | agree with
her partially. So, this is the initial, remember | said that it was at equilibrium. So, you
are having this at some point right, concentrations are all constant at equilibrium?
Then it changes due to a disturbance caused by an increase of pressure.

. So, it’s gonna change and it's gonna
go upward right, because we are forming more of the product. Then less of the
reactants, so reactants go down. Because now there is two of them, so they will go
down this way (EXplaining as'she/draws the graph). Do you understand?

Stds: Yes

Overview:

Demonstrating the effect of increasing pressure on chemical equilibrium
graphically while explaining why the reverse reaction will be favored.;
emphasizing on the importance on one being able to demonstrate the effect on
a graph.

Qualitative in-depth analysis:

In this segment, students are asked to draw a graph on pressure change for a
reaction displayed prior in the discussion (LPK). Students, however, demonstrate
a confusion as they failed to draw the correct graph after a disturbance. To
explain this, Noma reminded students that before any disturbance, the reaction
was at a state of chemical equilibrium with all reagents having constant
concentrations. This is an aspect of curriculum saliency (CS) as it highlights to
students the focus point where the change of concentrations of reagents should
start. She then explained as she drew the graph (R) why the concentration of
products increases whilst that of reactants would decrease.

Three components are evidently interacting in this episode with LPK linearly
linked to three components that are interconnected. The episode in displayed on
the TSPCK map below.

A sophisticated TSPCK episode: LPK-CS/R

Teacher task: Response to learner comment

Emphasis on the effect of a disturbance on chemical equilibrium; the changes on
the concentration time graph: 97-101mins

Overview:
Provides a summary on factors that affect chemical equilibrium. Displays an
arbitrary concentration time graph with two positions of chemical equilibrium
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Noma: So, the key thing is having an ability to express your reaction to the graph.
So, at some point something reacts neh.

It means that the
production of the product and the reactants is at the same rate. But there is
something extra now that is disturbing it. At times you find that either your
reactants or your products, at times you find that you are gonna form more of your
reactants, so your reactants will increase, and your products will decrease, or it can
be the other way around, depending on whether what temperature does, or
pressure does, or concentration does to the system. The most important thing is the
reaction will always want to reduce the disturbance added and later the new
chemical equilibrium position will be reached. So, you should be able to present all
these graphically

and then notes that when a reaction is at equilibrium, someone can decide to
introduce a disturbance, which will the effect on the state of equilibrium, forcing
the system to react in such a way that the reaction that opposes or reduces the
disturbance is favored.

Qualitative in-depth analysis:

This segment summarizes on factors affecting chemical equilibrium. Using a
concentration time graph (R), Noma explains how a reaction that has reached
chemical equilibrium can respond to a disturbance in relation to the Le Chatelier’s
principle; by always acting in a way that reduces the added disturbance (CS).

Two components are evidently interacting in this episode as displayed in the
TSPCK map below.
A Basic interweaving TSPCK episode: R/CS

Teacher task: Explanation of
important concepts

Re-visiting the dynamic nature of chemical equilibrium: 101-105mins

Noma: Did you understand the concept of dynamic equilibrium; did you understand
that?

Stds: Yes, ma’am

Noma: There was an example that was made in the lectures,

. So, the same rate that the escalator is
going up, the same rate that you are running. So, somebody looking at you from the
distance, seeing you, you are in the same position. Do you understand what | am
saying?

The reason of no change in position is because
both the escalator and the person are simultaneously moving at the same rate.

Overview:

To emphasize on the dynamic nature of chemical equilibrium, Noma provided
learners with an analogy of using escalators, moving in the opposite direction as
the escalators. She indicated that because of this, the position of a person moving
will not change which indicates equilibrium. She emphasized then that just
because there is no observable change in position does not mean there is no
movement.

Qualitative in-depth analysis:

Noma referred students back to the dynamic nature of chemical equilibrium and
made an analogy of a person riding an escalator in the opposite direction in which
it is moving (R). She then explained that just because at some point there is no
change in position for the person moving does not necessarily imply that there is
no movement (LPK), rather that that both the escalator and the person are
simultaneously moving at the same rate, because they have reached a state of
equilibrium (WD).

Three components are interactively used in an interweaving fashion in this
episode as displayed on the TSPCK map below.
A Proficient TSPCK episode: R/WD/LPK

Teacher task: Explanation of important
concepts

A general evaluation of the lesson: 105-120mins

Noma: Checking students’ understanding further...so each one of you is going to tell
the class what they learned today about chemical equilibrium...

One std: | learned how to present an equation using the graph...

Noma: Ok, next person...

Another std: Ok | learnt that all endothermic, | mean the exothermic reactions, the
particles react very quickly. When you increase the temperature on exothermic
reactions, the equation...

Noma: The equilibrium...

Same std: Eh, the equilibrium favors the reactant side...

Noma: Next...

Another std: Ma’am today | learnt a lot about moles and matter. But my highlight
in this lesson was on the open and closed system. The open system which means
the gases interact with the environment, and the closed system which takes place
in the closed environment. And you taught me about daily products which relate to
the lesson, which is the microwave, which is the closed system, and | did not know
of. And my other highlight was the exothermic which is when the particles, eh if the
reaction taking place with the particles having more energy and endothermic which
takes place, where the particles have less energy...

Noma: Always talk about collision. Always, collision is the main thing because there
is what we call the collision theory. So, when they look at the collision theory, they
look at how many particles collide with each other at a certain time. They calculate

Overview:
Noma asked students to present on what they have learned in the lessons. The
presentations are general and not guided by any questions from Noma.

Qualitative in-depth analysis:
Acknowledges learners’ responses to what they have learned without any

expansion (LPK).

This is not an episode, as the segment only displays learner prior knowledge.
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that as well, the orientation and whether the particles have energy as well. So,
collision theory is the main, main thing.

Same std: And the other highlighted part was the chemical equilibrium which is
affected by three factors, which are pressure, volume and temperature...

Noma: Not volume...

Same std: Concentration...yes

Noma: Thank you...next

Another std: Eh, | learnt that there is exothermic reaction, which is a reaction that
collides very quickly and easily, and then an endothermic reaction collides really
weakly and less. Um, | know that chemical equilibrium has three factors that affect
it, which is temperature, concentration and pressure. And that in a pressure graph,
if pressure is increased, then in the reactant side, then it goes to the endothermic
side...yeah

Noma: That is fine...always go back to the collision theory...

Another std: Ok, what | learnt today, | learnt about the collision theory which deals
with two reactions, the endothermic and exothermic. Exothermic is a reaction
whereby the particles collide with one another rapidly and then the endothermic is
the reaction whereby the particles have less energy...yeah that is about it...

Noma: Yeah, you did not want to say anything neh?

Another Std: Ok what | learnt was the Le Chatelier’s principle which focuses on
chemical equilibrium and the three factors that affect it which are temperature,
pressure and concentration. And that basically helped me in drawing the graphs
because it made me think about how particles collide with one another. Then that
made it easier for me to draw the graphs...

Noma: Ok, thank you...next

Another std: Ok, | learnt about collision theory. It depends on the number of
particles per unit time that collide. And it depends on the concentration of the
particles, and then on the...

Noma: So, for the reaction to take place, there has to be collision between the
particles.

Same std: ...and then for an exothermic and endothermic reactions, exothermic
reaction is a reaction in which energy is needed, they need the kinetic energy, and
the collisions of the material are...

Noma: Exothermic?

Same std: yes

Noma: Ok, thank you

Same std: And then endothermic is where collisions react...

Noma: Can | ask you a question? With an endothermic or exothermic reaction,
which one would you prefer adding a catalyst to it?

Same std: The endothermic

Noma: Thank you guys, | can see that we have learned something
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Appendix S: A4 detailed analysis of Lerato’s lesson

Episode Extract

Qualitative in-depth analysis

Introducing collision theory: 0-2mins

Lerato: Alright...so today we are gonna be talking about chemical equilibrium right.... you
will see that this is just a matter of, you know, thinking about things very differently, you
know, from what you have learned before. Or using those very same things that you have
learned to sort of explain certain things that are happening, particularly with chemical
reactions. So, this is basically chemical reactions. All that we are interested in here is further
understanding on how chemical reactions happen. Things like that. Okay, so do you guys
know about collision theory?

Stds: No, some; yes

Lerato: You have seen this word before, right? So, who can tell me something about the
collision theory?

Stds: Silence

Lerato: So, collision theory is the theory used to explain how chemical reactions happen. How
come that when we put staff in a beaker, all of a sudden there are other things that are made,
you know. What happens, you know? And that is the fundamental purpose of science; to
understand what happens. So, all we are asking ourselves is why? So, we are gonna just have
this explanation and then we should know how reactions happen.

Overview:

Begins by highlighting that all reactions obey what is referred to as
collision theory; and explained that the theory explains how reactions
happen.

Qualitative in-depth analysis:
Lerato introduces students to collision theory, the theory used to
explain how reactions happen (CS).

This is the only component in this segment; hence this is not a TSPCK
episode.

Episode 1
A simulation of how reactions happen: 2-7mins

_
. We want to see what really

happens between those two things that we put so that
they give us whatever we are looking for? So, we are
going to start right, and put a few things in there (usin
a pump on the side to pum

. So obviously, normally
when we put in staff, | think from grade nine, we learnt that particles, um, they move. They
are in constant motion. They constantly move. So, when we put two things, we know that
these things, they are gonna move, right. But that means that there is not only one thing that
is inside. There is something else that is available that these things can move against, they
can move past, they can bump into, right? And the whole reason why bonds rearrange is
because of the fact that something hits something in the right way that something happens.
There is something happening right. So, what is important is that, when you put staff inside,
things bump into each other and those things that bump into each other,

And when things start to move around, they start to bump into each other.

So, as we can

see, when things hit each other at the right way, bonds rearrange
H They both rearrange as these things hit one

another.

Overview:

Demonstration using a simulation of how reactions happen; explaining
how when reactant particles hit at a right orientation, bonds break and
rearrange to form new bonds, thus resulting to formation of something
completely different from what was originally added into the system.

Qualitative in-depth analysis:

Lerato began by displaying a slide that presented a video simulation on
how a reaction happens (R). He then reminded students that particles
are always in constant motion which they have learned from their
earlier grade which then becomes a pre-concept that helps them to
understand collision theory; an aspect of curriculum saliency (CS). He
emphasized that because particles are always moving, when they bump
into each other at the right orientation, they begin to rearrange to form
something else (WD) and this rearrangement is observed as the video
is played.

The episode has three components that are evidently interacting as
displayed in the TSPCK map below.
A proficient interwoven TSPCK episode: R/CS/WD

(3 WD

Teacher task: Response to learner comment

2. Conditions for a chemical reaction to occur: 7-10mins

Lerato: But what is important is that not all the collisions that are in there, result in formation
a new thing. But what is important is that those collisions, they have to have two things that
important. 1, their collisions must happen in the right orientation.

. Obviously if it hits here (on an individual atom within a
molecule), there will not be any bond breaking right, unless when it hits there in the middle.
So, if, all the collisions that are happening, all of them are not going to be successful or
effective right, they are not going to create bonds or create what we want to see right.

. This means if these things bump into each other at a relatively slower rate, with not
enough energy, they are unlikely to form new bonds. So, they need to hit with just the right
amount of energy. And if you find two particles that hit each other at the right amount of
energy, new bonds will form.

Overview:

Provides the conditions necessary for a reaction to occur; collision at a
right orientation, colliding with the right amount of energy. Used a
symbolic molecule and an example of one trying to score a goal as an
example to emphasize on the conditions.

Qualitative in-depth analysis:

Lerato began this segment by emphasizing on what conditions are
necessary for a reaction to effectively take place and result in formation
of a new thing; collisions happening at a right orientation and bumping
into each other with enough energy. This is an aspect of what is
important, which is curriculum saliency (CS). He demonstrated this
using one molecule that was displayed on the simulation to emphasize
on the right angle in which the reactants should hit each other and an
analogy of someone attempting to score a goal to represent the right
amount of energy needed (R).

Two components of TSPCK are evidently used in this episode as
displayed on the TSPCK map below.
A basic interwoven TSPCK episode: CS/R
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Teacher task: Response to learner
comment

1. The activation energy: 10-15mins

Lerato: This energy that is needed for effective collisions to happen and create new bonds is
what we call activation energy. It is the minimum amount of energy that is needed for those
collisions to happen and give you a product. And every single reaction has a minimum energy
required. So that energy is very important in terms of a reaction. But what is important is
there is a specific amount of energy that every single reaction must overcome within its
collisions to be able to convert itself off to products right, or for the reactants to convert to
products d If the energy is not enough, collisions will
not be effective and so products will not form. As you can see in the video, not all particles
that hit each other result in formation of products. And that is why in most instances right,
you will not get all the reactants forming into products. Why do you think that is the case?
From what we just spoke about, why wouldn't
everything convert into products?

One std: Collisions do not happen effectively

Lerato: yes, because collisions do not happen in the

right way. So, the right collision, the right possible
angles that are suitable for that reaction could not
occur. So, which means obviously, there would be
some that are still in there right. And we know because
as time goes, there will be more and more products

forming. So, which means it is going to be harder for particles of the reactants to bump into
each other, because they still have to now go around eh, products before they can actually hit
each other. So as the reaction continues, that is why you will see that eh, you do not kee|

like we write it here,
and that is why we are gonna talk about this later.

That all of these
reactants will convert to all of these products right. Which is how we, you begin learning
chemical equations like that because there are a few that behave like that. But as we move
forward, which is what we are going to do today, we are going to learn what it means for a
reaction to, not necessarily stop, 1 and 2, not all the things that are put inside have converted
into the things that we wanted right.

Overview:

As an expansion to the previous episode, Lerato explains that the
minimum amount of energy needed for each reaction to occur is
referred to as activation energy which is displayed on the video played.
Emphasis on the importance of this energy is made that without that
required energy; there will be ineffective collisions which will not
result in formation of products.

Qualitative in-depth analysis:

Lerato begins the segment by indicating to students that the minimum
energy that each reaction needs to result in effective collisions and form
products is referred to as activation energy (CS). He then pointed out
on the video (R) that particles that do not have enough energy (even
though they still bump into each other), do not end up forming products.
This he did to explain the fact that most reactions do not really go to
completion like students might have learned before (LPK).

Three TSPCK components are evidently used interactively in this
episode as displayed in the TSPCK map below.

A proficient interwoven TSPCK episode: CS/R/LPK

Teacher task: Response to

learner comment

4. Open and closed systems: 15-21mins

Lerato: Ok, maybe we should start here. So, | want you guys to work in your pairs, right? |
want you guys to talk about, to discuss two things right. What happens and what is the
difference between you boiling water when there is a lit, and you boiling water when there is
no li

So, discuss amongst
yourselves for five minutes as | prepare this then we will talk. ... Right, we are back, so what
did you guys at the back discuss?

One std: Ok, eh, when there is no lit eh...

Lerato: When there is no lit?

Same std: Yes. When there is no lit, we lose water...

Lerato: We lose water, right?

Same std: The water will evaporate

Lerato: yes... (writes it on the board)

Same std: Eh, when there is a lit, it will not evaporate...

Lerato: If there is a lit?

Same std: yes

Lerato: If we have a system that is open, what happens?

One std: We lose

Lerato:| So, in general chemistry language we say we lose mass, right?
So, we are gonna loose of whatever we have in there right. If it is a gas, then obviously it is
gonna escape through evaporation, right? So, we know, in an open system, we are gonna lose
staff. This means we can never really achieve that whole converting back that he was talking
about. Which is very important to the concept of chemical equilibrium? Secondly, in a closed
system, we are not losing anything right. So, which means, you keep getting this whole
process of your staff are turning back into other staff, and then staff is turning back to other
staff right? This is actually very powerful because it means if you think about it, if we are in
a closed system our reaction never really stops. It never stops. Even if looks like it stopped,
it does not stop.

. And that is what is important.
It is that, because that happens at a microscopic level, you can't see that observable change.
You can't see that it is happening, but it is happening right? Because we know that in a closed
system, right, that there is this continuous rearrangement back and forth with reactants
forming products and products back to reactants. It is however relevant to note that when we
are dealing with water, water is not actually, there is no chemical reaction when dealing with

Overview:

The segment introduces conditions for chemical equilibrium; closed
systems as opposed to open systems and the reversibility of reactions.
This is done from a scenario of water in an open and a closed pot,
providing characteristics of each system, where a closed system
enables for reversibility of a reaction. Emphasis is then made that
although a physical process of water changing phase is used, this is not
necessarily a reaction, but that there are reactions that actually reverse.

Qualitative in-depth analysis:

The segment begins with a scenario of boiling water in a closed versus
an open pot (R), which learners are to discuss in their groups and give
feedback (LPK). Lerato goes on to introduce learners to the types of
systems open and closed, and their characteristics in terms of loss of
mass by open systems, and the opposite for closed systems (CS).
Further emphasis by Lerato pointed out the continuous nature of
reactions in the closed systems that never end, where reactants
rearrange forming products, whilst at the same time products react back
into reactants (WD). His explanation also highlighted that the
reversible nature of the reactions can only be seen at a microscopic
level (R). The discussion ends with an emphasis that the change of
phase of water is not a chemical but a physical which was used to
explain the concept under discussion. This emphasis brought though a
different aspect of CS focusing learners on what is important to
conceptualize.

Four components are interactively linked in this episode as displayed
on the TSPCK map below.

A Sophisticated TSPCK episode: R/LPK-CS/WD/R/CS

| Teacher task: Response to learner comment |
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water. Water is still water. It is just water in another phase. You know this, it is still water.
When we look at closely, specifically other chemical reactions that are actually having a
chemical reaction right. So, this is not a chemical reaction. It is just a physical reaction. But
it is important that we use it to sort of understand and get our heads around what exactly
happens in a closed system and sort of have a basic idea of what happens in an open system.

Evaluation of learner understanding on types of systems: 21-27mins

Lerato:

One std: particles are exposed to the surrounding air...

Lerato: T: yes... not necessarily because, if we talk about particles, they are very, very small.
So, if we talk about air, air in itself is a particle. So that is something we need to talk about
when we rationalize this thing. Air is also a particle. So, what happens here so that there is
more space available, not that it moves to another air. It is just that there is more space
available because the volume is not fixed (demonstrating with his hands). We do not have a
fixed volume, so it has more space to move around. So, the volume is no longer just the beaker
that you are working in or whatever that you are working in. It is also the beaker plus this
whole space and that is why you lose staff because particles are always moving, remember
that? It is not that they are standing still. So even there, they are sort of going like this, going
like that (demonstrating with his hands). Some are bumping into each other, some are leaving,

some are coming back in, which is very important in understanding what actually happens
and we said that mass and energy is lost which is the
energy that is very important now but is also part of what happens in an open system. And
then in a closed system there is no mass lost. There is also energy lost, but that is not important
riﬁht now. So now question. What kind of system is this H
One std: Open
Lerato: It is open right? So, what is important to understand about an open system is that
there is no space, no small space, particularly fixing the volume. So even if we have a small
hole like this, which means this volume is not, whatever they say a pot is when they
write...they can say a pot is 10ml whatever the case maybe. So, which means this volume is
not fixed. You have exposed this, which means this whole part (referring to the area outside

the pot), this whole part, is part of your volume. So, this is an open system, right? And this is
why you will still lose water right?

Overview:

Asking learners to explain the difference between an open and a closed
system to check if they have understood from what they just learned.
He then pointed out that with open systems; the space for reactions to
take place is not confined to a specified volume as the reaction is
exposed to the surroundings outside the actual container/reaction
system.

Qualitative in-depth analysis:

The teaching segment begins with a question requesting for learner pre-
requisite knowledge (LPK). Lerato’s response to the learner comment
starts with showing that open systems do not have fixed volumes and
the reactants and products can easily escape to the surroundings outside
the reaction system whilst the opposite is true for closed systems which
have a fixed volume that prohibits the reactant system to its
surroundings, (CS), using an open and a closed pot diagrams as
representations (R).

An interactive use of three components in an explanation given by
Lerato is presented in the TSPCK map that follows.
A Proficient TSPCK episode: LPK-CS/R

@ -TD

Teacher task: Response to learner
comment

Reversible reactions and their conditions: 27-32mins

Lerato: But yeah, we talked about reversible reactions, right? So, what are reversible
reactions? First, we said it already; it has to be in a closed system. Otherwise, it will not
reverse. Because as soon as things form, they leave right. Some will stay, but some will leave.
So, and even some of the products will leave. So, which means they are sort of getting in the
way of things rearranging and going back to the products right. So that is the first things.
First, condition is the reversible reaction has to be in a closed system. 2. What we are
interested in is how they behave right. So, I am gonna jump to another illustration that speaks
to this.

1 want you to think of it as an actual chemical reaction:

system) right. So, they have to give us B, right? But this is showing you the minimum amount
that it requires for it to be converted... So, the way they show it is a bit shaky, but it plays the
course right. So, when these things jump, you will see that they jump to the other side. You
see, they begin to jump. And remember, this also speaks to the concept of concentration on
your reaction. The more you put staff, the more that staff is likely to collide. The more staff
are likely to collide, the more products, the more likely you are gonna make products right.
It makes sense.

Stds: Yes

Lerato: Cool, so now we have products. So, you see now, as time goes, there is going to be
more products. But they also collide themselves. So, it's not like when they form, they stand
still in the reaction vessel. And they also remember will collide also, and they might rearrange
right. Converting back to reactants, right?

. And because this reaction is specific right, so there is a particular energy
that they would need to go back (referring to the activation energy for products to react), and
it's higher than the one needed to go forward. And that is what happens when we have
chemical reactions. Like, it looks like it is going in a particular direction right. But it can also
go backwards. If you take care of the conditions or the fact that it is a closed system, then you
can get a special case where actually chemical reactions are going like this right
(demonstrating a back-and-forth movement with his hands). But remember that, like I said,
because the energy that it requires for them to react back into reactants, then you are gonna
find a situation whereby you will not get a lot of reactants, a lot of products going into
reactants vs a lot of reactants going into products, right?

Overview:

Refers students back to reversible reactions and emphasizes that they
can only happen in closed systems. He then plays a video displaying a
reversible reaction and indicates to students as they watch the video
that the reverse reaction (products forming the reactants) does not wait
for all reactants to form products before they react back to form
reactants. Rather, immediately when they gain enough activation
energy, they begin to react and form reactants; hence the reaction does
not end.

Qualitative in-depth analysis:

With reference to reversible reactions discussed in previous segments,
Lerato emphasizes on the important condition for reversibility to take
place; closed systems (CS). This introduction is followed by a video
demonstrating a reversible reaction at a microscopic level (R). In this
instant, Lerato also emphasized on the effect of concentration on the
number of effective collisions, which is an aspect of curriculum
saliency (CS). The reversible nature of reactions is a concept that
students find difficult (WD). He puts more emphasis on the fact that a
reverse reaction starts before all reactants are used up, which is a
common learner misconception (LPK). Lerato specifically highlighted
that as soon as the products have absorbed the necessary energy
(activation energy) they will start to react and form reactants. This is
an emphasis of an important concept that helps students understand
how reactions happen, a pre-concept for understanding chemical
equilibrium reactions (CS).

Four different TSPCK components are evidently interacting, and one

repeating as displayed in the TSPCK map below.
A Sophisticated TSPCK episode: CS/R-CS/WD/LPK/CS

‘ Teacher task: Explanation of reversible reactions |

A simulation emphasizing on reversibility: 32-37mins

Lerato: (Referring back to the simulation) ...so those things that we are putting in, we then
say that they are the reactants, and that reaction is what we call the forward reaction. And

Overview:

Use of a simulation to explain the reversible nature of chemical
reactions, with great emphasis on effective collisions needed for
reactions to occur which are affected by the amount of energy the
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obviously, because this is a reversible reaction, it actually has a reverse reaction. And a

reverse reaction is when the products are forming back into reactants that we had in the
e i

Ok so you can see from the visual demonstration that not
all of them actually move in the same speed. So that's what
I was talking about. Things collide with one another. It is
going collide with the side of the container. It collides with
the side of the container, and then it's gonna collide with
another particle, and then it moves in another direction and
— = that is what affects the speed within it right. And we are
onna do something just on the side note. Eh, my point is
thiﬁ
And you can see, the reaction frequency of the forward reaction happening is higher
than the backward reaction happening, which is very small, because this product must start
from here, (pointing at the bottom of the reaction vessel) going all the way there to overcome
the high activation energy. So, they need to real have sufficient energy for them to be able to
collide, on top of having to collide in a what? What did we talk about considering as important
in collision theory? Orientation right, we talked about orientation. So, on top of them having
to worry about you know bumping into one another in the right way, they also have to worry
about that energy (referring to the activation energy). Now it is important also to see that this
container is not open right. If it was open, then we were in trouble. Why?
One std: Things will be lost

reagents need to react, and collisions happening at a right speed and
orientation.

Qualitative in-depth analysis:

On explaining the simulation that demonstrates reversibility of
reactions; Lerato started by highlighting which reaction is referred to a
forward, and which one is the reverse reaction, as aspect of curriculum
saliency (CS). He then pointed out as reflected on the simulation (R),
that not all collisions result in a reaction happening, as the speed and
orientation at which they collide, and the right amount of energy are
important for effective collisions (CS).

The episode shows an interaction between two different TSPCK
components, with two other components repeating. The component
interactions are displayed in the episode below.

A basic interwoven TSPCK episode: CS/R/CS

Teacher task: Explanation of

important concepts

The concentration versus time graph: 37-41mins

Lerato: Now let me show you how we can represent this
reaction in a graph, a concentration versus time graph. So,
reactants start of at a higher concentration (&
and less of them collide with time.

Products, there was none

then they start forming. Some of them
are converting back to our reactants. Because we know they
collide also, and they go backwards. So, which means, this
graph is only valid for two things right: for a closed system
and what else?
Stds: Silence
Lerato: What type of a reaction is this?
Stds: forward...reversible
Lerato: Thank you, (writes reversible on the board). But as the reaction continues, we know
they will not go on forever right. We will not have a continuing increase in products and
decrease in products. It cannot do that right, given what we know. That whole process, it's
also showing us that thing that we already talked about that it is dynamic. If you do not see
something in your reaction, there is still this whole that's happening. So, which means it is a
continuous thing that is happening.

Overview:

Using the video as reference point, the teacher draws a concentration
versus time graph on the board and explains to students that the
concentration of reactants is higher at the beginning of the reaction and
decrease with time, whilst the opposite is true for the concentrations of
products. The dynamic nature of the reaction is also highlighted.

Qualitative in-depth analysis:

By pointing students back to what they observed from the video played
on reversibility of chemical reactions, the teacher draws a
concentration versus time graph (R) which is further explained in terms
of how the concentrations of reactants and products change with time
(CS). Lerato made explicit that the graph is only valid for reversible
reactions happening in closed systems, and the dynamic nature of the
reactions which are continuously happening (WD). This implies that
reversible reactions do not come to an end.

Three different components are evidently interacting in this episode as
displayed on this TSPCK map.
A Proficient TSPCK episode: R/CS/WD

Teacher task: Explanation of

important concepts

Changes in the rate of forward and reverse reaction: 41-43mins

Lerato: But we already also know that this thing, at first right, here (at the beginning of the
graph), the rate at which this thing (products) was being produced, was more than this
(reactants) right? Ok let me explain right... It is for all the chemical reactions right; the rate
of the chemical reaction is how fast products are produced, or how fast the reactants are used
up right? So, we are going to assume that we are looking at a part where the reactants are
being consumed or only the part where the products are being produced right. Does that make
sense?
Stds: yes
Lerato: Right... So, we are interested in the speed basically of the reaction. We are interested
in how fast this reaction is happening. Going that way or that way (towards the product or
reactant side). So, we said first that because this is what we are interested in; we called it the
forward reaction. We have the rate right, of the forward reaction...and then we have got the
rate of the reverse right. So, we had the speed at which products are forming back into the
reactants. And if we see here, we see here that

the production of this is very high (products). And then it gets to a point where
it starts slowing down, slowing down...

Overview:
The rates of forward and reverse reactions are explained using the
concentration time graph.

Quialitative in-depth analysis

Lerato begins this segment by explaining what rate is and continues by
explaining how the forward reaction started off at a higher rate and
decreased with time (CS) as demonstrated on the graph (R).

Two components are evidently interacting as displayed on the TSPCK
map below.
A basic TSPCK episode: CS/R

&>

Teacher task: Explanation of

important concepts

Eurther emphasis on concentration versus time graph: 43-50mins

One std: So, sir, the concentration of products goes back down after some;time right in that
graph?

Lerato: laughing...remember right, we have our special conditions right. So, if you are saying
what goes up must go down, you would imply that this thing (activation energy on the video
simulation) is not valid right. Remember that your products will need a different energy to go
backward right. So, if it needs a different energy, it means there is never a point where these

things (products) are going to be in such a position where they are goinﬁ to stroniI‘ io

backwards and produce all of the reactants back. Do you understand
* You see that this is increasing, and it is decreasing (referring to
products and reactants respectively). So here, the rate of the forward reaction is decreasing,

Overview:

Explaining a concentration versus time graph; emphasis on how
concentrations of reactants and products change before equilibrium is
reached, and what happens to the concentrations when equilibrium is
attained

He denotes on the concentration time graph the positions displaying
Rf>Rr, Rf<Rr and Rf=Rr, where Rf refers to rate of forward reaction
and Rr refers to rate of the reverse reaction. Further emphasis is made
that a point where concentrations are constant is referred to as chemical
equilibrium which also implies that the rates are equal.

Qualitative in-depth analysis:
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and the re reaction is increasing. Then until you get to a point where you the graph not
changing (referring to the equilibrium state). So, what do you think is happening there?

one std: the rates are the same

Lerato: Eh, not exactly, not exactly...what graph is this?

Stds: Concentration vs time

Lerato: Yes, concentration vs time right,

It does not say anything about the rates, right? From the
information that it is telling us about the concentrations, we can say something about the rate.
But the graph itself is not saying anything about the rate because when we write this, we are
looking at the concentrations of what is inside our vessel right. Does that make sense?

Stds: No

Lerato: Concentration vs time, not the rate vs time, right

Stds: ooooh...

Lerato: So, you cannot say that the rates are the same right? You cannot say rates are the
same. You can say that the concentrations at that point remain the same. But you cannot
say rates are the same ok?

If we look at it from a microscopic level, eh the
particles are still colliding with one another, effectively
when we take the mean of all the particles that are available,
over time, they sort of remain the same right. If you
remember when we were at 34, then we came to 35, then 36,
then it becomes a 25, it becomes a 24, then it becomes a
25...s0 effectively they sort of, the concentrations stay the
same after a, at a certain point right. So, which means the
ability of a reaction at chemical equilibrium to behave the way it behaves is because of those
two things. 1. Products keep forming into reactants and reactants keep forming into products.
But they have to form at the same rates. Otherwise, we would favor a certain reaction. Do
you understand? For example, when we say favor here, it means the rate of forward was
definitely greater than the rate of the reverse (writes on the part before equilibrium: rf>rR).
Because the things that are being produced that way (forward) are much, much faster than the
ones that are being produced this way (backward), right. So conversely it is the same. If
something happens after the reaction, which is something we are gonna talk about after we
come back from the break, that there is also something that you can do to this system that is
here that will have a different
effect that maybe we change this thing, right But we will talk about it
later. For now, we are just talking about this one . And this
is basically what chemical reaction is. Chemical equilibrium | mean
So chemical equilibrium is a point where the rate of the forward is equal to the rate of the
reverse (denotes on the graph; rf=rR).

This segment is initiated by the learner question (LPK). To address this,
Lerato uses the simulation (R) to explain how the activation energy
affects the rate of reactions (CS). He further explains by showing that
with time, the concentrations of the reagents remain constant as the rate
at which reactants form products equal to the rate at which products
form reactants. The issue on nature of concentrations of reagents is a
misconception for most learners (LPK).

This episode displays five components evidently interacting in a
teaching segment as portrayed in the TSPCK map below.

A Sophisticated TSPCK episode with both linear and interweaving

components:
LPK-R/CS/LPK

LA

Teacher task: Response to learner

comment

Emphasis on characteristics of dynamic chemical equilibrium: 50-55mins

Lerato: So now we know why we actually say that the rate of the forward is equal to the rate
of the reverse right reaction at equilibrium. We get that from what we know about what
happens in chemical reactions right. We know what happens, how collisions happen. All
those considerations, they bring us to this point that when two of these things, because of the
reversibility, fall back into this. But what is important is the rate which talks about the amount
of concentration which is produced at a specific time. So, when we take eh, how much of
products are forming into reds, eh there are the same amounts those reds forming into greens
at equilibrium. So, it's a special moment, a special time in the life of a chemical reaction,
because we know that it is gonna go pretty much forever unless you change the system. If
you open it, then its gonna effectively change what is happening to the system. But if we keep
everything the same, then we expect that if this were me, when | was 23 years old, when | am
a million years old, the same reaction would still be doing the same thing. And that is a
beautiful part about reactions... Actually, you can finish school and get married if you wonna
get married of cause. You can do whatever. You can have children, and still come back and
still check.

It does not make
sense, right?
Stds: Yes
Lerato: You expect that after some time things must go down. You expect that there must be
something, something must happen. You cannot just have something continuing like this. But
if you keep everything the same, you do not change anything right. And that is the beauty of
chemical equilibrium. So, then | have a brief discussion after this right. So, | hope you took
all these things down. So chemical equilibrium is but a moment of a chemical reaction that
we look at. We look at a particular time and we say ok, here, what is happening here? And
we have been able to at least have some idea of what happens at chemical equilibrium.

So, they don't change right. Effectively they don't change right. And our rates, the rate
of the forward, which means reactants going to products, happens at the same rates as
products forming back the reactants. This is why we call this dynamic equilibrium. So, this
is a moment in time. So, when they ask you a test, they are maybe going to ask you about, a
system is at equilibrium, what do you do to it? Do you understand? So, you look at it now
right. You know certain things about it now. You know that the rate of the forward and the
reverse is the same. You know that the concentrations stay constant right?

Overview:

Characteristics of chemical equilibrium are emphasized. This includes
the equal rate of forward and reverse reactions as well as the constant
concentrations of reactants and products, which are repeated multiple
times in the episode. He continued to show that as long as all conditions
are not changed, the reaction’s equilibrium position will not change

Qualitative in-depth analysis:

In this segment, Lerato emphasized on rates of forward and reverse
reactions being equal at chemical equilibrium (WD) as well as the
constant nature of concentrations of reagents, where the reactions
happen continuously as long as the conditions of the system are not
changed (CS). The two characteristics are repeated as a way of
emphasis because they tend to cause learner misconceptions (LPK).
Lerato then points students to the graph explaining that using their
understanding of what happens at chemical equilibrium with respect to
concentrations and rates they should be able to produce the necessary
graphs (R), the concentration and rate versus time graphs.

Four components are interactively used in this teaching segment as

displayed in the TSPCK map below.
A Sophisticated TSPCK episode: WD/CS/LPK/R

Teacher task: Explanation of

important concepts
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. And typically, you find that maybe it has two reactants
or has two products. But it is effectively this graph right.
You know how to rationalize it, because you know, you
know collision theory now. You know what happens in
collision theory. What affects the collisions and how things
form, why they form and why they do not form? And why
they do not continue to form right? But now, before we got
there, we had to do certain things to our reaction mixture.

A summary on conditions for chemical equilibrium: 55-60mins

Lerato: So, the conditions that we had to consider for chemical equilibrium to occur were
We had to ensure that our container was closed, and that the reaction was reversible right.
That is what we were able to do, for us to arrive at this point. Eh, we had to ensure that the
temperature there is constant, which is a very important thing. And eh, | think you should
note that. So, we needed to keep our temperature constant, because remember, at no point did
we heat, did we add ice, did we do anything to our reaction. So, which means effectively, our
temperature stays constant for us to be able to get to this point. So, which means in the before
right, there has to be a specific temperature (puts a slide on this) that we are saying ok, we
are doing it at 35 degrees, and we are gonna move in that direction right. 2. The pressure
effectively was the same. We never did anything to our volume, we kept it fixed. And we
never heated which also affects the pressure. So, we did not do anything to those things. So,
which means before we had a particular pressure, we had a particular temperature. And we
put specific amounts right, of reactants that we put in our reactant vessel. So, which means
also our concentration was important in the before. So, we put a certain amount. We put this
amount and this amount. And they reacted together to give a specific amount. if you change
those amounts, it means we will have a different chemical equilibrium. Because remember
this corresponds to specific values. So, which means our, our, effectively our conditions in
the beginning were not changed? Then we arrive to our special moment right. We have
already talked about it. We know sort of what happens there. But now also, there are certain
things that can happen afterwards right. So, what happens when we add something after we
have arrived at chemical equilibrium? Obviously, we cannot continue the way we were
continuing. When we come back after a thousand years, things ought to have changed right...
So, when you change temperature, when you change concentrations, and when you change
pressure, you affect the state of chemical equilibrium. And it has to; now, now think about it
like this. Now you are starting from a different starting point. Unlike before when you did not
have products, now you have products. And certain things are going to happen if either you
increase the products in a reaction vessel or you increase the reactants that are in a reactant
vessel. Things have to happen. Because we know from collision theory, if you add
concentration, you are increasing the possibility of collisions. So, there should be the change
in the rate of either one of these two, right? And secondly, if you increase temperature, there
should be a change because the movement of particles is affected, and they will move much
faster right. Thirdly, if you change your pressure, also that affects eh, the collisions because
for example, if you change the volume, now particles have less space to move around and
they are more likely to collide with one another. So, we will talk about it after the break. Then
speak about what really happens after we have arrived after this special moment in a chemical
reaction right.

Overview:

Provides a summary on the conditions necessary for a chemical
equilibrium to be attained which are a closed system, a reversible
reaction, constant temperature and pressure and concentrations of
reactants that started the reaction. He emphasizes this by reminding
students of the simulation video that was played where all these
conditions remained unchanged. He then argued further that unless
those conditions are changed, chemical equilibrium is maintained,
whilst the change in some factors such as temperature, pressure or
concentrations of reagents can affect the state.

Qualitative in-depth analysis:

In this segment, Lerato summarizes on important conditions for
chemical equilibrium including a closed system, a reversible reaction,
and constant temperature, pressure and concentrations (CS). He also
highlighted that the change in the three conditions; pressure,
temperature and concentrations to a reaction at equilibrium would
affect the state of equilibrium. Although there is no emphasis on how
the equilibrium state will be affected at this stage, this is considered as
a concept that learners find difficult (WD).

Two components are interactively used in this episode and displayed in
the TSPCK map below.
A basic TSPCK episode: CS/WD

Teacher task: Explanation of
important concepts

Evaluation of lesson one: 60-64mins

Lerato: Can someone tell me a story of chemical equilibrium. Take me through. If I did not
know anything and you wanted to just tell me a story about chemical equilibrium. You know
what we already talked about... She has a before, if you do not want to use a pronoun it, it has
anow and it has an after. So, take me through the before. What happens before, and what we
look for? What are the considerations that we explained? The things that we see and then after
that we have chemical equilibrium? What do you know about that?
One std:

Lerato: Yes... So, what do we call that? What do we call that special moment?
Another std: Chemical equilibrium

Lerato: Chemical equilibrium right. That is where stopped. Ok, it seems as you guys learned
something today. And it is very important to understand because it has many applications
right, which is a section that comes later on. But it is important to understand what is coming
after this, which is how do we disturb chemical equilibrium, right. We are going to see some
amazing things. We are gonna sort of; you know great situations that are suitable for us which
is quiet the application side of this process. So, we are gonna first do an example for where
we draw the concentration versus time graph. We know how to do it in general. So, we are
just gonna do a particular reaction, and then we are gonna start to talk about what happens
after that, from that particular equation right.

Overview:
Review on what was discussed in the previous lesson; a summary by
one of the students, followed by an introduction of lesson objectives.

Qualitative in-depth analysis:

The segment involves a review on the previous lesson where Lerato
requested students to present their understanding of what they learned
about chemical equilibrium thus far (LPK). Lerato only made an
affirmation of the response given without any expansion and then
provided students with an overview of the objectives of the current
lesson. This is an aspect of curriculum saliency (CS).

Two components of TSPCK are integrated in this segment as portrayed
by the TSPCK episode below.

A basic linear TSPCK episode: LPK-CS

@S-

Teacher task: Explanation of
important concepts

The rate versus time graph: 64-70mins

Lerato: Ok we have said above that at equilibrium, the rates of reactions (forward and
reverse) are equal. There is a graph that we can draw to demonstrate that even though we
were able to tell that from the concentration time graph. We can demonstrate that using a rate
versus time graph.

One std: Speed?

Overview:

Presents a rate time graph on the board whilst noting that the rates
change with time, with the forward reaction decreasing as the
concentration of reactants in the system decreases whilst the reverse
reaction rate increases with time. He also directed learners to a special
moment in a chemical equilibrium where the rates are equal, depicted
by a flat line on the rate time graph.

368




Another std: How fast reactants form products.
_

One std: Forward is faster

Lerato: So, in graphical terms, this is what you mean
Why cannot we put it anywhere

else (within the graph)

Another std: Because reactants are more

Lerato: Yes. But in certain situations, we do start somewhere here (after/at chemical
equilibrium). We are going to talk about that later. We start somewhere here. Products
somewhere here. But for now, we are starting at the beginning, beginning. So, what happens
to the rate of the forward?

One std: Forward?

Lerato: Does it decrease like this? (SHOWing a constant.decrease)!

Stds: No

Lerato: SolifliecreasesNIKeINISMIGNT (draws a proper'graph) ... What happens to, how does
the reverse one work?

Stds: It increase

Lerato: (draws the graph that joins with that of reactants forming constant single line after
some time)

Another std: No (as the teacher joins the two to form a constant line at some point) ...
Lerato: Why are you saying no; . Remember we have been
saying that the rates are both equal at equilibrium. This is how their equal nature is
demonstrated on the graph.

Stds: Oooh!

Qualitative in-depth analysis:

Lerato introduces the rate time graph by reviewing what they
previously learned about what rate is (LPK). Lerato works with the
students to draw the rate time graph (R) whilst explaining the changes
in the rates across the graph, deliberately pointing students to the flat
section of the graph where the two lines meet where the rates are equal;
the position within the graph that portrays a reaction is now at chemical
equilibrium (WD).

The episode demonstrates an interaction between three TSPCK

components as presented on the TSPCK map below.
A proficient TSPCK episode: LPK-R/WD

Teacher task: Response to learner comment

The difference between rate and concentration time graphs: 70-77mins

One std:

Lerato: So, do not let the two graphs confuse you right. So, one does not touch, one touches
right. So, it speaks to two things. 1. Rate is not the same as concentration. The rate is how the
concentration changes over time. It is not the concentration itself, right. So, this is why in this
graph here (concentration vs time), we were disagreeing with the fact that the rates are the
same. Remember where someone said the rates are the same? And we said no, they are not
right. And hence this whole region here (at equilibrium) agrees with that statement there. The
rate of the forward reaction is the same as the rate of the reverse reaction, right. So, which
means this part (equilibrium point on concentration vs time graph) is this part (where the two
graphs meet in a rate vs time graph). It makes sense right because the other graph is on top of
the other graph. So, this is the connection between the rates and concentration, and this is the
graph that you will mostly see in the questions and in the textbooks right on rates. This talks
to the rate, where this two connect (two graphs). So obviously, what is this part?

Stds: equilibrium

Lerato: Equilibrium right. And what do you say about equilibrium?

Stds: the rates are equal

Lerato: Right, the rate of forward equals the rate of the reverse. Graphically does it make
sense?

Stds: yes

Lerato: Which means these graphs; they speak about the same thing. They are just showing
different things. So, the concentration graph itself does not talk about rates but it tells you
something about rates, right. This rate graph talks about the rates. No, it shows the rates and
the relationships between the rates as the reaction proceeds. But it does not explicitly say
anything about the concentrations. So you can't tell me what was the concentration here (the
highest point as the reaction starts on a rate graph) by using this graph. But you can tell me
about the change in the concentration, but you cannot tell me about the concentration itself.
But here, we are talking about concentrations, and in this we are talking about the rates right.
But they are connected right. Do you see this?

Stds: Yes

Lerato: Alright. secondly, we can see very clearly that these are concentrations of reactants
and these are concentrations of the products right. From the graph, you can see clearly, these
are not the equal but not changing right. And they cannot be the same because we know about
collision theory right. They can't be the same. If they were the same, then we would be having
something, we would be having this (constant nature similar to that on rates), here. Secondly
in the flask, we would have round about the same amount of things... Em we are gonna talk
about that later right, which is something to do with the Kc. Um, the equilibrium constant or
equilibrium quotient. This is, it just tells you the ratio between your products and your
reactants right. So it is denoted like this (writes on the board) ...at equilibrium right, we can
tell_ There is a specific ratio that these are gonna follow
right. Because it makes sense, if we do not disturb anything, it means these things are always
gonna be the same right. So, if you put the same number over another number at the bottom,
then it should stay the same, right. So, if two over three is two over three forever, it will
always be two over three forever. Makes sense, right?

Stds: yes

Overview:

Highlighting the differences between concentration and rate versus
time graphs and emphasizing that rates are equal whilst concentrations
are constant at equilibrium. Kc is also used to underline the fact that
the concentrations at equilibrium do not necessarily have to be
constant.

Qualitative in-depth analysis:

The episode is initiated by the learner’s misunderstanding of the
differences between the rate and concentration time graphs (LPK). To
address this difficulty, Lerato differentiated between rate and
concentration (CS), also pointing to the fact that with rate calculated as
concentration over time, it is evident that the concentration time graph
is used to derive the rate time graph (WD). He then uses the calculation
of Kc (a symbolic Representation-R) to emphasize on the constant
nature of concentrations at chemical equilibrium versus equal rates
(CS).

The episode presents a four-component interaction in a discussion that
aimed at explaining the difference between the rate and concentration
time graphs as displayed in the TSPCK map below.

A Sophisticated TSPCK episode: LPK-CS/WD/R/CS

| Teacher task: Response to learner comment |

Concentration versus time graph for the Haber process: 77-80 mins

Lerato: writes an equation on the board; N2 + Hz < NH. [Eliflfalanceds
Stds: No

Lerato: What do we need?

Stds: 2

Lerato: Two on what?

Stds: NH3

Lerato: Ok...

Overview:

Draws and explains a concentration versus time graph using the actual
chemical reaction made up of two reactants and pointing out precisely
the area within the graph which denotes the state of chemical
equilibrium.

Qualitative in-depth analysis:
Lerato begins this teaching segment by displaying a symbolic equation
on the board and asks students to balance it (LPK). The teacher probes
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Stds: Three on hydrogen

Lerato: Great, now it is balanced. Now we are going to draw the concentration versus time
graph for this reaction. What is the unit for concentration?

Stds: Mole per cubic decimeter

Lerato: Ok, time could be seconds, minutes... So, | will just put per unit time right. So, unit
of time can be minute, seconds, hours, days years, centuries... So, what can we say about the
concentration of NHs, ammonia right at the beginning? Where do we put in on the graph?
Stds: lower

Lerato: It is somewhere there (indicates its position on the graph). Ok, assuming that we put
em, a lower concentration of H2. It is lower than N2, it is lower than nitrogen. The hydrogen
gas that we put is lower than the nitrogen. Where will it be in the graph?

Stds: Between

Lerato: It is in between; somewhere here (denotes its position on the graph). Yeah, let us draw

the shape. And we know the general shape of how products must be, right? Ok, let us start
with the product right.
So, this will be our equilibrium where

concentrations are constant; not changing.

students throughout the episodes as he draws the concentration versus
time graph (R), and deliberately pointed where on the graph is chemical
equilibrium is demonstrated as denoted by constant concentrations
(CS).

The episode shows an interaction between three different TSPCK
components as displayed in the TSPCK map below.
Proficient TSPCK episode: LPK-R/CS

Teacher task: Explanation of
important concepts

Factors affecting chemical equilibrium-concentration effect: 80-87 mins

Lerato: So, we have our reaction already at equilibrium, and this is how we represent it on a
concentration time graph. So now we want to see what happens when you change those
conditions that we said should be constant, temperature, pressure and concentration. Let us
begin with concentration. What will happen to this graph if we increase the concentration of
nitrogen?

One std: Increase

Lerato: What will increase?

Same std: products that are formed

Lerato: We expect an increase. Because it was this particular amount then we added this
amount right. But we know that reactions follow this pattern, this function (referring to how
the graph has been presented before a disturbance). So we expect that it should follow the
same function right. Because always, it's in a closed system so it always wants to come back
to this equilibrium. It always wants to come back because you know; we are not really taking
anything out. So, this is still in a closed system, and it is still a reversible reaction, so which
means it still has to follow the same kind of behavior that it was doing before we started this
whole process of adding something or doing something right. On the other hand, the

concentration of hydrogen decreases, as more of it reacts with the added nitrogen (draws the
whole graph with Concentration of all reagens constant at some point). S0, Ik | e, the

reaction will re-establish another chemical equilibrium as shown on the graph.

Overview:

Factors affecting chemical equilibrium introduced; the impact of
increasing the concentration of one reactant to the equilibrium position
explained. A concentration versus time graph used to explain the effect
of the disturbance.

Quialitative in-depth analysis

Lerato introduces factors that affect chemical equilibrium and begins a
discussion on the effect of increasing the concentration of a reactant
(CS). He then emphasized on how an increase in this concentration
effects the concentrations of other reagents in the system also
indicating that the reaction will always re-establish an equilibrium
position even after a disturbance (WD) demonstrating how that change
is represented on the graph (R).

The episode shows an interaction between three different TSPCK
components as displayed on the TSPCK map below.
A proficient TSPCK episode: CS/WD/R

Teacher task: Response to
learner comment

Explaining the spike on the concentration time graph on changing the concentration of
one reagent: 87-90 mins

Lerato: Why

do we not see the same for hidrogen and ammonia? What causes the spike?

Stds: Silence

Lerato: So, we added nitrogen, hence its concentration increase was instantaneous: but
reactions don’t have like, they don’t have the instantaneous act. Because of this, some
collisions are not effective or successful, some are, some are not, you understand the whole
process of, and it is a gradual process. It is not a process of just, you put staff inside and then
everything reacts effectively. So, very few reactions that happen like that. But even that, at a
molecular level the time it takes is not instantaneous right. So, under those circumstances that
is the answer, because of 1. We did not remove anything here, right. So, it cannot be a sharp
spike down in a graph. 2. There is a gradual decrease because of the fact that there is still a
reaction happening, so we need to use up some of the concentration of each which is still
available.

Overview:

Explains the spike as caused by an instantaneous addition of nitrogen
as opposed to a gradual change in concentrations of other reagents, such
as a decrease in hydrogen and an increase in ammonia.

Qualitative in-depth analysis:

Lerato refers students’ attention to a rapid increase/spike for nitrogen
on a graph (R) and asks them to explain the cause. He also refers
students to the overall equation that the graph was drawn from (LPK).
To explain this, Lerato indicates the spike as affected by the
instantaneous addition of nitrogen in the system, which is different for
other reagents which only change based on the rate of effective
collisions (WD).

Three components are evidently interacting in this episode as displayed
in the TSPCK map below.
A Proficient TSPCK episode: R/LPK/WD

Teacher task: Explanation of
impeortant concepts

Checking learner understanding on the effect of changing concentration: 90-93mins

Lerato: Ok let us see if we understood. What do you think will happen when we increase
Hydrogen?

One std: There will be a sharp increase

Lerato:i, and what will happen to the concentration of nitrogen?
Stds: It will go down

Lerato:h, and what will happen to ammonia?

Stds: It will increase

Lerato:

you understand what is happening.
So, point is another equilibrium that is different from the equilibrium before
is going to be established right. So, do you see that?

Stds: Yes

. | hope

Overview:

Checking learner understanding on how the change in concentration
affects an equilibrium position, and how this affects the graph. Explains
further that the reaction never really stops because equilibrium is re-
instated, as long as the system remains closed.

Qualitative in-depth analysis:

The segment involves Lerato evaluating the learners’ understanding on
the effect of concentration change on chemical equilibrium (LPK), as
he demonstrates the changes on the graph and intentionally drew the
dotted lines to emphasize on the position of equilibrium (R). Further
emphasis by Lerato points out on the importance of always keeping the
system closed, which then implies that a reaction at chemical
equilibrium will never come to an end (which is a common learner
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Lerato: Do we all see that?

So, it just stays, unless you decide that know, | think I'm gonna change
something, then a change happen right. So, we just saw how concentration affects chemical
equilibrium.

misconception-LPK), even after a disturbance, since chemical

equilibrium will always be re-established (WD).

This is a three component TSPCK episode with one component
observed repeating as displayed in the TSPCK map below.
A Proficient TSPCK episode: LPK/R /WD/LPK

Teacher task: Response to learner
comments

The effect of changing pressure on chemical equilibrium: 93-98 mins

Lerato: Let us move on to the effect of pressure. So only gases are affected by pressure,
15> So whatdo you think will appen whe we reduce th volure of our feaction?

One std: The pressure will increase

Lerato:

Another std: Response not captured by audio

Lerato: That was brilliant. So, because of these collisions of the particles with the sides of
the container/reaction system, there is going to be a force that happens there right. And that
force translates to pressure. It's effectively pressure because pressure is force per unit area
right. 1 think you do that in matric or you have done it? So, force has to do with the amount
of area. That is the amount of force that really exists. So, if we decrease the area, right, inverse
proportionality right, By
decreasing the volume, we are decreasing the Area right. Because there is less space in
between the particles to move within space right. So, the molecules will run through to the

side of the container more right. At the same time, we are also decreasing the area because as
we know, _ So, if you decrease the area
you are also decreasing that (the V on the formula) righto, so now we know for sure that
pressure has to increase if we decrease the volume right. Let us make an example with this
reaction; N2 + 3H2 <> 2NHs. We have one mole of N2 and 3 moles of Hz right vs two moles
of NHa. Eh you are going to have, because the collision of particles increases, they are going
to have a better change of actually producing more products right. So, we know if we are
going to decrease the volume, it favors the side that has most moles right and that's our rule.
We decrease the volume, which means we increase the pressure, we are going to favor the
side that has most moles right. If we do the opposite right, if you increase the volume,
therefore decreasing the pressure, you are going to favor the side with less moles right,
because now, because the most moles right, they need to now travel much faster (referring to
N2 and Hz). And these ones, they only need only two of themselves (referring to NH3
molecules on a balanced equation), to bond right. They only need two NHz3's to collide with
one another right. On the other hand, the forward reaction would need all the four molecules
to collide, and that will not be easy in a larger space.

Overview:

To explain the effect of changing pressure on chemical equilibrium, the
relationship between pressure and volume are emphasized by relating
pressure to area and then to volume. The Haber process reaction used
to further explain the effect of reducing volume, indicating how the
reaction will shift.

Qualitative in-depth analysis:

Lerato begins this by tapping into students’ prior understanding of the
relationship between pressure and volume (LPK) by asking them what
effect reducing the volume of a system will have on the reaction. He
affirms the students’ responses and expanded on them by emphasizing
on the relationship between pressure and volume (CS) using equations
of calculating pressure and volume (R). He then uses the Haber process
reaction to explain the effect of increasing pressure on the reaction
where the reaction with the most moles is favored which in this case is
the forward reaction whilst decreasing it favors the side with the less
moles-the reverse reaction (WD).

This is a four component TSPCK episode with components interacting

as demonstrated on the TSPCK map below.
A Proficient TSPCK episode: LPK-CS/R/WD

| Teacher task: Reaction to learner comments

The importance of balancing chemical equations: 98-101 mins

One std:

Lerato: Yes. Let us think about it right. Stoichiometry tells us that things must react at a fixed
ratio to produce a product, and that's why you can't move forward if you haven't balanced
your equation because you can't produce, remember before, we couldn’

Right, let's think about it, they are going to form something else because
they are not in the same ratio and proportion. And that's why it is important to understand that
everything that you do in chemistry is connected. And it fills in the doors that the other one
couldn't, right. So, collisions have to happen in this ratio for this to happen. That's why when
we define a compound, eh an element | think, we say it must combine, no | think it was a
compound, we say it must be in specific ratios. Something like that. We had that part of the
definition because it is important. Because you can't produce any stream without having these
in that proportion combining to give you two molecules of this.

Overview:

Explaining the importance of balancing equations to indicate the
significance behind ratios and right proportions when representing
chemical equations.

Qualitative in-depth analysis:

The episode is prompted by a learner question with respect to how
chemical reactions occur (LPK). What triggered the learner to ask this
question was the explanation by Lerato when he argued that four
molecules of gases (one N2 and three Hy) as per the balanced equation,
needed to collide effectively in order to form 2 moles on ammonia.
Lerato then emphasized this by arguing that every reaction happens at
a fixed ratio and that even compounds formed do so at a fixed ratio
which determines the correct formula of the compound (CS). The use
of and reference to the reaction introduced another component on
symbolic representations (R).

The episode displays three components that are evidently interacting in
this teaching segment as shown on the TSPCK episode below.
A basic TSPCK episode: LPK-CS/R

@S- ®

Teacher task: Reaction to learner

comments

Presence of and lack of a spike on a concentration time graph after a disturbance: 101-
102 mins

Lerato:—
One thing to note that is different between graphs of temperature and

pressure, from where you increase or decrease the concentrations right, is that there is no

Overview:

The segment is about the changes on the graph as affected by the
disturbance of chemical equilibrium through changes in concentration,
pressure and temperature.

Qualitative in-depth analysis:
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spike right ). Do you understand why there is

no spike? It's because we are not taking anything away or adding anything. There is only a

gradual increase or decrease of reagents depending on whether we have increased or
decreased the pressure or temperature.

The explanation begins with an emphasis on the change in the
structures of the graphs when a chemical equilibrium position is
disturbed; a difficult concept for the students to understand (WD).
Lerato explained this further by demonstrating the effect of change in
pressure on a graph and differentiating it from the change seen when
the concentration is changed. Graphs are a form of representation (R).

Two components are evidently interacting in this episode as displayed
on the TSPCK map below.
A Basic TSPCK episode: WD/R

Teacher task: Explanation of

important concents

The effect of increasing temperature on chemical equilibrium: 102-110 mins

Lerato: Ok, the last factor is temperature right and temperature has to do with what type of

reaction we have. So, | don't know if typically, you have seen that reactions occur differently.
. Like we need to add some energy

into your system for this reaction to take place, right. Let us give an example; have you ever
wondered why sometimes you need to boil certain things for reactions to happen. Like You
need to, you guys have to use the Bunsen burner; sometimes you have to put in some heat for
something to happen right. Some need while some release heat afterward right. And typically,
examples will be fireworks right. Have you thought about how the fireworks operate?
Explosives and nuclear energy which is another thing right. Some of those chemical reactions,
they release heat. You didn't put any heat in them. So, we classify those under exothermic
and endothermic reactions, right? So, the word “exo”, you know exoskeletons, exo-
something, something. So that means outside right. So, think of exo as release. Endo means
in. So, energy is put in, into the system. So, if they say a reaction is an endothermic reaction,

it means energy is being put in, right. And if it is an exothermic reaction, energy is leaving, it

is going out of that thing, right; you do remember this?ﬂ

H (writing the reaction as he speaks), where do you think energy

will be put in in an equation?

Stds: Where?

Lerato: OK, let us think about it, so in one we are putting in energy, what do we call that thing

that we normally put in? In a reaction, what do we call that thing that we put in?

One std: Reactants

Lerato: Reactants, right. So, a nice way to think about it and also to help you in answering

questions right, you got to think about these reactions as if you actually put in the energy as

a reactant right; ... So here energy is like a

reactant right. So, this is case one where energy is absorbed or put in for the reaction to occur.

This happens for endothermic reactions. For case 2 energy is

released, so it is added as a product. This is the case for exothermic reactions because they
ive out heat energy, they produce energy.

And because we basically treat it as a
reactant, it means the same rule for concentration will still apply right. If we increase energy
or we increase the temperature, we have effectively increased the energy right. If we increase
the temperature in this case it means we increase the reactant. What does that mean? It means
more products are going to be produced right. Ok, in this case and we increase the
temperature; it means we have effectively increased energy, so the reaction that uses that
energy which is an endothermic reaction will be favored.

Overview:

A quick review on examples and characteristics of endothermic and
exothermic reactions. Demonstrates using an arbitrary reaction, where
energy is added when a reaction is endothermic versus when it is an
exothermic reaction and emphasizes on the effect of increasing
temperature versus a decrease in temperature on a reaction that has
reached chemical equilibrium.

Qualitative in-depth analysis:

A review on exothermic and endothermic reactions taps into learners’
previously learnt concept (LPK). Students are made aware of important
characteristics of endothermic and exothermic reactions to consider
before deciding on equilibrium shift as affected by change in
temperature (CS). Lerato uses a chemical equation (symbolic
representation- R), to explain the effect of change in temperature on
chemical equilibrium position where students have to treat the increase
in temperature like an addition/increase in concentration of a reagent
and the decrease/release of temperature like a decrease in the amount
of a reagent (WD).

Four components are interactively used in this teaching segment as
displayed in the TSPCK map that follows.
A Sophisticated TSPCK episode: LPK/CS/R/WD

Teacher task: Explanation of

important concepts

A summary on chemical equilibrium discussions: 110-117 mins

Lerato: In summary, we learnt what chemical equilibrium is, right? We first learnt how a
reaction happens. Then we established that ok, they happen in collisions, but two things;
collisions must have sufficient energy and they must collide in the right orientation. The
reaction should also be in a closed system, because if it is open, we are going to lose mass
right and that the reaction should be reversible. And after that we learned about chemical
equilibrium which we

. We said when the reaction reaches chemical equilibrium right,

. So,
what is important is that we said, 1, the concentrations are not the same, right. That is what
we highlighted. For a particular reactant or

roduct, it stays the same over i but all of them together, they are not the same’

. For Hz, it is the
same concentration at equilibrium, right (demonstrating the constant nature with his hands).
SN oA G ENEIBEATERGGHE] 1hen we moved on and telked about what
disturbs equilibrium; change in concentration, pressure and temperature and for example, we
said; if | change the concentration of one reactant, then more products will form. But
obviously, if there are two reactants, the other reactant will decrease because it is going to
react. So, if we have two reactants and increase the concentration of one, it will collide with
this one, and this one will decrease and this one will also decrease of cause after you added

Overview:

Summary of the lesson, highlighting what was discussed throughout
the topic. Emphasis on important conditions of chemical equilibrium
that were discussed; closed systems and reversibility of reactions and
highlighted on the two graphs discussed, one on rates and the other on
concentrations. Further emphasis is made on concentrations being
constant at chemical equilibrium, with reference to an earlier graph that
displays unchanging concentrations of N2, H2 and NH3, which are not
equal per say. He then explains the effect of a disturbance on chemical
equilibrium.

Qualitative in-depth analysis:

This teaching segment summarizes what was learnt throughout the
topic, by first touching on important conditions necessary for chemical
equilibrium to occur (CS). Reference is also made onto the graphs used
in explaining chemical equilibrium; rate and concentration time graphs
(R), and emphasis on concentrations being constant rather than equal
(LPK) using symbolic representations (R). The summary ends with the
discussion on the effect of adding a disturbance on chemical
equilibrium, and how the equilibrium position is affected (WD).

Four different components with one repeating are interactively used in
this episode as displayed in the TSPCK map below.
A Sophisticated TSPCK episode: CS/R/LPK/R/WD
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it, and then it is going to give you a new value right of concentrations which will correspond
with the new equilibrium

Secondly, we spoke about how pressure and volume are related right. And how when you
decrease pressure you increase volume. If you decrease pressure it increases volume, and how
it affects the collisions of staff in the reaction vessel and then ultimately how it affects this
graph

And temperature affects equilibrium because it acts as if you are putting in or taking out
energy. If you decrease temperature, you are taking out the energy from the system Whether
you are increasing or decreasing, it will affect it as if you have added concentration right.

‘ Teacher task: Summary of important concepts

The Le Chatelier’s Principle explained: 117-120 mins

Lerato: So just to conclude, what we have been discussing about the factors that affect
chemical equilibrium; there is a principle that talks to that, which is referred to as the Le
Chatelier’s Principle. The Le Chatelier’s Principle states that, when a disturbance is added to
areaction at a chemical equilibrium, it acts in such a way that it counteracts the added change.
It goes against the change. So, the same things that we have been doing with effects of
pressure, of temperature. That is what Le Chatelier’s is talking about. If I have reached
equilibrium, I add concentration, which is the disturbance now, right. | am disturbing it from
being at equilibrium and it is going to act in such a way that it will reverse that change. And
that is why, remember, you add, and then there is a decrease right. You add and then there is
a decrease of reactants and an increase of products. Eventually the reaction will reach a new
state of equilibrium. And remember we said when you divide the concentrations of products
to reactants at chemical equilibrium, we should expect no change as the concentrations of all
reagents will be constant. That is what we called Kc. Do you understand?

Stds: Yeah

Overview:

Introducing the Le Chatelier’s principle to explain the effect of factors
that affect chemical equilibrium; using Kc to explain that chemical
equilibrium will be re-established which will be seen by constant value
obtained when dividing the concentrations of products and reactants.

Qualitative in-depth analysis:

Lerato introduced students to the Le Chatelier’s Principle used to
explain how a reaction at equilibrium reacts to a disturbance. He then
stated the principle in response to the added disturbance (WD) referring
back to the examples given earlier about the effect of increasing the
concentration of one of the reactants and explaining further that
chemical equilibrium is eventually re-established which can be seen
through calculation of Kc; the chemical equilibrium constant from the
concentrations of reactants and products (CS).

Two components of TSPCK are evidently interacting in this episode as

displayed on the TSPCK map below.
A Proficient interwoven TSPCK episode: WD/CS

Teacher task: Explanation

of important concepts
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Appendix T: Sara’s lesson plan

(Topic Specific PCK Lesson Plan)

Subject Physical Science

Grade 12

Topic covered Chemical Equilibrium

Specific Concept The nature and conditions required to achieve chemical
equilibrium & The factors affecting Chemical
Equilibrium

Allocated time 2 hours

CATEGORY A: ASPECTS RELATED TO CURRICULAR SALIENCY
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Purpose: (What do you intend the learners to know in this lesson? You can list this as a set of specific
outcomes)
Highlighted on slide number 2.

List the most immediate concepts needed prior to teaching the concepts that you intend to teach.

Indicate how these genuinely affect your lesson.
Endothermic and exothermic reactions
Homogeneous and heterogeneous mixtures/reactions

Stoichiometry (e.g., Balancing chemical equations, writing out chemical equations...)

Summarize your understanding of the most important content knowledge of this lesson.

Chemical equilibrium is a STATE that takes place in a CLOSED SYSTEM (vs. OPEN SYSTEM) where
the RATE of the forward reaction is EQUAL to (the same) the RATE of the reverse reaction (vs.
reactions that go to completion). At equilibrium, the CONCENTRATION of the reactants and the
products remains CONSTANT. (*The meaning of the words in caps will be elaborated during the
lesson*)

Chemical equilibrium is obtained when the temperature, pressure and concentrations remain
CONSTANT.

There are three main factors that affect the disturb equilibrium (pressure, temperature and
concentration) whose resultant equilibrium shift is governed by Le Chatelier’s Principle.

Effect of concentration (aq) & (g) — If the concentration of a reactive is increased the overall
reaction rate will increase and the equilibrium position will shift away from the side with an added
concentration and that reaction will be favoured.

If the concentration of a reactive is decreased, the overall reaction rate will decrease, and the
equilibrium position will shift towards the side where the reactive was removed (its concentration
decreased) and that reaction will be favoured.

Effect of pressure (g) *note that pressure and volume have an inverse relationship which is
governed by Boyle’s Law, done in grade 11*



4.

If the pressure of a system in equilibrium is increased (decrease in volume) the equilibrium will

shift towards the side with fewer total number of moles.

If the pressure of a system in equilibrium is decreased (increase in volume) the equilibrium will

shift towards the side with more total number of moles.
Effect of temperature (aq) & (g) — The effect of a change in temperature is dependent on whether
the reaction is endothermic or exothermic, if the reaction is endothermic therefore reverse

reaction will be exothermic the temperature is increased then the forward reaction will be

favoured as the increase in temperature favours the reaction which seeks to absorb the heat (to

result in the temperature not rising as high as expected), therefore equilibrium will shift toward

the endothermic reaction.

CATEGORY B: ABOUT LEARNER PRIOR KNOWLEDGE
List common misconceptions and errors (made by the learners) which are specific to the concepts

intended for this lesson.

a.

At equilibrium, there is no reaction taking place as no reaction is seen taking place at a
macroscopic level.

Before chemical equilibrium is achieved the forward reaction must go to completion and then
the reverse reaction will start until chemical equilibrium is achieved.

If the AMOUNT (number of moles) of a reactant is increased, its concentration will remain the
same.

The concentrations of the reactants and the products must be equal in order to achieve
chemical equilibrium.

When equilibrium has been achieved, the rate of the forward reaction is always greater than
that of the reverse reaction.

When one of the reactives is added to a chemical system in equilibrium, only the
concentration of products increases.

When one of the reactive is added to a system in equilibrium, the equilibrium position will
always shift towards the product side.

The concentrations of solids and liquids can be changed by adding more of the substance.

A catalyst affects the equilibrium position and thus the concentrations of reactants and
products.

CATEGORY C: ASPECTS THAT ARE DIFFICULT TO UNDERSTAND

5.
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List specific parts of your lesson that you think may turn out difficult for the learners to understand.

Provide the reasons for your analysis.

a.

Terminology — The difference between constant (unchanging) and equal (the same). The
difference between what is macroscopic and microscopic.

Relating the concentration vs. time graph with the rate vs. time graph (the rate graph is a
‘derivative’ of the concentration-time graph).

The idea the forward and reverse reactions are taking place simultaneously when equilibrium
has been achieved and not disturbed.

The fact of solids not having an effect on chemical equilibrium.

How pressure affects chemical equilibrium (be it an increase or decrease in pressure).



f. Limitations of Le Chatelier’s Principle that most teachers do not expose to their students to.
CATEGORY D: USE OF REPRESENTATIONS

6. List representations that you would use for teaching the concepts intended for this lesson. Provide
the reasons why you choose to use them in the manner that you have suggested.

During the course of this 2-hour session | will mainly be using a PowerPoint presentation to conduct the

lesson but there are a couple more representations that | will be utilizing. They include:

a) YouTube videos: Given the time constraints, the use of video illustrations shows students real life
examples and experiments that cannot be conducted within the classroom because of lack of
resources or time constraints. In this lesson | will be using a video showing water in a closed
system and how a phase change illustrates a system in equilibrium where the rates of the forward
and reverse reactions take place at the same RATE (pitfall of this illustration is that students might
assume that the concentrations of the reactants and products must be equal for chemical
equilibrium to be achieved). In addition, this video will demonstrate the dynamic nature of
chemical equilibrium as well as what we mean when we talk about a closed system.

The second video resource | have is a video showing how a change in concentration will shift the
equilibrium position when a system in equilibrium is disturbed (to save time and | do not have the
means to do this experiment with students).

b) Iwillalso be making use of ball and stick models where | demonstrate with the help of my students
how a system in equilibrium does not necessarily have to have equal concentrations for chemical
equilibrium to be achieved, in addition to reinforcing the dynamic nature of equilibrium, equal
reaction rates of the forward and reverse reaction, the idea of reversibility and what a closed
system is (a little play where the limitations of the analogy will be highlighted)

c) Within the PowerPoint presentation and the lesson, itself especially with coming to establish what
chemical equilibrium is, | have made use of the three levels of representation (macroscopic,
microscopic and symbolic especially in the video that | chose for phase change showing chemical
equilibrium) which | integrated (used as one) in my explanations.

CATEGORY E: SEQUENCE AND CONCEPTUAL TEACHING STRATEGIES

Since | will be teaching a group of matric students who would have covered this concept already in their
respective classes, | would open a 10 -minute discussion where | ask students to tell me any and everything
that they know about chemical equilibrium. This | will use as the basis to establish the amount of content
knowledge that the students have in this broad topic (which most students seem to think centres around
K. calculation or determinations. Additionally, | will pinpoint some of the misconceptions that students
have about this topic. | will then highlight the outcomes of this two-hour session where in the first session
| will covering the nature and conditions needed to establish chemical equilibrium.

The concept of reversibility in contrast to reactions that go to completion that students have previously
been accustomed to prior to covering this concept will then be explored. We will see that a reversible
reaction is characterised by a double arrow pointing in opposite directions. This double arrow also
characterises a chemical reaction in equilibrium. The graphs on slide three will also illustrate how a
reaction goes to completion (all reactants react to form products) and how this differs from a reversible
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reaction (that does not go to completion) and how the forward and reverse reaction can be written out,
ultimately integrating these to write out a reversible reaction as one. | will then highlight the fact that at
equilibrium the forward and reverse reactions happen simultaneously and that this system is not
stationary; It is DYNAMIC. | will then propose that for equilibrium to be achieved, the reaction must take
place in a CLOSED SYSTEM. | will then ask students what they know about a closed system and if the
system is not closed then what it would be (open). We will further define what a closed and open system
is with the example of an open can of coke and a closed flask. | will then show students how water in a
closed bottle will achieve chemical equilibrium. Where students see macroscopically how water
evaporates and eventually condenses, until the rates are equal (you have equal rates, but you will see no
change in the water level); where some of the gaseous water will condense and fall back to liquid water
(phase change at equilibrium). Here we will write out the chemical formula and phases of water with the
double arrow (reversibility and a system in chemical equilibrium. The YouTube video and what is on slide
4 will be used together (for the rate graph to show that when chemical equilibrium has been achieved,
the rates are equal). | will also make students aware of the fact that for chemical equilibrium to be
achieved and to hold, the CONCENTRATIONS, TEMPERATURE AND PRESSURE in the system must be
CONSTANT, compared to the EQUAL rates when chemical equilibrium has been achieved.

| then will write out the chemical formulas of two systems which have differing phases i.e., 2/3) one with
one phase throughout and another with several different phases and ask students to tell me what the
difference in terms of the phases in these two chemical equations is. | will then ask students to tell me
the terms chemical equations with the same phase (homogeneous reactions/mixtures) and those with
more than one phase (heterogeneous reaction/mixture). From this point | will move to slide 5 where we
define chemical equilibrium using the terms that we have learnt of (nature and conditions required to
establish chemical equilibrium).

We will have a 15-minute session where students have an activity (informal)

We will reconvene and go through the informal activity.

We will then highlight that we had established that at equilibrium the temperature, pressure and
concentrations of reactions remain constant. We now want to know what would happen if these three
are changed or do not remain constant. The Le Chatelier’s Principle will be introduced and how it governs
a change in the three factors affecting chemical equilibrium will be explained. We will then go through
each of the three factors and their effect on the overall reaction rate as well as how the equilibrium
position would shift (slides have all the information). When we have established the effect of an added or
removed concentration of a reactive, | will show a video highlighting the effect of an added concentration
of a reactant and a product and how the equilibrium position would shift (characterised by a colour
change). We will then do the effect of pressure using an image analogy of the effect of pressure and with
a temperature change, a video will be used to illustrate the effect of temperature on equilibrium (colour
change of NO; and N;0..
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| will then ask students to tell me if they think if | add a catalyst the equilibrium position will be affected
and if so, how would it shift. | then put emphasis on the fact that a catalyst does not affect the equilibrium
position but merely serves the function of making a reaction proceed faster (decrease activation energy
and provides a shorter path).

If time permits, we will do a little activity where students will be grouped in groups of 5 and asked to
explain the effects and equilibrium shift the go with one of the three factors that affect chemical
equilibrium.

CATEGORY F: ASSESSMENT

Indicate what kind of informal (assessment for learning) will be done, and a brief indication how the

concept (s) discussed may be assessed at some other time in relation to others in the topic.

After the completion of the 1% half or session of class, a little informal activity will be done (in the slides)
and will be discussed at the beginning of the second session. With what is taught in the second session if
time permits, we will have a short impromptu presentation where students will be separated in groups
and give a 5-minute presentation on how each of the three factors affects the equilibrium position and
which reaction is favoured (forward or reverse).

*** Please note that on the PowerPoint presentation | have added additional notes that the teacher can
utilize whilst the lesson is being conducted*** The presentation must be in presenter view to see the
notes so that the teacher does not exclude important information that is not in the slides***
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T3 65 85 . -3 .6 -7 46 35 85,7 786 ExplainClosystess 113 15 -5 89| .73 -9 .43 -84 B .30) 867 86.5 Itend

§ & 15 . % - -4 48 39] 43 73.0| DynamicEquilibrie 31 15 -5 sefras ens3 2] -89 L30) 867 86.5| Iten 3

®W 6 15 .21 B 94 9188 M| 48 46] 786 69.0| Reversible Runs 6 13 15 -5 8| .62 -.67] 3 -85 T .38] 86,7 86.5) Item 6

] 9 15 -5 RILE 614 LB 43 53] 8.0 727 EffefIncr{oncofProdtonsact 71315 .58 80| 62 -.67] 3 -.85) 71 .30 86.7 86.5] Item 7

I ® 5 L LS LBLS L] M 5] 83 76.0] Concoffredtsat(E 9 W15 -l LE|LY  M7|LE M| 86 .22) 933 93.3] Ttea ®
LI R R N VY T | @4 7.4 MEM 1.5 158 e 13 .88 Ler | 8.6 87|
P8 31 VU1 [ B | | 5.9 &1 PO 22 .8 98 4.4 5] .86 8] | 83 7.4
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Appendix V: Noma’s TSPCK episode Rasch Person Measure

TABLE 17.1 Noma's TSPCK episodes ZOU156WS.TXT Feb 3 2020 14:21
INPUT: 16 Person 5 Item REPORTED: 16 Person 5 Item 2 CATS MINISTEP 4.4.6
Person: REAL SEP.: .e@ REL.: .e® ... Item: REAL SEP.: 1.68 REL.: .74

Person STATISTICS: MEASURE ORDER
|ENTRY TOTAL TOTAL MODEL| INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|[NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Person|
e dmmmmmmmmas e dmmmmmmmmea- dmmmmmmmmaa- FR |
| 2 4 5 2.58 1.88| MAXIMUM MEASURE | .97 .97|1ee.e 1ee.e| Nom2 |
| 3 4 5 2.58 1.88| MAXIMUM MEASURE | .97 .97|1ee.e 1ee.8| Nom3 |
| 8 4 5 2.58 1.88| MAXIMUM|MEASURE | .97 .97|1ee.e 1ee.e| Nom8 |
| 1e 4 5 2.58 1.88| .e4 -.51| .53 -.ee8| .77 .e4| 75.e@ 75.e| Nole |
| 13 4 5 2.58 1.88| .e4 -.51| .53 -.ee| .77 .e4| 75.@ 75.e| Nol3 |
| 7 3 5 1.16 1.19| .e4 -.51| .53 -.ee| .77 .e4| 75.e 75.e| Nom7 |
| 4 3 5 1.16 1.19|1.22 .54|1.212 .s52| .57 .e4| 75.@ 75.0| Nomd |
| 9 3 5 1.16 1.19| .e4 -.51| .53 -.ee| .77 .e4| 75.e@ 75.e| Nom9 |
| 5 3 5 1.16 1.19| .e4 -.51| .53 -.ee| .77 .e4| 75.@ 75.8| Noms |
| 12 3 5 1.16 1.19| .e4 -.51| .53 -.ee| .77 .e4| 75.e 75.e| Nol2 |
| 14 3 5 1.16 1.19|1.22 .54|1.21 .s52| .57 .e64| 75.8@ 75.8| Nold |
| 16 3 5 1.16 1.19| .e4 -.51| .53 -.ee| .77 .e4| 75.e@ 75.e| Nole |
| 1 2 5 -.01 1.e3|1.27 1.11|1.3e 1.13| .34 .45| 25.80 6&@.e| Noml |
| 6 2 5 -.e1 1.e3|1.48 1.81|1.52 1.79| .25 .45| 25.@ 6@.e| Nome |
| 11 2 5 -.e1 1.83|1.48 1.81|1.52 1.79| .25 .45| 25.8 6@8.8| Noll |
| 15 2 5 -.e1 1.e3|1.48 1.81|1.52 1.79| .25 .45| 25.@ 6@.e| Nol5s |
e dmmmmmmmmas e dmmmmmmmmea- dmmmmmmmmaa- FR |
| MEAN 2.9 5.2 1.e4 1.24| .99 3| .94 3| | ee.7 7@.7| |
| p.sD 6 ] 76 25| .36 5| .43 1.e| | 22.6 6.8] |
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Appendix W: Lerato’s learner Rasch Person and Iltem Measure (Pre-and post-test)

(TABLE 17.1 Pre-test Z0UL45HS . TXT  Nov 19 2019 17:27 [TABLE 17.1 Post-test IOUSIZNS. TXT Nov 19 2019 17:40
INPUT: 14 Person 11 Item REPORTED: 14 Person 11 Item 2 CATS  MINISTEP 4.4.6
Person: REAL SEP.: . +73 oou Ttem: REAL SEP.: 1.25 REL.: .83
Person STATISTICS: MEASURE ORDER Person STATISTICS: MEASURE ORDER
ENTRY  TOTAL TOTAL MODEL|  INFIT | OUTFIT |PTMEASUR-AL |EXACT MATCH| ENTRY  TOTAL TOTAL MODEL|  INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH|
NUMBER SCORE COUNT MEASURE S.E. |WNSQ ZSTDIMNSQ ZSTD|CORR. EXP.| OBSX EXPX| Person NUMBER SCORE COUNT MEASURE S.E. |WNSQ ISTD|MNSQ ZSTD|CORR. EXP.| 0BSX EXPX| Persom
9 7 1 1.3 .79]1.37 1.01]1.36 .66] .42 .58 78.8 T77.8] MANE 3 10 1 240 22166 .99 425 44| T1.4 86.6] TOK3
13 6 11 .63 76]1.14  .51]1.82 .29 .53 70.8 73.9] TUME 6 10 1 248 1.22]1.54 .87 W31 .44 71.4 86.6] DIWG
1 4 1 -5 711,74 1.86]2.60 2.05] .19 70,0 T4.4] NALD 8 10 11 248 1.23] .41 -.78 .63 .44|100.0 86.6] NALE
11 4 11 -.58 77| .69 -.08] .51 -.73] .72 78.8 74.4| SILE 2 9 i1 1.4 .98|1.03 .22 .55 .57] 85.7 79.6] SEL2
12 4 1 -.58 J77]1.12 .a4] .89 .94 .55 70.0 74.4| DEKA 4 9 1 1.4 98] 7T -3 <66 .57 85.7 79.6] EMAA
3 3 1 -1.13 83| .68 -.71] .47 -.56] .70 0.0 79.3| TOKA 5 ] 1 1.4 981,24 .62 .38 .57 85.7 79.6] MPHS
4 3 1 -1.13 83| .68 -.71] .47 -.56] .70 99,0 79.3| EMAN un 9 1 1.2 98] 77 .34 .66 57| 85.7 79.8] sI11
& 3 1 -1.13 .B3[1.93 1.87]|1.94 1.28] .17 58.8 79.3| DIWE 13 b4 i1 1.4 98] .62 -.T1 .78 57| 85.7 79.6] TL13
8 3 11 -1.13 83| .68 -.71] .47 -.56] .70 99.8 79.3| RABO 1 8 1 -37 90100 .36 <64 L65] 57.1 71.9] Rapl
14 3 11 -1.13 .83] .56 -1.89] .39 -.76] .74 0.0 79.3| MELI 7 8 1 .37 98] .65 -.95 .77 .65| 85.7 71.8| SEGT
2 2 1 -1,9 05] 77 -.23] 48 -5 62 90,0 85.7| SELO 9 & 1 .37 00189 .36 .64 65| 57.1 71.0] Mg
10 2 1 -1.98 951,85 .28]1.30 .63| .45 09.98 85.7| LIND 12 8 1 .37 90]1.93 2.10 .29 65| 57.1 71.0] DE12
5 1 11 -3.84  1.22] .37 -.B1] .13 -.57] .65 160.8 90.8| MPHO 1a 8 11 «37 98| .65 -.95 <77 .68 85,7 71.9] MEl4
7 1 11 -3.04  1.22] .37 -.81] .13 -.57] .65 100.0 90.8| SEGO 18 7 1 98] .48 -1.45 .86 .71|188.8 73.9] LI10
- R S SR mmmmeeeeamaneaas mmmeas LT EEEE SRR
MEAN 3.3 11.8  -1.08 .B8| .94 .8] .88  .@| B1.4 80.3] HEAN 8.7 | 79.6 77.6]
P.SD 1.6 .2 1.4 .15 .46 1.8] .71 .8 4.1 5.6| .50 9 | 1.8 6.0]
(TABLE 13.1 Pre-test 0014945, TXT  Now 19 2019 17:27 (TABLE 13.1 Post-test 005925, TXT  Now 19 26019 17:48
INPUT: 14 Person 11 Item REPORTED: 14 Person 11 Item 2 CATS  MINISTEP 4.4.6 INPUT: 14 Person 11 Item REPORTED: 14 Persom 11 Item I CATS  MINISTEP 4.4.6
Person: REAL SEP.: .66 REL.: .60 ... Item: REAL SEP.: 1.50 REL.: .73 Person: REAL SEP.: 1,38 REL.: .73 ... Item: REAL SEP.: 1.25 REL.: .83
Ttem STATISTICS: MEASURE CRDER Ttem STATISTICS: MEASURE ORDER
ENTRY  TOTAL TOTAL MODEL| INFIT | OQUTFIT |PTHEASUR-AL|EXACT MATCH| ENTRY  TOTAL TOTAL MOOEL| INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH|
MMBER SCORE COUNT MEASURE S.E. |MNSQ ISTD|MNSQ ZSTDJCORR. EXP.| 0BSK EXPR| Item MMBER SCORE COUNT MEASURE S.E. |MNSQ ISTD|MNSQ ZSTO|CORR. EXP.| DBSY EXPE| Item
e doen PR +
1n 0 14 329 1.53| WAXIMUM REASIRE | .00 .09]100.0 100.9] ExplAnswtoQnid 3 18] 98 .15| .41 .33 78.6 78.8| EffofabisturbatCE
4 1 W 199 189 %0 .14 35 -] 42 28| 92.9 92.7| EffofabisturbatCE H 9 iel 37 601,00 88108 .38 .14 37| 71.4 66.8| IncryldofProd4ExoRxns
H 1 14 199 19| .83 -7 .1 -39 .56 .28) 92.9 92.7| DrawConeVsTimGrph 10 9 14 ar ea| .79 -.93] .71 -.86| .59 .35| 78.4 66.9] EffofIncriomcofProdtoreact
71 % L g 80 -4 54 -] 52 36| 92.9 86.0] ExplainCloSystens n9 w3 e 7|10 L79] W23 .35| 704 66.9] ExplanswtoQeid
[ 314 .m0 7| .98 .08 L1 4] 43 .40] 7B.6 B1.3| ExplainlpeSystems 30M W -3 .es|Le8 32| 93 .67 .24 .29] 8.6 7B.5| ConcofProdtsat(E
9 3 1 .52 Jiin 134 e8] .3 a9 78.6 B1.3| DymemicEquilibriue 5 13 W LT L06[1.13 43|15 79 86 18] 929 92.8] DrawloncysTimGrph
2 3 1 .52 62(1.45  .62] 98 1] .36 44| 64.3 72.2| IncryldofProddExoRuns L] 13 4 TR L8618 39| W69 5] W22 18] 9.9 92.8] DynamicEquilibrive
w3 14 .52 .62 JJ1-1.13] .60 -.83] .67 44| 78.6 72.2| EFfofIncrConcofProdtoreact 1M 14 383 1.82| MINIMM MEASIRE | .80 .P9[189.9 109.8| RatesofRuns atCEquil
H [ 14 -7 600123 1.02[1.35 .97 .25 .45] 64.3 69.2] Reversible Runs [ " 14 3,83 1.8F| MINIMM MEASURE | .ee .08|100.8 100.8| ExplainDpnsystess
1 ] 14 1.8 0] .76 -1.04] 68 -.83] .63 44| B5.7 69.7| Ratesoffans atlBquil 7 1" 1 -3.83  1.82] MINIMM MEASURE | .0@ .00[100.8 100.8| ExplainCloSystess
3 8 14 18 60188 100|192 1.05] -.00 .34] 85.7 85.4] ConcofProdisatE § M 14 -3.83 15| MINDWM MEASURE | 8@ .00|100.9 100.8| Reversible funs
MEAN 4.2 140 .30 87| 98 1] .88 0] | 81.4 B0.3 BEAILD 148 -L19 Las|lee e 2| | 19.6 77.6]
PSD 34 @ 1m0 8. 7] s L] | 10.2 8.8 PSD 34 B 1B 34 4.8 5 | 8.5 0.8
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Appendix X: Lerato’s TSPCK episode Rasch Person Measure

TABLE 17.1 Lerato's TSPCK episodes ZOUG12WS.TXT Feb 3 2020 16:23
INPUT: 25 Person 5 Item REPORTED: 25 Person 5 Item 2 CATS MINISTEP 4.4.6
Person: REAL SEP.: .8@ REL.: .88 ... Item: REAL SEP.: 2.90 REL.: .80

Person STATISTICS: MEASURE ORDER
|ENTRY  TOTAL TOTAL MODEL|  INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|NUMBER SCORE COUNT MEASURE 5.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| 0B5¥ EXP¥| Person|
|- S — S —— TS ——— T S —— Fommmmm o |
| 4 4 5 2.81 1.90| MAXIMUM MEASURE | .92 .92|100.0 100.0| Lerd |
| 6 4 5 2.81 1.90| MAXIMUM MEASURE | .92 .92|100.0 100.0| Lers |
| 24 4 5 2.81 1.96| MAXIMUM MEASURE | .92 .92|160.0 100.8| Le2d |
| 15 4 5 2.81 1.90| MAXIMUM MEASURE | .92 .92|100.0 100.0| Lels |
| 20 4 5 2.81 1.90| .89 1.89 .91 2.80| .92 .92|100.0 100.0| Le2d |
| 23 4 5 2.81 1.90| .89 1.89 .91 2.80| .92 .92|100.0 100.0| Le23 |
| 11 4 5 2.81 1.90| .89 1.89| .91 2.0 .92 .92|100.0 100.0| Lell |
| 1 3 5 1.31 1.24| .91 .e2| .66 -.07| .72 .67| 75.0 74.8| Lerl
| 3 3 5 1.31 1.24| .73 -.35| .53 -.26| .76 .67| 75.@ 74.8| Ler3
| 5 3 5 1.31 1.24| .73 -.35| .53 -.26| .76 .67| 75.8@ 74.8| Lers
| B 3 5 1.31 1.24| .91 .e2| .66 -.07| .72 .67| 75.0 74.8| Ler8
| 10 3 5 1.31 1.24| .73 -.35| .53 -.26| .76 .67| 75.0 74.8| Leld® |
| 14 3 5 1.31 1.24| .73 -.35| .53 -.26| .76 .67| 75.0 74.8| Leld
| 16 3 5 1.31 1.24| .73 -.35| .53 -.26| .76 .67| 75.0 74.8| Lels
| 17 3 5 1.31 1.24| .91 .e2| .66 -.07| .72 .67| 75.0 74.8| Lel7
| 18 3 5 1.31 1.24]|1.77 1.33|2.73 1.54| .39 .67| 75.0 74.8| Lel8
| 19 3 5 1.31 1.24]|1.77 1.33|2.73 1.54| .39 .67| 75.@ 74.8| Leld
| 21 3 5 1.31 1.24| .73 -.35| .53 -.26| .76 .67| 75.80 74.8| Le21
| 2 2 5 ) 1.11] .40 -1.49| .39 -1.48| .73 .53|100.0 71.8| Ler2
| 7 2 5 ) 1.11] .40 -1.49| .39 -1.48| .73 .53|100.0 71.8| Ler7
| g 2 5 ) 1.11] .40 -1.49| .39 -1.48| .73 .53|100.0 71.8| Lerd
| 12 2 5 ) 1.11]1.53 1.11|1.57 1.15| .35 .53| 50.@ 71.8| Lel2
| 13 2 5 ) 1.11|1.41  .91|1.39 .87| .48 .53| 50.0 71.8| Lel3
| 22 2 5 ) 1.11]1.53 1.11|1.57 1.15| .35 .53| 50.@ 71.8| Le22
| 25 2 5 .00 1.11]1.53 1.11|1.57 1.15| .35 .53| 50.0 71.8| Le25
|- S — S —— TS ——— T S —— Fommmmm o |
| MEAN 3.0 5.0 1.36 1.39] .99 .@| .99 21| | 73.6 73.86| |
| P.5D .7 .8 1.85 -33| .46 .9 .74 1.0| | 15.5 1.5| |
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Appendix Y: Sara’s learner Rasch Person and Item Measure (Pre-and post-test)

[TABLE 17.1 Pre-test TOU1EEWS . TXT  Nov 19 2@19 18:28 | [TABLE 17.1 Post-test IOMMG2WS. TXT  Nov 19 2819 18:32
INPUT: 12 Person 11 Ttem REPORTED: 12 Person 11 Item 2 CATS  MINISTER 4.4.6 INPUT: 12 Person 11 Item REPORTED: 12 Person 11 Item 2 CATS  MINISTEP 4.4.6

Person: REAL SE B8 Person: REAL SEP.: 1.3@ REL.: .73 ... Item: REAL SEP.: 1.20 REL.: .86

Persen STATISTICS: MEASURE ORDER Person STATISTICS: MEASURE ORDER
ENTRY  TOTAL TOTAL MODEL|  INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| ENTRY  TOTAL TOTAL MODEL|  INFIT | OQUTFIT |PTMEASUR-AL|EXACT MATCH|
NUMBER SCORE COUNT MEASURE S.E. [MNSQ ZSTD|MNSQ ZSTDJCORR. EXP.| 0BSX EXPX| Person NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZISTD|MNSQ ZSTD|CORR. EXP.| OBSX EXPX| Person
e - Rt g e - R o #ommmm——— Rt St
1 7 1 2.51  1.38| .46 -.83] .22 37| .84 .79|100.@ 85.5 TEKO 2 10 11 244 1.19| .44 -.70| .20 -.43] .7@ .a4(|100.0 87.4] xamz
| 9 711 251 1.30] 46 -.83] W22 -.37] B4 ,79|100.0 85.5] MAEK 4 10 11 244 1.19] 44 -.70] 20 -.43] (70 .44]100.0 87.4| MBI4
| 3 5 11 -.88  1.06] .48 -1.01] .34 -.66] .87 .80|100.0 78.2] ZIMA 9 10 11 244 1.19]1,52 .84[1.88 53] .24 .44] 75.8 87.4] MAEQ
| 4 5 11 -.88  1.06| .48 -1.01| .34 -.66] .87 .80|100.0 78.2| MBIZ 10 19 11 244 1.19]1.36 .68] .75 27| .34 .a4] 75.8 87.4| BUO
8 5 1 -.88  1.06| .48 -1.81] .34 -.66] .67 .80|109.0 78.2| LESO 12 18 1 2.44  1,19|1,52 .84|1.08 53| .24 44| 75.0 87.4| KA12
12 5 11 -.88 1.06| .82 -.18| .54 -.27] .83 .80 66.7 78.2| KALO 1 ] 1 LM 94| 78 -.44] 51 | .70 54| 87.5 81.2] LERL
5 a 1 L8 1.07| .41 -1.34] .38 -.24] .85 .78[100.0 79.3] TEBO 3 9 1 134 94| .52 -.89] .37 | .78 .54] 87.5 81.2] 2IM3
7 4 11 -1.18  1.07| .41 -1.34] .30 -.24]| .85 .78[100.0 79.3| KEKA 6 9 1 1.34 .94| .86 -.06| .75 -.12| .61 .54| B7.5 #1.2| TaTe
| 10 4 11 -1.18  1.87|1.79 1.34] .30 -.24] .59 .78 66,7 79.3| BUKA | 7 ] 1 1.34 94(1.05  .27(1.45 77| .46 54| B7.5 81.2| KEKT |
| 1 3 11 244 L22[1.65 1110139 .72] .68 75| 83.3 82.9] LERA 1 9 1 L3 941,68 1.23]1.89 1.20] .20 54| 62.5 81.2] TEL
| ] 311 -2.44  1.22[1.81 1.30]2.35 1.17] .64 75| 83.3 82.9] KAMO 5 ] 11 .57 .84|1.25 .78|1.19 .52| .48 58| 62.5 73.8| TEBS
6 3 11 -2.44  1.22|1.81 1.38|2.25 1.17] .64 75| 83.3 82.9 TATO 8 8 1 .57 .84| .91 -.10| .93 .e1] .62 ,5B| B7.5 73.8| LESE
SEssssssssssssssssssssisssnnans Sessssscsfesscccccsccfescsssssssngenaaans Sessmsssssssssssssssssssssssssssssssfessssnnas +- Rt i . S
MEAN 4.8 110 -.20  1.27| .88 -.3]1.57 2| | oo.0 88.9] MEAN 9.3 11.0  1.67  l.e3[1.e2 .1 .87 1] | 82.3 82.6]
P.5D 1.7 .8 2.25 .38| .58 1.1)2.78 1.1 | 13.3  2.8| P.5D .7 ] .78 14| 43 7] .49 6] | 1.9 4.8

[TABLE 13.1 Pre-test I0U1BMWS. TXT  Nov 19 2019 18:28

.TI.BI.E 13.1 Post-test TOUMEMS . TXT  Now 19 2019 18:32
INPUT: 12 Person 11 Item AEPORTED: 12 Person 11 Iten 2 CATS MIMISTEP 4.4.6 INPUT: 12 Persce 11 Iten REPORTED: 12 Persan 11 Item 2 CATS MINISTEP 4.4.6

Person: REAL SEP.: 1.25 REL.: .61 ... Dtem: REAL SEP.: 1.99 REL.: .BO Person: REAL SEP.:

Ttem STATISTICS: MEASURE ORDER Them STATISTICS: NEASURE ORDER
ENTRY  TOTAL TOTAL PCDEL|  INFIT | OUTFIT |PTMEASUR-AL | EXACT WATCH| |ewRy  ToTAL TOTAL MOOEL| INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH|
MMBER SCORE COUNT WEASURE S.E. |WNSQ ZSTO|MNSQ ZSTD|CORR. EXP.| 0854 EXPA] Item |WMSER SCORE COUNT MEASURE S.E. [MNSQ ZSTD|MNSQ ISTD|CORR. EXP.| 0BS% EXPX| Item |
4 @ 12 206 1.86) MAGMM MEASIRE | .00 .00|100.0 100.0] Effofabisturbat(E 5 B 12 .0 64| .87 -.88| B0 -.53| .50 31| 65.7 66.5| DrawConcWsTisGrph
9 O 12 286 1.B6| WUCMM MEASURE | .00 .09[100.0 100.0] DynamicEquilibrim 1 8 12 .90 64105 8185 27| .25 .31 66.7 69.3] Explanswteqni
11 9 12 2.06  1.B6| MUCMM MEASIRE | .00 .00|100.9 100.8] ExplAnswtoQnid 7 9 12 .46 L0139 1.45(1.73 1.5 .33 .29] 5.0 74.9] EwplainCleSystess
501 12 10 L.N[1.90 1.36[5.70 2.15| .35 66| 9.0 89.4] DrawloncsTintrph 2w 12 e .80] .88 -.09] .67 .33 .46 .25] 83.3 83.3] IncryldofProd4Exohons
73 12 65 1.00] .26 -1.47 .46 -.60] .8 .70[100.0 87.5] ExplainCloSystess 4 1 12 -52 .06 .85 .08 45 -.26] .47 18] 91.7 91.6| EffofabisturbatCE
] LI Bol1.a2  .43|1.65 .03 &1 67| 8.0 76.5] ExplainOpeSystess ] 1 12 -.92  1.06| .85 .08 .45 -.26| .47 18] 91.7 91.6| ExplainDpeSystess
1 § 12 -5 70106 30[1.05 43| .82 .64 80.9 74.5] IncryldofProddExchens L] 1 12 -.92  Lee[1.0s .33] .89 .27] .14 18] 917 91.6| DynamicEquilibrium
1w 8 12 -1.69 79| 6119 . -.20| .0 .58| 0.8 77.0] EffofIncrioncofProdtareact w1 12 .82 L6185 .33 .89 .17] .14 L8] 9.7 91.6 EffofIncrfoncofProdtoreact
] 9 12 -1.99 187 .50 -1.22] .31 -.21| .68 .55[180.0 80.5] Reversible Runs 1 12 12 -8 1.B2| MINIMUM MEASURE | .00 .00[100.2 100.0] Ratesoffoms atCEquil
1 om 12 1% 1.7 50 -1 31 -2 .68 .55(100.0 80.5| Retesoffons atCEquil 312 12 <18 1.52| MINDWM MEASIRE | .00 .00)100.0 100.8| ConcofProdtsat(E
117 @ 19 17| .5e-Lm M -] 68 55[100.0 BA.5| ConcofProdtsatCE 8 12 n 18 1.82| MINIMM MEASURE | .00 .00]100.0 100.8| Reversible Runs
..... B - -
MEAN 52 1.0 EE T T R 17 S 1| | 5.0 B0.9] MEAN 181 120 59 1.4 2] 87 ] | 82.3 82.8|
PSD 44 0 LM 4] 54 11018 8] | 8.2 58] P23 8 137 s 43 g | 1.6 10.1]
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Appendix Z: Sara’s TSPCK episode Rasch Person Measure

TABLE 17.1 Sara's TSPCK episodes Z0UBGSWS.TXT Feb 3 2020 14: 3
INPUT: 26 Person 5 Item REPORTED: 26 Person 5 Item 2 CATS MINISTEP 4.4.6
Person: REAL SEP.: .8@ REL.: .89 ... Item: REAL SEP.: 3.85 REL.: .99

Person STATISTICS: MEASURE ORDER
|ENTRY  TOTAL TOTAL MODEL| INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH|
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS¥ EXP¥| Person|
[--=-mm - TS — S — TS ——— TS ——— Fommmmm o |
| 3 4 5 2.22 1.74| .14 -.62| .89 -.72| .96 .75|100.8 92.5| Sar3 |
| 7 4 5 2.22 1.74| .14 -.62| .89 -.72| .96 .75|100.8 92.5| Sar7 |
| g 4 5 2.22 1.74| .14 -.e2| .89 -.72| .96 .75|108.8 92.5| Sar9 |
| 19 4 5 2.22 1.74|4.61 1.92|3.22 1.48| -.86 .75| 60.8 92.5| Sal9 |
| 20 4 5 2.22 1.74| .14 -.62| .89 -.72| .96 .75|100.80 92.5| Saz20 |
| 21 4 5 2.22 1.74| .14 -.62| .89 -.72| .96 .75|100.80 92.5| Sa2l |
| 22 4 5 2.22 1.74|5.00 2.00|9.90 1.35| -.49 .75| 60.8 92.5| Sa22 |
| 24 4 5 2.22 1.74| .14 -.62| .89 -.72| .96 .75|100.80 92.5| Sa24 |
| 25 4 5 2.22 1.74| .14 -.62| .89 -.72| .96 .75|100.8 92.5| Sa25 |
| 2 3 5 .23 1.15| .7@ -.39| .49 -.@9| .74 .6l| B8@.@ 78.9| Sar2
| B 3 5 .23 1.15| .97 .14| .72 .17| .64 .6l1| 80.0 7B.9| Sar8
| 10 3 5 .23 1.15| .97 .14| .72 .17| .64 .61| 80.8 78.9| Sale |
| 11 3 5 .23 1.15|1.1@ .36| .87 .31| .59 .6l1| 80.0 78.9| Sall
| 13 3 5 .23 1.15| .70 -.39| .49 -.@9| .74 .6l| B8@.0@ 78.9| Sal3
| 14 3 5 .23 1.15| .78@ -.39| .49 -.@9| .74 .6l1| 80.0 78.9| Sald
| 15 3 5 .23 1.15| .78@ -.39| .49 -.@9| .74 .6l B8@.0@ 78.9| Sals
| 17 3 5 .23 1.15| .97 .14| .72 .17| .64 .6l1| 80.0@ 7B.9| Salv
| 18 3 5 .23 1.15| .78@ -.39| .49 -.@9| .74 .6l1| 80.0 78.9| Sals
| 23 3 5 .23 1.15| .97 .14| .72 .17| .64 .6l1| B8@.@ 78.9| Sa23
| 26 3 5 .23 1.15|1.45 .88|1.92 1.e0| .39 .6l1| 80.0 78.9| Sal6
| 1 2 5 -.92 i1.84| .81 -.58| .63 .17| .54 .46| 60.0 68.8| Sarl
| 4 2 5 -.92 i1.e4| .81 -.58| .63 .17| .54 .46| 60.0 68.8| Sard
| 5 2 5 -.92 i.e4|1.04 .23| .84 .35| .44 .46| 60.0 68.B| SarS
| 6 2 5 -.92 i.e4|1.04 .23| .84 .35| .44 .46| 60.0 68.B| Sare
| 12 2 5 -.92 i1.84|1.29 .98|1.88 .52| .34 .46| 60.0 68.8| Sal2
| 16 2 5 -.92 i.e4|1.04 .23| .84 .35| .44 .46| 60.0 68.8| Sale
[--=-mm - TS — S — TS ——— TS ——— Fommmmm o |
| MEAN 3.1 5.0 .65 1.33|1.02 .8|1.83 -1 | 79.2 81.3| |
| P.5D .B .8 1.22 .30|1.16 .7|1.89 8| | 15.2 9.0|
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Appendix Z 1: Inter-rater reliability
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Planned TSPCK Enacted TSPCK
Observer A Rater_| Observer A Rater_1
DObserver B Rater 2 Observer B Rater 2
Observer A Observer A
Observer B 2 1 Observer B 1 2
! : 2 3 (60.0%) 1 1 2 3 (55.0%)
2 [ 2 2 (40.0%) 2 0 2 2(45.0%)
1 4 5 1 4 H
(20.0%%) (80.0%4) (20.0%) (80.0%)
Wei Kappa 0.286 :
Sundederor | 0274 | Weibekapre 0280
95% Cl -0.251 10 0.86 95% C1 | 025110092
Observer A Rater_1 Observer A Rarter_1
Observer B Rater _3 Observer B Rater 3
Observer A ‘Observer A
Observer B 3 | 1 Observer B 3 I 2
1 2 | 0 2 (50.0%) 1 2 1] 2 (50.0%)
3 1 | 1 2 (50.0%) 3 1 1 2 (50.0%)
3 | 1 4 3 1 4
(75.0%) {25.0%%) (75.0%) (25.0%)
Wei Ka 0.500 ightod Kapra
snm ..E' 0.375 | “;w e g:;?g
95% Cl -0.251 to 1.000 959 Cl -0.235 to 1.000
Observer A | Rater 2 Observer A Rater_2
Observer B Rater 3 Observer B Rater 3
Observer A Observer A
Observer B 3 2 Observer B 3 1
2 1 2 2 (50.0%) 2 1 2 3 (60.0%)
5 o 2 2 (50.0%) 3 0 2 2 (40.0%)
1 4 5 1 4 H
(20.0%) (80.0%) (20.0%) (80.0%)
Weighted Kappa 0.286 Weighted Kappa 0.286
Standard error | 0.274 Standard error 0.274
95% Cl | -0.251 0 0.86 | 95% Cl -0.251 o 0.822
Learner-achievement tests
Observer A Rater_1
Observer B Rater _2
Observer A
Observer B 1 1
2 1 2 3 (55.0%)
1 0 2 2 (45.0%)
1 4 5
(45.0%) (55.0%)
Weighted Kappa 0.286
Standard error 0274
952 C1 -0.251 10 0.80
Obszerver A Rater_1
Observer B Rater _3
Observer A
Observer B 3 2
1 2 0 2 (50.0%)
3 1 1 2 (50.0%)
3 ‘ 1 4
(50.0%) (50.0%5)
Weighted Kappa 0.500
Standard error 0.375
95% C1 -0.235 to 1.000
Observer A Rater_2
Observer B Rater _3
Observer A
Observer B 3 1
2 1 2 3 (60.0%)
3 0 2 2 (40.0%)
1 -+ 5
(40.0%) (60.0%)
Weighted Kappa 0.286
Standard error 0.274
95% Cl -0.251 to 0.80




