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ABSTRACT

Numerous reports, such as the Trends in International Mathematics and Science Study (TIMSS)
reports have shown that South African learners have been struggling in mathematics education.
Perkins (1991) listed the three goals of (mathematics) education as retention, understanding and
application. Education, which is used interchangeably with learning in this research, refers to the
process whereby learners understand, retain and apply mathematical concepts. Therefore, poor
achievement in mathematics education is in essence a failure to understand, retain and apply
concepts. Retention, a core category studied in this research, is considered not only an

educational goal but also important in making further learning in mathematics, possible.

| decided to focus on retention, even though it is just one of the three goals of education because
my observations over many years of teaching mathematics, confirm its centrality in the subject.
It has also been quite evident from this research, that learners often struggle with concepts, even
ones they initially demonstrated an understanding in. It was noted that generally, learners tend
to do very well in assessments administered soon after a lesson but struggle with the same
concepts if they are asked to demonstrate an understanding later in a delayed assessment, a

phenomenon that was also observed by Kang (2016).

While much research has been done that generally points to the inadequate pedagogical and
content knowledge of teachers, especially in South Africa (Venkat & Spaull, 2015; Bowie, Venkat
& Askew, 2019; Bansilal, 2015; Taylor, 2019), this research’s view is that delayed assessments are
responsible for students’ low performance in the subject. Comparing assessments administered
close to when the concept was taught and end of term and year exams confirm the negative
impact of delayed tests on mathematics performance. This confirms the importance of retention,
and that although many learners understand mathematical concepts, they fail to retain that
understanding for a long time which in turn hampers further learning (Karagiorgi & Symeou,
2005; Wilson, 2009). Quite often, the failure to retain concepts is often confused with a failure
to understand concepts, especially in delayed assessments. Although these two goals are related,
they need to be viewed as separate but connected entities. Retention of concepts, which is
defined collectively by its indicators discussed in the research, plays an integral role in supporting
mathematics, which in the present research is hierarchical, sequential and connected (Wilson,

2009). In turn, a number of authorities have flagged Information and Communication
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Technologies (ICTs) as affording practices that enhance retention (Ferriman, 2014). So, although
this conceptual paper will study the importance of this goal in mathematics education, it will also
focus on how ICTs promote retention with the intention of constructing a pedagogical framework
guiding ICT integration in the subject. This focus gets support from Kennewell (2006) who argued
that (technological tools) will not act independently of pedagogical settings in which they are
used and that an evaluation of the impact of ICT on teaching and learning, requires an

“...accompanying detailed analysis of the complete pedagogical setting” (p. 102).

ICT affordances must, therefore, be viewed in terms of their impact on indicators of retention
within specified pedagogical contexts. Indicators of retention are practices and behaviours that
enhance retention. Certain technological tools and certain uses of these tools and software tend
to predispose some of these technologies to an advantage over others in enhancing and

supporting retention of mathematical concepts.

A conceptual study was used in this research because it allowed the research to reinterpret
existing data to bridge the gap between existing major concepts, categories, theories and models
in order to offer new insights and support inferences from existing literature and documents that
broaden the current pedagogical thinking on ICT integrated mathematics learning (Gilson &
Goldberg, 2015). Conceptual papers, by their very nature do not follow the status quo (Gilson &
Goldberg, 2015), as will be seen in this research, usually because their thrust is to solve practical
problems through the delineation of constructs, premises, assertions and reinterpretations from
a variety of theories and data that converge around the topic. The simplicity in which this
research is presented is deliberate. It is meant to make its adoption easier in order to improve

mathematics performance.

A grounded theory methodology was used to study the following four main categories, with ICT
and retention being the core themes of this research: ICT affordances; the nature of
mathematics; the function of retention in mathematics; and the enabling pedagogical framework
that leverages the potential of ICTs to support the retention of concepts. Initially, all the above
four above categories were studied separately, but thereafter, were systematised into a
pedagogical framework. During data collection and analysis, the silo approach of studying the
categories was not always sharply defined and linear, as evidenced by the many back and forth
connections with other categories that formed the basis of discussions where clear links existed

and permitted it.
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The research started with skeletal low level and emergent categories on the nature of
mathematics and the category of retention. These emerged from the initial engagement with
literature in the literature review section. Thereafter, a semi-structured discussion strategy on
sources was adopted to approach the data collection with these skeletal low level and emergent
categories being utilised as ‘lenses’ to guide the initial stages of collecting data and analysis. This
process culminated in the categories being further refined and developed and prepared them to

build inter-category connections necessary to construct a suggested framework.

The nature of the research required me to make interpretations and reinterpretations and
necessitated the extensive use of metaphors. The metaphors of building and blocks were used
not only to show a hierarchy, but also the sequence and connections implied in the nature of
mathematics taught in Finland, and the official books and curricular from South Africa and
Zimbabwe. Other metaphors used relate to tentacles and hooks that all signify the importance
of connections and in certain instances, highlight conceptual disconnections in learners’
conceptual understandings as a result of pedagogies that obliviate learners’ current and previous

learning experiences and skills.

While initially | had hoped to confirm that ICT tools are mainly learning tools, a study of data
sources indicated that their abilities to keep records and provide feedback at the click of a finger

makes them invaluable teaching tools that support retention as well.

Among others, the recommendation that stands out in this research is that the nature of
mathematics demands individualised attention and that teaching and learning should be
differentiated based on learners’ prior available (retained) understandings. Retention itself is an
individualised process that depends on and build upon each learner’s previously retained
concepts. The multiple processes required to cater for different learning styles and paces in order
to democratise mathematics learning requires the careful use of ICT tools, whose potential
affordances allow them to function as an assistant teacher and make processes that would
ordinarily be impossible, possible. ICT tools effectively used while catering for differentiated
learning becomes invaluable tools of inclusion, especially of learners who were not previously
catered for in a classroom where the teacher focuses on the average, and not those who are

considered outlier learners.
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The research concludes by putting the various elements of low level and emergent categories
together to construct a pedagogical framework that guides teachers on the use of ICTs to
enhance the retention of mathematical concepts. This new framework, which is currently not in

existence, constitutes what has been referred to as the ‘missing link’ of the research.

viii



TABLE OF CONTENTS

COPYRIGHT ..ttt ettt ettt et at e et e s at e e be e s ateeabeesa b e e abeesabeenbeesabeeabeesateenneenaees i
DECLARATION ..ttt ettt ettt et e h e et sbe e st e e sat e et e e sseeeabeesaeeeabeesateeabeesaeeenbeesaeeenteas i
DEDICATION ..ttt ettt ettt ettt et sttt e s e et e st e e s e e s at e e abeesae e sabeessseebeesnneeaseesnneenneennnes iii
ACKNOWLEDGEMENTS ...ttt sttt ettt sttt sttt e st e s b e sae e e beesateebeesatesbeesaeeenneens iv
ABSTRAGCT ...ttt ettt ettt b e st e b e et e b e e st e e s bt e e bt e bt e st e e be e e as e e saeesabeesnn e e b e e nneeeneennneens v
TABLE OF CONTENTS.....ttetteettertt ettt ettt sttt ettt et e et e sae e san e e sbe e e b e e nbeesabeesnneenneennees ix
LIST OF FIGURES .....coittitii ettt ettt ettt ettt ettt et e st be e sabe e sbeesbeesatesateesateebeesasesnteens XVi
LIST OF TABLES ... ettt ettt ettt b e st e e bt e st e e b e e st e e s neeeaneesneeenneas xviii
ABBREVIATIONS AND ACRONYIMS ...ttt et site ettt ettt et et e siee et e st e e b e saeeeeeas XX
CHAPTER 1 : INTRODUCTION .....eiiiiiiieeiieetee ettt ettt ettt e e st sie e e ne e s esbeesaeeenneesane 1
1.1 Introduction and Background ............euieiiiiiiiiiiee e e
1.2 CIarification Of TEIMS ...coiiiieeieee e e
1.3 Government Policy on [CT INTeGratioNn ......cc.uueeieiiiieiiiiiiiee et e
1.4 Justification of @ CoONCEPLUAl STUAY ...vvveviiiiieiieeeee et e e e e
1.5 Outline Of DiSSEIrtation ......ccceieiiiieeiieeeeeee e e s
1.6 Problem StatemENnt ...c....oo e
1.7 RESEAICN AIM ..ttt e e s e e s e snneeneesneeeneens 11
1.8 The Objectives Of the STUAY ....cc..eiiiiiiee e 11
1.9 RESEAICH QUESTIONS .....eeiiiiiiieeiii ettt e st e e s e e reesmreeneesnneeneens 11
1.9.1 Main QUESTION ...eeviiiiiiiiiiiiiiic e 11
1.9.2  SUB-QUESTIONS ..ot st 11
1.10 Rationale fOr the STUAY ..uveeeiiii i e e e e e e aarrereeeeees 11
110 LIMIEATIONS ettt e e e 13
1.12 Research MethodOIOBY ......ccuiiuiiiiiiiiiiie ettt s s bae e s s sbaaeeeeas 13



1.13 Philosophical FOUN@tioN ......ccuviiiiiiiiee ettt aae e s s saaaee e e 15

CHAPTER 2 : LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK .......cccoviriieenieeieeneenneen 17
2.1 The Nature of MathematiCs .......cueiiiiiiiiee e 17
2.2 REEENTION .ceiiiiiii it e e e st e e e s s e e e e s s e nnaes 19

2.2.1  The Retention Metaphor ... e e e e e e e e 20
2.2.2  The Function of Retention in MathematicsS........ccoccueiriiiiniiiiniieeeee e 23
2.2.3  Indicators of RETENTION ....ccouuiiiiiiiieieeeeee e 28
e Tt N = ol V=Y IV L ][ Y PP 29
2.2.3.2  CONNECLEANESS c..ueiieiieeeiteeetee ettt e st e sttt e sabeesbte e sabeesbeeesabee s bt e esabeesabeeesabeesabeeeseeesabeeenanes 29
2.2.3.3  ElDOration . coueei ittt et st ae e sbe e e nans 31
2.2.3.4  ATEENTION ettt 31
2.2.3.5  RENEAISAL et sttt et b e e 32

2.3 ICT AFFOrTANCES ...ttt ettt e st s e et e s st e s it e s sab e e e nnneeeneeas 33
2.4 CoNCePtUAl FramMEBWOIK ....coieiiiiiiieee ettt e ettt e e e e e e ee bbb eeeeeeeeeessnbrneeeeeeeeeesannnnrens 37

CHAPTER 3 : RESEARCH METHODOLOGY ....coiitiiiiieiienieeiie ettt sttt et sie e s enees 41
3.1 Philosophical FOUNGAtioN .........uveeiiiiiiiiiiiiieeeec e e e e e e e rrre e e e e e e e e e snnnnrees 41
3.2 RESEANCIN DBSIGN «.uveeeiiiiiie ettt sttt e e st e e st e e e e s st e e e e sabbe e e s sabaeeeeanraeeas 42

3.2.1 Phases of the ReSEarch .........cooviiiiiiiii e 45
3.3 Research Methodological APProach ..........eeeeeeiioiieciiiiieieee e e 46
3.4 Data Collection Methods and TOOIS .....c.c.ueiiiiiiiiiiiieee e 47

3.4.1  EXCIUSION Of SOUMCES......couiiiiiiiieeciteeee e 48

3.4.2  Sampling and INClUSION Of SOUICES .....uvveviiiiiiiiciiiieeee et e e 49
3.5 DAt BaSES i e e 51
3.6 Data Collection and Data Analysis APProach ........ccccvveeeeiieiieiiiiiiiieeeee e 52
3.7 Interpretation and the ReSearch REPOIt.......ccuueiiiiiiieiiiiiiiee e 57
3.8 Validity, Credibility and Reliability .......cccovvveeiiiiiiiiieeeee e 60
3.9 Ethical CoNSIAEratioNS .......c.cooeieiiieiieeieeeee et 61



310 CONCIUSION ettt ettt e e e et e e e e et e s e e etae s s e e tneeseetaessesanessesenaesesennss 61

CHAPTER 4 : DATA COLLECTION AND ANALYSIS . coeuieiteieieieeeeee ettt eet s e e eae e sa e senas 62
4.1 General View on the CateGONIeS ..ccuuiiiiiiiiiie ettt e e s e s e 63
L (O I 22NV =YL 64
4.3 The NAtUIre Of IMathemMatiCs cuuuumunieiiiiieieiieee ettt ettt s e e et e erab e e s e eeeeerassnaesees 64

431  The FINNISh CUITICUIUM w.eeniiiieeeeeeee ettt e e e e 65
4.3.1.1 The Nature of Finnish MathematiCs ........ccovviiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeee s 70
4.3.1.2 ENablers Of RETENTION......cooviiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt ettt et et e et et e e e e e s e e e e e e e e e eeeeenes 71
4.3.1.3  Barriers t0 REIENTION. ...t e e e e e e s e e s eba e enaans 71

4.3.2  The ZimbabWean CUMTICUIUM .....ueeeeee ettt e et e e e e e re e e s 71
4.3.2.1 The Nature of Zimbabwean MathematiCs ........cccccvvvviiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeee e 72
4.3.2.2  ENablers Of RETENTION......cooviiiiiieeeeeeeeeeeeeeeeeeeeeeeeee ettt ettt ee et et e e e e e e e e e e e e e e e eeeeenes 72
O N e B - 7= 1 o g =Y 3 W Y = (=1 o] o F 72

4.3.3  The South African CUMTICUIUM covuveeeeeee ittt eeeeeer e e eeeeereeaae e ee s 73
4.3.3.1 The Nature of South African MathematiCs .........covvvviiiiiiiiiiiiiiiieiiiieeeeeeeeeeeeeeeeeeeeeeeeeee s 75
4.3.3.2 Enablers of Retention and Barriers to Retention..........ceevvveveeiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeees 76

4.3.4  Comparison Of CUITICUIUMS .....uvviiiiiiiiiiiirieeee et rreee e e e e eenrraee e e 76

4.3.5 Research Papers ANAIYSEA .......uveeeeiieiiiiiiiiiieeeee ettt e e earreee e e 78
LG T 0t N 1 o {0 Yo [ Ui o [ Y o [P RSRTRR 78
L T T A Yo 10 1 o 17 A i [of= WU TR PRTPPRTTRRTN 78
4.3.5.3 The Nature of South African MathematiCs ..........covvvviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeees 86
4.3.5.4 Enablers of Retention and Barriers to Retention........cccccvvvvveveveviiiieiiiiiiiieeeieeeeeeeeeeeeeeeees 86

L N =Y oY A (o] M =0 [V or= 1 o] o FA PP ORPPRTRN 87
4.5 : ICT Tool Usage in Mathematics EAUCAtiON........oiiiiiiiiciiiiiiiee e e e 93

4.5.1 Effectiveness of a Computer-Assisted Maths Learning Programme: (2014) (De

Witte, Haelermans & ROZEE, 2014) .......uviii et eeeee et e e e e e e e eaae e e e e eaaaeeeenns 94
A.5.1. 1 RESUILS cuuiiiiiiiiiee ettt ettt ettt et e st e e s ba e e bt e e saba e e s bt e e sabae s bt e e sabeeebaeenateesabaeenares 96
B.5.1.2  DiSCUSSION . ...uuiiiiiteteeeeeiitt et e e e e e ettt e e e e e s aberteeeeeesasaunrebteeeeeesasannsebaeeeeessaaasnneaeaeeesesannnsnes 96
4.5.1.3  ENablers of RETENTION......oc ittt e s sereee e e snes 101

4.5.2  Gamification: Deterding et al., 201 1......cccovviiiiiiiiiiiieieiiiee e 101

Xi



A.5.2.1  RESUIES ettt ettt ettt ettt s et e sab e st e s bt e e s bt e s bt e e sat e e sbe e e sabeesbeeeneeesreeenne 102

4.5.2.2  ENADIErs Of REEENTION.....cciiiiiiiiieee et e e et e e e e e e raaae e eees 102
4.5.3  SOLO Taxonomy: Mathomo (2006) ........cccecvuieeeiiiiieeeeiieee e e e eerree e eaee e e e 103
4.5.3.1  ENADIErs Of REEENTION....cciiiiiiiieee et e e et e e e e e e e v aaae e eees 104

4.5.4  Effectiveness of Blended Learning and E-learning Modes: Gambari et al. (2017)106

T B N |V, =Y d o To Yo [o] o =4V PRt 106
N Ny (=Y U | (RPN 106
e T B 1Yol 11y o o TR 107

455 The Impact of ICT Integration on Mathematics Performance in Kenya: Chesitit

(2015) 107
4.5.6  Context-Based Video Instruction: Choi and Johnson (2005) ........cccccveevivveeeennee. 108
B.5.6.1  RESUIS .eeeiitiiee ettt e et e e e e et e e s e ba e e e e ebte e e e e ntaeeeentaeaeeantaeaeanes 109
4.5.7  Calculators: Martio (2009) .....cccvveeeeieeiiiiiiirieiieee et e e e e essarreeee e e e e e e esnaraeens 113
L T N o W 1o To B 1 ol (70 i 1 ) I UUUR 116
- 0t A 1o 4 o Yo [Tt o o T SRR 116
TR < 30 N |V, =Y i o To Yo OOt 118
e e T (<1 U1 | £ T U UPPPN 119
B.5.8.4  DiSCUSSION..cuuutiiitiettteeiiiiitttteeeeessettteteeesssssbrsaeeeeessasassstaeeeessssssssrtsaeeessssnsssssseeeeesssnnns 122
TR < S T o T [o] [V 1] o PPt 125
4.5.9  iPad: KQUr €t al. (2017).cccciiiiiiiieiiee ettt 125
T I N 0] 1YY Y 1 To ] LUt 126
4.5.9.2  IMEENOG ...ttt e eeee bbb e e e e e e e e e et b e e e e e e ee e tabbbraaeeeeeeeaatraaaaaaeeeaans 127
T TR T =T U] | 4 USRIt 128
4.5.10 Use of Tablets: Clarke and Svanaes (2014) .........ccouvevrreeerieeiiiiiiiiieeeeeeeeeeeeesnneens 128
4.5.10.1 MaNagemMENT SUMMAIY ooeeeeiieieeeeeeeeeeeeeeeeeeeeeeee e e s e e e e s e e e e e e e e e 128
4.5.10.2 RESUILS ..ttt ettt e e e et e e e s ata e e e e ataeeeeasaeeeensaeeeeansbaeeeannraeeaas 131
4.6 ENADIING PEUGZOZY ..uvvvreeeeieiiieieitieiiee e e eeetttteee e e e e eeseebbbeeeeeseseeessbbsaeeeeeeeeesesssraneeesesennnnns 132
4.6.1 ICT and Pedagogy: Cox et al. (2004) ......cceeecuiiieiiiiiie et 133
ST A D Lo Tol ¥ [ 4 1= o | PR 134
T T W Ty Y] o T 2 P2 o L UUUR 134
4.6.4  South African Lesson PIaNns .......cc.ueeeiiiiiieeeciiee sttt e et e e ane e e 135



4.6.5  ZIimMbabWean LESSON PlaN ... oottt e et e e et e e e e eeeeeeee s 137

4.6.5.1 Enablers and Barriers to REtENTION........covvvviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 138

L R Y A o (=] (o LY =Y 2 o o ] RPN 139
T T |V, - [ {1 = PPt 140
4.6.6  SOULN AfIiCaN ASSESSIMEBNTS . .eeeeeeieieeee ettt et e e et e e e et e e e et e s eseeaeseeennnss 141
N A 0 ] o Vol 11 1] o] o T 144

CHAPTER 5 : SYNTHESIS OF RESULTS .. iiiiieieeetee ettt ettt e et e e et tae e e e etaeeeeeeneeaeenanans 150

LT (2] e Yo [T Tot 4 Lo o VRTRETUUURRTR TSR OTTRRRUPPRR 150
5.2 AligN MathematiCs ..ccoeueiiiiiiiee et e e s s e e e s e e e s annee 150
B 3 T AN TNE T AT O e e e et e et e e e e et e e e et e e e e e e aeseeeaens 151
5.4 Select the Correct Learning TOOI .....cooueeeiiiiiiee i 151
5.5 Selection of the Relevant AdminiStrative TOO.......vvieeueiiiiiiiee ettt eeaes 152

5.6 Addressing the Question “How ICT Affordances Enhance Retention of Connected,

Sequential and Hierarchical Mathematics” .........oeevieiii oo 154
5.7 Enhancing Connectedness in MathematiCs ........cocccvvveeiieiiiicciiiieeeeee e 155
5.7.1  MURIPIE FOrMAtS..ccii ittt e e e e e e e e e e e e e et reaeeeaeeeeennas 155
5.7.2  Connections ACroSS SUDJECES .....ccovccurreeieeieeieciireeee e e e e et reee e e e e e e eeans 155
5.7.3  Physical and Mental CONNECLIONS .....uvveeeeiiiiiiiiieeeee et e e e e e e 156
5.7.4  Connections to Real Life Problems and Challenges...........cccccveeieeicciiiiiieeeeeecene, 157
5.7.5 Strengthening of Mental Neural CONNECtiONS........ccccevvieciivveeieeeeeiiiiiirreeeeeeeeeeens 157
5.7.6  Flipped Learning, Time Savings and Increased Connections.........cccccvvveeeeeeennnns 157
5.7.7  Connections Through Teaching Others .........ccccoviieiiiiiiicceee e 158
5.7.8  Connections to Age Levels or Conceptual Understanding Levels..........ccccccenn..e. 158
5.7.9 Connections Through Games.........c.uuuiieiieiiiicciiiiiieee et e e eecrrere e e e e e e 158
5.7.10  ReCall and TranSfer ....oooiiiieiieeieeeee e 159
5.7.11  GroWiNg CONCEPES .o oe e e e e e e e e e e e e e e e e e e e e e 159
5.7.12  Introductions and CONCIUSIONS .........eeeiiiiiiiiiiiiieeieeeee e 159



B8 HIierarchical IMathematiCs .oueu et e et e e e et e e e e et e s eeeaas 160

5.8.1  Individualised LEArNING .....uvieeieii it e e e e e e e e e s erer e e e e e e e 160
5.8.2  Baseling ASSESSIMENTS .....ceiiiiiiiiieeitie ettt ettt et sttt s st e s s 160
5.8.3  Seen in MUltiple FOrmMats.....ccuiiiiiiiiieiieiiiecereee e e e svee e e s eirae e 161
5.8.4  More Capable Others to Close Conceptual Gaps .......coovecvvireeieeeieiccciieeee e 161
5.8.5  EVAlUATION et s 162
5.8.6  Constant Retrieval......ccocccooiiiiiiiiiiiic e 162
5.8.7  SimPle t0 COMPIEX et e e e e e st e e e e e e e rer e e e e e e e ennans 162
5.8.8 Competency Rather than Age-Based Grade Promotion........cccccceeveeccivvveeeeeeeennns 163
5.8.9  TeStiNg All TOPICS tieiiiiieiiiiiiee ettt e e e e e e e s rre e e e e e e s s ennrreaeeeeeeeennnns 163
5.8.10 Huge Store of Graded Assessments and Records.........coccevuvveeeeeeeeieciiineeeeeeeeeeeens 164
5.9 Sequential MathematiCs .....ccuviiiiiiiiie e e et e e e 164
5.9.1 Sequencing Based on the Degree of CompleXity.......cccceeevuirereeeeieicicciiieeeeee e 165
5.9.2  KNowing WHen 10 ASSESS OF TEST.....uurreeiiiieiieiiiiirreeeeeeeeiieinrreeeeeeeeseesnrrereeeeessennnns 165
5.9.3 Sequencing Assessments to Promote Learning......ccccceevvveveviieieiiiiieieieeeeeeeeeeeeeen, 165
5.9.4  Mental Activities from Known to Unknown Baseline Assessments..................... 166
5.9.5  ASSESSMENT ..ottt e 168
ST TN o - 1o oY oYU PUPPR 169
5.9.7  Feedback and MoOtivation .........ccceeeiiiiiiriieieceeee e 169
5.9.8  Contextualised LEArNING ......cuieiiieicciiiieeee e ettt e e e e e esccrre e e e e e e e e e nrreeeeeaeeeeenans 170
5.9.9 Catering for Different Learning Styles ........oooiiireree e 170
CHAPTER 6 : DISCUSSION AND RECOMMENDATIONS ...c.coiiiiieiieiienreenieeeree e 173
CHAPTER 7 : CONCLUSION .....oitiiiieetie ettt ettt sttt ettt st e bt e satesbeesneeenneenaee 174
REFERENGCES ... ittt ettt et s e e b e st e be e s aneesneeenneesnneeanees 177
APPENDIX 1: CONSULTED LITERATURE -DATA COLLECTION ....cccuiiiiieiienieenieeeie e 191
APPENDIX 2: SOFTWARE REVIEWS ......oiiiiiiieiee ettt ettt sttt 193



APPENDIX 3: TIMELINE. ...ttt e e 194

APPENDIX 4: ZIMBAWEAN LESSON PLAN ...cciiiitiiiiiiiieiiitic it 195
APPENDIX 5: GRADE 7 LESSON PLANS FROM SOUTH AFRICA ....cccooiiiiiiiieieee e 197
APPENDIX 6: LESSON PLAN FROM KENYA ...ttt 200
APPENNDIX 7: GRADE 6 LESSON PLAN FROM SOUTH AFRICAN .....ccccovviiiiiiiiiiiiiiieciineee, 201
APPENDIX 8: GRADE 3 LESSON PLANS ....coiiiiiiiiiitiiet ettt e e 203
APPENDIX 9: PHOTO CLIPS...ouiiiiiiiiiiiiiiitiien ittt iiras e 207
APPENDIX 10: GRADE 2, 3 AND 9 SUMMARY MARK SHEETS .....ccccoiiiiiiiiiiiiiiiiniceee, 208
APPENDIX 11: GRADE 9 MARK SHEET ..ottt 210
APPENDIX 12: GRADE 7 MARK SHEET IN SOUTH AFRICA .....oovviiiiiiiiiiiiiiiiniceece, 211
APPENDIX 14: PROOFREADING CERTIFICATE .....eeeiieiieeeei ettt e e 212

XV



LIST OF FIGURES

Figure 1-1 Memory cycle built on three basic processes showing the reciprocity of Perkins’s
(1991) three goals of education. Retained concepts support both the application of known
concepts and act as a firm foundation on which to build further conceptual understanding.
(Adapted from Feldman, 2006, p. 213; Dror, 2008) ......c.ceecuieeiieeeieeeeciieeeieeesreeesreeesveeesnseessnneas 4
Figure 2-1 Retention METaphOrs. ... e e e e e s e s raeeeeeeas 21
Figure 2-2 The intertwined and symbiotic relationship between Perkins’s (1991) goals retention,
understanding and application. Retention is shown here being impacted and impacting on
understanding and apPPliCALION. ....ciiiuiiii e e 40
Figure 3-1 Procedures for grounded theory research (adapted from Corbin & Strauss, 1990) .. 45
Figure 3-2 The development from low-level categories to emergent categories evaluated through
the lenses of indicators of retention and their sub-elements leading to the new pedagogical
FrAMEWOTK. .. st s e e 47
Figure 3-3 A schematic representation illustrating how ICT affordances and their emerging sub-
categories directly or indirectly interact with retention (as summarised by its indicators) and
other categories to enhance retention of mathematical concepts. ....ccocceeeeveevcciiiveeeee e, 58
Figure 3-4 A summary of how low-level categories and their emergent sub-categories were used
to form a new pedagogical framework on how ICT should be used to enhance retention of
MAtheMaAtiCal CONCEPLS. ..ciiii it e e e e e e s et e e e e e e e s e e nnreraneeeaeas 59
Figure 3-5 Toulmin’s framework. (Adapted from Toulmin, 1958) .......ccccceeeeiiieeeeiciieee e 61

Figure 4-1 The topic on fractions is connected to real life and colourful visuals that cater for visual

ToE T T oY=y 4] (=TSRRI 74
Figure 4-2 The type of mathematics taught in the different countries under study ................... 76
Figure 4-3 The data sources that revealed the nature of mathematics........cccccoeveeiiiiicnnninnnnn. 77
Figure 4-4 Perceived utility and emergent Categories.....ccviivviiciireeeiee e 88
Figure 4-5 Attention and emergent CategOories .....coeueiiiiiei i 88
Figure 4-6 Elaboration and emergent Cate@BONIES .......ccvveeeeiieiieiiciirreeeeee e eeerrreee e e e e eeeenrraeeeee s 89
Figure 4-7 Rehearsal and emergent CategOries . ....ccuuvuiiiiiriiieeiiiieee et 89
Figure 4-8 Connectedness and its emergent CategOries. ... ..civvuurrrrirrrrrriirririinrnrernrernrar————.. 90

Figure 4-9 Huge gains immediately after a lesson that drop to 25% after a period of just two weeks

(adapted from Murre & Dross, 2015; Craik & Lockhart, 1972) ....ccccvveeeeciiieeecieee e, 90
XVi



Figure 4-10 The learning retention pyramid (Source: National Training Laboratories)............... 91
Figure 4-11 The direct correlation between retention and review (rehearsal and elaboration) 92

Figure 4-12 ICT integration and intellectual development process (adapted from Bandura, 1997)

Figure 4-13 Transforming content into retainable concepts through tools and enabling
practices.(Adapted from Choi and JOhnson, 2005) .........ccoeiiiieeiiiiieee e e 109
Figure 4-14 A summary from literature of what a good programme should do, according to this
research(Adapted from Kilic, 2013) ......cciiiiiiieieiiiee e et e e e e e e e srae e e e e nraeeeeaas 121

Figure 4-15 A summary on the qualities of a good ICT hardware tool (Adapted from Kilic, 2013)

Figure 4-16 A summary of iPad affordances as listed in literature .........ccccceeeveeeevicieeeinciieeeens 126
Figure 4-17 A summary of a good learning system that could act as a guide for the pedagogical
setting (Adapted from Fullan & Donnelly, 2015)......ccoiiiiiiiiiiiiiieeicciieee e e 130
Figure 5-1 Literature on indicators confirmed that although they can be categorised under
sequencing, connecting and hierarchy based on the specific nature of the mathematics they
address, they overlap Many tiMES. ... e e e e e e e e e e e e e anraees 152
Figure 5-2 The hierarchical growth of a concept. Growth is effective and devoid of gaps if there
are connections between concepts and if they are sequenced correctly........cccovvveeeeeeeerrnnnnnee. 160
Figure 5-3 Summary of basic elements of an enhanced pedagogical framework that altogether

leads to retention of mathematical CONCEPLS. ...ccoeeeeviriiiiie e 171

XVii



LIST OF TABLES

Table 1-1 Summary of South African performance in 2015 TIMSS (National Advisory Council on
TaTa oV YdTo Y T L0 i ) SRR 1
Table 1-2 Summary table for Mathematics and Home Languages Annual National Assessments
averages for Grade 3, 6 and 9 (Department of Education [DoE], 2012—2014) ........cccevuveeeecrreeenns 2
Table 3-1 The selection criteria of the literature sources was done according to terminology .. 51
Table 3-2 Sources of data (N=49) (= used due to OVErlaps) ....cccccvrrreeeeeeeeicccirreee e, 52
Table 3-3 Research matrix used to collect data showing contexts for all the selected countries 54
Table 3-4 Data collection matrix showing sub-categories of retention indicators used for coding
observations into indicators of retention .........ccccueviiiiiiiiiii e 56
Table 3-5 Showing the initial matrix of elements used for coding the nature of mathematics. The
matrix will be developed after engaging literature and documents on other categories relating to
the nature of Mathematics. .......oo i 57
Table 4-1 Showing research objectives with their corresponding research sub-questions......... 63

Table 4-2 A summary of findings of the paper by Malaty (2004) on mathematics curriculum in

FINNISH SCROOIS. ... e 70
Table 4-3 Weighted skills in the Zimbabwean curriculum...........cccooiiiiiiici e, 72
Table 4-4 Summary of reviewed reSEarch PAPEIS .....cccvveeeeeeeeieiicireeee e e e eeercrrrree e e e e e e e seaarreeeeeeens 78
Table 4-5 Impact of practices on retention and implication on ICTS........cccccciiiieeeeieieccciieeeee. 86

Table 4-6 Showing the development of retention from its low-level category into its emergent
VT4 YT oAV L= o | Y= oY T=T TP TP RSO P 93
Table 4-7 Memo on impact of practices on retention, tools and pedagogical implications...... 105
Table 4-8 Paired t-Test of learners’ motivation (Choi and Johnson, 2005) ...........cccoeveevrrevennn... 111
Table 4-9 Memo on ICT impact on retention and pedagogical practices .......cccccceeeeeiccvrrennennn.. 112
Table 4-10 Reflection on findings from the paper on the impact of tool on retention (Based on
(0 o Lo IR L] o Y Ko ] T4 010 1) RO 116

Table 4-11 The implied lesson plan that was followed in the research(Adapted from Kilic, 2013)

..................................................................................................................................................... 123
Table 4-12 Showing affordances of the studied ICT tools as per literature .......ccccccceeevvvvevenn.n. 132
Table 4-13 A list of learner and teacher activities in the lesson plans ......ccccovvveeeieeiiiiciinnreeennn.n. 135
Table 4-14 An analysis of Grade 2, 3 and 9 exercise bOOKS..........ccceviiiriiieiiiiiiiee e 140

Xviii



Table 4-15 Showing Mathematics summary marks for Grade 2, 3 and 9 for end of term, 2019, at

=Y ol 4 Vo Yo ) I 2 0S4 TP UPPPR 142
Table 4-16 Comments on a studied Mark SNEETS .....vvvveeeiiiiiiieieee et 145
Table 5-1 Matching the indicators of retention to the ICT affordances.........ccccceeeeeeicninnnenen.n. 153

Table 5-2 Showing the matrix of elements used for coding the nature of mathematics. The

interconnections among the categories are getting clearer with retention featuring the most.

XiX



ABBREVIATIONS AND ACRONYMS

CAl: Computer Assisted Instruction

CAPS: Curriculum Assessment Policy Statement

DoE: Department of Education

ICT: Information and Communication Technologies

IWB: Interactive White Board

PC: Personal Computer

TIMSS: Trends in International Mathematics and Science Study
ZAD: Zone of Actual Development

ZPD: Zone of Proximal Development

XX



CHAPTER 1: INTRODUCTION

1.1 Introduction and Background

The socio-economic and scientific development of any nation is heavily dependent on its
technological and scientific progress, and mathematics plays a key role in this (Lawal, 2013). This
subject is an important and indispensable component of the school curriculum, playing an
integral role in developing higher order thinking skills needed to achieve “... the outcomes and
developing skills such as conceptualisation, generalisation and information processing”
(Nieuwoudt, 2006, in Cassim, 2010, p. 1). Norris (2012) argued that Mathematics is needed in the
sciences and provides access to undergraduate courses such as engineering and sciences. It is
also necessary for a range of life skills, including choosing mortgages and financial investment
options. The performance of learners in Mathematics in South Africa has, however, been a cause
for concern given that the subject underpins abstraction and problem solving (Vorderman,
Porkess, Budd, Dunne, & Rahman-hart 2011), which are core life skills regardless of one’s

occupation.

Trends in International Mathematics and Science (TIMSS) for 2015 showed that for Grade 9,
South Africa was 38™ out of 39, and for Grade 5, 47™ out of 48 countries. The Programme for
International Student Assessment (PISA) results for 2015 again showed the same worrying trend
with South Africa coming 75™ out of 76 participating countries (Marius, 2018). The results
indicate that only 1% of learners in South Africa, compared to 54% of Singaporean students,

achieved an advanced pass.

Table 1-1 Summary of South African performance in 2015 TIMSS (National Advisory Council on
Innovation, 2016)

International Grade 5 Grade 9 Grade 9

Benchmark Mathematics Mathematics Science
Advanced (>625) 1% 1% 1%
High (550-625) 4% 3% 4%
Intermediate (475-550) 12% 10% 9%
Low (400-475) 22% 21% 18%
Potentials ( 325-400) 28% 35% 28%
Not Achieved (<325) 33% 31% 40%




More than 80% of the learners performed below the intermediate level. This is worrying! Table
1-2 below shows the low results in Grade 9 Mathematics and Sciences in the now discontinued
annual national assessments (ANA), suggesting a strong positive correlation between these two

subjects and that a poor performance in Mathematics has a negative impact on the Sciences.

Table 1-2 Summary table for Mathematics and Home Languages Annual National Assessments
averages for Grade 3, 6 and 9 (Adapted from the Department of Education [DoE], 2012-2014

report)

Literacy/Languages Average Pass | Numeracy/Mathematics Average Pass
Grade National Average National Average
2012 2013 2014 2012 2013 2014
3 52% 51% 56% 41% 53% 56%
6 43% 59% 63% 27% 39% 43%
9 43% 43% 48% 13% 14% 11%

The Annual National Assessments results shown in Table 1-2 confirm that learners are facing
greater challenges in Mathematics than in languages, especially in the higher grades; hence, the
need to explore how different countries and teachers practically understand the unique nature

of the subject.

Much research has been done on the problem of mathematics education in South Africa. This
include research by Venkat and Spaull (2007), focussing on teachers’ content knowledge in the
subject, which produced some very worrying results. Few research, if any, have been done to
verify the extent to which the current Mathematics curriculum relates to the requirements of
Perkins’ (1991) three goals of education, especially retention. The constant evolution of
Information and Communication Tools (ICTs) and how they mediate learning, necessitates a
further study on their contribution to retention of mathematical concepts. This gap made this
qualitative research, using grounded theory to explore and gain a deeper understanding on the

subject, necessary.

The goals of education, including mathematics education, are retention, understanding and
application (Perkins, 1991). Perkins defined understanding as “... the ability to think and act
flexibly with what one knows” (p. 40). Retention, one of the axial categories of this research,
refers to medium- to long-term semantic and declarative memory for prior and foundational
mathematical concepts and skills, as well as the ability to retrieve key facts about a concept (not
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just mere word for word recitation) after a period of two or more weeks (medium- to long-term)
with the intention of problem solving or generating new knowledge. Retention is defined in detail
in Section 1.2. Application was explained by Perkins, (1992, p. 2) when he said “in a sense, any
learning requires a modicum of transfer”, and is essential to extend knowledge, demonstrate
understanding or solve problems. The three goals of learning are actually the three low levels on
Blooms Revised Taxonomy, and recall is at the bottom, followed by understanding and
application (Anderson & Krathwohl, 2001). It is an intriguing question whether Perkins was
suggesting that we should only go as far as the third level on the revised taxonomy and leave out
the rest. This research argues that Perkins’s goal of application was rather broad and
encompasses analysis, evaluation and creation, because these three levels are dependent on, or

emerge from, learners’ prior skills and knowledge.

The importance of the three goals in mathematics education is aptly described by Dror (2008, p.
216) who posited that “... learning takes place when the cognitive system acquires (encodes),
understands and keeps (retains) information for further use” (researcher’s emphasis), as shown
in Figure 1-1. Although the definitions of the three goals all have elements of application, Dror’s
(2008) definition separates these into three distinct entities. He further argued that if this process
is not successful, learning would not have taken place. Successful mathematical education only
happens if learners understand, retain and apply concepts to solve problems or extend learning
(Dror, 2008; Perkins, 1991). If that is the case, the aim of all progressive teachers should be
presenting concepts in such a way that learners understand, retain and use them to solve real

life problems in different contexts.

Laurillard (1993) agreed and further posited that technological affordances have the potential to
enhance the attainment of the goals, hence the current focus on ICTs. It was the need to establish
the truth of this rather sweeping statement that created the need for further examination in the
research. Supporting Laurillard’s assertion, Ferriman (2014) explained that online learning
approaches have a greater likelihood of hitting on a variety of learning styles, impacting positively
on retention. The current focus on retention and enabling technological external conditions
(ICTs) necessary for learning mathematics has mainly been derived from Perkins (1991), Dror

(2008) and Laurillard (1993), supported by Ferriman (2014).

This research tried to show that Perkins’s (1991) goals that he identified 30 years ago are still

relevant. The small number and clarity of the goals made me optimistic that improved
3



performance in mathematics is attainable and only requires a small shift in the way the subject
is being taught. The poor performance in mathematics today, especially in South Africa (National
Advisory Council on Innovation, 2016), could therefore be seen as a failure to achieve
understanding, retention and application of concepts. A focus on retention was necessitated by
my observation that not only is retention a goal of mathematics education, but that retained
concepts promote further understanding and support application. While the adoption of the
three goals might prevent us from attaining the higher levels of mathematical conceptions of
developed countries, it offers a simpler step-by-step approach that can be easily adopted to
immediately improve performance in the subject. Its elements pervade the other two goals by

affecting and being affected by them.

Figure 1-1 shows a functional but non-linear relationship among the three goals of education.
Concepts that have been retained enhance further conceptual understanding and make
successful knowledge transfer possible. In the current research, application refers to all forms of
knowledge transfer, including problem solving, using in a new lesson and higher levels from level

three on the revised Blooms Taxonomy.

Encoding ICT Application

Teaching for Applying
understanding- understood and
knowledge ) C—) ::ﬁ:;:;ﬂ :t;r;cept_t.-
acquisition knowledge

Figure 1-1 Memory cycle built on three basic processes showing the reciprocity of Perkins’s
(1991) three goals of education. Retained concepts support both the application of known
concepts and act as a firm foundation on which to build further conceptual understanding.
(Adapted from Feldman, 2006, p. 213; Dror, 2008)

Perkins’s (1991) listing of retention as one of the three important goals of education finds
impetus from Piaget in Hammond, Austin, Orcutt and Rosso (2001), who proposed a balance
between the role of memory and free activity in learning that varies from subject to subject. He

argued that, “Generally speaking ... every discipline must include a certain body of acquired facts”



(p. 6). In relation to the goals of education, the following scenarios are observations that

characterise my view of how mathematics is currently being taught in South African schools:

1. Teaching through rote and drill approaches. This approach puts very little emphasis on
understanding. Learners are taught to regurgitate mathematical information, and any
deviation in questioning or context tends to leave them confused. The approach is mainly
characterised by low order questions that mainly test recall of facts. Learners taught using
this approach struggle with high order and open-ended questions and are also likely to
struggle in situations that require mental effort and creativity (Neisser, 1982).

2. Teaching for knowledge acquisition with little or no opportunities for retention of
concepts. The teacher’s main focus is ensuring that learners understand the concepts.
Teachers are content with the high achievement in tasks that immediately follow lessons.
Delayed assessments often show the weaknesses of this method, with major complaints
by teachers using this approach being that while learners demonstrate competence in
class, they tend to forget concepts as evinced by diminishing performance over time
(Kang, 2016). Even a comparison on achievement in grade assessments that does not
acknowledge the impact of timing of the assessments would produce inaccurate results.

3. A thrust towards application and problem solving with little emphasis on retention. This
approach negatively impacts on scaffolding that relies on the existence of prior
knowledge (Karagiorgi & Symeou, 2005). Proponents of this approach focus on problem
solving, but problems often arise when learners become frustrated and struggle to
complete tasks successfully because they lack the requisite prior knowledge and skills to
complete the tasks. This approach is another source of negative attitudes about
mathematics, because in their quest to teach higher maths, teachers leave a ‘trail of gaps’
in learners’ conceptions of the subject. Using the analogy of building, this can be likened
to someone trying to suspend a brick in the air and claim to have made huge progress.

4. Avariety of combinations of the above in varying degrees is evident in some classes where
teachers make an effort to teach for understanding, ensure that the concepts are retained

and are applied to solve high order problems (Kang, 2016).

Pedagogical deficiencies, especially in the first three approaches listed above, are possibly a
result of being unaware of the existence and interconnections among the three goals of learning,

resulting in learners labelling mathematics ‘difficult’. These problems, especially in relation to
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supporting retention of mathematical concepts, can be mitigated by integrating ICTs in learning
(Laurillard, 1993). Because the efficacy of ICTs depends on a variety of factors (Kennewell, 2006),
their advent in most schools requires a pedagogical shift and framework to systematise and guide
teachers on how to use theirimmense potential to enhance the retention of concepts. | feel that
this guiding framework is still missing in the current literature, hence the need for this research.
The recommended framework has been arrived at through a thorough study of the interaction
among the four low-level selected categories (inferred from the topic), which are the nature of

mathematics, retention, ICTs and pedagogy, which are discussed further in Sections 2.1 to 2.3.

1.2 Clarification of Terms

Retention of learned information is defined by Bennett and Rebello (2012) as “...having the
information stored in long-term memory in such a way that it can be readily retrieved, for
example, in response to standard prompts” (p. 167). Hughes (2018) defines retention as “the
fact of keeping something in one’s memory.” | find Hughes’s definition rather limiting in view of
the fact that it lends itself closer to rote methods of teaching and does not make reference to the
retrieval process, which is of central importance to this research. Bennet and Rebello’s (2012)
definition closely describes this research’s view that retention is a process of storing concepts
that is preceded by a firm understanding making them retrievable as resources for further

transfer or application.

The category of ‘retention’ includes within it the sub-categories knowledge storage, long-term
memory and internalisation. In this report, Perkins’s goal of retention varies from retention of a
single item to thousands of items before they are affected by decay and interference. The
concepts of recall and memory are also sub-categories of retention, but these words are used
sparingly because of their association with the traditional approaches of drill and rote learning,
where the focus is memorisation rather than understanding. In this research, retention as a goal
happens at micro and macro levels, from a single learning episode to a series of learning episodes,

and to lifelong learning.

The term ‘concept’ in this research refers to mathematical concepts, skills, attitudes and

knowledge.

‘Learning’ or ‘education’ simply refers to mathematics learning.



‘Prior’, ‘existing’ and ‘foundational’ concepts refer to retained concepts. In the literature review

these terms are compared to the zone of actual development (ZAD) (Section 2.2).

‘ICT tools’ refer to both the hardware and software components of technology. In this research,
the hardware under study are the laptop, interactive white board (IWB), iPad, tablet, television
and calculator. The software under study are mainly MyPedia and Mathletics, a programme that
is used extensively in most countries to support mathematics learning. The distinctions between

the tools are more emphasised during the simultaneous process of data collection and analysis.

1.3 Government Policy on ICT Integration

The South African Department of Education (DoE), through its ICT in education policy, the White
Paper on e-Education (DoE, 2004), developed guidelines for Teacher Training and Professional
Development in ICT (DoE, 2007) as well as “... guidelines for the distribution and use of digital
resources in schools at school level” (Ndlovu & Lawrence, 2012, p. 2). Although these are
recommendations and evidence of government’s will to integrate ICT in schools, these are
neither subject nor lesson specific and do not address the ‘how’, which can only be addressed by
the envisaged framework. Again, the impact of ICTs on the retention of mathematical concepts
and related pedagogical practices in the classroom has not yet been fully defined and established.
The wide variety of educational tools themselves, without the aforementioned pedagogical
framework, would leave most novice and average teachers confused about how ICTs can be used

to support mathematical learning.

1.4 Justification of a Conceptual Study

A conceptual study allowed me to explore how the nature of mathematics affect pedagogy as
well as bridging the effects of existing cognitivist concepts on retention and technological
affordances. It also allowed a description of the interaction between the categories in a learning
space that is best explained by constructivist theories. The main purpose was to offer new
insights and broaden the current pedagogical thinking (Gilson & Goldberg, 2015). This is
particularly important for this type of research where different schools of thought converge, such
as cognitive and constructivist concepts. Conceptual research provides the flexibility to
conceptualise a new framework for integrating ICTs in mathematics education that guides and
supports the way technologies are used in education.
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| envisaged that the synthesis of knowledge from previous studies and other documents would
lead to the emergence of a new pedagogical framework on ICT integration in mathematics
education. Factors and pedagogical contexts that impact on successful ICT mediated learning,
especially for sequential and hierarchical mathematical topics, are too numerous to delineate at
this juncture; hence, | considered the conceptual approach ideally suited to explore the currently

hazy, but fundamentally connected, ideas related to this topic.

| evaluated the claims made in this paper on the basis of Toulmin’s (1958) framework, (Figure 3-
5) on whether they were understandable, have been substantiated and are of considerable
significance. The criteria were also used to justify the elimination and inclusion of certain sources
used in this research. It is on this basis that certain positions in the literature review in the studied

papers were used to enrich this paper.

1.5 Outline of Dissertation

The first part of the dissertation gave a brief outline of the problems related to mathematics in
South Africa, retention and government policy on ICT in education, and a brief justification for a

conceptual study.

The next sections in Chapter 1 focus on the problem statement, the research aims and objectives,
rationale for this study and a further explanation of the grounded theory method used in this
gualitative research. The first section of Chapter 2 focusses on the relevant literature review of
the major identified categories that address the research questions, after which a conceptual
framework guiding this research is discussed. The literature in Chapter 2 is the basis on which the
study of papers and documents in Chapter 4 was conducted. Chapter 3 deals with the research
design and methodology. Data collection and analysis were mostly done simultaneously in the
first four sub-chapters of Chapter 4. Chapter 4 is divided into five sub-chapters, with each of the
first four focussing on one category. Chapter 5 focusses on the synthesis of the findings of the
other chapters, and Chapter 6 is a discussion chapter and gives the recommendations for a new
pedagogical framework on the use of ICTs to enhance the retention of concepts. Chapter 7 is the

conclusion of the study.



1.6 Problem Statement

The following observations about the issues that have not yet been fully studied are pertinent in

articulating the problem statement of this research.

Evidence presented in Table 1.1 and 1.2 indicate that most learners are struggling with
mathematics. Using Perkins’s (1991) view on the goals of learning, another way to put it would
be to say challenges in mathematics are a result of a failure to understand, retain or apply
mathematical concepts. Assuming that the three goals of education equally contribute to
mathematics achievement, a very simplistic analysis would suggest that learners who lack
conceptual retention start their mathematics education with the possibility of losing no less than
a third of their marks. Furthermore, retention has a reciprocal relationship with the other two
goals of education, further impacting on learners’ problem solving skills and conceptual
understanding. Claims have been made that ICT tools have the potential to enhance the retention
of concepts (Laurillard, 1993; Punla &Teacher, 2014), but very little research has been done to

establish the veracity of these claims.

A related problem, as indicated by the Grade 6 and 9 Annual National Assessments results in
Table 1-2, is that general mathematics achievement is marginally lower than that in other
subjects such as English. | assumed this could be due to the unique nature of the positivist
mathematical subject that is objective, connected, hierarchical and sequential (Chinn, 2000;
Wilson, 2009). This signifies the importance of prior or retained knowledge, and it becomes
important, therefore, to establish not only the role of retention in facilitating learning, but also
the function of modern and ubiquitous technological tools in the amplification of practices that
enhance the goal. The research sought to evaluate documents that would describe in practical

terms the teachers’ practical view of the subject of mathematics.

The third problem is the process of demystifying the Everest Syndrome view of ICTs in
mathematics learning that is based on an assumption that all technologies are inherently
beneficial to learning (Gambari, Shittu, Ogunlade & Osunlade, 2017). While this could be indeed
true in some instances, these assumptions are, however, not always accurate. Hamat and Embi
(2010) argued that “online tools are often designed with a technology-driven view rather than a

learning one” (p. 237), and so without an appropriate pedagogical context (one of the categories



to be studied), as is currently the case, ICTs in schools might actually be detrimental to

performance in the subject (Clarke & Svanaes, 2014).

Another problem closely related to the above is the current bunching together of ICT tool efficacy
based on a false assumption that they all possess inherently similar affordances that make them
equally beneficial. Chinn (2000) explained the differences in ICT tools by categorising them into
games that offer practice, programmes that do mathematics, programmes that are just books,
and programmes that teach mathematics. While it is tempting to think that programmes that
teach mathematics promote retention, we should not forget that mark reports indicate
otherwise. It is possible to demonstrate an understanding of concepts and yet forget that
understanding in a matter of hours or days. It seems to be rather the type, not the mere activity
of teaching or tool, that ultimately impacts on retention. It is necessary to establish the types of
ICT tools that possess the best potential to support retention of mathematical concepts based
on their perceptible and hidden affordances (Gaver, 1991) or prior creative use as demonstrated
in past research, while being cognisant of the fact that the success of ICT tools depends on a
variety of factors (Kennewell, 2006). Therefore, | am of the view that using ICTs in mathematics
without an understanding of the interactions within the four low-level and emerging higher level
categories is likely to become an expensive distraction rather than an aid to mathematics

learning.

Finally, recommendations on technologically mediated learning have for a long time been
disjointed with numerous assumptions and piecemeal solutions being suggested. Considering
that a lot of companies are developing learning technologies and schools are investing in ICTs to
improve results, there is a need, now more than ever before, to develop a pedagogical framework
that give better recommendations on how ICTs can be used to promote retention of

mathematical concepts.

The issues raised above, though linked, are numerous and complex. This difficulty was the basis
for the rationale for selecting a conceptual approach using grounded theory methodology to gain
a deeper understanding of the interaction between the identified research categories that

address the research question.
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1.7 Research Aim

The main aim of this research was to draw insights from primary and secondary sources towards

the construction of a pedagogical framework guiding the effective use of ICT tools to enhance

the retention of mathematical concepts.

1.8 The Objectives of the Study

Each of the objectives was linked to one of the four low-level categories of this research, which

was also linked to the four sub-questions.

The objectives of the study were:

B A

To establish the nature of mathematics.

To establish the importance of retention in mathematics education.

To establish how the use of ICTs contributes to the retention of mathematical concepts.
To provide a pedagogical framework for using ICTs to support the retention of

mathematical concepts.

1.9 Research Questions

1.9.1

Main Question

To what extent are ICT tools enhancing the retention of mathematical concepts?

1.9.2

ol A .

Sub-Questions

What is the nature of mathematics?
What is the role of retention in mathematics education?
Which ICT affordances enhance the retention of mathematical concepts?

What is the pedagogical framework that supports the use of ICTs to enhance the retention

of mathematical concepts?

1.10 Rationale for the Study

| am aware that by focussing on retention, the study runs the risk of being accused of creating a

back door entry for traditional rote and drill methods of teaching mathematics, which is why,
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although recall and memory are elements of retention and part of what the research is about,
the terms were used sparingly. | am also aware of the possibility of being criticised for including
four categories that seem to be mutually exclusive. Morales (2006), however, submitted that a
gap or a missing link, which in this case is an absence of a pedagogical framework that link these
seemingly unrelated conceptions, in literature provides opportunities for such research. This
missing link can only be uncovered through a thorough understanding of the nature of
mathematics, the role of retention in the subject, ICT affordances, and practices that support
technology use in a mathematics classroom. The study has been motivated by the fact that
although it has been acknowledged that knowledge is constructed on learners’ entry level skills
and knowledge (Karagiorgi & Symeou, 2005) and that ICTs enhance retention, a study on the
pedagogical context that makes this possible and on how these views interact has not yet been
done. The inclusion of the four distinct categories was therefore a deliberate effort to look at the
topic from all four relevant viewpoints, after which areas of convergence and relationships would

be identified and systematised to answer the research question.

Past research papers are generally silent on the goals of education in general and on the
importance of retention of mathematical concepts, in particular. This could be related to a lack
of awareness of the existence of goals and how they influence mathematics pedagogy, or a lack
of awareness of the unique nature of mathematics as a subject. Again, in spite of the excitement
about the introduction of technology in education, very little research on how ICTs can be used
to support retention of mathematical concepts has been done. This could once again be the result
of a lack of knowledge of the limitations of certain technologies or how they afford, or hinder,
the retention of concepts. Claims have been made on how ICTs improve mathematics education
(Punla & Teacher, 2014), but current literature has not yet sufficiently established the veracity of
these claims, especially in relation to retention of concepts. This research is probably a pioneering
endeavour to explain the role of retention in mathematics education and how affordances of
certain ICTs within a certain pedagogical setting enhance the retention of mathematical
concepts. The research has the dual function of advocacy for retention and the potential of ICT

tools to support this goal; hence, the status of these two categories being axial in the research.

While the research sought to offer insights and thick descriptions of the enabling pedagogical
settings that make it possible for ICTs to support retention, practical pedagogical considerations

and limitations of certain ICTs should also be established. For example, while it is often claimed
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that learning ICTs afford a variety of activities such as active, collaborative and authentic learning
that lead to generative knowledge, (Merrill, 1992). Karagiorgi & Symeou, (2005, p. 123) argued
that “technology built on the assumptions of ‘pure’ extreme constructivism is extremely hard to

conceive”.

1.11 Limitations

Due to practical considerations, the research was unable to study and make recommendations
on all ICTs or pedagogical settings. In terms of ICT tools, the research focussed on video contexts,
the iPad, the tablet, the calculator, and to a limited extent, the IWB, MyPedia and Mathletics
software. The sheer amount of information required to provide details on each ICT tool would
have made this paper an impossibility. A broader, rather than a detailed perspective was

therefore adopted in the recommendations.

Again, the inductive nature of grounded theory made it difficult for the paper to uncover
elements of subjectivity of the writers and researchers whose documents and papers were
reviewed in the generation of data and findings. It is acknowledged that especially with brochures

meant for marketing and school documents there is the possibility of subjectivity.

Purposive sampling of documents used for data collection may also have had a negative impact
on the representativeness of conclusions reached in this research. It is also acknowledged that
there are other factors, such as attitudes to ICT uptake and other extraneous factors, that are

important but were outside the scope of this paper.

Lastly, the topic has so many ‘loose but linked’ ends (some of which could not be explored to
saturation, although that was the initial intention) that required exploration through a grounded
theory method. A failure to pursue all emergent higher level categories because of the practical
considerations of time, scope and length may negatively affect the validity and reliability of the

research findings.

1.12 Research Methodology

The constructivist grounded theory method was used to generate a new pedagogical framework
on how ICTs can be used to enhance the retention of mathematical concepts. The rationale

behind the selection of the constructivist grounded theory was that it allowed me to move
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“grounded theory methods further into the realm of interpretive social science ...” (Charmaz,
2006, p. 521). The interpretative strategy that was adopted to study the selected papers and
documents with the adapted basic features of grounded data that guided this research were the

following:

1. Identification of low-level categories and emerging higher level categories from literature
for retention that would be used as ‘lenses’ through which to evaluate the other
categories.

Simultaneous collection and analysis of data

Creation of higher level categories and coding of data

Discovering processes and patterns in the data

Inductive construction of abstract categories

Writing of analytical memos between the process of coding and writing

Presentation of low-level and emergent categories in sub-chapters

© N o U A~ W N

The integration of categories into a pedagogical framework (Dey, 1999)

The four selected low-level categories were used as the initial structure to initiate the research.
These emerged from the four research objectives and sub-questions that all addressed the main
research question. Both these categories and other higher level categories that emerged through
engaging with the data were further refined until new categories ceased to emerge or a stage of

(theoretical) saturation was reached (Dey, 1999).

The rationale for the constructivist grounded theory was that most of the raw data and
documents required for my research were already available. | opined that a deeper engagement,
reinterpretation, comparison and discussion of existing data would result in the emergence of
new patterns from existing sources that would in turn become the basis of a new pedagogical
framework. Minnaar (2011, p. 88) explained that the role of a constructivist grounded theory

"

researcher is “... translating what has been written by other researchers (and recorded by
teachers, in this instance, on the four categories) for the purpose of revealing similarities and
differences, and developing practice guidelines or theoretical concepts on a specific
phenomenon”. What has been written by other researchers is not restricted to research findings,
but includes facts and claims that are backed by authoritative sources that also form the basis of

literature reviews in selected researches. The four categories were used as the basis to form the

proposed pedagogical framework. The research simultaneously collected and analysed data on a
14



theme-by-theme basis for the research papers and selected documents. Lesson plans were
analysed section by section to study how the four categories are addressed in lessons. Although
the research questions and the nature of mathematics described in this paper were suggestive

of an empirical approach, they were actually described qualitatively.

1.13 Philosophical Foundation

The nature of the research topic highlighted some convergence between social and cognitive
constructivist theories and how they interact to influence mathematics education pedagogy. This
is supported by Cohen and Siegel’s (1991) view that the study of psychology should not be either
or, but a combination of both social phenomena and internal cognitive processes (social and
cognitive constructivism). Cohen and Siegel’s (1991) view justifies my position that both the
cognitivist construct of retention and the constructivist view of technologies interact within a

“

common phenomenon. In their own words, behaviour is not simply a product of
environmental contingencies nor is cognition an antiseptically clean execution of internal
processes” (p. 17). It is both. It becomes vitally important to understand the epistemological
underpinnings of ICT related theories and their influence on the process of ICT mediated
instruction. This includes the role of technological tools as explained by constructivist theories as

well as the memory processes, including retention, that are aptly explained by cognitivist

frameworks.

The following constructivist constructs are essential for this research: The ZAD that refers to prior
or retained skills, and the zone of proximal development (ZPD) that can be simply viewed as the
learning space between the acquired knowledge and skills (Kennewell, 2006), the envisaged goals
within a lesson, or the entire learning life. Kennewell (2006) explained that learning should be
characterised by the ways in which this learning space is bridged by learners with the help of
teachers and technological tools. The learning space is to Kennewell (2006) what the ZPD is to
Vygotsky (1978). The term ZPD would be more preferable in this study because it not only clearly
suggests a movement of a (retained) concept from one level of abstraction to another within a
pedagogical space, but also the connections between past, present and future learning
experiences. That movement happens at micro levels such as a single lesson and at macro levels
that can include the learning space between Grade 1 and 12. It is important to note that the

macro spaces are composed of numerous, interconnected micro spaces. Reference to Vygotsky
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(1978) is therefore premised on the view that the ZPD is that space where learning takes place
through the mediation of ICTs, as cultural tools. The role of the tool and the teacher as the more

capable other in facilitating conceptual connections cannot, therefore, be overemphasised.
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CHAPTER 2: LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK

The structure of the literature review in this section allows for a deeper understanding of each
of the four major low-level categories that address the research topic, objectives and questions.
An understanding of each of the categories led to and guided a further understanding of how
each of the components fits into the ‘jigsaw puzzle’ of ICT mediated retention of mathematical
concepts that was assembled at the end of the research in the form of a new pedagogical
framework. Together, the four categories clarified how teachers practically view mathematics,
how retention occurs and its function in mathematical education, and the pedagogical setting
that potentiates the best use of ICTs to enhance the goal. The four low-level categories that were

studied to address the research topic are:

The nature of mathematics
Retention in mathematics education

The ICT affordances

W N oe

Pedagogical settings that lead to the effective use of ICTs to support retention.

Literature on the above four categories was used during data collection and analysis of texts to
guide and act as lenses through which selected documents and texts were evaluated. Criticism
of my approach can come in the form of using preselected low level categories later during data
collection and analysis. However, it has to be borne in mind that these categories are not
predetermining the research findings. They are only providing a skeletal structure and lenses

through which data is evaluated.

2.1 The Nature of Mathematics

The discussion on the nature of mathematics, which addresses the first research objective and
research question, is important because it justifies the need for retention in mathematics
education. This category is important in this research because the way mathematics is viewed
determines the way it is taught. While there are many views of what the subject should be, the
general view is that of an objective, positive, hierarchical and sequential subject (Chinn, 2000).
This theoretical view, which was subjected to scrutiny based on the observations made of
analysed teaching and learning documents during grounded theory data collection and analysis,

is suggestive of a conceptual hierarchy based on prior knowledge and connections as the basis
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for further knowledge construction, further justifying the importance of retention in
mathematics education (Chinn, 2000; Wilson, 2009). Wilson (2009, p. 41) viewed foundational
concepts as “the (elementary) building blocks of all higher mathematics”. Such a hierarchy is
dependent on prior or retained concepts. Wilson further highlighted the extraordinary
importance of the elementary school teacher in teaching not only the recall, but the
understanding and application of number facts, the place value system, whole number
operations, fractions and decimals, as well as problem solving. He further observed that with
increasing levels of conceptual complexity, those who start with a successful understanding and

retention of foundational concepts are usually far ahead of their struggling counterparts.

It became necessary to establish how different educational systems operate and function to
ensure that learners are equipped with the foundational skills necessary for further learning.
Together with this, an exploration of pedagogical practices, and especially, the way ICT tools are
used to leverage the learning process was considered important. Wilson’s (2009) view suggests
the need for a ubiquitous existence of Perkins’s goals at all levels of learning, from a single lesson
to a series of lessons. Thus, from the first time learners encounter mathematics, emphasis should
be placed on whether they understand what they are doing, whether they retain what they learn,
and whether they are able to apply what they learnt in different contexts. This study sought to
establish from available literature and documents whether curriculum and other pedagogical
documents confirm the view that mathematics that is being taught in schools is indeed

connected, sequential and hierarchically structured.

The nature of mathematics in this research was mainly described on the basis of the studied
documents consisting of the curriculum documents, lesson plans, assessment documents,
learners” work and other relevant documents to ensure that there is a balance between the
official and the practical view. The main reason for this was that the practical understanding of
mathematics by teachers and the actual nature of mathematics taught in schools is confirmed
not by policy or theoretical documents, but by observable pedagogical and related practices
accompanying daily learning. The nature of mathematics as summarised by the selected three
listed sub-categories listed below should lead to an understanding of how policy and teachers
perceive the subject, which in turn impacts on practices and the selection of tools to teach the
subject. The rationale for using the sub-categories listed below to evaluate documents is

premised not only on the assumption that it is the former category each time that uses and
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supports retention, but that it promotes the other two goals of education as well (Chinn, 2000;
Wilson, 2009). At both curriculum and implementation levels, the research sought to establish

whether the nature of mathematics was:

1. Sequential versus non-sequential
2. A hierarchical view versus a horizontal view (that topics can be taught one after another
without the need to build onto any foundation)

3. Connected versus non-connected

| argue that the policy and teachers’ view of mathematics has a bearing on the emphasis put on
retention, the selection of tools and the pedagogy practices that support the connections,

sequencing and hierarchy of concepts.

Where there were observed discrepancies between curriculum documents and classroom
practices, the nature of mathematics was described at both policy level and on the basis of
documents that demonstrated the teacher’s practical understanding of the nature of the subject.
The next section focusses on the nature and function of retention in sequential, hierarchical and

connected mathematics education.

2.2 Retention

Before exploring how ICTs enhance the retention of mathematical concepts, it was essential to
embark on an in-depth study on the function and mechanics of retention, especially as it related

to mathematical education.

Neisser (1982) pertinently asked, “... shouldn’t memory have something to do with the past and
isn’t education what is left over when you have forgotten what you learnt?” (p. 57). If indeed this
is true, a lot more effort is needed to ensure that learners retain as much of what they learn (and
understand) as possible. Retention itself, cannot be reduced to recall, which does not work in the
long term, as seen by the low performance in delayed tests by learners taught through rote.

Sustainable retention cannot and should not be divorced from the other two education goals.

Retention is one of the four low-level categories of this study that addresses the second research
objective and sub-question. Retention is seen in this research not only as a goal but also as
facilitating successful mathematical learning, as will be further explained. There have been
claims, however, that focus or even a talk about retention has no relevance in the current modern
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approaches of mathematics teaching. Because of the limited scope of this paper, those
arguments were not pursued and only literature relevant to the current focus was considered.
The starting premise of this paper was that retention, especially in mathematics learning, is not

only important but integral to successful performance.

Maffei and Marriotti (2007) argued that it is difficult to do away with the memorisation approach
in teaching. Strangely, while some strategies such as mnemonics have long been used and
accepted as enhancing retention, especially in languages and arts, these are usually frowned
upon in mathematics education. One cannot help but wonder if the retention techniques used in
the languages are not the real reason behind the generally good performance in the subjects
(Table 1-2). The importance of retention in learning was excellently described by Neisser (1982)
who said that cognition includes all the processes by which the concepts are transformed,
reduced, elaborated, internalised and retrieved. Retention and retrieval are part of cognition and

in the absence of these two processes, cognition becomes insufficient.

Retention is both a lifelong and a short-term educational goal (Newman & Holzman, 1995;
Perkins, 1991) that happens in the short- and long-term memory and survives beyond a learning
episode and test taking (Wilson, 2009). Using this argument, it can be concluded that the
approaches used in teaching for tests and assessments have been some of the greatest
impediments to conceptual retention. Wilson’s (2009) conceptualisation of the function of

retained foundational concepts can best be explained by the retention metaphor.

2.2.1 The Retention Metaphor

The following house metaphor illustrates the importance of retention and the role of ICTs in the
learning process. The analogy of the house is symbolic of the fact that teaching, just like building,
is an art and a very creative process. The bricks, connected by mortar, can be used in a variety of

ways and yet retain the character of each individual builder.

Mathematics learning can be likened to the process of constructing a house (Figure 2-1). Retained
mathematical concepts are the building blocks (Wilson, 2009). The blocks should be available
before any building can take place. Bricks need to be strong and should not crumble or
‘disappear’ if they are to be successfully used to build a house. ICTs act as the kiln and conveyor

through which the blocks are strengthened (retained and evolved) and transported for use.
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During this process, bricks improve the construction process and are also improved themselves

as constituent parts of a ‘block of blocks’ (the two states) (Engestrom, 2010; Wilson, 2009).

Figure 2-1 Retention metaphors

Retained concepts, referred to as building blocks by Wilson (2009), are made stronger through
the use of ICTs, resulting in improved subsequent retention as evidenced by the block of blocks
that is bigger than the initial block as illustrated in Figure 2 .1 above. The strength of the block of
blocks depends on the strength of the connections between the individual blocks. When retained
concepts are connected to new concepts, there is growth. In real building, single blocks are laid
one at a time, but mathematics education is connected, sequential and hierarchical, and concepts
evolve, grow and are eventually connected as blocks of blocks. This is why Wilson (2009)
pertinently observed that with increasing levels of mathematical conceptual complexity, those
who start with a successful understanding and retention of foundational concepts are usually

exponentially ahead of their peers.

A word of caution: Retention without an understanding of mathematical concepts is different
from and should not be equated to intelligence, because that becomes rote learning, which at
best could be regarded as memorisation or recall. In his account of Shass Pollaks who could
memorise thousands of pages of the Talmud but lacked any scholarly grasp, Neisser (1982)
dispelled the extreme and ever peddled assumption that memorisation on its own automatically
results in academic success. Retention is inadequate if it is not accompanied by understanding,

connections and application of mathematical concepts (Maffei & Marriotti, 2007).

Emphasis on retention of prior mathematical concepts seems to be going against Dale and
Hyslop’s (2010) assertions that “education is a democratic learning experience whereas banking
education, indoctrination, and training undercut the rational agency of the learner” (p. 30). It is

pertinent to note, however, is that Dale and Hyslop are not criticising the function of retention
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in mathematics education per se, but rather the deficient methodology through which the goal
is pursued. As has been already highlighted, certain subjects such as mathematics, require a
certain amount of recall of prior knowledge to which further learning experiences are connected.
Learning gaps arise where such connections are absent. By acknowledging that learning results
in a permanent change, Dale and Hyslop (2010, p. 82) viewed retention as a goal, rather than a
means to that goal. This of course is just partially accurate since concepts ‘grow’ and cannot be
regarded as ‘permanent’. Change that results from learning occurs gradually, and so during a
student’s life there will be a series of micro phases of ‘permanence’ that alters after each new
learning experience. The permanence, therefore, should relate to a transitory and not a

perpetual state.

Granted, it is not every mathematical topic that is hierarchical and sequential. Depending on their
complexity, certain topics, for example in geometry, can be taught successfully without the need
to draw from concepts learnt previously. Outliers that do not fit into this pattern are
acknowledged. What is sufficient at this point, however, is that subsequent learning is enhanced
and accelerated (as indicated by the phrase ‘block of blocks’) when learners’ prior knowledge is

connected to their new learning experiences.

A study by Neisser (1982) on a memorist named Nancy showed that besides decay and
interference, memory can be poor for uninteresting subjects because the brain selects what it
deems important. The research further confirmed that what goes into the brain is hardly what is
retrieved, because sometimes important information is thrown away together with unwanted
items. Memory loss happens through proactive and retroactive interference or natural decay.
This loss is due to the brain function that allows it to pick and choose as well as alter the

information it receives (De Bono, 1969).

As has been explained before, the concept of retention does not limit itself to a simplistic process
of memorisation that manifests itself in the ability to parrot and rehearse mathematical facts.
Rather, as has already been mentioned, it allows and emerges from a process of understanding
and insightful mathematics learning. Maffei and Marriotti’s (2007) statement that “.
memorisation, cannot be separated from understanding ...” (p. 1461) supported this. Any

discussion on teaching for retention in the absence of understanding, would be insufficient. The

major difference between retention and the traditional learning by rote is in the relative
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elasticity, type and depth of encoding and the absence of understanding and connections

between concepts that usually characterises the latter.

Retention is one of the three components of the memory cycle that affects and is affected by,
supports and is supported by, builds and is built by, amplifies and is amplified by conceptual
understanding, retention itself and application. Indeed, retention affects and is affected by
understanding, application and retention! As already indicated, a closer analysis of the three
goals of learning confirms that not only are they the transient goals or destinations of
(mathematical) learning, but frequently the very means to those goals as well. If mathematics
teachers realise this, conceptual development in children will accelerate to exponential levels

and learning would not stop.

Perkins (2001) argued that learning takes place when the cognitive system acquires and keeps
information for further use and that if the process is flawed, learning may not take place and
learners will not have resources to use to extend understanding or engage in thinking procedures
that demand application and merging of different ideas to solve complex problems. This
argument by Perkins formed the rationale for analysing documents that provide descriptors of
how learners acquire, keep and use concepts in the classroom. The view that concepts learnt
ought to be used is supported by achievement oriented learning that focuses on the availability
of retained subject domain concepts to solve subject domain problems. For this to happen,
subject domain concepts should be retrievable from the long-term declarative memory, bearing
in mind that constant retrieval strengthens memory pathways. Retrieval of stored concepts is
largely dependent on the process of encoding, which is best achieved through the use of ICTs

(Ferriman, 2014)

2.2.2 The Function of Retention in Mathematics

The function of retention in mathematics is both suggested and given clarity by Lev Vygotsky
(1978) who used the term ZPD to refer to “the distance between the actual developmental level
as determined by independent problem solving and the level of potential development as
determined through problem solving under adult guidance, or in collaboration with more capable
peers” (p. 86). This process, similar to scaffolding, allows learners to be guided “... from what is
presently known (and stored) to what is to be known” (Karagiorgi & Symeou, 2005, p. 20),

permitting learners to concentrate on and complete only those elements that are within their
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range of competence (Wood, Bruner & Ross, 1976). Scaffolding does not happen in a vacuum.
The basis of this process is the working memory that draws from the declarative and procedural
long-term memory. Learners should attach new learning experiences to their prior mathematical
skills and internalised knowledge for the process to be successful. Without that and a supportive
pedagogical context, ICTs only serve as a new medium and platform for the perpetuation of
traditional pedagogies, with little or no positive impact on the retention of mathematical

concepts.

Perkins (1999) listed the three distinct roles of active learner, social learner and creative learner
as common features of a constructivist learning space. It is “... active engagement in learning
(that) may lead to better retention, understanding and active use of knowledge” (p. 8). This kind
of learning is more than just a mastering of putative, stable, well defined or existing knowledge.
Karagiorgi and Symeou (2005) and Kanuka and Anderson (1999) argued for an awareness of
learners’ current understanding that allows them to create new knowledge. Again, the very idea
of expansive learning implies the existence of a retained concept or knowledge that requires
extension and transformation. The cycle goes on with the next step using a transformed concept
as a new retained concept. Therefore, this research claims that the effective use of retained prior
knowledge accelerates learning to almost exponential levels. This probably explains that learners
who demonstrate a good understanding of foundational mathematics continue to excel later in
their school life, because while other learners are laying a conceptual block at a time, they will

be laying a block of blocks each time.

It should be noted that Engestrom’s (1987) reference of collective generation (community
practice) would be inadequate if it excluded a rich pedagogical setting and ICT tools that
encourage multiple perspectives in learning (Kafai & Resnikno in Karagiorgi & Symeou, 2005).
Engestrom (2010) also stated that ascension “... from the abstract to the concrete is achieved
through specific epistemic or learning actions that are better mediated by today’s cultural tools
(ICT tools)”. This process refers to the movement of retained concepts from their simplex to
complex transformed forms, leading to a situation where retained concepts support the
retention of even more concepts. He further said “together, these actions form an expansive
cycle or spiral...” (p. 6), leading to the construction and resolution of “successfully evolving
contradictions” (p. 6). As has already been suggested, retention supports further exponential

retention levels. This advanced form of learning has intermediary processes within the learning
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space that require facilitation by expert teachers using ICT tools within an enabling pedagogical

setting.

The view of expansive theory contradictions in the current research is not limited to change at
macro levels only as is usually the view, but is also applicable to a variety of novel micro
situations. For example, contradictions to a learner’s retained knowledge leads to an emergence
of new knowledge, bearing in mind that contradictions do not necessarily have to be
oppositional. This change is what pushes them to ascend or grow from the retained concept to a
new conceptual understanding. Learning happens when the learner accommodates retained
concepts to their new understanding. Hamat and Embi (2010, p. 238) referred to existing past
constructions as mental frameworks. The authors argued from a Piagetian framework and
concluded that familiar knowledge is assimilated into (existing) mental frameworks while
accommodation is for unfamiliar information accommodated into existing (existing) mental
frameworks. Reflective learning (higher order) happens when learners seek to “resolve cognitive
conflicts, or expansive contradictions, by improving on the prior framework” (Hamat & Embi p.
238). Again, even from a cognitivist perspective, the functional existence of existing frameworks
or retained concepts as a basis for further mathematical understanding cannot, therefore, be
underrated. The store of the old view, the existing mental frameworks or existing concepts and
skills are constituent parts of what is broadly referred to as retained concepts in this research.
The next learning episode connects to those concepts to develop a new set of knowledge, and so

on.

As explained above, retained concepts serve a dual function of being both the conceptual
resources that are both requisite raw materials to be used for the formation of new conceptual
understanding and boundaries, and of being, in their ‘resolved’ or ‘permanent’ (new ZAD) states,
transient products of an ongoing learning endeavour (what | refer to as the ‘means’ and ‘transient
goals’ of learning) (Engestrom, 2010). Expansive learning uses internalised(retained) concepts to
form new expanded concepts, and these transient products and internalised concepts also form
part of the internalised conceptual resources (Engestrom, 2010). Criticism to my reference to
expansive learning is based on the fact that the theory is macro focussed and is not the ideal
stand-alone constructivist theory to explain the formation and use of retention within a 30

minute or one-hour mathematics lesson, for example. In this research, however, the theory’s
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relevance is in its principles that address object transformation (two states) and mediation that

are applicable even at micro levels, as shown by the following observations:

1.

2.

3.

4.

Its reference to movement from action to activity that result in the theory being referred
to as an activity-producing activity is synonymous to Perkins’s goal of application. In this
research | argue that the application (of a retained concept) is a necessary step towards
an incremental conceptual development and formation of a new and firm ZPD. In simpler
terms, the application of concepts learnt in class support further retention. Literature
seems to suggest that not only are ICTs well placed to support direct retention of
concepts, but they also afford the context through which such retained concepts can be
applied, and in the same process, support even further retention.

The distance between the everyday actions (known or retained concepts in the firm zone)
and “the historically new form activity ...” (Engestrom, 1987, p. 4) is basically the
movement and application of retained concepts within the ZPD to form new concepts.
Seen this way, the goal of retention is not a fixed (or permanent) goal. It is a transitioning
goal that is in constant motion. For as long as one still learns, connects and uses
knowledge, what they retain grows and varies every moment of the hour, day, year and
lifetime.

To strengthen the above argument, the theory again mentions the transitions from the
abstract to concrete or from “... the smallest and simplest genetically primary unit of the
whole functionally interconnected system ...” (Engestrom, 2010, p. 5) to a higher level of
learning with concepts that are understood and retained, potentiating further
mathematics learning. Concepts learnt in class are elementary parts of a larger context
and teachers and learners must demonstrate an understanding of this. Application of
knowledge to real life problems is one way of providing that context with the question
now being directed at whether ICT tools have the potential to do that.

The dual role of the cognitive indicators of retention in both the creation and
establishment of new zones of actual achievement (what the learner can do unassisted)
needs further exploration. The learner can traverse their new cognitive zone with the help
of retained skills. In the very same process, they re-establish new ZAD and ZPD
boundaries, and if the process is successfully done, they grow their scope of

understanding exponentially over time. Forgetfulness as a result of decay and

26



interference is the greatest threat to the growth of the ZPD. A good ICT tool should
possess features that slow down, or if possible, prevent knowledge shrinkage so that
learners retain as much as possible of the skills and concepts learnt in previous lessons
and concepts. As has been seen in literature, forgetfulness sometimes serves a functional

role and is, therefore, sometimes essential.

It is because of this dual nature of retention that this research argues that retained concepts
establish the old and are the basis for the formation of new knowledge in the ZPD. This duality is
confirmed by the concept of preservation and transmission and that retention is both an
extension and reception process. An extension because the retained items form a basis for
application in problem solving and further movement along the ZPD spiral. A reception process
because retained concepts act as the building blocks of new conceptual understanding and even
further retention. In between, conducive pedagogical practices provide a connection between

the reception and extension process.

The transmission mentioned above, as has already been mentioned, is not just that of the original
concept. Rather, it is the transmission of a growing and amplified concept, previously explained
as the block of blocks growth in the retention metaphor. There is a construction of a new object
(knowledge) and concept of collective activity as well as the implementation of the new object
in practice during the application process. In other studies, retained items and their higher order
conceptual applications are regarded as actions and activity, respectively, or as abstractions and
concrete teaching formats, respectively (Carpay, 1996, p. 5). Davydov’ s (in Hershkowitz, Schwarz
& Dreyfus, 2001) reference to initial abstractions or the germ cell’s (the retained concept) back
and forth movement in the ZPD and their gradual re/construction or development is once again
a presupposition of the existence of abstractions that allow future understanding and application
to successfully occur (Carpay, 1996). An understood concept, that is retained and applied results
in the growth and retention of that concept, and because learning results in the incremental
growth of knowledge, the back and forth movement of the concept in the learning space is a

movement of a growing and not of an unalterable concept.

Because of the abstract nature of the concept of retention, visible and externally observable
practices have been identified from literature as practices that enhance retention. These
practices, hereafter to be referred to as indicators of retention, constitute what can be likened

to “Vygotskian conceptions of how visible and externally provided guidance can be internalised
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to become self-guidance ...” (Salomon & Perkins, 1996, p. 5). ICT affordances and pedagogical
practices were evaluated to a large extent on how they promote each of the indicators.
Application, which also enhances retention and can therefore be regarded as an indicator of

retention, has been excluded to allow for an exclusive and clearer focus on the goal of retention.

The indicators listed below will be used as the basis upon which documents and researches on

all categories will be evaluated to determine their possible impact on retention.

2.2.3 Indicators of Retention

Indicators of retention confirm that learning has to do with registering and storing information
and that storage and retrieval of information cannot be regarded as totally separate functions
(Baddeley, 1990). This is supported by the levels of processing approach to memory that observes
a “... relationship between how information is encoded and how well that information will be
remembered” (Magill, 1993). The indicators of retention therefore seek to establish how well
mathematical concepts are encoded, understood and stored in order for them to be used to solve
problems or extend knowledge to verify how information is encoded and stored during the
learning episode. It is as a result of this assertion that the indicators outlined below range from
the initial cognitive process of encoding to the use of concepts during application and in
extending knowledge, and is why documents that are suggestive of these processes such as
lesson plans, exercise books and so on were evaluated in this research. One might ask, why is the
researcher describing this category in detail? The answer is that the sub-elements of retention as

a category overarch every aspect of the recommended new pedagogical framework.

De Bono (1969) gave an analogy of a dog’s muddy paws to explain the importance of retention.
If such a dog were to walk across a room, it would leave traces and a memory of its passage. The
listed indicators have the potential to leave ‘muddy paws’ that create deep learning imprints and
in the process make mathematical concepts more memorable. While the choice of indicators is
subjective and therefore subject to contestation, they appear in literature as being sufficient to
signal the retention of concepts. It is these indicators that ideal pedagogical contexts should seek
to promote and enhance. Indicators and their emergent sub-elements are summarised and
reviewed based on the findings from the various sources of literature and data used in this

research.
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2.2.3.1 Perceived Utility

The retention of mathematical concepts is enhanced by it perceived utility or the likelihood of
usefulness of those concepts (Abadzi, 2006). Is it possible that ICTs strengthen the link between
the learners’ daily existence and the mathematics they learn in class? Learners pay attention and
store mathematical concepts because they are applied to everyday scenarios and they consider
them important. Good practices, tools and mathematics should link learning to these everyday
contexts. Neisser (1982) used the term ‘consequentiality’ to refer to learning that impacts directly
or indirectly on one’s life or everyday contexts. The manipulative potential of ICTs to make
mathematics learning relevant was confirmed by Vernon (1970) who said perception can be
manipulated (facilitated, or inhibited) “towards a particular feature of the environment, in
accordance with knowledge, experiences, interests and motives of particular persons” (p. 228-
237), allowing the tools to afford virtual platforms that allow learners to interact with concepts
within simulated and controlled environments. A good learning platform should provide

opportunities for learners to practically use the skills and concepts learnt in mathematics classes.

2.2.3.2 Connectedness

Salomon & Perkins called connections in learning and teaching a “networking pedagogy” (1996,
p. 17). This happens when technologies momentarily align two concepts (narratives) usually kept
as separate entities to create a unified whole (Neisser, 1982). When this happens, the concept is
aligned with our lives to create a flash bulb effect. We remember the details of mathematics
lessons that are related to other lessons, subjects or our own experiences, creating a link
between our own histories and History (Neisser, 1982). Connections are referred to by
authorities such as Anderson and Bower (1973) as associations. It is important to establish if and
how pedagogical practices and ICTs promote associations within mathematical concepts and with

other subjects, a concept commonly known as integration, to create a flash bulb effect.

In his study on ACT*, Anderson (1995) said, “Spread activation proposes that activation travels
along a network of connections and that so once cued, a subject may have multiple responses
based on the connections among bits of information in memory” (p. 1). The development of
successful long-term mathematical memory and retrieval is determined by the successful

encoding of concepts in the short-term memory. Short-term memory success is dependent on
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attention, which relies heavily on interest in the mathematics lesson. Anderson and Bower (1973)
outlined the following four features of associative theories: Ideas; sense data; memory nodes, or
similar mental elements that are associated together in order to make the association; and
connections. Ideas can be decomposed into a single idea making the association reductionist,
strong and efficient. In other words, a single mathematical connection allows learners to retrieve

many other related concepts.

The association includes internal processes and identifies the basic components of the mind with
sensory experience making them sensationalistic. “If events are not as important as anticipated,
they get deleted” (Neisser, 1982, p. 88). One of the things that this research asked was whether
concrete objects are better than computer simulations in making experiences sensationalistic.
An event such as a mathematical concept should have descriptors such as where, what
happened, who, when and why etc., which can all be used as flexible cues to “reinstate the target
memory” (p. 90) or the concept learnt. The more varied experiences a learner has with a concept,

the easier it becomes for them to retain it.

The study on lesson plans and other documents again tried to verify whether mathematics
teachers are teaching mathematics lessons in context. Multiple connections enhance retention
and the “... more numerous and specific the discrete cues become, the more precise memories
should be specified”, (Neisser, 1982, p. 91, 337-339). The application of mathematical concepts
allows for accompanying contexts in which these variations are used, which allow people to store
in memory more than just information they are trying to remember. Along with information
stored, context characteristics become important cues for retrieving the stored information on a
retention test. It is important to establish whether and how the four research categories enhance
connections between mathematical concepts to other concepts, subjects and contexts in order

to create multiple connections that enhance retention.

Since retention happens at micro levels as well, as has been established in literature, connections
should be present in every lesson, between lessons and in the whole learning life of the learner
if the retention of concepts and consequently performance in mathematics are to improve

exponentially in South Africa.
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2.2.3.3 Elaboration

Elaboration (Perkins, 1991), or Neisser’s (1982) interactional content, includes Tulving’s encoding
specificity principle that attempts to relate conditions of learning to the conditions of optimal
retrieval. But a question come to mind: If ICTs are used for learning, should tests and assessments
also be conducted using ICTs? The law of levels of processing argues that the more deeply and
elaborately a mathematics item is processed, the greater the probability of subsequent recall
(Craik & Lockhart, 1972). According to Jones et al. (1977, in Kanuka & Anderson, 1999),
elaboration involves creating meaningful and challenging experiences that involve planning,
development over time, presentations and debriefings of what has been learnt. With the current
pacing and sequencing of mathematics teaching, it is likely that unless this process is factored
into the syllabus, debriefings and presentations on what has been learnt will simply be brushed

aside while teachers teach for tests and assessments.

During deep rehearsal, learners have an opportunity to act on mathematical concepts from
different perspectives, and it would be unwise to suggest that a single tool or approach of
teaching is panacea. ICTs, for example, allow learners to do a variety of activities on the same

concept. As Piaget (in Ripple & Rockcastle, 1964) said:

Knowledge is not a copy of reality. To know an object, (or a mathematical concept) is not
simply to look at it and make a mental copy or image of it, but to act on it. To know is to

modify, to transform the object, and to understand the object of its transformation. (p. 8)

Elaboration allows the learner to look at the mathematical concept from many different angles
and multiple representations of reality (Cey, 2001, in Karagiorgi & Symeou, 2005). Perkins (1999)
called these alternative perspectives. Magambo (2007) argued that computers are ideally suited
“... by virtue of the flexibility they can provide, for fostering cognitive flexibility” (p. 25), which

comes about through the learners being presented with concepts in different formats.

2.2.3.4 Attention

According to Neisser (1982), people tend to remember things that interest them and memories
of uninteresting subjects are poor. Attention is enhanced by factors that include content
dependant multimodality effect, which ICT generally afford. Platforms such as Mathletics allow
learners to hear instructions, see pictorial visuals and increase attention through competitions.
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If interest enhances retention, in this day and age it would be folly for educational systems to
ignore elements of gamification that offer that affordance. Baddeley (1992) argued that spoken
words enhance relevance of discourse and that auditory presentations are better than visual. He
also argued that chunking or grouping of mathematical items enhances retention. According to
Vernon (1970, p. 103), “the main factor involved in the decrease of vigilance (attention) in tasks
is a decline of arousal, which is caused by habituation to a relatively unchanging situation which
has little natural interest” (p. 103). Vernon also explained that homogenous stimulation over a
period of time leads to boredom and lowered attention. What is the potential of ICTs to mitigate

habituation that affects retention?

Baddeley (1992) argued that human memory is acquired through senses, and hence,
mathematical lessons that involve a variety of senses are likely to be more memorable. Perkins,
(1991) used the term ‘active engagement’ to refer to the process whereby the learner acts on

the learning experience through a variety of ways that ultimately positively impacts retention.

2.2.3.5 Rehearsal

Rehearsal (Neisser, 1982), or practice of mathematical concepts as explained by Abadzi (2006),
is essential and was defined by Magill (1993, p. 226) as a “... process that enables the individual
to transfer information (mathematical concepts) from the working memory to the long term
memory”. Perkins, (1999, p. 10) pointed out that “... the best way to remember a body of
information is to organise it actively, looking for internal patterns and relating it to what you
already know”. The role of connections in learning cannot, therefore, be overemphasised. He
argued that although simple repetition or surface rehearsal is helpful, it is insufficient. Various
researches, including one by ACT*, which is a cognitive theory dealing primarily with memory
structures, has shown that reaction time for fact retrieval increases as a function of increased
frequency. The research concluded that two factors influenced levels of activation, which in turn
influenced recall: How recently the person has accessed memory, and how much they have
practised or rehearsed the concepts (Anderson, 2010). Would ICT s offer better opportunities for
such practice? Spiro, Feltovich, Jacobson and Coulson, (1991) referred to an image that
Wittgenstein used and compared it to a landscape: “In order to acquaint oneself with this

landscape, one has to traverse it many times in different directions, one has to criss-cross it”
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(Spiro in Magambo, 2007, p. 25). Spiro’s assertion summarily puts pay to the notion that ICT alone

should form the basis of all learning.

Frequent rehearsal of mathematical concepts is said to also enhance numerical accuracy
(Neisser, 1982). Maintenance rehearsal is sometimes referred to as Type 1 rehearsal and involves
repeating the kind of analysis that has already been carried out. This type of rehearsal has already
been shown to be less effective (Craik & Lockhart, 1972). Elaborative rehearsal on the other hand
involves a deeper, meaningful and analysis of rehearsal that caters for the growth of the concept
(Craik & Lockhart, 1972). Research has shown that trace decay, when forgetting occurs with the
passing of time, can be mitigated by consistent and spaced out rehearsal of mathematical
concepts (Magill, 1993). Magill (1993) concluded that what happens between mathematics
lessons (during the retention interval), affects recall. Over practice or over learning beyond what
is needed to “... lessens forgetfulness through retroactive interference” (p. 236). Time and activity
have been identified as having an influence on forgetting (Magill, 1993), and it would be insightful
to see how practice reverses acceleration of time and activity mediated forgetfulness of
mathematical concepts. Again, all these practices require careful pedagogical planning on the

part of the teacher.

2.3 ICT Affordances

This section provides further clarity on and addresses the third research objective, ‘To establish
how the use of ICTs contributes to retention of mathematical concepts’, and the sub-question

‘Which ICT affordances enhance retention of mathematical concepts?’

It must be noted at this point that there are many overlaps between the categories addressed by

the documents used for data collection in this research.

Claims have been made that ICTs have a greater likelihood of hitting on a variety of learning
styles, which in turn positively impacts on retention (Ferriman, 2013). To test this and other
similar claims, retention was broken up into indicators of retention and then further into their
sub-elements, which were then matched with ICT affordances as they relate to the topic during

data collection and analysis of selected categories.

While ICT is simply a pragmatic term for various technological devices, the affordances and

commercial value of these devices are different and unique, and hence, their actual contribution
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to enhancing retention would most likely be varied. There are many groups of ICT tools that
include situating, constructive or communicative tools as well as categories based on how the
tools are used. Situating tools, for instance, can be used to “improve in organisation and memory

...” (Hogle in Lim & Tay, 2003).

Although claims have been made that ICT affordances enhance retention of concepts (Ferriman,
2014), my observation is that not all of them do this as a result of the already mentioned
differences. Because of practical considerations, only ICT affordances related to the iPad, tablet,
calculator, video, and to a lesser extent, IWB and two mathematics programmes were analysed,
because these are the tools commonly used in schools to mediate learning. And because this is a
conceptual study, it was within my purview to critically evaluate even those affordances that with

creative use potentially possess a significant influence on retention.

The Merriam-Webster dictionary (2017) defined affordances as “the qualities or properties of an
object that define its possible uses or make clear how it can or should be used”. The research
therefore sought to establish not only how ICT tools have been used in the past, but also their
potential to enhance retention. For example, the built-in interactive, manipulative potential and
informative capabilities of certain ICT tools suggest they have a superior advantage in supporting
the retention of concepts. That efficacy depends on a variety of factors, including the way the
tools are used during learning. The sum of these factors are herein referred to as the pedagogical
context and include the four low-level categories studied in the literature and evaluated in the
data collection and analysis section, and other emergent categories that emanate from the study

of the core categories.

The affordances of most current ICT tools are far beyond the scope of what Vygotsky envisaged
when he initially referred to cultural tools (Vygotsky, 1978). To a great extent, platforms such as
YouTube, Wiki, Mathletics and Cami, among others, have assumed the role of a ‘more capable
other’ since they possess efficient and reliable search and instructional capabilities, with a greater

potential to enhance learning than ever before.

It is important to provide a distinction between the actual and perceived categories of
affordances with particular emphasis on the tool’s construction and ease of use. Factors such as
the design of a tool and implications on how it is used, referred to as its perceptible affordance,

may have an impact on whether the tool will successfully enhance retention of concepts or not.
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In certain instances, however, it has been shown that ICT affordances are unlimited since their
use is determined by the users’ creativity and inference. The idea behind this is that with
innovative use, any, or at least most ICT tools, can be creatively used to enhance the retention of
mathematical concepts. This type of affordance is referred to as the tool’s hidden affordance.
Kennewell (2006) supported the above assertion by arguing that technological tools will not act
independently of pedagogical settings in which they are used and that an evaluation of the
impact of ICT on teaching and learning requires an “... accompanying detailed analysis of the
complete pedagogical setting” (p. 102). The role of the teacher in ICT mediated learning must
also be described since it is one of the factors of the complete pedagogical context that impacts
ICT tool use. Gibson (in McGrenere & Ho, 2002) argued that affordances are both independent
of an actor and subjective, and that what the actor does with the object is what defines the

object’s affordance.

McGrenere and Ho (2000, p. 2) referred to what they termed “the actor-environmental
mutuality” between the actor and his environment. In another instance, they referred to the
actor and his environment as an “inseparable pair”, with tools having a bearing on whether they
can be used for certain purposes or not. Gaver (1991) was of the opinion that an understanding
of affordances should show a link between simple and complex affordances together with their
consequent necessarily sequential revelation. What Gaver (1991) here suggested is that it is the
user’s exploration that actually leads to this ‘revelation’ of the tool’s affordances. Studies by
Hamat and Embi (2010, p. 243) partly supported my view that “... although computers are
epistemological tools often associated with cognitivism and behaviourism, it is in actual fact their
use that makes them constructivist in nature”. It is also true that the design of certain
technologies provides them with inherent advantages for facilitating the category of retention

over others.

Karpov (2012) explained how ICT tools are used to promote retention of ‘cognitive tools’ that are
then applied to further enhance learning. Baddeley (1992) also argued that human memory is
acquired through senses and that generally ICT tools are better placed as intermediaries of
learning and recalled items. ICT tools are not only ideally placed to support retention, but as
constructivist tools they also mediate the movement of retained concepts from abstraction to
concrete concepts through a process akin to application, which in turn promotes further

retention in the process, creating short-term, long-term, and individual and as well as broad ZPDs
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(Newman & Holzman, 1995). This is the real reason why this research is located in a micro and
macro learning space (Kennewell, 2006), alternatively referred to as the ZAD and the ZPD.
Newman and Holzman, (1995)’s description of the ZPD is the clearest way of tracing the
movement of retained concepts from the micro level of a single lesson to a macro learning space
during lifelong learning. In between, we find numerous ZPDs and enabling micro and macro

pedagogical settings, including the role of the teacher in guiding ICT mediated learning.

One of the most important affordances of ICT tools, that of transforming education, is based on
their potential to shift control of learning to the learner (November, 2010). This marks a shift
from the era of passive mathematical learning to active learning, as clearly explained by both the
social and cognitive theories of learning. Children learn better when they actively take part in a
lesson, as the adage goes: Tell me and | forget; Teach me and | may remember; But involve me
and | will understand’. The importance of the learner and the transformative power of ICT has
led to personalised learning, which both empowers and liberates the learner, resulting in
personalised learning (Keane & Keane, 2013). In spite of so much potential, the authors, however,
agreed that it is in fact what the teacher does with the ICT tools, rather than the perceived

affordances, that determine whether ICT tools are able to support the retention of concepts.

Haddad (1999) listed motivation, simulated and collaborative learning environments, and the
provision of authentic situations (what | would like to term learning contexts) as some of the
inherent advantages of using ICTs. Again, it should be established whether these affordances
have a link with the indicators of retention mentioned herein. Gaver’s (1991) argument that
“learning is seen as a matter of attention rather than interface” (p. 82) supports Abadzi’s
neuropsychological view of encoding and perception. The role of a good interface such as
technologies being that of guiding “... attention via well designed group of sequential and nested
affordances” (p. 82), resulting in increased retention of concepts. The importance of attention

was explained in greater detail in the literature on indicators retention.

Hammond et al. (2001) argued that ICT affordances and constraints serve the dual function of
potentiating and restricting the use of these technologies with implications on subsequent
pedagogical imperatives associated with their use. Supporting this assertion is Kennewell (2006)

"

who described affordances and constraints as “... the conditions and relationships amongst
attributes which provide structure and guidance for the course of action” (p. 106). He further

argued that constraints are complementary to affordances as they allow activity to take place. It
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is important to note that designers of technologies have been trying to make the new inventions
more user friendly, especially for non-specialist users, with hardware and learning applications

such as Mathletics being customised to meet the user’s specific needs and requirements.

In conclusion, while the review of literature might appear to have been presented in seemingly
‘detached silos’ (which is also the structure adopted in the data collection and analysis), the
format is deliberate and meant to provide a deeper understanding of each of the four selected
categories before they are systematised. Much depth has been provided for the core category of
retention to analyse how its elements fit into the other categories that inform this research. The
pedagogy category features in the literature of all the other three categories, and hence, has not

been presented separately in the review of literature.

Theoretically, the nature of positivist mathematics has been established to be objective,
connected, sequential and hierarchical, which justifies the need for the retention of concepts.
Retention is a cognitive construct that is best achieved through the mediation of ICT tools
(Ferriman, 2014). Retention itself has been broken down into indicators and sub-elements upon
which the effectiveness of ICT tools’ potential to hit as many indicators of retention as possible
was based. The evaluation of different documents was also based on how they relate to practices

that promote retention.

It has been argued that the use of ICT without an enabling pedagogical context does not
necessarily enhance retention. While it is acknowledged that the pedagogical setting is a
multivariate system that makes it impossible for learning to happen in a linear and always
predictable form, it was within the scope of this study to recommend a broad but practicable
pedagogical framework that leverages the potential of ICT to enhance the retention of

mathematical concepts.

2.4 Conceptual Framework

This is a pragmatic conceptual study that sought to establish the potential of ICT tools to solve an
existing problem of learners failing to retain mathematical concepts. The major concepts of this
research lie on two different theoretical planes, cognitivism and constructivism. The research’s
view, therefore, is that teachers should not be blinkered by the knowledge of pedagogical

exclusivity of a single framework that ignores different viewpoints. By so doing, there is a risk of
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losing out on other beneficial pedagogical approaches that straddle philosophical lines. This is
especially true for ICT mediated learning where behaviourist views, the Technical, Pedagogical
and Content knowledge (TPACK) model, expansive learning, prevailing cognitive and social
theoretical frameworks can all be ‘borrowed’ to explain how ICTs are incorporated to leverage

retention of concepts.

The conceptual framework used in this research is based on Perkins’s very simple but essential
three goals of learning, which are understanding, retention and application, illustrated in Figure
2-1. The three goals suggest that teaching for recall or understanding alone leads to the
achievement of only one of the possible three learning goals, and is therefore ineffective. The
acquired concepts need to be retained so that they will act as (evolving) raw materials for the
next lesson as well as being used as resources necessary for knowledge transfer, and in the

process, enhancing further retention.

ICTs are claimed to have a long-term cognitive and affective impact on students (Dori, Hult,
Breslow & Belcher, 2007) and would therefore be the best medium of teaching concepts for
retention. The potential for the cognitive and affective domains that enhance retention were
studied through an analysis of ICT tools as well as practices that leverage the potential of these

tools to enhance the retention of concepts.

Retained concepts, also referred to as prior knowledge, foundational concepts or conceptual
resources, are the existing knowledge, skills and attitudes that each learner brings into the new
lesson. The term retention itself has a variety of meanings and has been operationalised in the
research to include practices that promote perceived utility of concepts, connectedness,
elaboration, attention, rehearsal and their sub-elements, which have been used as the basis upon

which all documents will be evaluated during data collection and analysis.

These retained concepts have a function of being the new ZAD for the new lesson and are
transferred or applied during problem solving. The process goes on, not always necessarily in a
linear form, resulting in learners forming more advanced and new ZPDs each time. It is sometimes
possible to initiate learning from any of the three goals, such as in the case of lesson provocations.
Irrespective of how or where the lesson starts, learners still require existing conceptual resources
to extend learning efficiently. Learners who lack retained skills find it hard to move onto higher

levels of abstraction. This view has implications on the structure of the lesson plan; the
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sequencing of mathematics topics; the allocation of teachers, especially in the foundational
grades; assessments and tests; the selection of learning tools; as well as the other accompanying

mathematical pedagogical practices.

It is implied in the formation of higher ZPDs that this learning space should not be regarded as a
single, fixated space, but rather as a multi, continuously transitory spiral space with numerous
levels of abstraction. This is what Karagiorgi and Symeou, (2005, p. 18) referred to as the “many
levels of abstractions for knowledge construction”. The ZPD grows, sometimes exponentially, but
has a rather normal tendency to shrink because of inevitable interference and decay (a process

commonly referred to as forgetting); hence, the need to establish how ICT tools mitigate this.

Focus on ICTs as a special type of tool that impacts on categories of cognition such as memory
finds support in Newman and Holzman (1995) statement that “... tools, affect their users”.
Deriving from this statement, | concluded that superior tools should have a superior impact on
their users. In the context of this research, the selection of tools used for mathematical learning
in specific pedagogical contexts has an effect on the retention levels of mathematical concepts.

This idea is further explained by Shweder and Sullivan (in Altarriba, 1993, p. vii):

... psychology in a technological context forms the basis of comparative study of the way
culture and psyche make each other up ... that performance differences among human
populations may arise from the partial translatability or limited commensurability of

stimulus situations and materials. (p. 488—489)

It is the quality of stimulus and learning tools that determine mathematics achievement! If ICTs
actually have a positive impact on cognition as Newman and Holzman (1995) suggested, there is
a real possibility for many already ICT resourced South African schools to improve the retention
of mathematical concepts, and consequently, performance in mathematics in a better way than
ever before, provided the material (mathematics taught) is presented correctly. Granted,
possible challenges such as other pedagogical issues and inadequate professional development
exist (Flanagan & Jacobsen, 2003; Kennewell, 2006). This study provided recommendations on

how these challenges may be overcome.
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Retention/storage of
prior knowlegde and skills
-enhanced by ICTs

Application/utilisation
o .' /Rt Understanding/acquisation
of retained concepts of concepts

Figure 2-2 The intertwined and symbiotic relationship between Perkins’s (1991) goals
retention, understanding and application. Retention is shown here being impacted and
impacting on understanding and application.

Although Perkins (1991) listed retention as one of the three learning goals, the goals are actually

intertwined, and they affect and are affected by the others as illustrated in Figure 2.2.

Mishra and Koehler (2006) used the TPACK model to explain how the teacher’s pedagogy, lesson
content and integration of ICT technology transform retained concepts in the ZAD to higher levels
of thinking. The authors did not, however, explain how exactly this happens. The research studied
the role of the teacher and technologies in orchestrating affordances and constraints in that
space (King & Chu, 2012), thus allowing learners to traverse between retained mathematical

concepts and what can be achieved within a given learning space.

Although the literature review provided distinct information on the three, the last category on
pedagogical setting pervades the first three categories and is explained contextually within each

of them. The rationale for my approach was explained in Chapter 3.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Philosophical Foundation

This conceptual qualitative research used the grounded theory approach to study the selected
four low-level categories. Grounded theory is building a theory based on observations by the
theorist summarising data into categories that are then tested for coherence; these are then

linked and evolved into the theory (Glaser & Strauss, 1967).

The studied four categories together with their emergent higher level categories revealed in total
the type of stimulus (nature of mathematics, in this research) and materials (ICT tools) that likely
form the basis of differentiated performance in mathematics among learners (Shweder & Sullivan
in Altarriba, 1993). The type of stimulus includes, among other things, the nature of the
mathematics being taught and the pedagogical practices that have an impact on retention. These
categories are reflected in the four research objectives and sub-questions address the main

research question and the research topic.

The grounded theory methodology used in this research allowed the study to “... open up a space
for the development of new, contextualised theories” (Willig, 2013. In this research, the final
product was a pedagogical framework guiding how ICT can be used to enhance retention of
mathematical concepts. The basis of the grounded theory is pragmatism, or the practical effects
of a conception, as has been the focus in this study. The current practical problem facing South
Africa are the worryingly low achievement levels in mathematics. Because of the nature of this
study and it being arguably pioneering research on the topic, a lot of detail has been included,
not only on ICT affordances but also on the other three categories. Indicators of retention have

been broken down into sub-elements to add more detail to the descriptors of this category.

Goldkuhl (2012) argued that although alternatives exist, qualitative research is often associated
with research that allows the researcher to include their perspectives that emerge from an
analysis of contextual factors, excluding the analysis of researchers, that led to certain findings.
Such inferences from literature are important, especially for conceptual studies, because “the
world is not conceived as a fixed constitution of objects” (Orlikowski & Baroud, 1991, p. 13). As a
result, a lot of reinterpretation and inferences have been drawn in this research based on

available data from the identified sources. One of the features of this qualitative grounded
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research is that although it starts with skeletal categories in the form of indicators of retention,
and the three sub-categories of the nature of mathematics, these are absent in the other two
categories. The skeletal measures themselves were subjected to refinement during an analysis

of research papers and documents.

The grounded theory, which is an alternative qualitative data analysis, is an iterative and
reflective process (Glaser & Strauss, 1967) that required me to jot down and revise notes during
the process of reading and interpreting the data. The nature of data analysis shifted the focus of

and refocused the research many times, which led to a product that was not initially envisaged.

| studied the identified low-level categories from primary and secondary sources through the
lenses of the indicators of retention and its related sub-categories, after which higher level or
more complex categories emerged. These were studied and refined until a stage of theoretical

saturation was reached, meaning no new variations of the developed categories emerged.

Usually categories emerge during the data collection, but in this research, they initially emerged
and were identified from the literature and were used as interpretative lenses during data
collection and analysis. During data collection then, higher level or sub-categories emerged that
| interacted with till a stage of relative saturation. The term relative has been used because the

limitations of time and space would not allow me to collect further data sources.

3.2 Research Design

Research design is a strategic framework for action that serves as a bridge between research
guestions and the execution, or implementation of the research strategy (Durrheim, 2004, p. 29).
Saunders, Lewis and Thornhill (2012) define it as a general plan used to address the research

question.

A qualitative exploratory design was used because it allowed the research to gain insights into an
area that are still considered hazy. Qualitative studies allow the study of things in their natural
settings allowing the researcher to attempt to make sense of or interpret phenomena (Newman
&Benz, 1998). The approach allowed the researcher to use small samples of many sources of
information that were selected purposively in order to observe patterns that emerge from a
variety of angles. The iterative nature of the research required numerous stages of

reinterpretation, refocussing and reflective processes, all of which required flexibility that could
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only be allowed by an exploratory research using grounded theory approach (Glaser & Strauss,
1967). Exploratory research allows for use of secondary data that was used to gain a deeper
understanding of the numerous but interconnected loose ends of categories in this research. Of
course, it is acknowledged that conclusions of an exploratory research such as this one are
tentative and not conclusive. Further studies of an empirical nature will be required to make

conclusive recommendations.

The research focussed on past research papers and selected secondary sources, documents and
policies that were analysed theme by theme and section by section, for documents such as lesson
plans, mark sheets, exercise books and curriculum documents. All themes used for the analysis
of lesson plans, assessments, mark records and learner books were constantly refined during the
research process and sought to establish the nature of mathematics and ICT tool affordances and
how they address the indicators and sub-elements of retention. Thereafter it was determined
whether ICT affordances already, or had the potential to, provide stimulation that help organise

mathematics in a better way to enhance retention.

The constantly refined themes used to evaluate all documents were derived from the literature
on the nature of mathematics (sequential versus non-sequential, hierarchical versus non-
hierarchical, connected versus disconnected) and sub-categories that impact on retention. The

themes are as follows:
Themes for lesson plans

Practices that address the nature of mathematics
Practices that address indicators of retention

Practices that cater for the category ‘ICT tools’

1.
2
3
4. Other contextual factors relevant to the topic
5. Utility and application of lesson concepts

6

Pedagogical practices
Themes for exercise books

Practices that address the nature of mathematics
Practices that address indicators of retention

Practices that cater for the category ‘ICT tools’

ol A .

Other contextual factors relevant to the topic
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5. Utility and application of lesson concepts

6. Pedagogical practices
Themes for mark sheets

Practices that address the nature of mathematics
Practices that address indicators of retention
Practices that cater for the category ‘ICT tools’

Other contextual factors relevant to the topic

LA S

Utility and application of lesson concepts
Themes for studied mathematics curriculums

Are the topics sequential or non-sequential?
Are the topics hierarchical or non-hierarchical?

Is there prescribed pacing or not?

w0 N O

Are the topics connected or disconnected?

10. Pedagogical issues
Theme for research papers on the four categories

Practices that address the nature of mathematics
Practices that address indicators of retention
Practices that cater for the category ‘ICT tools’

Other contextual factors relevant to the topic

LA S o

Utility and application of lesson concepts
Themes for software reviews

Two mathematics applications, MyPedia and Mathletics, were selected purposively because they

were available. The following themes were used for analysis:

1. Practices that address the nature of mathematics
2. Practices that address indicators of retention

3. Practices that cater for the category ‘ICT tools’

4. Other contextual factors relevant to the topic

5. Utility and application of lesson concepts

6. Pedagogical implications
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Reflective memos in the form of diagrams and tables were also provided within the data
collection and analysis stage to guide the eventual systemisation of the categories. For all four
categories, information that led to the formation of emergent categories was also collected and
grouped under the two categories of enablers of retention and barriers to retention. | did not put
much emphasis on particular applications but rather on the general formats that address the

axial categories in this research.

3.2.1 Phases of the Research

Corbin and Strauss (1990) guided the selection of the following adapted phases of grounded
theory research, illustrated in Figure 3-1, that were followed from the initial identification of
categories and themes to the stage of relative saturation. It has to be noted that in their original

form, the phases would not have met the needs of this exploratory research.

( ™
¢|dentification of low level categories from literature
Themes sHigher level categories derived from literature
\ A
( ™
*Purposive sampling from available documents

Sampling *Use of available documents
t A
( ™

Development of themes *Research papers used to develop low- and high-level categories
t A
( ™
Data collection and analvsis eSimultanous processes of collecting and analysing data from papers and
Y documents
t A
( ™
Memos: Tables, diagmramsand sWritten in the form of tables, diagrams, and reflections on enablers of and

reflections barriers to retention at the end of each category
t A
( ™

Presentation in chapters *Presentation on each category followed by a semi structured discussion on
p sources

\ A
( ™

Synthesis e|nformation on the four chapters on categories systhesissed
t A
( ™

. . . eDiscussions and formulation of a recommended pedagogical
Discussions and recommendations
framework

\ A

Figure 3-1 Procedures for grounded theory research (adapted from Corbin & Strauss, 1990)

While the first step was to identify themes from Literature, the final stage was the development
of a new pedagogical framework based on the four identified low-level and emerging higher level

categories. Although the phases of the research are represented sequentially in Figure 3-1, the

45



actual process in most instances occurred simultaneously, for example, during data collection
and analysis. So in most instances, an analysis and discussions followed immediately after data
was collected. In others, a summary highlighting the major issues raised was used as basis for
discussion. In the researches themselves, | did not only rely on findings and conclusions, but
important facts and assertions identified in the literature were used to build a credible
framework, and the whole research was approached qualitatively. It has to be borne in mind that
the stages of grounded research theory were modified and adapted to meet the requirements of

this research, something that is permissible in an exploratory research.

Corbin and Strauss (1990) also mentioned other procedures and canons that are part of the
grounded theory research. These include accounting of patterns and variations in literature, each
category construction being part of building a theory, working with other researchers, and

analysing the broader structural conditions that include contextual factors affecting studied data.

3.3 Research Methodological Approach

The initial step of the research was the identification of the four broad themes, the low-level
categories, for review and analysis from the research topic. These are the nature of mathematics;
retention and function in education; ICT affordances; and since learning happens within a
context, ideal pedagogical contexts that support technologically mediated learning. Together,
they provided enough information on stimulation and tools that enhance the retention of
concepts. Information that informed the low-level categories was extracted not only from the
findings of reviewed papers but also from different chapters of relevant literature that generated
discourse in those papers, because | needed to use all available, relevant literature and findings
to make credible recommendations that address the research questions. Sometimes in this type
of research, the whole research is not relevant, because there is very little relevant research on
the topic, rather it is the assertions and claims made in the research that can hold the key to

important and revealing information.

The second step was the development of further higher level themes from the literature on the
four categories and the creation of analytic codes (Charmaz, 2006). Analytic codes in this paper
consisted of indicators of retention sub-themes that in total addressed indicators of retention. A
process of discovering processes and the development of higher level categories through

inductive reasoning followed, and at each stage of the research, research questions and
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categories were constantly being refined. This step involved the analysis of documents on these

categories on the basis of the indicators of retention mentioned in the literature.

The indicators of retention, broken down into higher level categories (Figure 3-2) acted as the
framework for evaluation and reinterpretation of all categories, including reviewed documents
on retention itself. The last part involved the writing of memos and integrating higher level

categories into a new theoretical framework.

And their emergent
categories seen
throughindicators
of retention

. - Elements of
Perceived utility perceived utility
. Elements of
B Attention attention
ICT
Naure of maths Elaboration Elements of Suggestion for
Pedagogy elaboration framework
n Rehearsal Elements of
rehearsal
‘1 Connectednes | Elements of
connectedness

Figure 3-2 The development from low-level categories to emergent categories evaluated
through the lenses of indicators of retention and their sub-elements leading to the new
pedagogical framework.

The final results were presented in the form of sub-chapters, each relating to one of the four
categories, which together with the emergent higher level categories built up a new framework

on the use of ICT to enhance retention of mathematical concepts (Chapter 5).

3.4 Data Collection Methods and Tools

Selected sources of international and local literature and documents were categorised into the
four low-level categories but grouped under the following headings that were used to answer

the research questions (Section 1.9).

1. Papers and documents that described the nature of mathematics in any of the selected

countries. Few papers on the topic were available in Zimbabwe and Kenya, and | either
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3.4.1

omitted or replaced them with papers from countries with similar geographical
backgrounds.

Documents that uncovered the nature of mathematics.

Documents that linked the nature of mathematics to other categories.

Papers that support or are critical of retention in mathematics education were included
for their potential to initiate critical discussions. These were initially set to be included but
none directly addressing the needs of this research were available.

Literature that sheds light on retention, ICT use, and the nature of mathematics and
pedagogy were selected irrespective of the sections where they were located in the
selected research

Papers on tool use and ICT affordances in mathematics teaching and relevant studies on
ICT mediated mathematics teaching were selected.

Manuals and reviews for the selected ICT hardware and software.

Grade 8 Mathematics textbooks from a resource shared by both learners and teachers
that are considered Curriculum Assessment Policy Statement (CAPS) compliant were
selected to study the South African curriculum. A paper on the Finnish model was selected
to describe its curriculum. A mathematics syllabus was selected from Zimbabwe to
describe its curriculum. Finland and Zimbabwe were analysed in relation to how they
addressed the selected themes that address the four research questions.

Teaching and learning documents that included mark sheets, lesson plans and work
schedules for Grade 2, 3, 6, 7 and 9. Initially 10 papers were selected to be reviewed, but

only four were needed to reach a point of relative saturation.

Exclusion of Sources

Initially, the research did not focus much on research done on technologies in other subjects, as

these were not deemed to be exactly comparable to mathematics, which is considered sequential

and hierarchical in this research. However, in certain instances, lack of sufficient relevant papers

in mathematics necessitated a revisit of that criteria.

Research papers prior to 1990, unless they were considered essential, and in any language other

than English were given limited consideration. This was done to reduce temporally induced

transcription errors that could distort the findings.
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| had to also exclude lesson plans and/ other documents that were submitted but deemed to be
unauthentic. After a verification process, certain lesson plans were deemed unfit for the research
purposes because they seemed to have been adapted to meet my ‘expectations’. These included
the four lesson plans ‘from Kenya’ and three ‘from Zimbabwe’. Papers from Zimbabwe, Kenya
and a few other countries that did not shed greater light on the topic were excluded, and this
might influence the generalisability of this research. These glitches were anticipated since this is

arguably a pioneering study on the topic.

3.4.2 Sampling and Inclusion of Sources

The sources were selected using purposive sampling of papers that met the inclusion criteria. The
rationale for purposive sampling was that there is limited research on the topic or relevant
literature are unavailable. Relevant issues on pedagogy were raised from all literature studied in
the research. More lesson plans from South Africa than from the other countries were included
in the research, mainly because they were available. | consulted many more documents than |
initially envisaged to check for patterns. | also used two lesson plans from Zimbabwe and none
from Kenya. The curriculum and a lesson plan from Finland was inferred from literature. Reviews
on Mathletics and MyPedia were conducted because | managed to access the relevant
documents. The research papers and journals mainly originated from countries meeting the

following criteria:

1. Countries that have been successful at teaching mathematics and integrating
technologies in mathematics teaching, as evidenced by their TIMSS rankings. Papers from
Finland, the USA and the United Kingdom were of particular interest based on this
criterion. It was important to understand, especially for countries such as Finland and the
USA, how the papers addressed the selected themes. The USA was mainly selected for its
experience in using iPads. Data was collected and analysed from all sections that had
information relevant to the study.

2. Other African countries (Kenya and Nigeria) that use ICTs in mathematics education
and/or cater for retention or demonstrate practices that support/or do not support the
retention of concepts in mathematics education. These were initially selected for review,

but very little literature on the subject was found. In the absence of adequate papers on
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the categories under study, practices and teaching documents were reviewed to verify
whether or not these categories were implied in any way in the teaching of mathematics.

3. A South African experience, especially how well resourced and successful schools are in
teaching mathematics, structuring their lessons, and using ICTs tools to promote
mathematics performance.

4. Documents and literature that included peer review papers, policies, assessments, lesson
plans and other relevant documents from South Africa and the selected countries. The
main purpose for including these was to look for the following themes: Pedagogical issues,
assessments, the curriculum, tools, the various factors that promote retention, and an

enabling pedagogical context for ICT mediated mathematics learning.

Again, | acknowledged that the lack of randomisation in the selection of lesson plans and other
assessment documents could have potentially compromised the validity and reliability of the

findings.

Table 3-1 shows the selection criteria for literature sources based on terminology related to the
research. Not all sources that met the outlined criteria were considered because another more
stringent criteria outlined by Scott (1990) was used to assess the quality of sources. Scott outlined

the following criteria for handling documentary sources and assessing their quality:

1. Authenticity: The process required for the assessment of evidence in terms of integrity,
unqguestionable origin and for being genuine. This criterion led to the rejection of a lot of
the submitted record sheets and lesson plans that | felt had been doctored to show a
favourable review.

2. Credibility: All the documents used were assessed to check for errors and distortions.
Here, | disregarded software review documents that were compiled by programme
developers as these were deemed unbalanced and meant for advertisement purposes.

3. Representativeness: Documents were checked to see whether the evidence was typical
of its kind, and if not, whether the extent of the variation was known?

4. Meaning: This criterion was used to help ascertain the clarity and comprehensiveness of

sources used.

In order to carry out a successful qualitative analysis, a qualitative analyst should keep the

following in mind:
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e Their biases and preconceptions

e Know their question

e Seek creative abundance, and consult others for alternative interpretations. The selection
of further papers was meant to achieve this objective with the hope that the already
selected categories would be subjected to scrutiny from new data and be further refined
to make them more credible.

e Be flexible

e Exhaust the data selected for inclusion in the research. In my case, | included all relevant
data from any selected chapter of research as well as selected portions of data from a
variety of documents.

e Celebrate anomalies

e Get critical feedback

e Be explicit through sharing of details with oneself and others (Miller & Crabtree, 1999)

3.5 Data Bases

Terminology related to the research was searched in the following databases and sources: Google

scholar, Elsevier, Wits library, government documents, and others, as illustrated in Table 3-1.

Table 3-1 The selection criteria of the literature sources was done according to terminology

Data Bases Terminology Articles Selected
Retention
Google Scholar Memory 14
Elsevier Application articles[Excludes
Wits library ) other documents
Government documents Understanding not available on

) o ICT affordances and constraints | data bases]
International publications

Information technologies

The number of sources of data and the categories they addressed are listed in Table 3-2. The

table clearly indicates the many overlaps among the categories.
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Table 3-2 Sources of data (N=49) (= used due to overlaps)

Category Mainly Addressed
Nature of .

Sources of Data | Number Mathematics Retention ICTs Pedagogy
Research papers 14 v v ' v
Lesson plans 18 v v ' v
Learner books 5 v v v
Mark records 5 v v v
Learner 2 v v v v
assessments
Curriculum 4 v v v
documents
Software reviews 2 v v

As had been expected, there were a lot of overlaps and convergence in the papers and
documents from where data was derived. The classification of sources of data under the different
categories were in certain instances based more on arbitrary considerations based on the
category the source is mostly inclined towards. While (N) was meant to be below 49, categories
were explored until a stage of theoretical saturation had been reached. From the onset in the
proposal, as has indeed happened, it was mentioned that there was a possibility that the sample
size could be more or less than the initial envisaged 20, depending on when saturation was
reached. ICT affordances reached saturation on eight papers; mathematics on two papers and
thirty documents; retention on two papers; and for pedagogy | felt that two papers and 32
documents were sufficient to reach the relative saturation required for the research’s purpose. |
ended up looking at many lesson plans to verify variability, connections and other themes that

could only emerge from looking at a variety of sources.

3.6 Data Collection and Data Analysis Approach

For this type of research where documents have to be reinterpreted, it was deemed not only
possible but ideal to simultaneously conduct the stages of data collection, analysis and
discussion. This was done in many portions of this research. As a result, in most cases as data was
being collected, it was also being described qualitatively and analysed on the basis of how it
impacted the identified categories following the structured framework adapted from Corbin and

Strauss (1990). The simultaneous data collection, analysis and discussion required references to
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other authorities to happen, and in the process, almost masking the paper or document under
discussion. The separation of these documents were therefore intended to assist with

organisation and not for purposes of exclusive focus during analysis and discussions.

Notes and observations on all categories were made prior to writing the data collection and
analysis section. As a result, | could criss-cross across the categories through ‘omniscient
narration’ because all the required data was already available. This meant that findings on the
last category, for example, were incorporated in the first, the second and the third category and
vice versa. The data and rough memos collected before compilation of Chapter 4—6 made this

possible.

Documents and literature sources from the identified country groupings were analysed in
relation to the seminal research findings on the core categories of this research, highlighted in
the literature section and further developed during data collection and interpretation. The
second process involved scanning abstracts and documents for relevance to the themes and
contexts highlighted in the study. The broad categories that addressed the research questions

are listed in Table 3-3 as well as in the other tables that guided the process of writing memos.

The four categories and their sub-elements were used as a basis for the evaluation of documents
and researches dealt with in this research. The interaction among the categories is not restricted

to their lower levels alone.

Finally, | adopted a semi-structured discussion approach to dealing with a data source, for
example, when dealing with a paper or document, a heading gave guidance on the type of source
being referred to. However, in the discussion of a point of interest within the selected document,

reference was made to other authorities and documents beyond the paper being focussed on.

While the indicators of retention were used as lenses to evaluate other categories, | also
evaluated other papers and documents on retention during data collection to refine that
category even further. Papers and documents were also used to refine the category on the nature
of mathematics. The rationale for this was that although the indicators and the three sub-
elements of mathematics were already identified, | thought that more information collected
during data collection was needed for the categories to reach the stage of saturation required

towards the recommendation of a new pedagogical framework.

53



Table 3-3 lists some of the themes that guided the analysis of both hard data from the
guantitative researches and soft data from qualitative sources. It also lists sources mainly used
to address the identified themes as well as the framework of interaction among the categories
used as a basis for discussion during data collection and analysis. The framework for analysis
below confirm the interconnections and interaction among the four indicators. Memos in the
form of diagrams, notes on enablers of and barriers to retention, and tables helped with the
reflection and summarising of key issues in each category and at the same time ‘lengthening the

thematic tentacles’ used for systematisation later in the research.

Table 3-3 Research matrix used to collect data showing contexts for all the selected countries

3) Nature of
mathematics

3) Nature of
mathematics

3) Nature of
mathematics

Criteria
View of mathematics Pedagogy and Retention papers,
as seen through g &Y ICT software and and how they
practices, and how .
research papers, hardware, and how they | address issues of
. they address L . .
classroom practices . address indicators of retention (until
. indicators of ] .
and indicators of . retention theoretical
) retention .
retention saturation)
Research papers
Curriculum .
] | Curriculum In(;llcatt.ors of
esson plans retention
Sources of Lesson plans Research papers icul
information | Mark sheets Mark sheet . | curricuium
. ark sheets manuals
studied and Assessment papers Lesson plans
Exercise books Reviews
analysed Exercise books R " Mark sheets
esearch papers
Research papers pap Assessment papers
Exercise books
1) Indicators of 1) Indicators of 1) Indicators of 1) Indicators of
. retention and retention and retention and sub- retention and
Main sub-elements: sub-elements: elements: sub-elements:
framework
. 2) ICT affordances 2) ICT affordances |2) ICT affordances 2) ICT affordances
for analysis

3) Nature of
mathematics

Because of practical considerations, it was not possible to collect learner books from Zimbabwe,
Kenya and Finland. All findings on learner books were based upon the available South African

books.

It has been mentioned that the category of retention is one of the axial categories of this research

whose development started in Chapter 2 and is refined in Chapter 4. The category was used as a
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lens from which to initiate the study of a data sources. Considering that most of the sources
would probably not have within them the actual words like ‘retention’ or ‘indicators of retention’
or even any of the actual indicators, words that denote or imply the presence of indicators of
retention were highlighted in advance to guide the research, as indicated in Table 3-4. The same
is equally true for the nature of mathematics where the words ‘sequence’, ‘hierarchy’ or
‘connections’ might not appear, and yet, certain practices confirmed their presence, as shown in

Table 3-5.
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Table 3-4 Data collection matrix showing sub-categories of retention indicators

coding observations into indicators of retention

used for

Indicators
. . Attention Practical Primacy .
Higher level . Perceived . component recency Encoding .
R Elaboration Connectedness L capturing e Rehearsal/Practice
categories utility . (under (under specificity
and interest . ;
elaboration) attention)
- Similarit
. A description ‘mifarity
s . . A description | How many of
Linking with Solving of . s of . .
. . . of facial, opportunities . . learning How many times a
Explanations | Explanations | other concepts | real life introductions o
R body for and task is tried
done already situations . . and lesson .
language manipulation? . testing
conclusions
context
. Similarity
Offering of o Eagerness to between )
further Askin Linking with Feedback engage How many How do learnin How many times a
examples to uest?ons everyday by the opportunities lessons and € task is tried before
explain q knowledge ICT tool Interest for research? start? . success
concept component testing
methods
. . How man
Using other Connections Occurrences y How many
Feedback opportunities )
ways of through group by the of laughter, for real life How do observed times
explaining and pair v sharing, and . lessons end? learners moved to
e teacher . authentic
the concept competitions asking . . the next level
situations?
Connections Competitions How man
. between the against self v
Explanations " Feedback doth observed times
traditional and and others
and help by the learner moved
modern ICT Feedback
from peers . . peers backwards and
linked teaching and
forwards
methodology motivation
Self-directed
and efficacy Number of items
or reliance practised per
on teacher given time
instructions
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To determine the nature of mathematics, one of the low-level categories, the secondary
categories namely sequential, hierarchical and connected mathematics were selected. Emergent
higher level categories were initially selected to determine the nature of mathematics taught in

South Africa, Finland and Zimbabwe.

The three secondary were further broken down into higher categories (Table 3-5) used to initiate
the evaluation of curriculums and documents relating to the nature of mathematics. These, as
has been explained, were refined as shown in Figure 5-2 after engagement with literature. The
nature of this research allowed these steps of refinement and back and forth discussion.

Table 3-5 Showing the initial matrix of elements used for coding the nature of mathematics.

The matrix will be developed after engaging literature and documents on other categories
relating to the nature of mathematics.

Nature of Mathematics

Higher Level Categories Of Nature Of Mathematics| Sequential | Hierarchical |Connected
Catering for multiple learning styles (multimodality) v v
Back and forth movements v
Simplex to complex, known to unknown v v v
Number of exposures to concept v

Application of concepts v v
Collaboration opportunities v v
Marking and feedback v v
Differentiated assessment v v v
Class teaching v
Learner achievement before next lesson v v v

3.7 Interpretation and the Research Report

The process of reinterpretation was ongoing and became part of the data collection and analysis,
writing of memos, coding and integration of the low-level categories, other higher level
categories and even ‘tertiary level’ categories that emerged into a pedagogical framework. The
results section of the grounded research methodology was the longest and the results were
presented as chapters as indicated below. It should be noted that there were a lot of overlaps in
the categories as well as in the sources that describe them. The data collection and analysis

process followed the order described below.
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The chapter on the nature mathematics mainly consists of research documents that deal with
the nature of mathematics. Various curriculums, assessment records, lesson plans as well as a
variety of other documents highlight the nature of mathematics from a policy and practical
perspective. Although documents such as lesson plans fit in well in this chapter, | grouped them

under pedagogy because they address that category as well.

The chapter on retention focussed on the function of retention in mathematics and its sub-
categories. The chapter starts with the low-level category that was developed into higher level
categories from literature and documents. Because of its importance in the research, relevant

papers were reviewed to further refine this category.

The chapter on ICT tools narrows down the focus to iPads, tablets, calculators, video-based
contexts and the one application MyPedia. This chapter deals with ICT affordances that enhance
the retention of mathematics and its sub-categories as diagrammatically represented in Figure

3-3.

S —

Connectedness
R
—
Reheasal
R ——
s )
Axialcategory Tertiary categories of
Retention Emergent categoriesof Rerceived utility retention and other
retention categories synthesised
\ J
—
Nature of mathematics Attention
R ——
—
Elaboration

Axialcategory

Emergent categories of 1
ICTtools

Retention and its
indicators

Pedago Support ICT utilsation
S and nature of maths

Figure 3-3 A schematic representation illustrating how ICT affordances and their emerging sub-
categories directly or indirectly interact with retention (as summarised by its indicators) and
other categories to enhance retention of mathematical concepts.

The low-level categories of ICT tools and retention have a lot of detail in their chapters because

retention was one of the two axial categories through which all the other categories were
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evaluated (Figure 3-3), and also because ICTs afford and is dependent on the other low-level

categories (Figure 3-3).

The chapter on pedagogy once again permeated all the other categories as well as the teaching
documents that were studied. These included the lesson plans, summary mark sheets, mark

records, assessment plans and learner books.

In the last chapter on the recommended pedagogical framework, all the low-level and their
emergent categories were systematised and fitted together into a usable, broad pedagogical
framework with elements recommending how ICTs should be used to promote the retention of
concepts. Drawing from all the reviewed papers and documents, this chapter sums up the answer
that addresses the research question ‘How do ICT enhance the retention of mathematical
guestions?’ The chapter’s purpose to offer a broad, systematised framework on how ICT could
be used to promote the retention of mathematical concepts as illustrated in Figure 3-4 was
deliberate in order to avoid dealing with individual or specific ICT tools. This is important if one
considers the rapid changes and the infinite types of both software and hardware tools that are

either currently being used or designed to support mathematics education.

and their emerging sub-
categories

Convergence among low-

level categories as seen T

through indicators of
retention

systematised, leading to a
recommended new
framework

Figure 3-4 A summary of how low-level categories and their emergent sub-categories were
used to form a new pedagogical framework on how ICT should be used to enhance retention
of mathematical concepts.

As can be seen from the above explanation that guided this research, all the categories were
studied in silos but each time the analysis incorporated elements that addressed the
interconnections among ICT tools, retention and the nature of mathematics, themes that

addressed indicators of retention.

The low-level category of retention was broken up into indicators of retention in the literature
section and ‘exported’ for use in the data collection and analysis section where they are further

refined through literature and used as lenses through which the other indicators were evaluated.
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3.8 Validity, Credibility and Reliability

The nature of this research, practical considerations of time and space together with the

purposive sampling used in this research opens this paper to accusations of subjectivity. To

mitigate this, triangulation, thick, rich descriptions and peer debriefing were used as some of the

validation strategies to eliminate the possibility of subjective conclusions that would have

negatively impacted the validity of the results. Cross referencing, verification of literature and

wide consultation on thematic approaches to the analysis aided in validation, thus allowing for

the emergence of a credible pedagogical framework on how ICT could be used to enhance the

retention in mathematics education. The following criteria, as has already been mentioned, was

also used to address issues of the validity, credibility and reliability of sources:

1.

During the authentication process, | checked whether evidence was corroborated and
genuine and whether it was from impeccable sources. Policy documents, textbooks, peer
reviewed publications and statistics already in the public domain were also used to
enhance the authentication of sources, and consequently, the findings of this research.
Checking for credibility involved evaluating whether evidence gathered was typical of its
kind, especially based on the findings of previous research and information in the public
domain. This was especially important especially in the verification of brochures used for
reviews, lesson plans and marks.

Representativeness was ensured by evaluating analysed documents and literature to
check if they were representative of the totality of relevant documents. The difficulties of
purposive sampling are that even in the documents selected it does not provide a true
reflection of the actual situation in all schools.

Meaning was ensured by evaluating the evidence on whether it was clear and
comprehensible.

Toulmin’s framework (Toulmin, 1958) illustrated in Figure 3-5 below on whether claims
made were understandable, have been substantiated and are of considerable significance
was also used to justify the elimination and inclusion of certain sources and conclusions

used and reached, respectively, in this research.
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qualifier-or warrant that
links grounds to the claims

made
rounds-evidence and facts| ! Claim-the assertion or

supporting claim main argument

Figure 3-5 Toulmin’s framework. (Adapted from Toulmin, 1958)

| do, however, acknowledge that the purposive sampling method used to collect crucial

documents led to a likelihood that some of the data is not truly representative of its kind.

3.9 Ethical Considerations

The nature of this research required only that all literature and documents used be referenced
in and out of the text. Texts, documents used and literature from where data was derived are all
listed in the Annexure section. With the exception of DoE documents, all submitted documents
such as mark records and lesson plans had the names of their schools and teachers removed to

maintain anonymity.

3.10 Conclusion

A grounded research methodology was used to reinterpret and make observations on the
documents available on the four low-level categories. The category of retention has already been
broken down into a secondary category in the form of indicators, and upon refinement from
literature in the data collection section, were further refined into tertiary categories that were
used to formulate a new framework on the use of ICT to enhance the retention of concepts.
Similarly, the nature of mathematics starts with a broad categorisation of connected, sequential
and hierarchical mathematics and a few emergent higher level categories to initiate evaluation
of documents and papers. The data collection, analysis and discussion happened almost
simultaneously. Reflection memos mainly took the form of diagrams, tables and notes on

enablers of and barriers to retention at the end of observations from a document or paper.
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CHAPTER 4: DATA COLLECTION AND ANALYSIS

Before setting out the collection and analysing of data, it is pertinent to link this part of the
research to the essential elements of the problem statement and research objectives and

questions in Chapter 1 as well as the categories in Chapter 2.

Evidence presented in Tables 1.1 and 1.2 indicate that most learners are struggling in
mathematics. Based on Perkins’s (1991) view on the basic goals of learning, another way of saying
this is that challenges in mathematics are a result of a failure to understand, retain or apply
mathematical concepts. Claims have been made that ICT tools have the potential to enhance the
retention of concepts (Laurillard, 1993), and yet very little research has been undertaken to
establish the veracity of these claims, especially considering how diverse these tools are in terms
of their affordances and constraints (Chinn, 2000). That question cannot be addressed without
verifying how schools view mathematics, for example, whether it is an objective, hierarchical and
sequential subject or not (Chinn, 2000; Wilson, 2009). The role of retention and how it is catered
for in the subject and the description of the pedagogical setting that supports retention of
mathematical concepts are guided by how mathematics is viewed, especially by the teacher who
implements their understanding of the curriculum in practical terms (Kennewell, 2006). The
nature of tools themselves and the variations in their affordances and constraints require

exploration in broad terms because of their diversities.

The research aim was to gain insights from the selected data sources to construct a pedagogical
framework that guides the effective use of ICT to enhance the retention of mathematical topics.
The aim not only guided the nature of the data collected, but also directed the selection of the

categories that helped address it.

The aim was divided into the four objectives that together address it and the research questions
fully. Each research objective has a corresponding research question and a corresponding low-
level category to ensure that all essential components of the research are catered for during data

collection and analysis (Table 4.1).
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Table 4-1 Showing research objectives with their corresponding research sub-questions

Research Objective Corresponding Research Sub-Question Corresponding Category

To establish the nature of

. What is the nature of mathematics? Nature of mathematics
mathematics

To establish the importance of . .
P What is the role of retention in

retention in mathematics . . Retention
. mathematics education?
education

To establish how the use of ICTs . .
. . Which ICT affordances enhance retention
contributes to retention of . ICT tools
. of mathematical concepts?
mathematical concepts

Pedagogical practices. This chapter

To provide a pedagogical What is the pedagogical framework that |was left open to allow for the

framework for using ICTs to

. . supports the use of ICTs to enhance analysis of observations to become
support retention of mathematical . . .
concents retention of mathematical concepts? the basis of recommended
P practices

The stages of data collection and analysis were conducted almost simultaneously based on the
major themes or the selected low-level categories: The nature of mathematics, retention, ICT
tools, and pedagogy. The process was presented in four sub-chapters, outlined above, for each
category and in Chapter 5 that synthesised the findings from each of the categories together with
their emerging higher level categories. It must be noted that the recommendations provided
emanate only from the literature and documents consulted and analysed; a different set of

literature would probably have led to a totally different finding.

4.1 General View on the Categories

The four main low-level categories of this research are mathematics, retention, ICT and
pedagogical contexts. These low-level categories were reinterpreted through available data to
formulate secondary, and in some instances, tertiary level categories that impacts on the
retention of concepts. Literature for reinterpretation was derived from international, regional
and local primary sources until a point of saturation. Such saturation is relative as it only relates
to the selected documents and papers. No further engagement with literature was necessary
after a stage of saturation had been reached. All four categories appear in both the literature
review and the data collection and analysis stage, because the categories as they are reviewed in
literature was used as lenses through which related papers and documents were analysed in the
data collection and analysis stage, with all four categories again being evaluated on how they

address the research questions and relate to indicators of retention.

63



4.2 ICT Reviews

The themes for ICT reviews were categorised under hardware and software tools. The focus for
hardware components was placed on practical considerations such as portability, connectivity
issues, printing and generation of reports, dependence on data, and whether their nature
predispose them to distractions. The focus for software was placed on their ability to generate
reports, variation of complexity, immediate feedback, interactivity, contextualisation of
concepts, rehearsal opportunities, multiple representation formats, collaboration, and whether

they cater for different learning styles.

4.3 The Nature of Mathematics

This sub- chapter deals with document analysis that allowed the research to make a comparison

of curricula of the selected countries.

The study on the first category, the nature of mathematics, was guided by the following research

objective and question:

Research Objective

To establish the nature of mathematics
Research Question

What is the nature of mathematics?

This category was firstly explored to establish, using the goals of education, and specifically, the
indicators of retention and their sub-elements, if mathematical achievement is related not only
to the way the subject is viewed through official policy documents, but also to how it is practically
viewed or implemented by teachers in the classroom. Secondly, because the nature of
mathematics is suggestive of the ICT affordances and pedagogical strategies that best support

the teaching and learning of the subject to enhance the retention of concepts.

The general view of mathematics studied showed that in general all mathematics curriculums
from different countries confirm in theory that it is accepted that mathematics is taught from
known to unknown and that concepts build on and are connected to each other. The evaluation
of curriculums also showed in varying degrees that opportunities to practice and apply

mathematical concepts are essential. With the exception of Finland where the curriculum is not
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detailed, there are not many differences among the curriculums studied to warrant the
differences in performances in the studied countries’ mathematics performance. | assumed that
there would be significant underlying factors that could be attributed to the difference in
performance; hence, the need to practically verify the teachers’ understanding of the nature of
the subject. | also discovered that from a curriculum point of view, other than the amount of
detail, there is not any single notable factor that places Finland ahead of South Africa and other
countries not performing very well mathematics, because if anything, the Finnish curriculum is
deficient in detail. Rather, it is the differences in the elements of the pedagogical context in its
entirety that seem to be hugely influential. Alternatively, and strangely, the differences in

performance could be hidden in the detail, or lack of it, in the curriculum.

Just like the other documents, the curriculums of South Africa, Finland and Zimbabwe were
evaluated in 4.3.1 on whether they are structured to cater for and use the indicators and sub-
elements of retention. The was done by verifying whether the topics and concepts were
sequential, hierarchical, connected and whether opportunities existed for retention and ICT tools

to support its indicators at the curriculum level.

4.3.1 The Finnish Curriculum

Finland was selected for this study because it is one of the countries that is doing particularly well
in both the Programme for International Student Assessment (PISA) and TIMSS mathematics
assessments. Malaty (2004) actually argued that “teacher education in Finland could represent
for educationalists an ideal efficient case” (p. 1). The country is well resourced (Malaty, 2004);
the teaching profession in Finland attracts the best professionals who are motivated and have
good mathematical content knowledge; and all teaching practices in Finland demonstrate an
excellent pedagogical context that promotes and leverages resources to enhance mathematical
learning. They are definitely doing something right, which is why this research sought to establish
not only the country’s view of mathematics, but also of retention, ICT tools usage, and the
practices that allow them to succeed in mathematics teaching. What is baffling about the Finnish
curriculum is that it is neither dense nor prescribed; teachers also have lot of autonomy to

arrange concepts and assess as they see fit.

In Finland there is almost no information on the role of technologies in teaching mathematics.

The only essential aspects in Finland are the outline in the National School Curriculum and
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teacher education. The planning, implementation and assessment are left to individual class
teachers. Other important aspects worth noting in the Finnish approach are that teachers teach
for understanding and apply skills learnt to other situations. Not much literature is available on
whether the concepts are retained. The approach focuses on improving confidence in the
subject, support, and differentiated instruction. This is possible because the classes are small.
This can be compared to South African schools where the teacher to learner ratio in most schools
is about 1:40. There is less detail in the national curriculum and more in the local curriculum.
Compared to this, South Africa’s national curriculum is quite detailed and prescriptive and offers
specific timeframes and sequencing of topics. This has many implications, including the flexibility

for teachers to move according to the needs of the class.

Venkat and Spaull (2007) established that most South African primary school teachers have
inadequate content and pedagogical knowledge in their subject. While on one hand, all Finnish
teachers have to do a practical teaching practice in mathematics which is important because all
teachers, irrespective of their specialisation, can connect their knowledge of mathematics to

other subjects, in South Africa, especially in primary school, this has not been the case.

Finnish teachers present mathematics ideas by sharing and verbalising ideas. Although the
research does not explicitly show whether retention has a function in Finnish mathematics, it is
implied in the way it is taught. Verbalising ideas rank very high on the retention pyramid to
support retention. This confirms the folly of adopting wholesome e-learning programmes that do
away with social strategies that have proven to be useful in mathematics learning. A wholesome

uptake of ICT that excludes other strategies could prove to be counterproductive.

Learners with difficulties in mathematics are supported (promoting prior knowledge and skills)
and given opportunities for differentiation. Research also confirms that such intervention is
mostly provided during the elementary stages of learning (Sahlberg, 2012). Manipulatives are
used to prevent misconceptions. Sometimes resources that can be manipulated enhance
understanding, which is the basis of retention. ICT tools have simulated manipulatives that allow
learners to test their understanding of different concepts. The advantage of concrete objects

over simulated ones, in instances where there are misconceptions, is quite apparent.

Textbooks play a big role in Finland, and a study by Niemi (2004) indicated that 53% of Finnish

teachers are satisfied with their textbooks in Grade 6. Textbooks do play a role and are not
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inferior to a basic e-Book that lacks interactive content. ICT tools that replace the hard copy
textbook should possess greater affordances that allow learners to interact with content at a
deeper level. Finnish textbooks are logical and explicit, and essential facts are connected to
everyday life, and they compare very well with the South African textbooks studied in this
research. The Finnish textbooks cater for different learning styles with colourful illustrations and
varied exercises. This shows that with the exception of offering authentic and simulated
environments as well as the interactivity affordance of most technological learning applications,
textbooks can also do many things afforded by ICT. The major difference is probably the
immediacy of feedback, interactivity and the interest component attached to gamification.
However, for most schools, over time eBooks cost a fraction of hardcopies. The homogenous
exercises in textbooks can be used for average learners while the ICT tools cater for very fast and

slow learners.

Localising content is equally important for both textbooks and eBooks, allowing learners to make
connections between what they learn and their real lives. Learning materials in Finland are

produced by ordinary teachers who are familiar with local conditions.

In the study by Malaty (2004) on mathematics teacher training in Finland, the following very
important issue was raised: There is free access to computers and printers, and all computers are
linked to the internet. Easy and free internet access has many implications for both hardware
and software use in class. It also influences whether schools should completely move towards
technologically-based education or whether they can adopt elements of blended learning. For
example, when internet is inaccessible and expensive and cannot connect all gadgets, would it
still be beneficial to stick to a ‘superior’ tool that is not adding value to the learning experience?
Access to programmes that require internet, like Khan Academy and superior packages of
Pearson eBooks, would remain a dream to many schools that lack internet connectivity, which

should be readily available for schools as part of social justice.

In Finland, teachers’ work is not subject to regular supervision, meaning they have a lot of teacher
autonomy (Malaty, 2004). This suggests the level of competence and motivation of Finnish
teachers. This autonomy gives teachers space to pace and arrange the topics in mathematics
according to the specific needs of their mathematics classes, leading to a responsive teaching
approach. Autonomy allows teachers to spend less time on topics learners understand and more

time on topics that require further teaching. It is not surprising that although Finland apportions
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the least time to mathematics teaching, its results are far better than most countries that spend
more time. This is where prescribed pacing fails: It presupposes that learners from different

geographical and economic backgrounds will learn at the same pace across the country.

Finnish classrooms are not noisy or disruptive, and learning is used to the maximum. This is
supported by learners learning close to home and an open door for visitors. This again suggests
a physical connection between home and school that is essential for mathematics teaching that

support the retention of concepts.

The local curriculum is developed by municipalities and teachers. Education is therefore localised
and in a sense ‘owned’ by those who teach it. The context of learning is not designed by someone
who is not directly related to the implementation process and in the process makes unreasonable
demands on teachers to finish a certain number of topics within a certain time period. Each
normal school is part of a university (Malaty, 2004). This mainly means that learning and teaching
in Finnish schools is research driven and that the pedagogical and content knowledge of teachers
is excellent. The advantage of research driven teaching is that educators can use data to plan
interventions and focus on specific needs. Teachers need a master’s degree in education,
meaning teacher’s increased pedagogical and content knowledge allows them to represent

concepts in multiple formats.

Grades 1-6 Finnish teachers are class teachers and usually move up with their classes for a few
years (Malaty, 2004). The high levels of education among teachers make it possible for them to
move to the next grade as their students progress through school. That allows teachers to take
advantage of the prior knowledge of classes and individual learners and provides them with more
time to build connections. It is well-known that new teachers usually take a long time to figure
out the ZAD of classes and individual learners (Gee, 2012). The whole first term is probably spent
on this, and compounded with the lost time at the start and end of term, approximately four
months of school time is ‘wasted’. This could be one of the sources of mathematics problems in
South Africa. Allowing class teaching in the primary school is probably the best decision Finland

has made.

The low teacher to learner ratio support individualised learning based on each learner’s needs,
taking into consideration their individual ZPD and allowing the teacher to provide differentiated

teaching. The low ratio allows individual learners to benefit from their own learning path and get
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immediate feedback. Secondly, it is easier for the teacher to establish and scaffold learning to
individual learners’ prior knowledge. In the South African context, reducing the current ratios of
1:40/50 to less than 1:20, as in Finland, would have serious financial implications. The role of ICT
programmes in assisting individualised learning cannot be overemphasised (Morrison, 1998, in
Chesitit, 2015). Individualised learning already discredits uniform pacing of mathematics
learning. Each learner is provided with a firm background that makes it possible for them to
understand concepts before they move on to the next topic, with that understanding being the

basis of any further learning.

In Finland, class teacher education, the major field of study is education and not subjects. This is
very important since it breaks the compartments between subjects. Neither life nor education is
compartmentalised according to subjects; it is integrated. While there are advantages to training
teachers to be experts in subjects at primary school, the main benefit of concentrating on
education rather than subjects is that teachers can infuse and apply mathematical concepts
across subjects, and in the process, support elaboration and connections as well as their

perceived utility in different contexts.

The focus of Finnish teacher education is games, problem solving and teaching that enhances
understanding (Malaty, 2004). Games enhance motivation, attention, interest and on task
staying power, all of which are essential for retention. The success of Finnish teacher education
is due to the required high teaching qualifications and the success in recruiting motivated

teachers (Malaty, 2004).

There are no private lessons, probably because Finnish schools maximise the use of learning time
with no unnecessary distractions and mathematics learning is integrated with other subjects,
improving mathematical understanding. If this is the case, then time allocated to mathematics
should not be measured in terms of minutes, but in terms of its qualitative utilisation. The little
learning time used with overlaps, games, individualised learning and support together with
connections have the potential to exponentially increases learning achievement. In the UNESCO
survey of 1986, the collected data from 27 European countries showed that for teaching
mathematics at schools, Finland devoted the least time compared to any other European country
included in the survey (UNESCO, 1986). The findings by Malaty (2004) are summarised in Table
4-2.
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Table 4-2 A summary of findings of the paper by Malaty (2004) on mathematics curriculum in
Finnish schools.

Practice Possible Impact on Retention Possible Implication on ICT Tool Use
1) Class contextualised . - . Affordance of ICT-virtual
) Perceived utility and connections .
teaching environments
2) Learner contextualised . - . Affordance of ICT-virtual
. Perceived utility and connections .
teaching environments
3) Independent pacin Promotes conceptual understanding and use [Scaling up and down affordance of
P pacing of prior knowledge and understanding ICTs
. Maximisation of time allows for practice and  |Any time availability provides
4) Lack of disturbances . . P y . yp .
opportunities to make connections opportunities for practice
. Makes learning interesting, increasin Gamification promotes motivation
5) The motivated teacher . & g & . P .
attention and understanding of concepts and increases attention
A locally designed curriculum is relevant to the
6) Locally designed learner and considers their needs and prior Affordance of ICT-virtual
curriculum understanding. Learners are not unnecessarily [environments
hurried to keep abreast with official pacing.
Connectedness between subjects and . .
. . . Easier to set learning programmes
7) Class teaching concepts, elaboration, and utility of . . .
. . . that integrate different subjects
information from one context into another
. .- . . ICT affordances allow for
8) Low teacher/learner ratio |Individualised prior knowledge e . .
individualised learning
Connectedness between subjects, grades and |Storage affordance and pedagogical
o concepts framework allow learners to be
9) Continuity ) ) o )
Less time wasted while establishing baseline [taught, but the same teacher over a
understanding good number of years
. . S . No human teacher can do this. Onl
10) Independent sequencing |No time constraints in terms of practice and s . y
. . . ICT can be used to individualise
according to need elaboration opportunities .
learning
. . It is easier to establish and ensure
. . Promotion of prior knowledge ensures that ;. .
11) Very strong intervention , . ; that learners’ prior knowledge is
learners’ retained knowledge is strong
taken advantage of
Games add an interest component and e
12) Focus on games . . P . Gamification affordance
increase stay time and attention

4.3.1.1 The Nature of Finnish Mathematics

To address the first research question based on the Finnish curriculum, literature showed that

Finland uses sequence, connections and hierarchy well to teach mathematical concepts by using

grade teaching and teaching a class for consecutive years. The focus on education and not

subjects as well as the consecutive years that teachers teach their classes indicate the

interconnected nature of the mathematics taught in Finland. The application of concepts in

different situations and the whole interconnected system of education enrich conceptual
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descriptors that enhance retention. As a result, the success of Finnish mathematics education

cannot be attributed to a single factor.

4.3.1.2 Enablers of Retention

Finland encourages active engagement, which not only promotes understanding, but also leads
to better attention and conceptual encoding (Perkins, 1999). Strengthening foundational
knowledge supports understanding, and in turn, positively supports retention. Finland also caters
for all learning styles using resources and actual teaching. Concepts taught in Finland are applied
in different situations, supporting perceived utility, elaboration, and building of connections.
Pedagogical practices such as grade teaching and teaching a class for many years strengthens
connections and builds on prior concepts, thus supporting the correct sequencing and hierarchy

of concepts.

4.3.1.3 Barriers to Retention

There is not much in the literature about rehearsal, practice or even how often the learners are
assessed in different grades by different teachers. Because the teachers have autonomy, it is
assumed that these decisions are left to the teachers. The superior affordances of ICTs in
mediating mathematics learning were not emphasised. The implication would probably be that

ICT are simply viewed as other tools that are used if and when necessary.

4.3.2 The Zimbabwean Curriculum

This section discusses the Grade 4-5 Zimbabwean syllabus that was analysed. There is no
prescribed pacing in the curriculum, although there is evidence of sequencing and hierarchy, and

the pacing is determined by the needs of the class. Learners are encouraged to work hard.

Learners must understand the completed before they do new work. The aims of the Zimbabwean
syllabus include focus on conceptual understanding, preparation for present and future studies
(application and retention), the need to understand key words, and the development of skills
through appropriately challenging mathematically related tasks (understanding and application).
The objectives are closely related to the goals of Perkins (1991) and include recall, recognise,
application, solving and interpretation. The skills are weighted and categorised, as shown in Table
4-3.
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Table 4-3 Weighted skills in the Zimbabwean curriculum

Knowledge 16%
Routine manipulations 38%
Understanding and application 36%
Problem solving 10%

(NB. The potential for high use of retention of foundational concepts include, but are not limited

to, tables and bonds)

The distribution shown in Table 4-3 provides opportunities for learners to understand, retain and
apply concepts. The depth at which this is done is subject to discussion. In this research,
application includes problem solving and the other higher order applications of the concept in

Blooms’s taxonomy.

The scope and sequence of topics is presented incrementally per grade. There are no timeframes
and many baseline activities to verify prior understanding. The curriculum provides many recall
opportunities with mental exercises and recognition activities, leading to generalisations. There
is a sequential and hierarchical presentation of concepts, advocating for the use of concrete

media, especially in primary school.

4.3.2.1 The Nature of Zimbabwean Mathematics

Zimbabwean mathematics meet the criteria for a sequential, hierarchical and connected subject.
While connections among subjects may be different from and not as extensive as the Finnish

scenario, there is emphasis on integrating the subject with other subjects.

4.3.2.2 Enablers of Retention

There are connections between subjects; emphasis on elaborate ways of representing the
subject; and application of concepts to different situations that cater for the indicators of

perceived utility, elaboration and rehearsal.

4.3.2.3 Barriers to Retention

There seems to be few opportunities for the teacher to assist learners by looking at the concept

in elaborate ways. Not much has been presented to address the indicator of attention and
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elaboration, and the curriculum is rather quiet on the use of technologies to mediate learning

and cater for different learning styles.
4.3.3 The South African Curriculum

The South African curriculum was viewed through an analysis of the Grade 8 Platinum
Mathematics textbook (Bowie et al. (ND) that is considered CAPS compliant and follows the
official sequencing and pacing. The themes that guided the analysis of the textbook verified
whether it shows hierarchy, sequencing, connections and how it addresses the indicators of

retention.

The textbook arranges the concepts from simple to complex. At Grade 8, the topics start with
whole numbers, move to algebraic expressions at the beginning of Term 2, fractions and concepts
of the Pythagoras theorem in Term 3, and finally, functions and relationships in Term 4. The topics
are well sequenced according to complexity, and within the topics there is a clear hierarchy, for

example, the fractions topics are arranged in the following order that shows a careful sequence:
Understand the fractions
Add and subtract common fractions
Multiply common fractions

1

2

3

4. Divide common fractions

5. Squares, square roots, cubes and cube roots
6

Percentages

It is clear that there is a clear sequence and hierarchy from simple to complex and known to
unknown in the book. The text book also starts the topic with colourful visuals that aid
understanding and offer instructions on how to solve problems. On the left is a column with
mathematics ideas and connections to other topics and subjects, for example, music and baking

is integrated with the topic on fractions (Figure 4-1).
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The slice is 1 of this cake.

Figure 4-1 The topic on fractions is connected to real life with colourful pictures that cater for
visual learning styles

Approximately 10 practice items are given per day for learners to practice the concept and two
examples are provided each time to help the learners. At the end of every lesson, there is one
challenge question for children who are ahead of others, and at the end of the term there is a
single revision exercise to help learners prepare for exams. It must be noted that learners can do

twice or even thrice as many practice activities using applications such as MyPedia.

My conclusions on the Grade 8 platinum textbook are that it addresses a variety of learning styles,
lists technology that can be used and also seeks to connect the subject to real life situations and
concrete objects. With such a textbook, one is forced to ask what is going wrong with the teaching
of mathematics in South Africa. The answer lies in the practical implementation of the policies
and recommendations of the textbook. In the actual learner books, | did not see a single question
that was at an application and problem solving level. Again, none of the studied exercise books
reflected the challenge question that is supposed to be used to enhance mental effort. By Term
3, all the revision exercises at the end of the term’s work were done after learners had written
their end of term tests, and they were not marked. What | noticed was that although the revision
exercises where not marked, in the sample of two of the really struggling learners who were
getting very low marks in the daily exercises, all the answers were not only correct, but similar to
the answers at the end of the textbook. While feedback is important and encourages the double

loop, when it is provided as answers at the end of the book, it encourages cheating and leaves
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the teacher with the assumption that all learners understand the concept, which would be
incorrect. It follows, therefore, that the teacher has to do all the marking for an average of 40
learners, each day marking around 600 items per subject, assuming all learners write 10 items in
class and 5 for homework. Marking becomes a challenge, which explains why most of the books
and work is not marked. Added to this, the textbook caters for average and excelling learners,
with single activities of 10 items at each level. Applications such as Mathletics provide several
activities of 10-20 items that are elaborate and adaptively presented for each level. Seven topics,
each with approximately seven different activities for each term are provided, and in between,
there seems to be no opportunity for the teacher to move back and strengthen conceptual
understanding. | also noted that in the learner books, many of the suggested textbook activities
that are meant to apply concepts are skipped. In the observed Grade 8 exercise books, the first
three activities on exponents were not reflected in learner books, and the topic on functions and
relationships was skipped. During Term 2, the teacher did not start from these topics but went
on to the second activity on the new topic on algebraic expressions. As expected, leaners did not
do well. Many topics were skipped, and it is my view that teachers were rushing to catch up with
the pace of the curriculum. The major barriers to implementing the progressive activities in the
textbooks and curriculum seems to be time for marking, for finishing topics, for planning and for
individualising teaching. There is not enough time. The literature on ICT tools and how it
addresses some of these issues confirms that it has the potential to enhance mathematics

learning in a way that promotes the retention of concepts.

4.3.3.1 The Nature of South African Mathematics

The South African textbook is not an inferior resource for teaching mathematics. The textbook
shows sequence, hierarchy and connections that are also emphasised in the CAPS documents.
The colourful pictures and connections to real life situations caters for a variety of learning styles.
What it lacks, like most textbooks, are interactivity, immediate feedback, multiplicity of activity
and multiple representations, all of which can best be afforded by ICTs. The connections are

apparent, but in relative terms are insufficient compared to the Finnish approach.
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4.3.3.2 Enablers of Retention and Barriers to Retention

The emphasis on ICT inclusion in the White Paper (DoE, 2004) and emphasis on the application
of concepts indicate the desire to ensure concepts are retained. Arguably, the greatest threat to
retention is the detailed and prescribed pacing of the South African curriculum that denies both
learners and teachers an opportunity to elaborate on, rehearse, connect and use concepts in
different contexts. The practice of making black and white copies of workbooks defeats the
purpose of representing concepts in colour and multiple formats to cater for varied learning

styles.

4.3.4 Comparison of Curriculums

Amount of detail in
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Figure 4-2 The type of mathematics taught in the different countries under study

Figure 4-2 shows how the South African curriculum fares in comparison to the curriculums in the
selected countries. In terms of sequencing, hierarchy and connections, the curriculum fares well
in comparison to the Zimbabwean curriculum and is far more detailed than both the Finnish and
Zimbabwean curriculums. The South African curriculum even prescribes pacing, which makes it
possible to complete all topics within the prescribed time period. Each topic and concept is
allocated specific time frames, which | think is the major problem with South African
mathematics. Prescription presupposes that all learners are the same and will learn at the same
pace, which is incorrect. It puts pressure on the teachers to finish topics without ensuring that
learners have understood, retained or even applied the concepts, which eventually affects their
ability to retain concepts. In the exercise books studied in this research, it was apparent that

while trying to keep up with the pacing, teachers skipped some activities and topics, and in many
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instances only gave learners a single exposure to a concept. Learners taught at this surface level
will struggle in delayed tests. On the other hand, teachers in Finland, and to a lesser extent, in
Zimbabwe are not under pressure to teach a certain number of topics in given time period, and

so, do not have to skip any topics in order to catch up with the prescribed pacing.

From the review of textbooks and the reviewed curriculum, the mathematics taught in South
Africa, although heavy in detail and pacing, can be described as being hierarchical, connected and
sequential. The study of lesson plans and similar documents in the pedagogical section further
established that this official view is not reflected in teachers’ practical understanding of
mathematics. In spite of the categories they are grouped under, the data sources that described

the nature of mathematics are highlighted in Figure 4-3.

Lesson plans

and records

The nature of R N
ml” ll’“ esearc

papers

Exercise
books and

assessments

Figure 4-3 The data sources that revealed the nature of mathematics

It was essential to understand the nature of mathematics taught in different countries as it has a
direct bearing on how the subject is taught, which tools are used, how the subject is paced, as
well as the emphasis on content and other accompanying practices, as represented above, which
all together helped to answer the research question. Besides influencing the national curriculum,
the understanding of the nature of mathematics should have an impact on the tools used as well

as assessments.
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4.3.5 Research Papers Analysed

4.3.5.1 Introduction

Papers that straddle the four low-level categories or exclusively focussed on any of the categories
were analysed. Papers from Finland, the USA and other countries were analysed. More focus was
placed on the South African experience. It should be noted that very little literature was found in
Africa, especially in the selected countries, on the category of ICT tools. In many instances, in the
absence of the required papers, inferences were drawn from the available documents such as
the curriculum, lesson plans and exercise books. Very few papers perfectly fit the requirements

of this research, which justified the reinterpretation of the papers.

Research papers evaluated the nature of mathematics, retention, ICT and pedagogy sought to
establish within each of these research papers, practices and strategies that had a likely impact
on the indicators of retention. The research was not limited to the findings of the papers but to

the theories found in the papers that formed the basis of the research.

Research paper were mainly studied to refine the categories to reach higher forms of theoretical

saturation. Table 4-4 summarises the reviewed research papers.

Table 4-4 Summary of reviewed research papers

Authors Category Origin
Venkat and Spaull (2015) Nature of mathematics; pedagogy | South Africa
Mathomo (2006) ICT; retention South Africa
geéiexrgl;n(gz,osliclz;rt, Nacke, O'Hara, ICT; gamification Canada
Choi and Johnson (2005) ICT; video-based instruction USA
Martio (2009) ICT; calculators Finland
Kilic (2013) ICT; iPad USA
Kaur, Koval and Chaney (2017) ICT; iPad USA
MyPedia ICT; application review South Africa
Clarke and Svanaes (2014) Tablets United Kingdom

4.3.5.2 South Africa

From South Africa, | selected a paper written by Venkat and Spaull (2015) on primary teachers’
mathematical knowledge in South Africa and another by Mathomo (2006) that dealt with the use

of educational technology in the teaching of mathematics.
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Venkat and Spaull’s (2015) paper provided invaluable data on the categories of retention
pedagogy and the nature of South African mathematics. The paper was also selected because it

promised to uncover the exact nature of problems in mathematics education in South Africa.

In their study on primary teachers’ mathematical knowledge in South Africa, Venkat and Spaull,
(2015) agree with pertinent observations made by (Ma, 1999) when they say, “Primary school
teachers should, at the most basic level, have mastery of the content knowledge that they are
required to teach” (Venkat & Spaull, 2015, p.8). The research, however, uncovered that from a
nationally representative sample of mathematics teachers, 79% of Grade 6 teachers showed
content knowledge levels below the Grade 6/7 band, and that good teachers are inequitably
distributed (Hungi, et al). If this is the current situation in South Africa, it would be very difficult
to introduce a system that allows teachers to move up with their learners for a number of years.
The research also noted that a variety of frameworks and methodologies have all reached the
same agreement on the very low and highly unequal performance of South African students
(Venkat & Spaull, 2015). What tools and practices are well performing schools using to experience

success?

Venkat and Spaull’s (2015) research also showed that teachers lack fundamental knowledge in
mathematics. In a rural school where ICT were used, that lack of fundamentals was reflected in
the use of ICT for rote learning. Without an alternative learning programme, learners were at the
mercy of the incompetent teacher who himself was no better than the students he taught. The
instructional affordance of ICT and its ability to transfer learning to learners has the potential to
level the playing field for learners who are at the mercy of such teachers. Can teachers who lack
mastery in the subject they teach know how to teach the subject and what goals to focus on?
Any ICT tool that such teachers use should, therefore, be more than just an aid to teaching, and
be a guide, an associate, a resource and to a great extent a ‘mentor’ to the teacher. Although it
appears that a lot of time is allocated to mathematics, very little of it is used productively because
incapable teachers find it difficult to make conceptual or disciplinary connections that aid

understanding and retention.

Venkat and Spaull (2015) also argued that teachers’ poor conceptual knowledge impacts learner
performance. This was clearly reflected in the number of skipped topics and activities, as well as

in mathematics problems that were incorrectly marked. By just looking at a few memos of two
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tasks that were analysed more deeply, | discovered that about five of the first 20 questions had
wrong answers. It is a pity that the research focussed more on documents, but | assumed that
the writing of memos was either difficult or a time consuming activity. An ideal ICT tool should
make provision of feedback task easier and faster. Marking books ensures learners have
understood concepts and influences retention levels. An incapable teacher cannot explain and
simplify concepts, resulting in learners failing to understand the concept, and concepts that are

not understood are not retained.

While the need for an overt curriculum is understandable to assist teachers who lack content
knowledge and to ensure that all learners in the country cover the same topics, such a curriculum
in the hands of a non-creative teacher will not be contextualised or reorganised to build on
interdisciplinary and specific connections that enhance the retention of concepts (Venkat &
Spaull, 2015). A look at the exercise books also showed that teachers were moving quickly at the
pace of the curriculum, and sometimes only a single activity was done before moving to the next
topic. Considering that understanding, application and the indicators of retention all aid better
retention, it is clear that a wrongly used overt curriculum is arguably one of the greatest barriers
to the retention of concepts. An overt curriculum could also be a good thing in a country where
teachers are often absent, allowing substitute teachers to continue from where the previous
teacher ended. In 2012, the average absentee record per year in the Southern African
Development Community (SADC) region was nine days per teacher. The average for South Africa
was 19 days of absence per teacher, translating to 7 448 000 days of lost teaching for the 392 000

South African teachers employed at that time (News 24)

While proponents of an overt curriculum might list its benefits where learners write common
tests, it might compel teachers to teach for tests rather than for understanding. Again, issues of
equity and fairness are ignored if learners who are different, come from different backgrounds
and are moving at different paces are forced to write similar tests. Such an approach helps the
bureaucratic system and maybe the teachers to tick policy boxes, but it does not help learners in
any way. It would not be fair for the schooling system to administer common examinations to
learners who are operating at different levels. It would be better for learners to learn fewer topics
and learn them well, than cover a syllabus they do not understand. Venkat and Spaull (2015) also
raised their concerns on sequencing and pacing. In my view, the current pacing and sequencing

removes teacher autonomy to ensure understanding, retention and knowledge application. It
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also removes important practices like debriefing, elaboration and practice. Sequencing and

pacing cannot support differentiated learning based on variations in the ZAD of learners.

According to this research, the biggest problem with education in South Africa is the low number
of teachers with desirable pedagogical and content knowledge. “Only 32% of South African Grade
6 teachers showed desirable levels of mathematics knowledge, Kenya (90% of teachers),
Zimbabwe (76% of teachers) and Swaziland (55% of teachers)” (Hungi et al., 2011). It would seem
that content knowledge, more than anything else, has a great impact, if these countries’
performance is to be compared. However, it is possible for teachers who have excellent content
knowledge to find a way to make their lessons interesting and in the process allow learners to

understand and be motivated to work independently in the subject.

Although Taylor and Taylor (2013) provided a framework linked with topic strands rather than
hierarchical levels of mathematics, the emphasis on hierarchical mathematics seems to hold
traction with Ma (1999) who also argued that primary school teachers need a profound
understanding of fundamental mathematics. This is even more true considering that learners
who start with a sound grounding of mathematical concepts, considering it is hierarchical,
perform exponentially better than their counterparts. Teachers must be aware of connections
between concepts and of the progression of key ideas that allow for a flexibility of movements
between representations and ideas related to them. It cannot be overemphasised that the role
of a good teacher is to make connections between ideas; allow for movement between concepts
and their representations; simplify concepts leading to understanding; and show an awareness

of connections, of learners’ prior knowledge and of real life opportunities for application.

According to Adler and Venkat (2012) and Adler and Venkat (2014), South African teaching is
disconnected at all levels of the South African schooling system. This is also evident in the lack of
connections between concepts, as evidenced by the lesson plans, between mathematics
exercises and between subjects. Subject teaching removes subject integration and utility of
knowledge from one subject to another and would not be beneficial in the foundation phase. In
a comparison, in countries such as Finland, Zimbabwe and Kenya, it was found that most
foundation phase teachers move with their children from Grade 1 to 3, from Grade 4 to 5 and
from Grade 6 to 7 in primary school. This allows teachers to make connections over at least two

years of a learner’s life. Again, with the exception of South Africa, teachers in Finnish, Kenyan and
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Zimbabwean school systems are class rather than subject teachers. This allows them to make

grade connections and subject connections.

There are gaps at common content knowledge (Venkat & Spaull, 2015). | posit that gaps are a
result of the disconnections listed above. The gaps, that also affect understanding and retention,
are also a direct result of prescribed pacing and sequencing that does not cater for the individual
differences among learners. The gaps get wider each time because, as discovered in this research,
most teachers lost learner assessment records for students taught in 2018. No previous records
of learners were in the files of the new teacher, implying that important knowledge that could
have been used to help close gaps was not used. Record keeping as an important function of an

ICT tool to aid retention cannot be overemphasised.

Venkat and Spaull (2015) questioned whether gaps at this level raise questions whether attention
to advanced mathematics is an “... immediate priority in the South African teacher education
landscape in spite of advocacy in the international literature” (p. 10). | have to agree with the
researchers because a firm foundation is a prerequisite for learners to move on to new levels of
abstraction. Could a prescriptive curriculum be the reason why learners are not doing well? Gaps
signify that learners should be exposed to foundational mathematics before they are exposed to
more challenging mathematics. How can a learner who does not understand number sense be
exposed to algebraic equations? Start small, but start well. Make sure that the concepts learnt
are learnt well. Practice and rehearsal is important, and research showed the immense potential
of ICT in assisting with this process (Baddeley, 1992). It is important to start and strengthen the
basics, and the curriculum should focus more on foundational mathematics and build upwards.

At the moment, especially in mathematics, it seems that South Africa is building from the top.

Most teachers (79%) teaching Grade 6 had content knowledge levels below Grade 6, and 62% of
Grade 6 teachers had Grade 4 or 5 level content knowledge (Venkat & Spaull, 2015). It is my
argument that successful mathematics teachers, especially at lower levels, should be competent
at a lower and a higher grade than what they are teaching in order for them to make connections
with prior learning and to provide a ‘hinge’ for future learning. Not only that, foundational
teachers should have wide subject knowledge to make horizontal connections with other

subjects and vertical connections within the subject.
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It is important to build a solid foundation for extensive attention to Grades 6 and 7 content
(Venkat & Spaull, 2015)). This also signifies the importance of teaching for retention, especially
in the lower classes, and having a single teacher in primary education who is a master at seeing

and taking advantage of connections.
The competent teacher should therefore consider doing the following:

Teaching from simple to complex
Teaching from concrete to abstract
Teaching from known to unknown

Verifying baseline knowledge of learners

v B W Noe

Making and using connections in their teaching

The above practices require a teacher who carefully plans and reflects, not only for the average
learner in the class, but for each individual learner in order for them to build a conceptual
understanding based on a firm foundational background. Again, a look at the lesson plans
evaluated in this research indicate that none of the lesson plans had been evaluated, implying
that possibly lesson plans are not being used to build connections and make interventions as it

should. This could lead to the following difficulties:
Time for planning and reflection
Difficulties to plan for each individual learner
Difficulties to establish the baseline knowledge of each learner

1

2

3

4. Keeping progress records for each learner

5. Tracking progress and intervention for each learner
6

Assessments to verify success of intervention for each learner

What becomes clear, therefore, is that unless the teacher has the support of no less than two
assistant teachers, it will be very difficult to plan and support activities that promote
understanding, and by implication, retention for each student in an average class of 40 learners.
ICT tools can be used to promote this kind of learning. It is quite true that while alternatives exist,

these are not very good at keeping the type of records required for making connections.

In their study on essential content knowledge and instructional strategies on teaching fractions
and ratios for understanding, Lamon (2005) highlighted the following aspects to be noted: A good

curriculum is well sequenced and it is the good teacher who should sequences their topics. In
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Finland were the sequencing is left in the hands of the teacher, learner performance in
mathematics has been good. The implications of sequencing could firstly be that a good teacher
is aware of the baseline knowledge of the class as well as individual learners in the class. In other
words, the sequencing of concepts should be at the level of the class and at the level of individual
learners. Secondly, good teachers should be aware they must individualise learning according to
the different ZAD of each learner in order for them to close the gaps for the class and for
individual learners. Learning gaps happen when the concept has left a space between what the
learner already knows and what they are exposed to in the new learning experience. It has to be
noted that no single teacher would be able to close the gap for each learner in a class of 30
learners. The practical difficulties of catering for individual learners require ICT tools to not only
assist pedagogically but also with the administrative function of maintaining performance
records. Individualised learning acknowledges that each learner is starting from a different and

unique step.

Missing steps or learning gaps results in learning gaps that accumulate to cause further learning
difficulties later. In as much as retention grows exponentially, gaps also grow exponentially,
resulting in even lower achievement in higher grades as shown by the statistics from the DoE in

Grades 2, 3 and 9 (Table 1-2).

Individualised learning helps each mathematics learner to close the conceptual gaps, and in the
process, promotes retention. In a scenario where a teacher is failing to plan, to connect, to keep
records and to individualise learning, all of which have a bearing on retention, one is bound to

ask: What is the role of ICTs in rectifying the situation?

Venkat and Spaull (2015) argued that concepts teachers struggle with affect other topics later in
the child’s learning life, clearly implying their view of sequenced and hierarchical mathematics.
Struggling teachers skip topics, or according to the exercise books observed, teach them at a
superficial level, or as discovered in the learner exercise books, only give single exposures of
concepts, which are insufficient for retention. In one instance, the teacher copied the exact
example from the textbook and used that as an exercise for learners to do. In many instances,
topics that are skipped because teachers are not competent or comfortable to teach, act as a
basis for more complex concepts thereafter. Where teachers struggle with a concept, they
usually find it difficult to represent concepts in multiple formats, as seen in the learners’ exercise

books. ICT tools include many teaching platforms that have YouTube videos that can teach the
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concepts and exercises that learners can do, with the tool acting as a more capable other that
not only offersimmediate feedback, but guide how questions should have been tackled. Teachers
who struggle with concepts should be part of a community of practice. ICT videos can be used to

promote conceptual understanding and retention.

Topics that are avoided are likely to be foundational for other topics, leading to learners
struggling with certain topics that teachers are not comfortable with. ICT technologies that
empower teachers to teach all topics support retention. A skipped step in mathematics learning
is a threat to conceptual retention. | wanted to verify the number of topics that teachers skipped
in their teaching. It was alarming to note that in one class the teacher skipped the topics on
addition, subtraction and division of fractions. The topics on decimal fractions, on number
patterns and on square roots were skipped in Grade 8 despite the teacher having planned for
them. Learners go into the next class without baseline knowledge! There must be a way to
ascertain what the learners know or do not know before they go into the next grade, learn a new
topic or do a new section in a topic. The Finnish scenario confirms that a good teacher can still
be effective with a skeletal curriculum, while a detailed curriculum does not necessarily lead to

improved results.

There is a crisis in primary school mathematics teacher content knowledge that is confirmed by
the poor performance in mathematics in high school (Venkat & Spaull, 2015). The crisis in high
school mathematics confirms a lack of foundational mathematics because learners were not
taught in a way that promoted understanding and retention. A good ICT tool should, in a situation
with an incompetent teacher, act as a teaching tool, a learning tool, a practice tool and an
assessment tool. The issues raised in Venkat and Spaull’s (2015) report and their possible

implications on other categories are summarised in Table 4-5.

While it is tempting to say that the deficiencies in South African mathematics teaching can be
remedied by the inclusion of ICT tools, Venkat and Spaull (2015) argued that fancy technology,
just like a good curriculum, cannot back up a poorly designed lesson. The success of ICT tools
depends on the competent teacher to plan a good lesson and decide when and where ICT tools
are used. It is the teacher who is capable of setting goals for the day’s lesson based on learners’

prior knowledge.
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Table 4-5 Impact of practices on retention and implication on ICTs

Practice Impact on Retention Implication for ICTs
1)  Teachers who lack Struggle with marking Affordance of ICT to offer immediate feedback
adequate content Behind with marking Teaching platforms such as YouTube can explain
knowledge Wrong marking affects understanding and motivation concepts clearly
. Lack of sequencing affects understanding and retention ICT can be easily manipulated to scale up or down
2)  Concerns on sequencing . i . . .
and pacing Pacing affects time allocated for elaboration, practice, and ICT affordance offer opportunities to apply
opportunities for use of concepts knowledge
YouTube, explanations on certain programmes,
Teachers who lack fundamental knowledge cannot teach for
. and webpages such as Khan Academy can take
understanding .
over the role of the incompetent teacher. Both the
3)  Lack of fundamental They cannot teach for retention—no elaboration and interest teacher and learners have a present teacher who
content knowledge component; hence, encoding is negatively affected they can learn from
Inexperienced teachers struggle with preparation and selection of ||CT affordance to make lessons interesting
relevant teaching media ) .
g Multimodality affordance of ICT
Teach t le with multipl laborat f ti
eachers struggle with multiple or elaborate ways of representing | p. e o0 o
4)  Lack of fundamental mathematical ideas ddi icall
; s . . n re represen ramm g
pedagogical knowledge |Absence of individualised learning pathways that connect current co cepts are represented diagrammatically.
. symbolically and through actions
to prior knowledge
. Without connections there is no elaboration, and therefore, there |ICT affordance of connecting concepts to virtual
5)  Disconnect at all levels . ) .
is reduced retention environments
With ICT it is easier and faster to establish baseline
knowledge. Concepts taught using ICT can be
o . . scaled up and down to close the gaps
Gaps indicate lack of connections and disconnect between present
6) There are gaps at and prior knowledge, which could indicate absence of baseline Teacher.can place a blqck to prevent learners from
common content knowledge proceeding to next topic before mastery of
knowledge . . elementary topic
Some topics are not taught well and others are skipped )
ICT is a resource through YouTube and other
platforms of teaching difficult concepts and topics
to learners

4.3.5.3 The Nature of South African Mathematics

From a practical implementation of the curriculum, the way the subject is being taught is

disconnected. It is not really surprising that this practical view of the subject does not support

the retention of concepts. There seems to be a disconnect between the official curriculum and

the curriculum ‘of the classroom’. Pacing and the quality of the teacher seem to be the main

sources of this disconnect.

4.3.5.4 Enablers of Retention and Barriers to Retention

From this research it can be seen that the greatest threats to indicators of retention are teachers

with poor content and pedagogical knowledge that negatively affects connections and the

application of knowledge, which ultimately enhance the retention of concepts. Conceptual gaps

and teachers’ low content knowledge affect both the sequencing and hierarchy of concepts,

which in turn affects retention. While the South African curriculum looks fairly good on paper,
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research indicates that the major problems are at the implementation stage, in the classroom,
by the teacher. It would appear that technology should not only be used as a learning tool, but

also as a teaching tools to ‘mask’ the deficiencies identified by Venkat and Spaull (2015).

4.4 Retention in Education

The category retention seeks to address the following research objective and question:
Research Objective

To establish the importance of retention in mathematics education.

Research Question

What is the role of retention in mathematics education?

As has already been seen from available literature, educators who are aware of retention as a
goal of education will carefully plan and sequence their lessons to cater for the goal. The category
of retention was studied further to refine the information on indicators of retention mentioned
in the literature section. The papers and documents under this section were evaluated on the
basis of how they enhance indicators of retention and illustrate how these support hierarchical,
sequential and connected mathematics as, confirmed in the first category. The findings of the
first category were based on policy documents but were subjected to further scrutiny by
comparing them to the actual practices in the classroom that indicate the teachers’ practical view

of the nature of mathematics.

The five indicators of retention that emerged from the initial low-level category of retention are:

1. Perceived utility
2. Attention

3. Elaboration

4. Rehearsal

5. Connectedness

In this category, the data collection and analysis stage was approached with both the low-level
and secondary category already being available to initiate the study of all the other categories.

This category was reviews again to refine it, leading to the emergence of tertiary and even
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guaternary higher level categories on retention. The initial low-level and emergent categories are

illustrated diagrammatically in Figure 4-4—4-8.

Indicators of retention are suggestive of activities that should ordinarily result in enhanced
retention of concepts. Retention is one of the two most important categories in this research
(the other being ICT) and was used as a tool to evaluate how current practices and the curriculum
could best be mediated by ICT tools. Based on the literature and documents studied in this
section, the indicators of retention were further summarised and broken down into specific
higher categories or enabling practices that describe their overarching indicator. From the
literature reviewed, each of the indicators can be broken down further into more refined

categories as shown in Figures 4-4—4-8:

s N N ~
Low-level L Perceived
catego ETE utility

gory category

i ] Indicators of
[ Retention J [ retention K

. /N J

Figure 4-4 Perceived utility and emergent categories

- N N ( )
Higher
I;:c;\;\glivel level Attention
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Retention ] [ Indicato_rsof k
I retention

A /O vy

Figure 4-5 Attention and emergent categories
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Figure 4-6 Elaboration and emergent categories

4 N N ™
Low-level ATEED
cateeo level Rehearsal
gory category

Retention ] Indlcato_rs of
J retention

o /X J

Figure 4-7 Rehearsal and emergent categories
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Low-level Higher level

category category Connectedness
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Figure 4-8 Connectedness and its emergent categories.

The secondary and tertiary categories in Figures 4-4—4-8 were further refined and authenticated
through corroborative papers that were reviewed in the data collection and analysis section. All
other practices and activities, such as motivation and gamification, can be categorised under one
or more of the listed sub-categories and specific elements of each indicator. It is envisaged that
there are other practices such as application that enhance retention, but have not been initially

listed as such in the literature section under indicators of retention.

If learning is that which remains when everything has been forgotten (Neisser, 1982), it follows,
therefore, that conceptual understanding not underpinned by activities that move items into the
long-term memory is insufficient for the purposes of advancing further learning or aiding
application. This is why research has noted that learners do not perform as well in the delayed

assessments as they do in assessments soon after lessons (studied mark sheets).

s N
+58% +25%
Initial knowledge |:> 20 minutes after |:> After a delay of 2
treatment weeks
\ J

Figure 4-9 Huge gains immediately after a lesson that drop to 25% after a period of just two
weeks (adapted from Murre & Dross, 2015; Craik & Lockhart, 1972)

Diagrammatically retention can be roughly represented as in Figure 4-9: There is an immediate

spike in performance soon after a lesson, followed by a relative decline that is dependent on
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whether learners were exposed to practices that mitigate decay or support retention during the
lesson. Used correctly, ICT tools should amplify the concept. Figure 4-9 indicate that immediately
after lessons, there is an immediate spike in performance and understanding. This raises many
guestions about the correct timing of assessments that would be truly reflective of learner

competency in the concept.

The retention pyramid in Figure 4-10 shows activities that promote the retention of concepts.
Ranked at the top of the table are practice activities or rehearsal, teaching others, discussions

and demonstrations.

Learning Pyramid

average Lecture
student ; 5
retention A \ Reading
rates 5 A

\ Discussion

75% \ Practice doing
90% \ Teach others

Figure 4-10 The learning retention pyramid (Source: National Training Laboratories)

Lecture methods, reading, audio visual stimulation and demonstrations, though most of them
can be mediated by ICT tools, rank very low on the retention pyramid. Activities have significance
when they are accompanied by opportunities to teach others, to practice, to discuss or to
demonstrate, as also suggested by the indicators of retention. Again, this confirms findings that
suggest that ICT stimuli that does not involve mental effort does very little to enhance retention.
All the activities that rank high in impacting retention have one thing in common, they transfer

the learning process to the learner.
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Figure 4-11 The direct correlation between retention and review (rehearsal and elaboration)

Figure 4-11 simply illustrates how practice and review of an item, either through a double loop
that is supported by immediacy of feedback or spaced out assessments, have a tendency to
gradually slow down the decay of concepts, with the rate of forgetfulness increasingly becoming
insignificant the more learners rehearse and elaborate on a concept. This is arguably the space
where ICT tools can be used optimally to assist in learning. It is argued again here that the correct
use of technology should not lead to the maintenance of the concept, but through the indicators
of retention should rather lead to its growth beyond the 100% initially learnt. A question on
whether tests and assessments reflect merely an immediate or a sustained understanding of

concepts will be briefly addressed in the section on assessment in the pedagogy section.

Drawing from literature, the category of retention has been refined and the higher level

categories that emerged are shown in Table 4-6.
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Table 4-6 Showing the development of retention from its low-level category into its emergent
higher level categories

Low- . .
Level Secondary Tertiary Quaternary Quinary Senary Septenary
Categories Categories Categories Categories Categories Categories
Category g & g & & &
Application .
. Assessing all
. ... |Real life . .
Perceived utility . Problem solving |topics
Integrat|on_ Applying all topics
contextualised
Contextualisation .
Context Hierarchy Record
Contgxt descriptors Baseline Integration keeping
descriptors Multipl assessments Ph
. . ultiple ase Conceptual
Connectedness |Multiple learnin i
stylesp € |formats Individualised teaching levels rather
Sublect Multiple plan Class teaching |than grade
ubjec learning styles levels
integration &Sty Use of data
Interest
. Motivation Motivation . . Gamification
Attention ) Multimodality d attitud
c Removal of Staying power and attitudes
2 habituation
3 :
9] Practice
o
Multiple Active Spaced activities
exposures
engagement Frequent Double loop
Rehearsal Active .
. Self-directed assessment overlearning
organisation -
) ) activities Back and forth
Interaction with
content
Content
interaction
Multiple formats |Rehearsal Learning styles
according to
. Feedback
Elaboration Concr.ete, q conceptual
Concept - enac;ni.e ?cn understanding
modification and |Symbolictorms |4 .\l of child
transformation
Deep processing

4.5 : ICT Tool Usage in Mathematics Education

The study of this category addresses the third research objective and research question, although
there are many overlaps among the categories and emergent themes.

Research Objective

To establish how the use of ICTs contributes to the retention of mathematical concepts.
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Research Question
Which ICT affordances enhance the retention of mathematical concepts?

Because of the large diversity of ICT tools, it was not possible to study all of them. Only the

following tools and programmes were studied:

e Videos,

e Mathletics and MyPedia (The mathematics programmes were studied through reviews
done by their originators. The potential biases are acknowledged.),

e Calculators,

e Pads and tablets, and to a lesser extent

e The IWB.

The papers studied for this section included De Witte, Haelermans and Rogge (2014) who studied
the effectiveness of Computer Assisted Instruction (CAl) on learning; Kang (2016) who brought
clarity on the frequency of practice; Deterding et al., (2011) on gamification; Kaur et al. (2017)
and Kilic (2013) on the effectiveness of iPads; Gambari et al. (2017) on the effectiveness of
blended learning and e-learning modes; Choi and Johnson (2005) on context-based video
instruction; Chesitit (2015) on the impact of ICT integration on mathematics performance in
Kenya; Martio (2009) on the use of calculators; and finally Clarke and Svanaes (2014) on the use

of tablets.

The rapid changes in educational software, with many being advanced and extremely adaptive,
removed the need to recommend a particular application. Rather, the study mainly focussed on
broad affordances and considerations that schools should be aware of before selecting ICT tools.

Detailed comparisons should be pursued in a future experimental study on the selected tools.

4.5.1 Effectiveness of a Computer-Assisted Maths Learning Programme: (De Witte,

Haelermans & Rogge, 2014)

Skinner (1954), in De Witte, Haelermans and Rogge, (2014) believed that learning machines
(educational technologies) enhance the learning process. De Witte, Haelermans and Rogge,
(2014) named the major affordances of ITC tools as increasing possibilities for repetition as well
as classroom differentiation. They also argued that the tools enhance conceptual understanding,

with their major strengths being their interactive nature as well as high frequency interactions
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between the teacher-system-learner. De Witte, Haelermans and Rogge, (2014) identified the
adaptive nature of ICT tools that makes it possible to customise both instruction and feedback,
allowing learners to self-organise their learning. The biggest claim made by the authors was that
educational technologies can play an important role in the democratisation of access to
education, particularly to children from disadvantaged settings. The potential for ICT to assist
teaching and learning, especially in South Africa where most teachers have inadequate content
knowledge, requires urgent utilisation (Venkat & Spaull, 2015). Individualisation is not only
beneficial for attention; it also allows learners to build their learning on the basis of their own
firm ZADs. The research also highlighted that while technologies hold much potential for learning,

they can easily become a source of distraction.
The paper sought to contribute to the expanding literature on educational technologies by:

1. Examining the effectiveness of an online and adaptive educational tool in learning
mathematics in a secondary school;

2. Discussing the effect of computer assisted learning tools (CAl); and

3. Addressing some of the methodological concerns observed in previous researches (De

Witte et al., 2014)

According to Alavi and Leidner’s (2001) framework for effective technological mediation, there
must be a proper integration between technologies and pedagogy. The framework supports the
view of this research that without the requisite pedagogical and integrated framework, the

presence of ICT tools will not automatically lead to enhanced retention of concepts.

To verify if CAl tools improved learning outcomes, De Witte, Haelermans and Rogge, (2014)
estimated a regression that correlated with the intensity of use of technological tools and school
attainment. Attainment, the independent variable, was measured by the outcome of school
exams with the information on pre- and post-tests and the consideration of contexts. The
teacher’s role in the use of technology was used to do an instrumental variable analysis to verify
whether the intensity of exposure to CAl tools caused higher test scores. The type of tool
selected, how the tool was used in the classroom, and how the learners actually used technology

were all factored in.
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4.5.1.1 Results

It was determined that more exercises with the tool resulted in higher test scores, with an
average of 50 exercises by learners increasing their score by 0.0035 (0.0007*50) (De Witte et al.,
2014). In contrast to these results, Birgin, Bozkurt, Gurel and Duru (2015) concluded that short-
term CAl implementation did not make a significant difference to student attitudes (Birgin et al.,
2015). A positive attitude towards ICT should have a positive impact on self-efficacy. Other
authorities such as Cener, Acun and Dimirhan (2015) disagreed and submitted that learners’ prior

knowledge and not their attitude leads to post-test achievement scores.

4.5.1.2 Discussion

The findings of De Witte et al. (2014) are particularly important to this research as it brings to the
fore the important role of the class teacher in a technologically mediated classroom. There are
direct implications to the indicators of retention, including the need to expose learners to more
rehearsal opportunities and to present concepts multimodally (Mathomo, 2006). The importance

of immediate feedback in self-directed learning cannot be overestimated.

The authors claimed that making learners do more exercises (practice doing) leads to higher test
results and that people recall things that bring them pleasure. The gamification element in some
mathematics programmes also enhance the joy and motivation to do the subject, which also
enhances task time (Deterding et al., 2011). The authors further claimed that learning happens
through perception and data acquired through human senses. The more senses involved, the
better. As has been noted, each activity should include some form of mental effort to impact

positively on retention.

Visualisation assists in better understanding shapes and figures. Although there are mental tests
in the written curriculum and textbooks, at a practical level in learner books mental mathematics
is absent. This could be a result of lack of preparation by the teacher, lack of time due to
prescribed pacing and so on. All these problems could be remedied by using ICT to provide, mark

and offer immediate feedback to daily mental problems.

According to Ertmer (2005), prior knowledge enhances performance. There has to be a
connecting step or a connection between concepts and topics in order for learners to do well and
yet in all the observed books and lesson plans, there was no provision to establish baseline
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understanding. ICT applications that have a huge store of exercises and offerimmediate feedback
would be greatly beneficial to support baseline assessments. Quite often the superficial
achievement immediately after the lesson masks the absence of a deeper, firmer understanding
that can only be built on retained concepts. Mathomo (2006) made similar claims, saying that
prior knowledge is important to reach higher levels. If prior knowledge is as important as
Mathomo and other authorities say, baseline assessments to verify understanding must be

mandatory before any maths lesson.

Kang (2016) was of the opinion that spaced repetition promotes efficient and effective learning.
Observations of the assessment programmes showed that although the plan in the term
assessment plan (TAP) is to space assessments, in reality, these are left to the end of the term

when they are all administered together.

Spaced out repeated encounters with the material are beneficial and these should allow a back
and forth movement on a concept so that it evolves, grows and are constantly retrieved at the
same time. The advantage of ICT programmes such as MyPedia and Mathletics is that they have
a variety of questions and programmes that can be scaled up and down to address the same
concept. It is also very easy for ICT to be used to create more tests for practice and to store

records that support and act as a basis for further practice.

The administration of tests and assessments should be carefully planned for taking into
consideration that spaced out practice aids retention and that massed practice leads to lowered
attention and diminished retention. The fact that Finland allocates the least time for mathematics
and yet achieve a lot more in terms of learner achievement can be explained by the fact that
schools are linked to universities that advise them on good teaching practices that are effective,
including the proper timing of assessments. If the purpose of tests and assessments is
understanding and retention, the current approach of teaching and testing for marks is not
helpful because there appears to be a huge disconnect between teachers’ term assessment plans
(TAP) that show spaced out practices during the term and the massing of assessments in learner
files and books. This will have an impact on the number of topics covered per grade and per unit
period. Considering the time limitations, the flipped classroom can be used to increase exposure
to content mediated through the use of ICTs. Again ICTs can be used to lessen the burden of
marking, setting assessment tests, keeping records and individualising learning and assessments,

resulting in learners doing a lot more work and retaining concepts even better.
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Hundreds of studies in cognitive and educational psychology have demonstrated that spacing out
repeated encounters with the material over time produces superior long-term learning
compared to repetitions that are massed together (Kang, 2016). This also includes the
incorporation of tests into spaced practice to amplify the benefits. Intelligently set tests and
assessments should lead to further learning through tagging concepts that are not being asked
about. This goes hand in hand with my earlier proposition that assessments should also aid
learning, so that even if a learner fails to answer a question, they learnt something from the

question.

Spacing effect, also referred to as distributed practice, would be most effective if tests are
available over time. The issue of storage of these practice items and performance records
becomes an issue. Marking and prepping of these items would also be a lot of work, and time
constraints when a teacher is supposed to move onto another topic becomes an issue. Setting of
tests, recording performance and storage of physical stacks of assessment papers and records
over time potentially creates a lot of difficulties for the teacher. Put differently, ICT works well
for the facilitation of spaced out practice: Observations of assessments indicate that at most an
item is practised during the term it is taught and maybe during midyear and end-of-year

examinations, without being incremental in any way.

The results of the study showed that in an immediate test, those who mass practice do better. In
a delayed test, 4 weeks later, those who space out practice (10-20% of time period) do better
(Kang, 2016). The question to ask now is how soon after practice are we going to write the test.
The answer? Give revision tests all the time, for last week’s work, last month’s, last year’s and,

the last two years’. Such a store of tests can better be kept with an ICT tool.

Just as has been confirmed by Figure 4-11, repeating an item (or rehearsing), potentially reminds
a learner of its existence, which prompts retrieving the previous presentation of the item; a
process that enhances memory. Massed practice skips the process of retrieval because the item
has just been presented. This is the major disadvantage of assessments that are administered
soon after the lesson. The second theory on spaced out practice emphasises the learning context
that is the physical and mental surroundings during the learning or study episode (Glenberg,
1979, in De Witte et al., 2014). There are more varied contexts with spaced out practice that will

all serve as effective cues for subsequent retrieval of the item (Glenberg, 1979, in De Witte et al.,
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2014). Both theories are best facilitated by ICT tools that act as a store for assessments as well

as provide authentic environments that act as cues during later retrieval.

The third theory is called the deficient processing of massed repetitions, which implies that if the
current item is the same as another one that has just been presented, redundancy reduces
attention (Magliero, 1983). This is the reason why overlearning activities have to be approached
with caution lest they lead to rote and a reduction of attention. One of the tasks | studied in this

research gives a clear example of this: The Grade 8 teacher asked the question:
8n + 9 =25, therefore, the value of nis _.

There was a similar question in the learner books. It would be expected that on seeing the
problem for the second or third time, the learners already knew the answer and did not
necessarily focus on understanding and retaining the concept. In my observations, a variety of
guestions on fractions at Grade 6 level had the same structure and format, which does not
encourage much mental effort because the learner can do the first problem and can easily do all

of them without paying much attention.

There is a difference between retaining how to do something and retaining the answer. The latter
is rote and not beneficial. To promote conceptual retention, the algebraic equation could have
been asked in a variety of ways and represented in a variety of formats, which could be done
with ICT programmes such as Mathletics. Teachers are limited in how they can present and ask
concepts, and the ordinary teacher with an average class of 40 learners, a load of 24 hours per
week and limited pedagogical and content knowledge (Venkat & Spaull, 2007) cannot do that.

They do not have enough time.

Remembering facts, such as time tables and a transition from calculation to direct memory
retrieval of the answer, allows for more efficient problem solving, (Siegler, 1988). Siegler, (1988)
listed facts, formulas and skills as things that require recall. | prefer to use the term ‘retention’ in

this research because it implies that the recalled item has been an understood item.

Practice promotes not only accurate recall of multiplication facts in children (Rea & Modigliani,
1985), but also faster retrieval of target responses further confirming the importance of practice
in enhancing retention. The following observations were made: Testing, which is more beneficial

than rereading, if added to spacing, will result in spaced retrieval practice (Rea & Modigliani,
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1985), which is beneficial for retention. Testing and spaced practice got the highest utility ratings

of all the strategies.

Although acquiring and retaining knowledge matters in education, a more crucial objective is
transfer, the ability to use what was learnt to answer new questions or solve new problems. In
the learner books I studied, | did not see any evidence of conceptual application. This could be as
a result of teachers not having time to do so or failing to create contexts through which concepts
taught could be applied. The term ‘application’ has a rather broad definition that includes all

higher order activities from and beyond application itself in the Blooms Taxonomy (Bloom, 1956).

Mere remembering of content is rote learning, focussed on the past, and yet, on the contrary,
meaningful learning involves transfer and orients towards the future (Mayer, 2002). For this to
happen, all lessons should have a future function or utility, including being given the same
attention during assessments and testing. Again, real learning is not limited to getting an answer,
learners can easily that get through calculators or Google, but involves a transfer of such content
through a process that require some form of mental effort. Mind wondering (when learners tend
to lose concentration) occurs more often in blocked practice than in interleaved practice.
Spacing, varying and scaling up questions so that they are not predictable or the responses

recitable will enhance the value of the learning experiences through ICT tools.

While a complete overhaul of teaching may be difficult in the short term, modifications can be
made on homework where topics and activities can be spaced and mixed for optimal benefit.
Again, rather than cramming, which is massed practice, teachers can present the same thing on
different days, in different contexts, using different strategies to improve retention, and where

possible, using varying media (ICT to class teaching).

“Educators frequently face serious problems concerning student’s engagement and knowledge
retention” (Putz, Schmidt-Kraepelin, Treiblmaier & Sunyaev, 2018). Research has shown the
advantages of gamification in keeping learners engaged and on task (Deterding, Sicart, Nacke,
O’Hara, & Dixon, 2011). Research has also shown that ICT tools tend to transfer ownership of

learning to the child, which enhances engagement and participation in activities.
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4.5.1.3 Enablers of Retention

De Witte et al. (2014) addressed and supported all the indicators of retention and also added the
following pertinent suggestions: Gamification allows learners to remember things that bring
them joy; spacing out of tests is very important for retention; physical and mental surroundings
can be used to act as cues for future retrieval; and lastly, transfer of knowledge to new contexts

slows down forgetfulness.

The next paper | review mainly focussed on gamification.

4.5.2 Gamification: Deterding et al., 2011

Gamification can be defined as “... the use of game design elements in non-game contexts”
(Deterding, Sicart, Nacke, O’Hara, & Dixon, 2011, p. 9). This approach applies game design
elements to non-game contexts (Hamari & Keronen, 2017) and takes advantage of the growing
passion for games (Thiebes, Lins, Basten, 2014), making the approach a relevant context for
today’s learners. Dicheva, Dichev, & Angelova, (2015) claimed that gamification leads to an
improvement of memorisation, skills such as problem solving, collaboration and communication.
From this, it can be concluded that the benefits of gamification include an increase in student
motivation and attention to the task. Although it would be good to establish the effects of
gamification on short- and long-term memory through a longitudinal study, the results also

showed that gamification increases students’ outcomes on criteria for testing.

The question now is which tools, how long, and what are the long-term effects of gamification
on learners who are accustomed to learn that way? It would also be very important to establish
if the gamification of learning would not have a long-term detrimental impact on subjects and
topics that require a different teaching approach. Looking at the Finnish approach where learners
are doing well, the rationale behind gamification are not necessarily the games, but rather, the

carefully planned activities that are interesting and engaging.

Popular game designs include points, badges, leader boards, competition, immediate feedback
and time constraints (Deterding et al., 2011). All these factors, maybe with the exception of
immediate feedback, assist in scaling up motivation and attention to the task. Immediate
feedback is important in that learners can reflect on performance and link it to the feedback,
especially for items they would have gotten wrong, creating a double loop on the concept. The
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concept is as a matter of necessity, in simple terms, studied twice, a process that promotes
retention. Gamification motivates children to participate and engage themselves more intensely,
and it is structured to drive educational goals and application of knowledge outside of the game

context (Moore-Russo, Kristi & Sara, 2017)

The research notes that memory retention is about 58% of total knowledge after 20 minutes, and
after two weeks, it drops down to about 25% (Deterding, Sicart, Nacke, O’Hara, & Dixon, 2011).
Gamification used in marketing and education to encourage certain behaviour tends to motivate
learners as it promotes the broadening of teaching methodologies, which is beneficial for the

reduction of habituation, which ultimately negatively impacts on retention.

Deterding et al. (2011) conducted an experiment on two groups, one that learnt the topic of
sustainable transport via gamification and the other that used traditional approaches. The results
of the research indicated that the gamified group achieved higher scores in knowledge than the
non-gamified in the short term. There are obvious advantages in the short term. The research
used a pre-test and random selection of cohorts to receive treatment. The workshop was 6 hours
long; it was acknowledged that 6 hours is a short time to make any conclusions and
generalisations on the research. Gamified workshops included motivational affordances such as
competition, leader boards, badges, time constraints, storytelling, immediate feedback, rewards,
clear goals and social interaction. Competition among groups encouraged collaboration which

ranks very high on the retention table (Figure 4-10).

4.5.2.1 Results

The research found that in terms of performance in the short term, there was no significant
results. Thus if the goal is simply to teach for understanding, many good teachers can do that
using a variety of teaching media. The challenge comes where that understanding has to be
sustained. However, the gamified group slightly outperformed the non-gamified group, which is
probably understandable considering that the intervention was only applied over a very short

time. A longer period would probably have produced a very different set of results.

4.5.2.2 Enablers of Retention

The results of the study showed that gamification motivates and increases attention and on task

time. These are all very important components of a flipped classroom. The approach also
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increased the joy of learning, and research has already indicated that learners remember things
that bring them joy (Deterding, Sicart, Nacke, O’Hara, & Dixon (2011). Gamified contexts with
feedback creates a double loop that increases the number of times an item is studied. This has a
lot of implications for the way teachers are currently approaching marking. The books | evaluated
were poorly marked, and almost all of them were deficient in timeous, meaningful feedback.
Learners were allowed to move on to a new topic without reengaging with concepts that form
the basis of new lessons. This denies the learners the opportunity to study the item twice. In
informal discussions | had with teachers, the main barriers to giving immediate feedback were
that teachers did not have time for marking and that they felt the curriculum trackers did not

provide enough time for revision and verification of baseline understanding.

4.5.3 SOLO Taxonomy: Mathomo (2006)

The next research studied was conducted by Mathomo (2006) who used a SOLO taxonomy.
Important aspects that emerged in the research include that prior knowledge is important for
reaching higher levels, which is the transfer of knowledge from and beyond application on the
Blooms Taxonomy (Blooms, 1956). Also noted in the research is that drill and practice are one of
the basic roles of ICTs, which Mathomo believed had a detrimental effect on learners. He had a

problem with what is practised and how it is practised, not with the practice per se.

Mathomo (2006) claimed that learners in Limpopo are struggling because their teaching is
centred on memorisation. It has to be noted that while memorisation relates to the same
‘stagnant concept’, retention is more suited to a growing, connected and elaborate concept.
Literature has also shown that surface rehearsal on its own is not beneficial to children (Craik &
Lockhart, 1972). To begin with, learners are not all the same and would not all necessarily benefit

from ICT aided practice.

Mathomo stated that ICT cater for different learning styles that eventually impacts positively on
retention. His findings did not support my research’s assertion that it is not the availability of ICTs

but rather their utilisation that determines their success in supporting retention.

The repetitive drill and practice for which the tools were used actually disadvantaged Hispanics
(Mathomo, 2006). At face value, the statement does not uncover the underlying factors that gave

this result, which could include socio-economic factors that affect the distribution of teachers to
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different areas. A study by Venkat and Spaull (2015) confirmed the unequal distribution of good
teachers in South Africa, which could be the case in Mathomo’s reference. The fact that
Mathomo explained that most teachers are not trained in ICT pedagogical contexts implies that
before schools embark on an ambitious drive to invest in ICT tools, a lot of groundwork, including

teacher training, must be done.

Mathomo (2006) argued that mathematics should be arranged in a way that moves concepts
from the concrete to the abstract. The nature of mathematics itself as seen from the curriculum
documents confirm the general view that mathematics is sequential, hierarchical and connected.
In between concrete mathematics and its pure abstract forms, the ICT tools can be used to
provided simulated concrete contexts in preparation for abstraction. The studied lesson plans,

and especially learner books, illustrated the difficulties teachers have with this.

Gamified contexts provide greater motivation for learners to move to the next level if they get
leader badges and other rewards for that. The teachers hardly put any stickers in any of the
studied learners’ books, except for Grade 3 books. Comments in the books included “What is
this?”, “See me” and several crosses by the teacher’s red pen. | even saw a comment that read
“dirty work” in a mathematics books: The learner’s responses were correct and they had
demonstrated their understanding of addition at Grade 3, but because their presentation was
not excellent, the teacher decided not to focus on the conceptual understanding but rather on
the way the learner had presented his work. This hardly motivates the learner to want to learn
more mathematics. If anything, such comments discourage learners from wanting to practice
mathematics more at home or at school. The gamified affordances of ICT tools and rewards
makes it possible for learners to accept feedback without personalising it. The tool only focuses
on conceptual understanding and in the process assumes the role of a ‘non-judgemental tutor’
or better still ‘the encouraging tutor’ who creates a space for learners to do more problems and

get motivated and rewarded in the process.

4.5.3.1 Enablers of Retention

Learner-centred activities that encourage learners to teach each other or collaborate positively
impact attention and perceived utility of concepts, while the teacher’s implied role is that of a
facilitator. Secondly, teachers must prepare colourful media that caters for a variety of learning

styles. While many teachers can actually do that, it places a lot of pressure on the teacher to
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prepare stimulating resources on a daily basis. Teacher are already struggling with marking and

offering meaningful feedback, even with small classes of 30 learners. ICT tools have readymade

media and other resources that are readily available to cater for a variety of learning styles.

The role of ICT tools in addressing different learning styles and in moving concepts from concrete

to abstract are still very important. The focus once again, is on the teacher who determines

which, when and how the tool should be used. Drill only adds automaticity and speed, and is of

little benefit to the retention of concepts. However, the practice of tables and bonds still has its

place, provided it is preceded by understanding.

Table 4-7 Memo on impact of practices on retention, tools and pedagogical implications

Concept

Effect on Retention

Implication on ICT Mediation/Pedagogy
Issues

Pleasurable exercises

More staying power, more attention

Gamification increases the joy and motivation
as well as staying power

Appeal to human senses

More senses, more retention

Multimodality affordance of ICTs

Numerous exposure

Results in increased retention

Issues of time

Setting the assessments

Spaced exposure, fortnightly in
this case.

Frequency of tests and impact on
marking and setting papers

ICT have stored papers that can be
automatically marked—are they contextual?

Marking affordance

Immediacy of feedback

Numerous distributed exposure

Lack of time for revision

Pacing and prescription leaves no
time for practice and revision

Flipped classroom of iPad
Immediate feedback

Teaching component of certain mathematics
programmes

Space out tests

Teach for understanding
Practice and assessments
Apply

Teach again

ICT can be used to put the following into ICT
A teach content function
An application function

A testing/practice and assessment function

Repeat item

So that it reminds cognition of its
presence

ICT storage function: Laptop, PC, iPad

A teacher might not be able to do that in
different contexts

Vary contexts

Varying contexts assists in building
more connections

ICT can create multiple virtual contexts

Transfer knowledge—orient
learning to the future

Transfer enhances retention

Virtual contexts and scenarios can easily be
set up using ICTs to strengthen retention

Change the tests

Changing the test removes
redundancy that negatively affects
retention

ICT has a store of multilevel tests and
assessments
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4.5.4 Effectiveness of Blended Learning and E-learning Modes: Gambari et al. (2017)

The next paper reviewed was the research conducted by Gambari et al. (2017) on the
effectiveness of blended learning and e-learning. Gambari et al. (2017) argued that the traditional
methods of teaching were and are still inadequate to cater for the different needs and learning
styles of individuals in a classroom setting. They argued that modern technology that includes
mobile learning, flipped classrooms, e-learning and blended learning are better placed to cater
for these (Gambari et al., 2017). The other important observation that the authors made was that
some learners learn faster than others, understand faster than others, and yet, these differences

were not and could not be taken into consideration in a traditional classroom.

The authors defined e-learning, whose effectiveness has not yet been empirically established, as
the use of electronic technology to deliver education and training applications, monitor learner
performance and report their progress (Gamabri et al., 2017). Blended learning is defined as
combining internet and the face-to-face physical presence of teachers and students (Gamabri et
al., 2017). Both these strategies provide immediate feedback and allow learners to work at their

own pace and time.

4.5.4.1 Methodology

The research adopted the quasi-experimental using pre and post-test control design to compare
the traditional method, blended learning and e-learning. The dependent variable was the post-
test performance of the university students in the three groups (Gamabri et al., 2017) that was

measured after treatment, that included, among others, self-assessment exercises.

4.5.4.2 Results

The results indicated there was an improvement in the post-tests of the three groups, but also
that learners who were exposed to blended learning did better than those exposed to the
traditional method (Gamabri et al., 2017). The results also showed that learners taught using
blended learning rather than e-learning performed much better, with no variations between

genders.
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4.5.4.3 Discussion

The paper is helpful in confirming the importance of face-to-face interaction during teaching and
learning. Although the time of the treatment was not long, there were indicators that blended
learning rather than e-learning is preferable. The retention pyramid (Figure 4-10) also
demonstrated the important function of social interaction during learning, which ranks high on
the retention table. This paper, together with the limitations of ICT to cater for enactive related

activities, makes it preferable to use blended rather than e-learning.

4.5.5 The Impact of ICT Integration on Mathematics Performance in Kenya: Chesitit (2015)

The research by Chesitit (2015) was a case study conducted in 2015 that sought to determine the
impact of ICT integration in teaching and learning on mathematics in public schools in Kenya. The
research used a purposive experimental research design, focussing on five selected schools that

were identified on the basis of availability of a computer laboratory.

The results of the research indicated that ICT integration enhanced understanding of concepts
and skill transfer from abstract to concrete, and vice versa, as shown in the Figure 4-12. According
to the figure, ICT function more effectively through its superior iconic representation affordances
that mediate concrete formats to their symbolic forms (Chesitit, 2015). A different way of looking
at the same diagram would be that concepts that appear as a symbolic format for learners can
be simplified to their pictorial and concrete representations. ICT tools seem to have great
potential to afford the back and forth movement that is crucial for the enhancement of retention.
Figure 4-12 also confirms that ICT tools require utilisation with other forms of representations,
including concrete formats. The progression into completely paperless classrooms must be
approached carefully, so that in the process of strengthening iconic representation, the other

forms are not neglected.

ICT integration

Enactive [:> _ [> Symbolic
representation Iconic representation

representation

Figure 4-12 ICT integration and intellectual development process (adapted from Bandura, 1997)
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Chesitit (2015) was of the view that ICT was based on how it constructs knowledge and not on its
transmission. The current research focussed not only on the knowledge construction but also on
how ICT tools aid in its transmission. A very important observation made was that quite often
teachers jump from practice to symbolic stage, and in the process overlook the iconic stage. The
ICT tools are well positioned to provide interactive iconic representations that are interactive and

appeal to a variety of learning styles, as already seen.

4.5.6 Context-Based Video Instruction: Choi and Johnson (2005)

Choi and Johnson (2005) studied the effect of context-based video instruction on learning and
motivation in online courses. The research purpose was to examine how video-based instruction
affects learning (comprehension and retention) and motivation (attention, relevance, confidence
and satisfaction). The method used was a quasi-experimental design with a post-test only
instrument. Participants experienced video-based learning and traditional learning with one
online module consisting of three topics. Students were then asked about their perceptions of
motivation and learning. It must be noted at this juncture that though perception might have an
effect on attitude towards mathematics, it is not the most accurate parameter to quantify the
efficacy of ICT tools in supporting performance in mathematics. In the results, a maximum high
score of understanding was 25; a higher score indicates a deeper level of understanding (Choi &

Johnson, 2005).

Their research investigated the potential of context-based video instruction for enhancement of
learning, with a specific focus on retention. They established that video-based instruction was
more memorable than traditional approaches (Choi & Johnson, 2005). Although the retention
pyramid confirms this (Figure 4-10), there is a very little difference between the two approaches.
One of the issues that came up in the research paper were that ICT tools afford context-based
learning using real life world contexts (Merriam & Caffarella, 1999). As has already been
mentioned, these ‘real world contexts’ are not concrete in nature. They are intermediate and
located between concrete mathematics and its pure form of abstraction. Pedagogical issues will
arise from this observation: ICT use should ideally follow ‘tangible’ mathematics and should
precede abstraction. In teaching a topic on geometry, for example, it is important for learners to
have seen and touched the actual hexagon, before they see it as a real life image, and even worse,

before the shape is presented at an abstract level.
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Knowledge is shaped by context, culture and tools (Merriam & Caffarella, 1999). Of importance
here, though outside the scope of this research, is the acknowledgement of the influence of a
myriad of factors on ICT mediated learning, making it rather difficult to generalise ideal
pedagogical settings. Culture is another very difficult variable to control, but a deeper
understanding of this statement would seem to imply that what might work for certain learners
or schools, might not work for others. Again different age groups might use different ICT tools
differently; and hence, a cell phone as a learning tool would likely cause more distraction among
teenagers than it would among Grade 4 learners. This could explain why so many more viral

videos of mischievous activities are shot in high schools than primary schools.

Pedagogical
Content context, ICT Retention
tools,
sequencing etc.

Figure 4-13 Transforming content into retainable concepts through tools and enabling
practices.(Adapted from Choi and Johnson, 2005)

Figure 4-13 (Choi & Johnson, 2005) illustrates the position of ICT and the complete pedagogical
setting in transforming content into retainable concepts. Context-based learning through
technologies is effective for the enhancement of learners’ knowledge construction, transfer or
application (Jonassen, Peck & Wilson, 1999). Simulated contexts allow ICT to be used to deal with
problems presented in authenticated environments with the added advantages of portability,
accessibility, multimodality, safety, cost effectiveness, manipulability, and immediacy of access,
making technology invaluable for learning. Videos add the interest component through
enhancement of attention and motivational factors, both of which contribute positively to the

retention of concepts.

4.5.6.1 Results

The research established that the critical attribute of the video are the auditory and visual symbol
systems that are more beneficial when used together (Baggett, 1984). Choi and Johnson (2005)
observed that a tool that caters for a variety of learning styles at the same time, would probably

be more beneficial than one that only addresses a single one, and the use of multiple
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technologies to engage with the same topic increases cues and contexts that are beneficial for

retention. When learners use technologies, they can make mental representations.

Another advantage of videos is that they expose learners to events that cannot be easily
demonstrated, for example, 3D shapes and other abstract ideas, and it standardises messages
and increases fidelity. Instructions that enhance understanding can be played over and over,

stopped and analysed without compromising the fidelity of the original instruction or content.

A study by Salomon (1984) showed that learners do not benefit from televised learning as they
are passive and are not mentally challenged. Had the videos been used to provoke and increase
learners’ mental effort, the results would have been different. Mental effort could include asking
guestions, applying the learning experience to a different scenario, writing a test or assessment,
and holding a debriefing sessions after watching the video. The advantage of using ICT tools is
that mental effort can be scaled up and down. It is important for learners to attain the attention,

relevance, confidence and satisfaction that motivates learning.

The results of this study showed that video-based learning has not been sufficiently effective
because learners were passive in the learning process and concluded that videos are more
effective than text books (Choi and Johnson, 2005). However, Liebenberg, (2019) suggested that
for detailed recall after a once off reading, research indicates that print books are better. Where
interaction with learning content is required, eBooks appear to offer a far better learning
experience. This research confirmed the importance of not over-relying on a tool for learning. A
combination of textbooks and videos produces better results (Choi & Johnson, 2005). A video

that allows learners to support learning with a related text-based article is therefore effective.

The results indicate that watching and discussing videos increased retention. This finding is again
confirmed by the retention pyramid (Figure 4-10) that shows that collaboration cannot be
replaced by technology in class. Used in this manner, ICT tools act as stimuli to provoke other
activities that require mental effort and collaboration. The good thing about technology is that it
affords the availability of variated simulated learning contexts that can all be used to initiate and
support collaboration during lessons. The retention pyramid (Figure 4-10) suggests the
importance of that process and again falsifies the notion that technology can take over the role

of human in education.
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The video was more beneficial to people with visual and auditory learning styles because as they
say, a picture is worth a thousand words, and Choi and Johnson (2005) claimed that the video
sticks in the mind. To aid understanding, videos can be stopped, replayed, exported and
controlled. The pause and play function allows the learner to reflect on learning and to re-listen
to an instruction, something that a human teacher would probably do, but quite often using
different words and language in the process, affecting the initial fidelity of the message. ICTs are
better able to cater for different learning styles including the visual, kinaesthetic and auditory,
something that was not done in the studied lesson plans. A study on lesson plans has already

concluded that there is a deficiency in pedagogical practices from the planning stage.

Table 4-8 Paired t-Test of learners’ motivation (Choi and Johnson, 2005)

Motivation Type of N M SD T p
Instruction
Video B | 16 20,38 1,82
Attention 2,66 ,0207
Text B | 16 17,44 4,00
Video B | 16 16,56 1,31
Relevance 0,543 ,595
Text B 16 16,25 0,98
Video B | 16 15,94 1,48
Confidence 0,768 ,455
TextB | 16 15,50 1,79
Video B | 16 15,25 1,84
Satisfaction 1, 892 ,078
Text B 16 13,94 3,02

NB: Maximum higher score of attention = 25. Maximum higher scores of confidence, relevance

and satisfaction = 20
*p <.05. (Choi & Johnson, 2005, p. 224)

Table 4-8 confirm that interactions about the video increased attention, confirming the retention
pyramid’s (Figure 4-10) assertions on the superiority of collaboration and discussions in
enhancing the retention of concepts. The superiority of using the video in this manner over the

textbook is apparent. The focus, however, should not be on the video itself, but on how it is used.

The research seems to suggest that learners will benefit a lot more if they use the gadget for peer
learning and discussion, as also confirmed by the retention pyramid (Figure 4-10). The other
finding was that seeing concrete examples reinforced understanding (Choi & Johnson, 2005). The
same assertions were made by Mathomo (2006). Unless learners have the prerequisite
knowledge, ICT programmes should not replace easily available concrete media. Once the

concrete media has been used, ICT representations can be used to strengthen and ‘remind’
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learners of the concept they were exposed to in concrete form. The use of video-based contexts
shows that there was an increase in attention and retention, although the small sample size
makes generalisations very difficult (Choi & Johnson, 2005). The video used in this research had
problems opening due to the sizes of the video clips. This is just but one example of complications
that can be associated with the use of technology. The selection of the tool used must consider

the difficulties of using it such as opening, switching on, connectivity and similar considerations.

While videos are said to have a great impact on retention and attention, this assertion cannot be
accepted at face value because this study establishes that videos alone without mental effort do

not make a difference in the retention levels of learners.

The findings of the research showed that there were no significant differences in understanding,
confirming that teachers have a variety of ways of teaching for understanding, but even greater
focus should be placed on whether the learner would retain that understanding during delayed

assessments and tests.

Table 4-9 Memo on ICT impact on retention and pedagogical practices

ICT Mediation/Pedagogy Issues

Concept Effect on Retention
P That Come Up
Context allows transfer and application [Allows for building of more Affordance of ICT to create
using real life situations connections relatable contexts

Superior contexts—cheaper, available,
faster, safer, portable

Videos add interest component Increases attention and encoding ICT affordance for video

o . . The combination enhances retention . )
Combination of visual and auditory i i " i ICT can combine a variety of
symbols Multimodality benefits more children symbols

and enhances retention

Making of mental representations Making stimulation reductionist Multimodality affordance

Active engagement with ICT is . TV alone or listening alone might
. Enhances retention -
important (Pearson) not be sufficient as an affordance

Learners can replay lessons and get the

Fidelity of information . .
same accurate information

Affordance to record and replay

Events that cannot be easily Creation of more relevant contexts at a |ICT affordance for creation of
represented fraction of the cost virtual environments

. . Interactivity enhances retention and  |A good facilitator and interactivit
Videos that increase the mental effort ¥ & ¥

understanding affordance is important
Videos are more effective than Video affordance—each lesson
textbooks should have an accompanyin
) . Multimodality . . pany . g
Video plus text has a greater utility video. Short is better to avoid
value habituation.

112



Table 4-9 above shows how certain practices impact on retention and the other categories.

4.5.7 Calculators: Martio (2009)

Martio’s (2009) research focussed on evaluating the long-term effects of the calculators on the
curriculum in Finland, and illustrated again that without a careful strategy in place, ICT use does

not advance educational goals at all.

In 1981 and 2003, two similar tests were given to students that they had to do without using
calculators. The results showed that curriculum changes negatively affected the performance of
learners in mathematics. A brief discussion of the research will illustrate that the diminished
performance in performance happened at the time learners showed an over dependence on the

calculator for basic computation.

One of the questions asked in the 2003 test required learners to explain the meaning of (4/5).5.
Only 6,5% of the learners answered the question correctly, confirming that learners do not
possess multiple representations of concepts. Of the population, 47,8% had either incorrect
computation and explanation or offered no answer at all. Quite worrying for a country that is
supposed to be on an upward trajectory due to the inclusion of calculators in the curriculum. This
immediately suggests that the use of ICT to simply get answers does not demand mental effort
and defeats the purpose of viewing mathematical concepts from multiple formats and in
elaborate ways, such as drawings, as a stories, as graphs or even dramatization. Where ICT tools
take over basic computation skills from the learner, they become inhibitive rather than assistive
to learning. Contrary to the general view that technologies always enhance mathematics
performance, there was a general decline in mathematics performance from 1981 to 2003 in
spite of the general uptake of ICT usage in mathematics education over the same period.
Interestingly, technological uptake had the direct consequence of lowering performance in
mathematics learning. This is not surprising because other researches have also shown that
sometimes the removal of technology from the classroom can have a positive impact on
mathematical performance (Cuban, Kirkpatrick & Peck, 2001), confirming that it is not the tool
that strengthens mathematical teaching but how the tool is employed. Venkat and Spaull, (2015)

agreed that technology cannot back up a poorly planned lesson. Curriculum changes between
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1981 and 2003 included neglect of geometry, basic computations being done using calculators,
mathematics becoming more descriptive, and definitions and proofs being largely ignored,
possibly because the topics were not ideally suited to the tool. This once again confirms that ICT
tools should not be the focus, but should complement and enhance the learning experience. The
role of the teacher to identify which topics can or cannot be done with a specific ICT tool is still
very important. An important lesson to draw from this is that lessons should not be made to suit

technological devices, but the devices should be used where they successfully support a lesson.

The neglect of mental computation and basics seems to have affected the general performance
of students in the subject. The same trend is evident in the topics on multiplication and algebra
that have not been indicated in this research. Martio (2009) claimed that “... if calculators were
allowed in the test, the results would have most likely shown different figures” (p. 53). Over
dependence on technology destroys alternative strategies to solving problems and number
sense. The aim of mathematics learning should not be the attainment of the correct answer,
whichever way it is found. The processes that precede the correct answer really matter because
it demonstrates conceptual understanding. The direct implication of this is that technological

applications should allow for the verification of a step-by-step understanding.

Calculators and other ICT gadgets should be used in a way that promote mental effort or towards
the achievement of a higher goal. As has already been illustrated, it is that mental effort that
results in the internalisation of concepts (Choi & Johnson, 2005). Martio (2009) explained that
while it was difficult to ascertain the contribution of the changes in curriculum and the changes
in the teaching practices, the use of the calculators was one reason why the performance in
mathematics went down during this period. This is important because not only does it dispel the
assumption that the introduction of ICTs always results in positive results, but it also reveals that
if the correct strategy for using technology is absent, the results will not improve. The results also
show that students in Finland who have not learnt basic algebraic operations struggled at

university.

The importance of this study is that it reveals the importance of ensuring that learners
understand and retain the basic mathematical concepts and that they do not over depend on
technological gadgets. The paper also revealed that calculators, like so many other ICT tools, were
incorrectly used in Finnish mathematics classrooms. Martio (2009) argued that the use of

calculators is overemphasised since professional users of mathematics do not use them and that
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since the introduction of calculators in 1975-1995, the poor results show and confirm the

negative contribution of technological devices in mathematics education.

The failure of both the video-based contexts (Choi & Johnson, 2005) and the calculator can
directly be attributed to a lack of mental effort that accompanies the use of the tool. The role of
a good teacher in a technologically mediated classroom are facilitating activities that promote
mental effort. This is important in that the social aspect of learning is very beneficial to retention.
Technology use should lead to some more challenging task or activity that promotes mental
effort. The research on the effectiveness of the video reached the same conclusion. Calculator
use will, therefore, be more beneficial if it supports a more complex concept that requires higher

levels of cognition.

Some would ask what is the role of mental mathematics? If it is just to get the correct answer,
then the calculator is faster. However, the real aim of mental mathematics is exercising the brain
to formulate patterns, become creative and solve problems quickly. Doing away with mental
mathematics will affect learners’ ability to think mathematically. The calculator can still be used
to construct own questions, for verification, to check patterns and to enhance speed if there is a

higher concept to be learnt.
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Table 4-10 Reflection on findings from the paper on the impact of tool on retention (Based on
Choi & Johnson, 2005)

Concept Effect on Retention
Progression difficulties from middle school to high Pearson-test down to 2 years prior—identify the
school confirm that there is a missing step missing step

Introduction of ICT saw a decline in performance—an

- . . . ICT should not prevent mental processes of thinkin
indirect relationship existed P P g

ICT use should not be towards getting answers but
should lead to a higher goal. | have watched the TV in
order to .... | have used my calculator to calculate in
order to ....

The goal of using ICT should be higher than the
activity of using ICT especially in relation to platforms
that provide answers

Tulving-limiting—provide opportunities for

Exercise the mind .
elaboration

Do not outsource mental computation and knowledge
of basics to ICT—Let the children learn to use their
heads and not their hands (through clicking) to get
answers

Mental work, calculations and patterns are still
important even if learners have tools at their
disposal to get a quick response

The function of the real teacher still exists. It seems
Diminishing returns of ICT utilisation greater movement towards E-learning during school
years leads to a reduced computation levels

4.5.8 AniPad: Kilic (2013)

4.5.8.1 Introduction

The USA was selected as one of the most progressive and technologically advanced countries,

and because the iPad was designed there and its best usage would be inferred from there.

Two articles were done on the iPad to reach an acceptable saturation level. The first one was by
Kilic (2013) and the other was qualitative research done by Kaur et al. (2017). The research by

Kilic (2013) focussed on the use of iPad and textbooks.

An iPad is a 9,7-inch touch screen computer made by the Apple Corporation. It was confirmed in
the research that the integration of this tool in education has led to slight improvement in student
achievement, participation and collaboration. Although it has already been established that it is
usually how the tool is used and not the tool itself that positively impacts on mathematics
learning, the size of the iPad suggests that it is very portable and can be used for anywhere and

anytime learning, including homework.

The indicators of retention and the retention pyramid (Figure 4-10) confirm that learner

participation, or active learning, increases levels of conceptual retention as it increases
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connections and allows learners to remember more, and as other learners in class verbalise their
contributions, it provides multiple representations and cues through which learners remember
the concept. Because iPads are flagged both as enablers and sources of distractions during
learning, the role of the creative teacher in facilitating an ICT mediated classroom cannot be over

emphasised (Liebenberg, 2019).

The tool is affordable and small, requiring less desk space, has thousands of applications, has less
logistical issues, and needs less time to switch on. The tool already has an advantage over
desktops because desktops generally take more time to switch on and their size do not make
them ideal tools to use in class and at home. While the tool is relatively cheap in the USA, in South
Africa, iPads are still considered an expensive luxury, with most costing around R5000, an amount
most parents would find difficult to afford. The tool can now be used as a platform for other
learning resources, for example, textbooks can be made in iPad format, with interactive colourful
designs, videos, pictures, active learning, student motivation, individualised learning and
collaboration. This tool needs to be placed alongside the classroom where the teacher always
uses white chalk to write on a green or blackboard. The advantages are obvious, including the
fact that with the traditional textbook and white board, the learning styles that are catered for
are limited, unless the teacher is very creative. Again, research has confirmed that it is possible
to design textbooks, such as the ones in Finland, to cater for a variety of learning styles. Besides
iPads, smartboards, overhead projectors, interactive multimedia tools enhance learner
achievement (Wand & Reeves, 2007, in Kilic, 2013). As has been already established, ICT tools
cater for different learning styles, capture attention, allow for interaction with content and
capture interest, all factors that positively impact on retention. The paper also claimed that in
general, ICT build connections between concepts in more meaningful ways. The tool, when used
effectively, provides images that accompany concepts, offer simulated environments and allow
for representation of concepts in multiple formats, which strengthen connections around a
concept. The greatest advantage besides the portability of the tool and the screen size is that at
the click of a button, learners have access to numerous learning experiences and relevant

connections.

iPads afford motivation that keep learners on task. The benefits of this are obvious and would
include more opportunities for practice and rehearsal as well as for debriefing, all of which

enhance retention. Kilic (2013) argued that “... elaboration, discussion and practice of new

117



knowledge can bridge the gap between student motivation and achievement” (p. 5). In other
words, there are practices that a motivated learner has to be exposed to if that motivation must

result in achievement.

iPads afford more time for homework because the tool can be used in and out of school because
of its portability. Although there are questions about whether the increase in time allocated for
mathematics results in increased performance, the study of exercise books has indicated that
most topics are hurried, with many getting just a single or no exposure at all. In such a scenario,
teachers fail to provide opportunities for application and deeper understanding because of time
constraints. Increasing time, both inside and outside the classroom simply lessens that pressure
and allows teachers greater flexibility to plan lessons that capture attention and to teach for
understanding and provide opportunities for over practice and elaboration. It has to be noted
that Finland, one of the countries that is doing very well in mathematics, offers the least time for
mathematics teaching. Their secret is simple: Their approach offers and builds connections at
every opportunity, allowing learners to understand and retain concepts easily. Using my

metaphor of retention, they learn and teach using ‘blocks of blocks’.

Irrelevant iPad applications can be a distraction, something that would be equally true for devices
such as cell phones, tablets and personal computers (PC) connected to the internet, which are
likely to tempt learners to want to get into sites that do not enhance learning. In comparative
terms, the laptop has fewer irrelevant applications and is easier to monitor because of the size
of its screen and constraints on its functionality. However, Cuban et al. (2001) did not establish a
correlation between the quality of learning outcomes with the amount of time pupils spend on

using educational software applications.

4.5.8.2 Method

Learners with learning disability were issued with tablets rather than textbooks at a charter
school in New Jersey. A mixed research method was used to gain an in-depth understanding of

student behaviour.

The following were some of the observations from the literature section of the paper: Tablet
computers “...yielded positive results regarding student engagement, homework completion and

decreasing classroom distractions” (Manuguerra & Petocz, 2011, p. 61-65). Active learning
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promotes learner attention (p. 10) Attention according to literature leads to improved encoding
which ultimately has a direct influence on retention as shown in the retention pyramid. iPads
allow learners to go back and forth allowing learners to get more aha moments. Programmes
that take learners back to concepts they would have struggled with, together with immediate
feedback that support double looping, assist in the back and forth movement. This back and forth
movement, especially working on a growing concept becomes one of the most important

affordances of ICT tools. The paper also confirms that dynamic graphs aid in understanding.

In a technologically mediated classroom, the pedagogical role of the teacher shifts to become
more facilitatory. Why is it important to remove the total responsibility of knowledge delivery
from the teacher? Firstly, learners gain a deeper understanding if they are active participants in
education. Secondly, as has already been noted by Venkat and Spaull (2015), some teachers lack
content knowledge for the level they teach, especially in mathematics. Giving 100% of the time
to a teacher who has a lower understanding of the subject they are teaching, would not be
beneficial to the learners. ICT should be used even more for social justice, especially in schools
that do not have good enough teachers. Finally, when the teacher cedes the bulk of the learning
experience to the learners, this promotes greater collaboration that ranks high in terms of

supporting conceptual retention.

4.5.8.3 Results

The result of the study indicates that iPad videos increase student’s understanding and provided
opportunities for elaboration. Elaboration according to the indicators of retention in the
literature enhances retention. Again, the tools appeal to different learning styles which enhance
understanding and encoding. Weinstein and Mayer (1986) used two lenses to describe learning
activities from the cognitive perspective: rehearsal and elaboration. They defined rehearsal as
referring to the repeating of the learning material so that it is not forgotten, accomplished by
either rereading, or highlighting. The ICT has been found to be effective as a tool of rehearsal

(Franklin & Peng, 2008)

Elaboration was defined to refer to “...the amount of details used to extend a response...” (Kilic,
2013, p. 22). In this research, it also refers to a variety of ways through which a concept can be
viewed. Classroom setting that encourages elaboration includes taking notes to develop

guestions, making inferences between prior and new knowledge, demonstrating relationships,
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creating mental analogies. During elaboration, “...the student is fully involved in the processing
of information by building the new knowledge on his/her prior knowledge and creating new
cognitive frames, whereas in rehearsal the student is only occupied in keeping the information

on a solid base” (p. 22).

There is no doubt that in some instances, especially for tactile learners, pen and paper notetaking
would certainly be more useful in certain elements of elaboration such as note taking, role
playing, mind mapping and maybe even creation of mental analogies, unless such content is
interacted with. Such learners would most likely find opening a real book more appealing than
scrolling a screen. However, computers are best at facilitating elaboration without need to use
colourful markers. An app called “Notability” allows learners to do just that using a special
magnetic pencil. What therefore comes to the fore is that even where technology lags behind, a
non-technological approach of teaching, such a lack can easily be bridged and overcome through
the development of apps that serves the required function. Pearson eBooks also have notetaking

and summarising functions that are also interactive.

The iPad is easy to use because the operating system is closely similar to the one used by mobile
phones. This would be the best advantage of using the phone because learners are already well
acquainted with its functions and do not need to be trained in the use of the gadget. WhatsApp,
Twitter and such other platforms have been used by other learners to elaborate on previous
lessons through summaries of covered concepts. Specific rules need to be put in place in order

for the platforms to achieve the desired goals.

Although the tool kept learners engaged, it brought with it a lot of distractions. 63% were playing
games, 62% used laptops to check mail. In a scenario where just about 37% of the class is on task
(Kilic, 2013), and the technology is expensive, many are bound to question the wisdom of
introducing the tool into the classroom in the first place. It was observed during the lesson that
children managed multiple applications during the lesson. Any good learning tool should allow
the teacher to monitor and control what the learner can or cannot do with a learning gadget. On
a positive note, it was also found that many children asked each other how to solve problems.
Learners who worked collaboratively remembered concepts than those who worked alone (Kilic,
2013) again confirming the findings in the retention pyramid on the superiority of collaboration

in enhancing retention. While tablets support collaboration, that in turn enhances retention of
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concepts, if not controlled well, learners who use technologies to do assessments, would find it

easier to cheat by sending each other correct answers without the teacher noticing anything.

The implications of the distractions associated with the use of technologies are clear. It is very
essential that learning ICT tools be reserved for only that because in the research, of the 317
applications that were evaluated, only 56 were suitable for a classroom setting. It is important
for the teacher to select applications that are suitable for the learners. It becomes important to

establish the criteria for a good tool that teachers would need to consider.

Adaptive

Canbe
controlled or
monitored

Connects topic
to other topics
and subjects

Relevanceto
the topics being
taught

Offers feedback
and rewards

Motivatingbut
relevantto

Collaboration .
learning

Captures
attention

Figure 4-14 A summary from literature of what a good programme should do, according to this
research(Adapted from Kilic, 2013)
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Long battery
life
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attractive

Figure 4-15 A summary on the qualities of a good ICT hardware tool (Adapted from Kilic, 2013)
The two summaries (Figure 4.14 and Figure 4.15) above are helpful in making a checklist of ideal
hardware devices and programmes according to literature. A tool that lacks the bulk of the
checklist items would probably be unsuitable in a classroom setting or would require the

teacher’s creative “revelation” to bring out its hidden affordances.

4.5.8.4 Discussion

The research was done on a small sample size of six students, something that might have an
effect on the validity of the findings. Teacher asked learners to “DO now” a question on the
smartboard “...activate prior knowledge” (p. 40). Questions were done on a smartboard with the
teacher checking for understanding for 25 minutes. During the last 15 minutes’ learners were
given a week sheet that would be done either using ICT or a textbook, an opportunity for
individual work although they were allowed to use a calculator. Extra time was used for revision

to wonder around iPad applications.

For whole class activity, white interactive board is a better replacement of the traditional
chalkboard because it is interactive, caters for far more learning styles, can offer simulated
environments that can also be easily manipulated. The costs of good IWB are rather prohibitive
with an average price of R25000 being way above what most schools can afford. A projector

connected to a laptop can do a similar job at a slightly less amount.
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Besides this whole class activity that supports collaboration, learners were provided with
opportunities to work individually, again an important step that allows each learner to link new
knowledge to their own baseline understanding of the concept. The lesson plan described can be

diagrammatically represented as in Table 4.11.

Table 4-11 The implied lesson plan that was followed in the research(Adapted from Kilic, 2013)

Time Lesson stage Activity

Learners do an activity on the IWB and solve the
problem in front of everybody. Teacher verifies
for understanding. Focus is on a link to prior
knowledge.

0-25 minutes Do new activity

Missing step Introduction

. Demonstration and
Missing step

imitation
On some days done under text book or iPad
. Weekly classroom conditions. Individually using calculators.
26—-20 minutes y . Y § s .
assessments Learners can revise work or surf applications if
done.
Missing step Conclusion

Home work to link with

Missing step next step

The research method allowed the use of both textbook and iPad. The results indicate that ICT
used more for elaboration of old information than for rehearsal and elaboration of new
information and that the tool was used equally for collaboration and for non-educational
purposes. The results also indicate that there was an increase in student participation, prior
knowledge had gone up which collectively enhances attention and motivation that positively
impacts on retention. 90% of the learners preferred their textbooks to be loaded onto the iPad
demonstrates the positive attitudes towards the tool that is essential towards an enhanced
uptake of new gadgets such as ICT tools. Most students had an interest in Algebra 2 after using
iPad with such interest promoting staying power and attention with 95% indicated that their

engagement in classroom activities had increased.

The results show that 90% of the learners used their iPads for elaboration and the result for
problem solving was 4,45/5 which confirm that learners were using the iPads to practice
knowledge or a skill they had learnt in class. Viewed overall, the ICT did not make a greater impact

in results.
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Other quite contradictory findings of this research indicate that student achievement did not
increase in comparison to traditional approaches. The other finding was that the iPad scored
highest for participation, followed by collaboration, then logical thinking and problem solving and
then finally lowest for rehearsal and elaboration of new knowledge. The results seem to indicate
that ICT tools do not have a positive impact on retention, however nothing can be further from
the truth. Done correctly, collaboration and participation score very high in the retention pyramid
in enhancing retention. The small screen size prevents the tool from being used for presentation
purposes, unless this is done in small groups. Presentations and learner opportunities to teach
each other score very high in terms of retention in the retention pyramid. Once the teacher has
found a way of dealing with distractions associated with iPads, the tool can be its affordances

that support participation, motivation, collaboration, feedback and motivation.

In spite of the affordances offered by the tool, Kilic (2013) observed that “While these advantages
are largely accepted by most iPad users, relying excessively upon an iPad for solving math
problems may impair students’ writing skills over time” (p. 64). The research on calculators
highlighted a possible impairment of computational skills. Learners liked to write rather than
typing especially the algebraic symbols. Research has already shown that writing is more than
just a mechanical activity. The tool also tends to blur the clear and distinct boundaries between
school work and play. (Kilic, 2013) can lead to distractions. Another source of distractions can
come from notifications on the screen. A lot of people would say, if the tool is associated with so

many distractions, why dare use it at all in the first place?

This research suggests that the technological tools should not be discarded. Rather they should
be developed, like all other educational technological devices to prevent sources of distractions.
Again, teachers would require training so that they are able to manage or minimise distractions.
The other solution would be to use the tool for certain lessons where they make the most impact
and lastly, careful selection of programmes and ICT tools that prevent distractions is important.
Total reliance on the tool with all these questions around it at the moment would not be suitable.
Other important observations of the paper include but are not limited to: learners sending
messages to each other with answers. This can defeat the whole purpose of learning and would
explain why the results of certain schools actually went up with the removal of the tool. Teachers
also found it difficult to ensure learners who use iPads are on task. Use of tablets requires a lot

of monitoring. This again confirms the difficulties of eliminating distractions on the iPad. In its
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brochure on eBooks, ITSI has come up with a package that is part of the learning programme that

allows teachers to monitor whether students are on task or not.

On a positive note, the use of iPads requires less teacher assistance with the gadget and in cases
where a teacher has to teach a class of 60 learners alone, the device can act as an assistant.

Difficulties in monitoring whether learners are on task, will still need to be managed.

4.5.8.5 Conclusions

This article is insightful in that it shows that it confirms the possibility of using a variety of
technologies within a lesson to achieve a different set of objectives. So for example, where the
whole class has to be involved, an IWB works better than the iPad. The research also indicates
that without a proper system in place to monitor whether learners are on task or not, the iPad
and probably the tablet that is closely similar to it, can become more of a distraction rather than

an aid to teaching.

4.5.9 iPad: Kaur et al. (2017)

The second research paper on iPads by Kaur et al. (2017) is a qualitative paper meant to identify
the potential of iPads to supplement the teaching of mathematics to learners with disabilities. In
this section, only aspects that have not yet been highlighted in the preceding papers were
outlined. It is acknowledged that different mobile devices have revolutionised the way education
is delivered and received. Different apps allow opportunities for creativity, collaboration,

engagement, motivation, achievement and communication.

The advantages of mobile devices such as the iPads mentioned in the paper include versatility,
portability, ease of access to information, and manipulation. These affordances support more
opportunities for practice, easier and quicker access to information that requires low mental
effort needed to solve problems that require a higher mental effort. The same affordances also
support any time anywhere practice and the variation of the complexity of tasks and exercises,
so that they start from simple to complex. In the books studied, it was observed that in practical
terms, many teachers struggled with sequencing. Venkat and Spaull (2007) also highlighted the

role of sequencing in supporting mathematical understanding.
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Achievement

Figure 4-16 A summary of iPad affordances as listed in literature

A summary of the technological tool affordances is provided in Figure 4-16. Other iPad
affordances include built-in features such as sounds, images, animations, text enlargement,
highlighting, and others that allow content manipulation. Sound, images, animations all add to
the interest component and aid in concept retention. This particular research focussed on
promotion of conceptual understanding of numbers, order of operations, expressions,
multiplication and division of struggling learners (Kaur et al., 2017). Although understanding is

linked to and promotes retention, the two should not be confused.

The research was done over five weeks by 10 teacher candidates with 10 Grade 4 learners with
learning disabilities. The teacher candidates had sufficient training in the use of technologies and
had been exposed to some of the apps they were going to use. Teachers and learners who use

ICT technologies should have received sufficient knowledge in the use of that technology.

4.5.9.1 Observations

The sensory and kinaesthetic experience with iPads increase motivation, control and
independence, among others, which leads to learners being on task for longer periods of time,
ultimately enhancing the retention of concepts. Independence allows the learner to work alone
with minimal supervision. Arguably, one of the greatest affordances of ICT tools, besides catering
for different learning styles and multimodality, is differentiation, which allows for differentiated
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instruction to meet the varied learning needs of students. This requires an awareness of different
ZADs that aid in understanding, which eventually leads to retention. In the observed lesson plans
in this research, it was clear that the teachers’ lessons and activities were meant to cater for the
average learner. The slow, the fast, the usually fast who do not understand and other different
learners are not catered for. It was also found that the assessments and written work do not
address the current understandings of learners, something that applications used in the Measure

of Academic Progress (MAP) testing can easily do on iPad platforms.

The tool provides multi modal contexts that cater for different learning styles of different
students (Kaur et al., 2017, p. 115), which impacts attention and conceptual understanding that
enhance retention. Kaur et al. (2017) argued that iPads are superior to worksheets for both
mathematics fluency and academic engagement. This is because the electronic worksheet is
interactive and can be scaled up and down while allowing for interactivity and immediacy of
feedback, creating for a double loop. The research also indicated that iPads increase motivation
and behaviour for learners who are on task, leading to less problems with discipline and making
maximum use of learning time. Some apps like Nearpod are specifically designed to enhance

retention.

4.5.9.2 Method

Teacher candidates in the research created lesson plans every week, including the topic that
needed to be covered, the standard the topic is aligned with, the app selected and the reason for
selecting the particular app. The teacher candidates had to reflect each week on whether or not
the app was effective. Free apps such as Chalkboard, Division for Kids, Division Wiz, Grade 4
Math, iTooch, Math Animations, Number Frames, Splash Math and Y Homework were mostly

used.

It must be noted that in the lesson plans studied in this research, none of them had teacher
reflection and none of them had any technological app listed to support the lesson; no rationale
was provided when the chalkboard was used. Data was analysed and examined for
commonalities with validity being enhanced by including quotations from participants, leading
to the following six themes: How iPads are used as a guide, as an informal assessment tool, for
different learning styles, to develop mathematical understanding, to improve engagement,

independence and participation, and using iPads to individualise instruction. The use of iPads was
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evaluated under the following themes: Using iPads as a guide, for informal assessments, to meet

different learning styles, for understanding, and for individualising instruction.

4.5.9.3 Results

The research showed that the use of iPad improved conceptual understanding and self-correcting
feedback is a great feature, allowing learners to understand and retain concepts better (Kaur et
al., 2017, p. 120). Discussion on immediate feedback as an affordance that supports a double
loop has already been done. Learners were exposed to more opportunities for repetition,
practice, were more focussed, less distracted and eliminated behavioural problems (Kaur et al.,
2017, p. 120). Kaur et al. observed that most of the learners who were considered write offs in
mathematics required extra time and differentiated learning to understand a concept. Things
that provide this time, such as motivation, staying power, interest, less distractions, eliminating

behavioural problems, in class all have a direct bearing on understanding and retention.

The only drawback of this research is that a period of five weeks and a small sample makes it
rather difficult to generalise the results to a larger sample size. A longer study with in-service

teachers would probably have arrived at a different conclusion.

4.5.10 Use of Tablets: Clarke and Svanaes (2014)

The research on the use of tablets was conducted by Clarke and Svanaes (2014). Although some
comparisons can be made between tablets and iPad, it was necessary to make a study of tablets

on their own to evaluate whether the size and functionality of the gadgets are very different.

Techknowledge for schools (Formerly Tablets for schools) is a charity group that supports schools
and educators to transform education through the use of technology (Clarke & Svanaes, 2014).
A lot of research has been done to evaluate the effectiveness of technology in education and the

following is a management summary that emanated from the studies.

4.5.10.1 Management Summary

The use of technology by children is prevalent and many schools are acknowledging this by
including technologies in education. At the same time, there are concerns that digital

technologies might negatively impact education (Clarke & Svanaes, 2014), as seen with the
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Finnish study on the impact of calculators (Martio, 2009). Similarly, there has been an unease
about technology being a potential distraction leading to the banning mobile phones in many
schools (Clarke & Svanaes, 2015). In spite of a lot of research and recently published papers that
indicate that technologies could be beneficial, “... there is still some concern that there is little
evidence of a direct impact on learning from technology” (Clarke & Svanaes, 2014, p. 3). As a
result of this, global mobile technology use in education was suspended or abandoned in
countries like South Africa because of issues of connectivity and breakages. Other issues that
caused problems included, but where not limited to, connectivity, stay power of batteries, and
costs of data (Clarke & Svanaes, 2014). Again, it is useful to study the nature of the mobile phones

and how they were used to make a more authentic determination.

In research done by the University of Sheffield, 31% of the children under the age of five owned
a tablet (Clarke & Svanaes, 2014), and hence, early digital literacy is possible in the UK and similar
countries. The same opportunities are not available in most African countries where learners
have to learn to use the device together with the content that is supported by the device.
Technologies should be viewed as pedagogical tools that impact on certain learning styles such
as learning through making, collaboration and inquiry (Clarke & Svanaes, 2014). Difficulties have

been met where teacher tried to suit their pedagogy to the ICT tools they have access to.

Fullan and Donnelly, (2015) listed the following four criteria for new learning systems to have a
positive impact, as illustrated in Figure 4-17: The tool should be engaging to teachers and
learners, should be easily adaptable to use, needs to be ubiquitous access to technology 24/7,
and finally, should be steeped in real life problem solving or utility. The four criteria support the
indicators of retention through provision of connections, opportunities for practice, and
motivating contexts that promote attention and allow learners to view the concept in elaborate

ways.
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Engaging

A good
learning
system

Adaptable
and easyto
use

Real life
utility

Figure 4-17 A summary of a good learning system that could act as a guide for the pedagogical
setting (Adapted from Fullan & Donnelly, 2015)

This research highlighted some very important points on the use of technologies, including the
fact that deep learning that is supported by ICT tools creates the learning, creating and doing.
Just this statement caters for an active learner who becomes creative and applies their
knowledge. The research goes further to say that learners should not only acquire knowledge but

should connect these to real life problem that are supported by ICT (Clarke & Svanaes, 2014).

Sixteen out of twenty-three academic papers reviewed showed the positive impact of tablets on
education (Clarke & Svanaes ,2014). As has already being mentioned in the study on the effect
of video contexts on retention, “Using ICTs for lower level applications, such as computations, or
demonstrations unaccompanied by exploration and reasoning severely undercuts their potential
to expand and challenge student thinking and may in fact limit it” (Wiest, 2001, p. 44). This again
points to the fact that technologies should not in any way replace activities that develop and
challenge cognition. ICT helps with visualisations of mathematical ideas (Wiest, 2001). In relation
to the indicators of retention, visualisations support different learning styles, add to connections,
promote elaboration and enhance attention and the encoding process. Wiest (2001) categorised
learning software under tool software that is used as an aid to another goal. The software “...
facilitates the attainment of another goal” (p. 46). These could include spreadsheets, calculators

and even videos that are used to support another activity that requires mental effort. The next
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category of software is the instructional software that “... is designed to teach students skills and
concepts” (p. 47). A quick look of its overlapping categories, drill and practice, problem solving,
simulations and games, assessment, remediation, and tutorial all confirm that they support
indicators of retention. The third category of software is the internet, which can be used as a
source of mathematical information. Actually, the National Council of Teachers of Mathematics,
(NCTM, 1998) argued that “... every mathematics classroom should have computers with internet
connections” (p. 50). Obviously this is going to take a lot of time in Africa where the internet is
expensive and hugely inaccessible. The last category of software is programming, which is not
directly linked to most of the indicators of retention, except for elaboration. These different types
of software, for example, instructional software, are designed to teach students skills and
concepts and include features that allow them to do drill and practice, problem solving and
simulations, assessment, remediation and tutorials (Wiest, 2001). It is up to the creative teacher

and schools to decide where they need to use ICTs to support retention.

Other observations in this research included the fact that if not used correctly, mobile technology
can actually be a source of distraction (Clarke & Svanaes, 2014). In a report by Beland and Murphy
(2015), removing mobile technology saw the exam results of the studied schools increase by
around 6%, especially among low achieving and low income students. Cultural aspects that

underpin learning could have had a role to play.

4.5.10.2 Results

According to this research, in spite of all the listed technological affordances, there is still a lack
of evidence of the direct impact on learning from technology (Clarke & Svanaes, 2014). Again,
conclusions can be drawn that in the absence of a framework, even a very good tool can be
detrimental to the learning process. Schools should not invest in procuring technological
resources that would not add value to learning. Prior and careful research is critical to the success
of the process. The greatest benefits of ITC tools are their ability to cater for differentiated
learning. Prescribed pacing targets the average learner and potentially cause a lot of damage to
the very slow and fast learners who could have diminished retention potential as a result of lack
of connections and habituation, respectively. With the advent of ICT tools, correctly used,

differentiated learning has within it an inclusive component that allows for the tools to plan for
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the outliers. Table 4-12 summarises affordances of ICT tools as studied from literature in this sub-

chapter.

Table 4-12 Showing affordances of the studied ICT tools as per literature

Affordances Tools

Context-based learning that uses real life world iPad, tablet, PC, IWB

contexts

Portability Tablet, iPad, calculator

24/7 accessibility Tablet, iPad, calculator

Motivation iPad, tablet, PC, IWB

Multiple learning styles iPad, tablet, PC, IWB

Fidelity of messages iPad, tablet, PC, IWB, video

Making of mental representations iPad, tablet, PC, IWB, video

Feedback automaticity LI:)?C:;V’;arI;I)et, PC, IWB, video, calculator (more to do with
Shifting control of learning to the learner iPad, tablet, PC, IWB, video

Authentic situations iPad, tablet, PC, IWB, video

Storage iPad, tablet, PC, IWB, video

Report generation iPad, tablet, PC, IWB

Interactivity iPad, tablet, PC, IWB, calculator
Multiplicity of formats iPad, tablet, PC, IWB, video

Differentiated and inclusive learning iPad, tablet, PC, IWB, Mathletics, MyPedia
Gamification iPad, tablet, PC, IWB

Speed iPad, tablet, PC, IWB, video

4.6 Enabling Pedagogy

The research studied so far generated a lot of contestation around the use of technology in
learning. Some authorities said technologies have no impact, some that it has a positive impact,
and lastly, some that it has a negative impact on learning. Such questions can only be addressed
based on whether a conducive pedagogical setting is in place or not. The fourth category on

pedagogy addresses the fourth research objective and sub-questions:
Research Objective

To provide a pedagogical framework for using ICTs to support retention of mathematical

concepts.
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Research Sub-Question

What is the pedagogical framework that supports the use of ICTs to enhance the retention of

mathematical concepts?

This sub-chapter is mainly focussed on the broad goal of identifying pragmatic pedagogical
strategies that support retention in an ICT mediated classroom. To do this, lesson plans, mark
sheets and other related documents were selected. The only research selected to address this
broad goal was conducted by Cox et al. (2004) and commissioned by the British Educational and
Technology Agency (Becta) on behalf of the Department of Education and Skills (DfES). The study
investigated the impact of ICT on attainment based on published research and a few selected

case studies.

The statement by Clarke and Svanaes (2014) that the impact of technology is “... dependent not
only on the advances in technology but also advances in pedagogy and in our understanding of
how to implement change” (Clarke & Svanaes, 2014, p. 6) underpins the rationale for this

chapter.
4.6.1 ICT and Pedagogy: Cox et al. (2004)

According to Alexander (1992), pedagogy has two facets, namely teaching methods and pupil
organisation. Although a paper by Linn and Hsi (2000) focussed on pedagogical issues for science,
the following adapted pragmatic pedagogical principles would apply in an ICT mediated

mathematics classroom:

e Encouraging pupils to investigate personally relevant problems and revisit their
mathematical ideas frequently. Doing this would cater for the indicator of perceived
utility, rehearsal, connectedness and elaboration

e Scaffold learner activities

e Provide multiple representations of concepts

e Engage pupils in sustained mathematical projects

e Establish an enquiry process that can be generalised and integrated with other subjects

e Scaffold groups to design criteria and standards

e Design social activities so that learners can learn from each other

e Scaffold pupils’ feedback to explain their ideas
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Cox et al. (2004) argued that effective use of ICT should focus on reasoning rather than on
answers and enable learners to develop mathematical strategies and ideas connected to the real
world (Cox et al., 2004, p. 15). The use of ICT should challenge learners’ thinking. Connel (1998,
p. 18) argued that “The presence of computers as a delivery system of static expert
representations does not guarantee, and indeed may inhibit, the development of such pupil
representations”. Other research has also come to similar conclusions that where the
technological tool provides a readily available affordance, another activity requiring higher

mental effort should accompany it.

A study by Waxman and Huang (1996) indicated that the use of technology results in an
imperative change in the teaching strategies from a traditional approach to one that shifts
learning to the learner. ICT tool use would become beneficial only if its affordance to offer
individualised learning opportunities are fully used. As has already been seen from literature,
differentiation is afforded by portability of the tool, mapping exercises, flipped classrooms,
baseline knowledge and a multiplicity of learning styles and formats that cater for different
learners. Another study, by Dreyfus and Haveli (1991), concluded that if the teacher acts as a
guide, even weak children are able to deal in depth with a difficult topic. If that is true, ICT tools
would be very suitable to narrow the conceptual gaps of understanding among learners,
gradually bringing them to a stable state of homogeneity that allows teachers to teach a class or
group rather than individuals. The initial investments on ICT tools, especially in the lower classes,
will pay off in higher grades when even the weaker pupil has been capacitated to deal with

concepts together and not beneath their peers.

4.6.2 Documents

The themes raised in the documents used for data collection generally straddle across the four
categories. Data was collected from documents that were regarded as pedagogical ‘documents’,
which included lesson plans, mark summaries and learner books. A lot of data collected in this

chapter is relevant to the other categories.

4.6.3 Lesson Plans

Four Grade 3 lesson plans, two Grade 5-7 lesson plans, four from South Africa, one Grade 7 lesson
plan from Zimbabwe, one lesson plan from Kenya and one lesson plan from Finland (inferred

134



from literature) were used. Two lesson plans from Kenya did not pass the credibility test and

were excluded.

The rationale for analysing lesson plans was that they demonstrated the teachers’ practical
intentions, understanding of pedagogy, the subject and curriculum; and hence, some of the
findings overlap with the categories of retention, the nature of mathematics and ICT tools. The
structure of the lesson plans was carefully studied to establish whether the educators catered in
their planning for activities that enhance retention and that show an awareness of the of the
nature of mathematics, as well as whether an opportunity is available for ICT tools to enhance

efficiency and overcome pedagogical hurdles.

4.6.4 South African Lesson Plans

Lesson plans from a selected school were analysed to evaluate how they address indicators or
their sub-elements in the planning stage. Four sequential Grade 3 lesson plans and four

sequential Grade 7 lesson plans were used from a school that | had access to.

Lesson plans from South Africa had the following basic features: Names of the teacher, the grade,
the duration, the content and context, teacher and learner activities. | studied the first lesson
plan and asked for the four previous lesson plans. The only difference between the five lesson
plans were the topics and dates; the activities were similar for the successive lesson plans, even
when the topics were different. None of the studied lesson plans were evaluated. All the teacher

activities for the four lesson plans in Grade 7 followed the format in Table 4-13:

Table 4-13 A list of learner and teacher activities in the lesson plans

Teacher activities Learner activities

1) Teacher demonstrates the concept  |1) Learners follow example of the teacher

2) Teacher asks learners questions 2) Learners demonstrate an understanding of the
3) Teacher gives individual written work concept by working out on the board

4) Teacher marks 3) Learners write provided work

5) Teacher gives homework 4) Learners do homework

Although the learners in high school had calculators, the only media listed was the chalkboard,
and there was no mention of how the chalkboard would be used in the lesson. Even at the
planning stage, the teachers did not show any variations in terms of learning styles or topics that

would require a different approach.
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The generic teacher and learner activities in almost all the lesson plans studied in this research
clearly demonstrated that nothing was done during the planning point to individualise learning
by the teachers. Considering the diversity of topics, learners and context, it was worrying that all
the lessons were approached uniformly. When one considers that some of the learners are not
catered for, this easy way of planning becomes the basis of exclusion in our schools, because it

fails to demonstrate an awareness of the individuality of learners.

It was evident that generally, with one exception, planning was not done properly, because there
was no links or connections between lessons or subjects. In the referred textbooks, | noted that
practice questions were similar for all learners with only one or two challenge questions in Grades

3, 6 and 8.

The following observations were made regarding the observed lesson plans evaluated: There is
no provision for prior knowledge, or if the teachers were aware of it, it was not stated in the
lesson plan, although it is implied in the curriculum and textbooks. Only in one Grade 7 lesson
was baseline assessment mentioned. Again, there are hardly any connections in the topics
taught. For example, in a series of lesson plans analysed, the teachers did not show how the
current topic was linked to any previous concepts or topics. The indicators of retention clearly

show that these connections are essential for the enhancement of retention.

Learner activities were generic: The lesson plans evaluated were silent on the technologies used,
verification for understanding or prior knowledge, application of knowledge, and besides
homework, it is not clear how or where learners will do activities that promote retention, even
in the lesson plans from schools that use ICT tools for teaching mathematics. As was mentioned,

teacher activities for different subjects and lessons also seemed generic.

While the textbook activities (Platinum Grade 8 Mathematics) seemed to indicate the need to
cater for a variety of learning styles, the activities in all but one lesson plan catered for a single
learning style (mainly reading); and if indeed the lesson plans were executed as planned, it meant

that only a few learners were able to understand and retain concepts.

With the exception of two lesson plans, planning was generally done for a week or even
sometimes for two weeks. The lesson plans were not broken down into segments that indicate

time allocated to different lesson stages and what would be done at each stage, so it was not
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possible to verify the amount of time reserved for practice or collaboration. The indicators of

retention show that practice and over practice is essential for retention.

In the lesson plans, there was no mention of practice items for learners to do. In a few instances
where these are mentioned, it is a page from the textbook or a work sheet that has similar
exercises for everyone. There is no evidence of differentiation and all learners were asked to do
exactly the same activity and amount of work. A differentiated approach is necessary to smoothly
move learners from one ZPD to another without skipping any conceptual gaps that militate
against making connections, which is essential for retention. It became clear that in the learning
process, learners are not being treated as individuals but as members of a homogeneous group.
The teacher learner ratio is probably why teachers found it difficult to individualise learning for
each of the approximately 30 learners in a class. In the South African lesson plans there was

basically no mention of how media would be used in the lesson.

4.6.5 Zimbabwean Lesson Plan

| could only study one Grade 7 lesson plan from Zimbabwe that had a slightly different structure
and detail. The structure of the lesson plan was as follows: Prior knowledge was mentioned in
the lesson plans as generalised assumed knowledge for the whole class, and these assumed skills,
attitudes and competences were listed. The major drawback of the list was that it was not
directed at the prior skills of individual learners, possibly because of the unavailability of these
reports or the difficulty of generating reports for each learner. The lesson plan had a section on
assumed knowledge, an introduction, demonstration by the teacher and imitation by learners,
group activities and report back, and then finally, the conclusion. In the introduction, it was
briefly mentioned how the lesson would be introduced. Considering that recency and primacy
are suggestive of the beginning and end of lesson as the best learning time, | think that not much

effort was made to make the introduction memorable.

One lesson plan mentioned that the teacher was going to do a demonstration. The lesson plans
indicated that after the stage of imitation, the learners would be asked to take part. The teacher
wrote the problems on the board to help the whole class understand the concept. In one of the
researches, this process was done using the IWB, whose affordances include interactivity,
catering to different learning styles, connections to different simulated and authentic contexts,

motivation, and gamification. If one considered the amount of time the teacher has to write on
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the board instead of facilitating lessons, it would be easier to see the benefits of having IWBs that

can provide those questions at a click of a button.

Group work was provided to learners, although no mention was made of how the groups were
distributed. A report back was the next activity, where the learners would teach others how they
solved their problems. Teaching others and collaboration activities rank very high on the
retention table. According to the research, there was no differentiation in terms of complexity
between the work given to two different groups. Next was individual written work, but once
again there was no mention of differentiation in the work learners were supposed to do. A follow-
up in the learner books showed that usually learners were not provided with homework, or when

it was provided, only four to five items, which are insufficient to retain a concept, were given.

Media was listed in both lessons plans to include the chalkboard and the textbook, but with the
exception of the textbook where the homework was to be extracted, there was hardly any

mention of how media was used.

Although the conclusion of the lesson is supposed to be memorable, in this lesson plan, the
teacher decided to use it to give homework. That in my opinion is a lost opportunity. An

interesting activity that assists with understanding the concept would have been ideal.

4.6.5.1 Enablers and Barriers to Retention

| conclude that the Zimbabwean lesson plans showed that tools were used insufficiently and the
supplied list of tools did not explain how they would be used. In terms of the stimulus, there were
connections to previous work in the observed lesson plans, but it was generalised. There was no
differentiation in the extension and remedial work, and generally learners had to do the same
homework and classwork. Again, both lesson plans had the teacher-centred approach that seem
to work well for teachers who are overloaded and cannot provide individualised lessons.
Addressing the issues of learning styles that promote attention and understanding and
individualisation of practice and feedback still make ICT tools relevant in the Zimbabwean

context.
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4.6.5.2 Exercise Books

Selected mathematics exercise books from Grade 2—8 were studied and analysed to evaluate
how they address the nature of mathematics and the indicators of retention, as well as to

uncover the teacher’s pedagogy in the teaching of mathematics.

Only one of the five books had evidence of linking topics to the previous work by way of a revision
or baseline activity at the end of the week. Generally, there was no evidence of the teacher
ascertaining or using baseline knowledge. It is worth noting that this step of giving a revision
exercise was not mentioned in the planning stage. It is also worth noting that in all the books
evaluated, by October the last four revision exercises had not been marked and were not
mentioned in the lesson plans. The failure to mark books denied learners feedback and an
opportunity to correct misconceptions. The efficient basis of retention is conceptual
understanding, without it, retention becomes rote learning. A failure to mark books denies the

teacher the opportunity to verify learner understanding on the concept.

Only one of the five exercise books had examples written in the book to verify for understanding.
Marking consisted mainly of a long single tick, which also denied learners a chance to confirm
their understanding of the concept. Verification for conceptual understanding underpins

practices that promote retention.

In the grades evaluated, representation was mainly in symbol form. There were very few
diagrams or number sentences and very little step-by-step working (my observation indicated
that the classes used calculators). Looking back at the problems that learners were doing, it was
evident that any learner who knew how to operate the calculator could do very well in the test

without demonstrating any mental effort. This question was included at Grade 8 level:

V64 +3/8, and such similar guestions.

It is possible for learners to get the answers right without demonstrating an understanding of the

concept. Using ICT in this manner does not promote greater mental effort by the learner.

A single representation format of concepts again denies learners who learn differently an

opportunity to benefit from the lesson.

In the literature section, it was established that retention cannot be separated from

understanding (Maffei & Marriotti, 2007). A learner cannot be expected to store concepts they
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have not yet acquired. In the analysis of documents, books particularly, an analysis was
undertaken to verify whether the initial teaching itself confirmed that learners have understood
the concept. In all the Grade 3, 7 and 8 exercise books studied, homework was given but work
had not been marked (there was no verification for understanding). In the South African context,
| also witnessed learners being given homework that was totally different and disconnected from
the work done in class. In all the evaluated books there were little evidence that learners were

asked to apply knowledge learnt in class in a different context.

Table 4-14 An analysis of Grade 2, 3 and 9 exercise books

Theme Grade 2 Grade 3 Grade 9
Is there evidence of connections to . . . .
) . ) In the exercise books there is no There is a progression but no
previous lessons or subjects and is  |Yes for both . R ) .
. . evidence of any connections connections between topics
learning contextualised?
Is there evidence that concepts have [The last five exercises in both books The last five items were practice items

No evidence of application

been applied? were practice items with no application

Is there evidence that the concept is

being presented in a variety of Concepts represented symbolically in

. In both books concept was represented
Concepts are represented symbolically P P

both books symbolicall
forms? Y 4
The excelling learner is achieving but
last two exercises are not marked. The
) Books for extremely good learner and struggling learner has one long ticks in
Is there evidence that the lesson was . ve Egling g
X . struggling learner were taken. In the . . most of pages and last two have not
interesting as measured by . There is moderate achievement
. last five books both books were not been controlled. In an unmarked
achievement? L : . .
marked revision exercise, there is evidence that

learners are copying answers from the
back of the textbook

Are children getting opportunities
for adequate practice during class
and homework? On average, how  [Average number of classwork items
many practice items are learners ranged from 6-10

exposed to per single mathematics
lesson?

Average number of class items ranged

A ber of it 10
Verage number ot items are between 8 and 10 items

Is there feedback that ts th One teach behind his pl d

> there e.e .ac .a .sugges s the The teachers were both following the [There is hardly any feedback in the ne teacher was be |n. 's plan an

educator is using existing knowledge the other was on par with the lesson
tracker learner books

as a basis for new knowledge? plan

4.6.5.3 Marking

In the studied Grade 8 learner books, the teacher used a red pen to make ticks, signed and wrote
a date. In all the studied books, | noted so many errors and misconceptions that escaped the
attention of the teacher, with learners mostly marking for themselves and the teacher sometimes
shadow marking wrong items. Marking in the learner books also did not happen immediately, as
seen in exercises that were not marked for more than two months. Where the teacher did not
see any sense, they drew a line right across the work. In one Grade 9 book, the teacher wrote

“What is this?”. | believe that this type of feedback only demoralises learners, leading to them
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dislike the subject and not doing well in it. Most of the informal work was from revision activities
in textbooks that are found at the end of the term. The five books evaluated in Grade 3 and 9 had
more than seven exercises that were still to be marked. By October, both Grade 8 mathematics
exercise books had last been marked in August. It was difficult, therefore, to imagine how the
teacher proceeded to a new topic without verification for understanding. New lessons were
therefore not connected to learners’ prior understandings of the concept. It was also evident that
learners were being deprived of an opportunity to benefit from feedback through reengaging

with items.

4.6.6 South African Assessments

Informal assessment records were selected from learner books and mark records. Once a month,
Grade 8 learners were given monthly tests in mathematics, translating to close to eight such tests
per year. Five of the eight informal tests had not been marked by November 2018, and therefore,
although they appeared in the learner books, they were not recorded. If feedback has any
function in retention, especially through the double loop, it can be assumed that learners only
benefitted from five tests during the whole year. A comparison was made between the informal
test items and the final paper for 2018 mathematics, where it was seen that approximately 70%
of the concepts in the Grade 8 practice paper were present in the end-of-year matric paper,

implying that formative assessments are not being fully used to support summative assessments.

The research looked at end of Term 1, 2019 mathematics assessments at Grades 3 and 9 levels. |
selected these grades because they are exit grades for their respective phases. The following
emerged from the assessments: All learners were given the same question paper. My attention
was also caught when | compared two scripts of the same learner for Term 1 and Term 2. The
learner had failed a concept in Term 1 and had also failed it in Term 2. In between the two
assessments, | did not see any intervention that sought to correct the misconception. This, to me,
was indicative of the fact that there was no intervention done, although the mark sheet indicated
that there was a problem. Either the mark sheet was not used to establish understanding, or as
a result of pacing, the teachers lacked the time to assist individual learners to overcome
conceptual barriers. Considering the potential for ICT tools to individualise learning, it was quite
clear to me that a programme directed at such interventions would have been of great assistance.

Again, immediate feedback and learner records need to be readily accessible and specific if they
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are to be used to assist with intervention. Eight of the questions given were simple recall
guestions. It has been mentioned in the literature that application actually enhances retention,
and asking learners at a single comprehension level denies them an opportunity to enhance their
retention levels. Fifteen of the twenty questions were at a symbolic level; none of the papers
asked learners to illustrate their understanding through drawing a variety of concepts. Errors
showed procedural deficiencies, for example 4x7=26. Such errors can easily be corrected through
practice and pattern making. A calculator would probably be a very good tool for learners to

check their answers until they overlearn and remember their tables and bonds.

At Grade 7, where calculators are allowed, one of the questions | analysed required a learner to
solve 4500/90; instead of dividing, it is assumed that the learner actually added, but possibly
because they were using a calculator, they did not verify that the number actually made sense.
Their answer of 4 590, which is far greater than the correct answer for this question, had the
learner chosen to check, showed a lack of number sense and the dangers of overreliance on a
technology to learners who lack number sense. Observations have been made that software tools

should be used to aid processes only if there is a higher aim to be achieved.

Table 4-15 Showing Mathematics summary marks for Grade 2, 3 and 9 for end of term, 2019,
at a school in KZN

Levels and percentages Total

2 3 4 5 6 7
0-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-79 | 80-100

Grade 2 0 0 3 11 4 4 8 30
Grade 3 0 0 0 2 7 8 10 27
Grade 9 3 8 14 8 9 6 3 51

The research looked at the way the assessments for different grades was done to come up with
the marks in Table 4-14. In the foundation phase, formal assessments were done as soon as the
learners completed a topic or a section of a topic. With the upper classes, however, although the
term assessment plan (TAP) indicated that they would be done at the conclusion of a topic,
assessments were delayed to the end of term, close to two months after the first lesson of the
term was taught. At Grade 2, 90% of the learners had 50% or above in mathematics during Term
1. At Grade 3, that figure improved to 93%, but drops down to 51% in Grade 9. While it may

appear as if learners in higher grades are struggling, this is far from the truth. It is the timing and
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not the performance on assessments that has changed, with the former being assessed

immediately after lessons and the latter being given delayed tests.

The results for Grades 9 seem to paint a true picture for delayed tests that confirm that the
teaching strategies in South Africa are not supporting the retention of concepts. By the time
senior students do assessments, they would have forgotten what they were taught in class. This
observation seems to confirm that the problems of mathematics in South Africa are problems of
retention more than anything else. Research has confirmed that how the learners are taught and
what learners do between assessments contributes to how well they do in delayed assessments
with ICT. Absence of multiple formats of representation, multiple exposures to concepts, and
generic lesson plans that only cater for one learning style are indicative of the deficiencies of the

strategies being used to teach mathematics.

Out of the seven topics that were done in Term 2, only two topics were formally assessed. The
rest were left out, although they had been given as informal revision tasks. When | checked these
in the learner books, | discovered that the informal tasks for the other topics that were not
formally assessed were not marked. One of the indicators of retention is perceived utility, which
implies that if learners do not see the value of what they learn, there is no motivation to retain
it. A failure to assess all topics and mark work sends an indirect message to learners that certain
topics are unimportant and not worthy of attention. Had learners been told that all topics are to
be assessed, one would assume that they would receive greater focus. Right from the onset, it is
a good idea to explain to learners how the concepts learnt will be assessed and applied, so that
they pay greater attention to it and retain it better. The Mathletics programme | analysed had
multiple activities presented in multiple formats and levels of complexity for each of the topics
in the CAPS curriculum, signifying how ICT tools can be used to support perceived utility of each

topic in the curriculum.

In the studied assessment, there was no evidence of any connections or a smooth flow between
topics. It seems topics in between had been left out, creating apparent gaps in the knowledge
bank of learners. | contend in this research that ‘gaps’ militate against both understanding and

retention of concepts.

Grade 8 had three assessments during the 10 weeks of Term 1 of 2018. The three assessments

were all done in the last three weeks of March, towards the end of the term. Such a distribution
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results in massed testing that tends to work against retention. The assessments for Term 2 were
written assessments for both the assignment and project. The problems related to content and
pedagogical knowledge raised by Venkat and Spaull (2007) could be the real reason why teachers

are not varying assessments as stipulated by the TAPS.

There was no analysis or diagnostic document that tried establish the learners’ weaknesses and

how to address these. | did not see any item analysis for any of the assessments done.

4.6.7 Conclusion

There is very little evidence of connections between the topics or to any other subject. Learners
were given the same tests and assessments irrespective of their differences. | concluded that
tests and assessments were not promoting further learning because they were not
differentiated, analysed and there is no intervention in place after their administration. With the
exception of the calculator, there is no evidence that any tool was used during assessments or
tests. Even the calculator at Grade 8 level was used for easy questions that could have been done

without the tool.
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Table 4-16 Comments on a studied mark sheets

Concept

Effect on Retention

ICT, Pedagogical or Retention Issues
That Came Up

Number of learners

Grade 8 class had 55 learners doing
mathematics

Average of one assessment per
three weeks

Difficulties of marking and
feedback

Difficulties with individualisation

Difficulties with catering for
multiple learning styles

Difficulties of making individual
connections

ICT can personalise learning easily

ICT can automatically mark work and
offer feedback

ICT affordance—storage of records

ICT affordance—making lessons
interesting

ICT—preloaded practice and
assessment activities

Easier marking means assessments
can be given when needed

Tests and assessments can be given
at the click of a mouse

Sequence of topics

There is no progression between assessed
topics. Progress or retrogression is
quantified on things that are not similar.

Topic-to-topic assessment allows teachers
to gauge progress. Topics could be similar or
show connections to prior topics

Assessed topics are not even
related

ICT programmes such as Mathletics
have a variety of assessments on the
same or related topics that can be
scaled up or scaled down

At a click of a mouse, topics can be
sequenced

Feedback and evaluation of assessment

There is no feedback or item analysis

Specific feedback allows the
teacher to make timely

interventions so that learning gaps

are closed before a new topicis
tackled

ICT can offer specific comments on
areas that leaners struggle with

Frequency of assessments

Three assessments were given per term
towards the end of the term. It was inferred
that these were given because the teacher
wanted marks but there was little time left
to use assessments to drive learning.
Assessments were bunched up together and
not distributed.

Only three prescribed

tests/assessments given during the
whole course of the term, affecting

practice and automaticity.
Research has shown that over
learning reduces forgetfulness

ICT allows the teacher to give related
assessments and test whenever
these are needed

Number of tested items

With the exception of control tests
at the end of the term, a maximum
number of 15 items s were given in

one assessment

ICT allows learners to do twice or
thrice as many items as the
traditional approach

The marking burden is taken away
from the teacher and so learners are
able to do even more practice

Item analysis—what type of questions do
learners get right/wrong?

There was no item analysis

What is the diagnosis?

Focus seems to be on the mark
with no evidence that it was used
for later intervention

Some software programs( Mathletics)
identify a problem, explain what
needs to be done, and while the
concept is still fresh, offer the learner
another chance to retry the concept
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The reviewed lesson plans from both South Africa and Zimbabwe had one thing in common. They
had separate teacher activities and learner activities. In a class where there should be integration
and connections between teacher and learner activities, this distinction suggests a disconnected
approach to teaching. In terms of an enabling pedagogy, best practices from different countries
have been identified and will also be implied through activities that promote productive learning.

Best practices include the following:

e Not every lesson requires technological tools to be successful.

e There are numerous ways of teaching a concept (Triantafyllou, 2016)

e Motivating environments are important (Mart, 2011) and support attention to the
concept and promote longer on task time.

e It is the responsibility of the mathematics teachers to inspire a positive vision of the
subject (Goos, 2006).

e Teachers’ understanding of the subject is important (Zhao & Frank, 2003). Besides the
available technological tools, it is the teacher who verifies understanding, selects

assessments, sequences topics, identifies learning styles and so on.

Mathematics teachers in Finland are autonomous and reflective experts (Niemi, Auli & Arto,
2015). In the reviewed lesson plans, reflective practices are absent. Teachers need to evaluate
the successes or failures of their lessons and the materials and tools used to mediate the lesson.
A failure to evaluate lessons confirms that the teacher, and possibly, the child is not connecting
prior concepts to new learning. This way of teaching and learning does not support the retention
of concepts. The shifting of control of learning from the teacher to the learner (November, 2010)
suggests that there should be a lot more learner activities than teacher activities, and these
should include collaboration activities, discussion and other activities that allow learners to

demonstrate their conceptual understanding.

Connections should be visible between concepts taught and the subjects taught. For primary
school level, it would be ideal for each grade to have a class teacher who teaches most, if not all,
subjects. Allowing teachers to teacher classes for longer periods gives them an opportunity to
make hierarchical and vertical connections. The issue of grade and subject teachers, especially in

the primary school needs to be relooked. An equally good tool should allow learners to build
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conceptual connections or provide simulated environments that act as cues to support retrieval

of concepts when needed.

Teaching from the known to the unknown is important, and yet, this progression was not clearly
seen in the studied lesson plans. It is easier to arrange ICT work in this manner with teachers
blocking certain topics until learners mastered the basic concepts. Teachers should select
concrete media first, especially where these are readily available. Again, a good teacher should
start each lesson with a short baseline assessment that informs how the lesson should unfold.
Daily written work at the end of the lesson should be marked before learners start a new concept

so that the teacher can link the learners’ prior understandings to the new lesson.

Teachers should provide application opportunities for concepts learnt to enhance their utility
value. Opportunities should be provided to identify and solve practical problems in their
communities using concepts learnt in school. Major challenges to opportunities for application
that need to be overcome include prescriptive pacing, lack of creativity, lack of planning time,

assessments that do emphasise application.

Strong introductions and conclusions that cater for as many learning styles as possible allow as
many as possible learners benefit. Every lesson should include these two basic steps. Research
has already confirmed that primacy and recency enhance retention. In the studied lesson plans,
there is hardly any mention of an introduction or a conclusion, and how these are used to make
learning more memorable. Actually in all but one studied lesson plan, the conclusion was “giving

learners homework”.

Pedagogy should provide educational opportunities in an egalitarian manner and use resources
efficiently (Sahlberg, 2012). In Finland, every student in upper secondary school has a
personalised plan (Sahlberg, 2012). This requires us to rethink education, so that the plan ceases
to be about what the teacher intends to do in a day but rather what the learners needs to do in
a day, taking into consideration their prior knowledge and the skills set required to move to the
next step. Where “... the unified curriculum sets certain expectations for all students, regardless
of their abilities or prior learning” (Sahlberg, 2012, p. 24) it tends to disadvantage learners who
lack foundational knowledge. The author further stated that learners must have differentiated

learning for different students (Sahlberg, 2012).
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Especially in the primary school, teacher must carry out assessments so that they are not hurried
in their teaching. Teachers should also ensure that all topics taught in class are given equal utility
value. Prescribing pacing and content defeats the purpose of differentiated learning and does
not take into cognisance variations in learner backgrounds. In a setting where the teacher uses
ICT tools that allows them to individualise learning, their role should become more of a facilitator
with less teacher talk (Sahlberg & Berry, 2003), allowing the learners to do the bulk of the work.
Of even greater importance is teachers’ knowledge to determine when to use which tool to
support learning. In the research by Gambari et al. (2017) to compare the effectiveness of
traditional approaches to teaching with e-learning and blended learning, the results indicated the
superiority of blended learning over e-learning. “The superiority of blended learning over e-
learning and traditional method stem from the fact that blended learning combined the

potentials of e-learning and traditional teaching methods together” (Gambari et al., 2017, p. 33).

Mathematics pedagogy must be premised on the basis that all students have a right to access
mathematical culture, can all become powerful mathematical learners, must be responsive to
realities found in the classroom, must assist the learner to develop into a holistic individual, and
must promote conceptual understanding, procedural fluency, strategic competence and
adaptive reasoning, (Antony & Walshaw, 2009). The authors said, “Students need opportunities
to practice what they are learning whether it be to improve their computational fluency, problem

solving skills, or conceptual understanding” (Antony & Walshaw, 2009, p. 14),

For learners to make sense of a new skills, they need to connect it to existing mathematical
understanding and gain opportunities to apply it in everyday contexts (Antony & Walshaw, 2009).
It has been claimed that technologies can link students with the real world and that good teachers

should use a variety of representations in their teaching (Antony & Walshaw, 2009).

“Teachers with in depth knowledge have clear ideas about how to build procedural proficiency
and how to extend and challenge learner ideas” (Antony & Walshaw, 2009, p. 25). The authors
further said that teachers also need an understanding of individual students. In the current
context, this knowledge is an awareness of where the child is going, where they are and where
they are coming from, the connections needed between these steps, and most importantly, the
learning styles through which learners best learn and understand concepts. The implication is

that mathematics teachers should at the very least be able to effectively teach a grade below, a
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grade above, as well as the current grade in order to make and prepare for anticipated conceptual

connections.
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CHAPTER 5: SYNTHESIS OF RESULTS

5.1 Introduction

The data collection and analysis stage strongly indicated that ICT tools are not a panacea to every
learning problem in South Africa. Technology should, therefore, only be selected after a holistic
evaluation of a variety of factors that affect the pedagogical setting. It follows that the way ICT
tools are used in certain countries should be regarded only as a guideline and not a prescription
on technological use. The selection and utilisation of ICT tools should be informed by the needs

and requirements of particular children.

To address the main research question “To what extent are ICT tools enhancing retention of
mathematical concepts”, it is ideal to make a list of the hidden and perceivable affordances of
ICT tools that were studied in the research and match them with the indicators of retention that
promotes connectedness, sequence and hierarchy in mathematics; eliminate the current
hurdles; and incorporate these affordances into mathematical learning. The first hurdle is that
South Africa has at least two ‘types’ of mathematics, the official mathematics and the practical
mathematics. While the mathematics reflected in the curriculum and textbooks appears to be
sequential, connected and hierarchical, the mathematics being taught in the classroom, as
evidenced by the studied documents, is definitely not. The first and probably greatest task before
addressing the role of media in education, is to align the mathematics being taught in class with

the mathematics being advocated for at policy level.

5.2 Align Mathematics

The first step towards an alignment of the official curriculum with what teachers do in the
classroom is to offer realistic expectations regarding what teachers can and cannot do in the
provided time frames, taking into consideration the heterogeneity nature of learners in a class.
It is not surprising that learners in South Africa are underperforming in mathematics, because
although the official curriculum of South Africa shows hierarchy and some sequence, what is

presented in class is very different.

The first step towards that would be the removal of prescriptions that put so much pressure on

the teachers and has had a huge negative effect on sequencing, connections and opportunities
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for retention. Prescription is a major threat to individualised learning. The second, would be the
addition of ICTs to manage many tasks such as feedback, motivation, practice, sequencing,
assessments, record keeping and intervention in order to free a lot of time, and in the process,
allow learners to build stronger mathematics connections and sequence concepts in a
memorable way that supports further learning. In both instances, time is the determining factor.
Any practices that free learning time, including integration, flipped classrooms, class teaching and
teaching grades for a longer time, require attention. Together with this, there is a need for
schools and teachers to plug time leakages at the beginning and end of year when very little

learning takes place.

5.3 Train the Teacher

It is essential that teachers know the correct tool to use in a particular situation, when to increase
and reduce mental effort, and when to focus on and emphasise indicators of retention. Besides
training, creative teachers are required to use the ICTs’ hidden affordances to their advantage
and to know each learner’s baseline knowledge. This requires dedicated teachers who plan for
each learner, each day (as opposed to weekly or fortnightly) in order to cater for individualised

learning, upon which retention is based.

5.4 Select the Correct Learning Tool

In terms of perceivable affordances, the calculator and the video seems to feature the least. With
more creative use, the tools are capable of even more affordances. The creative teacher is a must

in ICT mediated teaching.

The tablet tends to feature so much as having many distractions, and so without a creative and
capable teacher, the inclusion of these tools can do more harm than good. Where they really

must be used, | suggest reduced exposures so that learners do not over depend on the tools.

Together with the hardware device, teachers should be able to select a tool that allows each
learner to connect to their prior knowledge and follow their learning path. Such a tool must be

able to keep and avail records for intervention as needed.

Research indicated that where technological tools have failed; it was usually as a result of

distractions associated with it and a lack of higher mental effort that accompanied its use.
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5.5 Selection of the Relevant Administrative Tool

In order for teachers to succeed in teaching memorable lessons, they require tools that help them
to assess, mark and offer feedback, that keeps records for intervention, and that allows them to

control the sequencing and hierarchy of those assessments.

Having ascertained which tool offers which affordance, it is now possible to match these
affordances to the elements that support retention, bearing in mind that the five indicators of

retention all support connected, hierarchical and sequential mathematics as illustrated in Figure

5-1.

4 Sequential 4 Connected N ( Hierachical
mathematics mathematics mathematics
Perceived utility Connectedness Elaboration

3 Rehearsal :
Attention : Attention
? Elaboration :
Rehearsal [ Perceived utility Rehearsal
G 2N A\ 4

Figure 5-1 Literature on indicators confirmed that although they can be categorised under
sequencing, connecting and hierarchy based on the specific nature of the mathematics they
address, they overlap many times.

Figure 5-1 also subtly suggests that it is possible to have connections without a strong emphasis
on hierarchy, to have hierarchy without strong conceptual connections, and to sequence
activities without necessarily arranging them in a hierarchical order. Indicators that support
connected, sequential and hierarchical mathematics and their sub-categories are represented in

Table 5-1 and matched with the relevant technological affordance.
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Table 5-1 Matching the indicators of retention to the ICT affordances

Indicator and the Nature of
. ICT Affordance Example of Tool from Literature
Mathematics Supported
Sequence Authentic situations that allow . .
g learners to aboly knowledee learnt Simulated environments afforded by
Perceived utility [Hierarchy . PRl s & . the tablet, the iPad, videos,
in class, feedback utility during . .
- . Mathletics, and MyPedia
Connections double looping
Hierarchy The storage facility allows teachers |Mathletics, tablet, iPad, IWB
to connect new experiences to past - -
n . . Mathletics, tablet, iP
Connectedness Sequence achievements. Multiple formats of etics, tablet, iPad
. concepts can also be easily . .
Connections visualised, 24/7 availability Videos, iPad, tablet, IWB
Hierarchy Mathletics, tablet, iPad, IWB
Elaboration  |S€duence Multiple formats, multiple learning |Mathletics, tablet, iPad
styles
Connections Videos, iPad, tablet, IWB
Hierarchy e L . iPad, tablets
Gamification, interactivity, multiple
Attention Sequence formats, motivation, provocations,
multiple learning styles
Connections P 83l Videos
Hierarchy Immediate feedback provides the |\j5thletics, tablets, PCs, calculators
double loop, lots of practice
s exercises, gamification promotes Mathleti bl pC leul
Rehearsal equence on task activities, individualisation athletics, tablets, PCs, calculators
of learning that can be scaled up
Connections and down, offering of multiple Mathletics, tablets, PCs, calculators
exposures on a concept

The indicators above and other factors related to pedagogy, ICT tools and retention can further
be broken down into higher categories (Table 5-2) that are indicative of sequential, connected
and hierarchical mathematics. The interactions between factors that originate from the three
different categories become even clearer at this stage, and it becomes easier, if not expedient,
to fitin the nature of mathematics with the emergent categories of ICT and retention. Connected,
sequential and hierarchical mathematics is afforded by ICT tools, pedagogical practices and

practices that support retention.
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Table 5-2 Showing the matrix of elements used for coding the nature of mathematics. The
interconnections among the categories are getting clearer with retention featuring the most.

Nature of Mathematics
Criteria Affecting Retention Source of Emergent Sequential | Hierarchical | Connected
Category

Multiple formats Retention ' '
;ajﬁirgijglritr;\ultlple learning styles Retention v v
Gamification ICT v
Back and forth movements Retention v
Verbalising ideas Retention v
Simplex to complex, known to unknown |Retention v ' '
Number of exposure to concept Retention v

Application of concepts ICT v v
Collaboration opportunities Retention v v
Marking and feedback ICT/Retention Vv v

Individualised learning plan ICT v v v
Differentiated assessment ICT v v v
Class teaching Retention v
Baseline assessments Retention v Y Y
Teacher learner ratio Retention v

Corrections and interventions ICT/Retention \ \' \'
Intervention reports Retention v '

Lesson evaluations Retention v v v
Learner achievement before next lesson  |Retention v v v

It is clear from Table 5-2 that the sources of elements that support the nature of mathematics
are mainly being derived from the category of retention. At the end of each document analysis,

a brief discussion on enablers and barriers to retention was undertaken.

5.6 Addressing the Question “How ICT Affordances Enhance Retention of Connected,

Sequential and Hierarchical Mathematics”

In the discussion that follows, ICT affordances and how they enhance indicators of retention that
ultimately impacts mathematics that should be taught in South Africa will be evaluated. To
answer the research question “How ICT enhance retention of mathematical concepts”,

mathematics, retention as well as affordances will be broken down and elements that support
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either connections, sequence or hierarchy in mathematics will be described. The ICT affordances
will also be broken down and incorporated in the activities that support sub-elements of

retention and the nature of mathematics.

It has been established that although in practical terms mathematics is not being taught
sequentially, with evidence of clear hierarchy and connections, official documents are to a large
extent advocating for that. Incidentally, literature reviewed so far on the retention of concepts
confirm the importance of sequencing, connections and conceptual hierarchy in order to support
further understanding. That understanding, together with connections, directly impacts
retention positively. Put differently, it can be said that the mathematics being taught in South
Africa should be taught in a way that supports the goal of understanding and retention (although

the study of pedagogical documents seems to paint a gloomy picture).

The discussion below seeks to address how ICTs enhance retention of mathematical concepts.
The mathematical concepts are further broken down into the three natures of official

mathematics established in this research which are connectedness, hierarchical and sequential.

5.7 Enhancing Connectedness in Mathematics

5.7.1 Multiple Formats

From the data collected, especially from the lesson plans and learner books, it is clear that
learners are not being exposed to multiple formats of concepts, which ultimately negatively
impacts on their retention levels. While this affordance is not the preserve of ICT tools, it is
acknowledged that YouTube videos and other visual representations can be used to represent
concepts in elaborate ways. This too caters for multiple learning styles, which ICT tools are known

to afford.

5.7.2 Connections Across Subjects

Connections across subjects and across grades are indicative of mature pedagogical practices. It
is ideal for teachers to connect topics and concepts to other topics and concepts taught in other
subjects. Again, research implies the importance of teachers teaching a grade for more than a
year to provide the necessary connections between grade concepts. The reasons can be

categorised under familiarity, baseline knowledge, record keeping and connection making; all
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affordance of ICT tools. The ICT tools and programmes can act as a familiar teacher who keeps
baseline records of the learner, adapts new content to baseline knowledge, maps current

understandings and connects prior understandings to new knowledge.

| think teachers should take their classes for the duration of a phase. Grade 1 teachers should
teach their children up to Grade 3, Grade 4 teachers up to Grade 6, Grade 7 teachers up to Grade
9, and Grade 10 teachers up to Grade 12. Many different teachers during the course of learners’
life at school disrupts connections. A single teacher in a phase strengthens foundational concepts,
and aids in perceived utility of learning when the teacher uses the previous years’ concepts to
drive current learning. Although it would be difficult practically, the ideal situation is that learners
should have a single, excellent mathematics teacher to optimally benefit in their learning. ICTs,
though not considered a human teacher, can step in to cater for many of the benefits of having
a single teacher. To put the issue of occasionally changing teachers into perspective, an analogy
can be used of a patient who changes doctors every year (who does not share their patient
history as is happening in many educational settings) and the possible challenges they would face
to highlight the problems of changing teachers each year. From my own experience as a teacher,
very few teachers share (or study) the history of learners before teaching them. Whether the
teachers use ICT tools or not, at least a day should be set aside for teachers to share the history
of each of the learners they teach. This, of course, highlights the disadvantages of consistently
changing schools, with learners who have been taught by fewer teachers, who know them
intimately likely doing comparatively better than their peers with a different experience. The ICT
tools, especially applications that afford assessments such as Mathletics and MyPedia, can be
used quickly to assess prior understandings so that the teacher builds on these to plan later,

individualised lessons.

5.7.3 Physical and Mental Connections

Mathematics learning should never be done in a vacuum. Teachers must create mental and
varied physical contexts to prevent habituation that cause boredom and allow learners to have a
rich set of descriptors that act as cues during retrieval. Such simulated environments are easily

created using ICT tools.
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5.7.4 Connections to Real Life Problems and Challenges

Learners can use the internet to get more information about different societal challenges that

can be used as a learning context for mathematical concepts.

5.7.5 Strengthening of Mental Neural Connections

Concepts are better retained if they are practised adequately, and as research has shown, single
exposures are hardly enough, even for superficial learning. The number of activities most
applications have on a topic and the storage function that allows learners to do activities over
and over again are beneficial for retention. At Grade 9 level, for a topic on numeric and geometric
patterns, Mathletics, for example, has no fewer than 200 practice items per topic, compared to
a maximum of 46 in the Platinum textbooks. This in no way discredits the quality of the textbook.
It only shows the limitations of the printed text in terms of space and size of the book that

attempts to be formatted like an e-book or a mathematics programme.

5.7.6 Flipped Learning, Time Savings and Increased Connections

Research has indicated that a single exposure is not sufficient for the promotion of retention. In
a discussion with teachers on the importance of completing all topics and teaching the topics
thoroughly, the major issue that came up was time. On one hand, the DoE is tracking coverage
of the prescribed curriculum, and on the other, they want teachers to teach for understanding.
The two do not coexist. And then there is the issue of marking that teachers have to do, with
more marking being required if more activities are provided to support rehearsal. ICT tools allow
learners to use home time or any other free time to further engage with the concept and get
immediate feedback on their performance. This way, through applications that afford
gamification of concepts and enhancing on task time, learners get to practice more concepts than

they would without tools.

A brief look at the number of items given as homework to Grade 6 learners indicated that at most
learners were given 4-5 items. The gamification affordance is very important since it increases
interest in the subject and allows learners to initiate learning for longer periods of time. A report
from the DoE indicated that a lot of time is lost, especially after the end of tests at the end of

term. According to my own observations in learner books, most learners stop going to school a
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month before end of term because according to them, “tests are done”. Putting this together
with say, a month long vacation in December, means that learners would not have engaged with
mathematical concepts for approximately two months. ICT tools such as tablets and iPads that

are portable are very suitable for flipped activities.

5.7.7 Connections Through Teaching Others

Activities that allow learners to present to others, teach others and collaborate rank very high on
the retention table. While videos are multimodal and appeal to a variety of learning styles,
without mental effort such as collaboration activities and opportunities to engage further with
the concept, they are not beneficial. Power point presentations can now be prepared and
presented from a cell phone, laptop or PC, allowing learners to engage at a higher level with the
concepts that support retention of concepts. In a presentation by Elevate Education (Elevate
Education, 2019), a group that supports learners with study skills, the use of phone recorders and
similar functions that support learning through learners sharing their learning experiences and
collaborating with others was encouraged. Similarly, platforms such as TWITTER and WhatsApp

can be used to share and summarise mathematical ideas.

5.7.8 Connections to Age Levels or Conceptual Understanding Levels

Visuals that are age appropriate encourage learners to interact with activities and increase
contextual descriptors of concepts and the multiplicity of mental images. Pictures enhance the
learning experience, especially at foundational levels, because they cater for different learning
styles. This not only increases love for the subject, but leads to enhanced understanding and

consequently retention, which supports even further retention.

5.7.9 Connections Through Games

Research has shown that learners remember activities that bring them joy. It is a fact that
children love games, and any activity based on games and that brings them happiness will not be
easily forgotten. Willis (2007) calls it the neuroscience of joyful education. She goes on to say that
“...when we scrub joy and comfort from the classroom, we distance our students from effective

information processing and long-term memory storage” (Willis, 2007, p. 1).
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5.7.10 Recall and Transfer

The quick accessibility of concepts via ICT tools allows the teacher make learning a future
oriented process and to demonstrate how the present is connected to the present and the past.
Ensuring that learners possess a deep understanding of prior concepts through elaboration,

practice and application in diverse settings is essential for learning.

5.7.11 Growing Concepts

The back and forth movement of a growing concept indicate that even as it is growing, the
concept is still linked to the initial experiences where it was introduced. ICTs have the capacity to
store many lessons and at the click of a mouse access a variety of lessons and learning
experiences that strengthen and ‘grow’ the concept. During their own time, or even in class,
learners can access lessons and learning experiences they struggled with that could have bearing
on the current topic. It is easy for teachers to immediately ask learners to stop what they are
doing so that they engage with a topic at a level of development that supports current learning.
ICTs allow for incremental assessments because of their effective record keeping function.

Hierarchical and sequential mathematics imply a carefully structured and growing subject.

5.7.12 Introductions and Conclusions

It was observed during data collection that at least at the planning stage, lessons lacked
introductions and conclusions. A lost opportunity indeed, because research has indicated that
recency and primacy are critical for the retention of concepts. A powerful tool such as a IWB and
YouTube videos, among others, are readily available to make introductions and conclusions more
memorable. In my observations, most of the lessons started with a different mathematics
problem, and yet, this could be the opportunity to establish baseline knowledge, make
connections with the previous lessons or show the utility of the topic to be learnt through a very
powerful learning medium such as a YouTube video, which will form the basis of activities that

require mental effort.
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5.8 Hierarchical Mathematics
5.8.1 Individualised Learning

Truly hierarchical mathematics is not just composed of topics that build upon each other. Rather,
for each child it depends on understanding that builds upon a previous understanding,
achievement that builds upon achievement, firm concepts that build upon firm concepts, and
ZAD that build upon a ZPD, as illustrated in Figure 5-2. Granted, it is implied in the hierarchical
nature of mathematics that activities that learners learn must be sequenced, not only for the
grade level, but for the different learners in that grade who might have varying ZAD on the
concepts under study. That is not easy, especially for a teacher of 30 learners. One of the
affordances of ICT tools is that of individualising learning. This implies that a single teacher must
be aware of each learner’s hierarchy and devise a learning plan unique to each learner.
Individualised learning allows learners to learn at their own pace and to connect concepts learnt

with prior knowledge, which enhances further retention.

Foundational
concept

Secondary
growth of
concept

Tertiary
growth of
concept

Figure 5-2 The hierarchical growth of a concept. Growth is effective and devoid of gaps if there
are connections between concepts and if they are sequenced correctly.

5.8.2 Baseline Assessments

Baselines assessments can be used to quickly establish learners’ understanding on a certain topic,

starting with concepts a step lower than the one to be learnt. Learners can now be grouped
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according to their ability levels in temporary groups based on their understanding of concepts to
collaboratively work on new learning experiences. An ICT application can be used to divide these
groups further and more efficiently to vary and individualise the complexity of concepts and scale
them up and down, depending on learner responses. According to their brochures, MyPedia and
Mathletics programmes can map the growth of learners in a concept, which provides both the

teacher and the learner with useful information required for intervention.

5.8.3 Seen in Multiple Formats

Conceptual hierarchy should be based on a firm understanding of concepts. In their totality,
indicators of retention describe an ideal mathematical layer that forms part of a hierarchy. Such
a layer is only solid and complete if it has been rehearsed, used, elaborated on and connected

and engaged with in a variety and interesting ways.

Basing on the above observations, the learning journey at school should be composed of layers,
and not grades. A learning layer that supports hierarchical, sequential and connected
mathematics should take more or less than a year, depending on the conceptual level of the child,
and should only be complete when it is successfully retained (which is the focus of this research),
understood and applied. The composition of each layer in the grade should be present in each
lesson. Every concept learnt must have numerous connections and be used, motivated and
elaborated upon and be sufficiently practised. Research has indicated that overreliance on
technologies, especially to get answers, has a negative impact on computation. However,
learners can use technologies to practice their tables and bonds, build number sense, and use
calculators for verification. Caution should be used so that before learners use technologies for
verification and speed, concrete objects had been used to enhance understanding and the
concept had been taught from simple to complex, according to Bandura’s reference of enactive

to symbolic forms of representations (Bandura, 1997).

5.8.4 More Capable Others to Close Conceptual Gaps

Venkat and Spaull (2007) found that lack of pedagogical and content knowledge is a problem.
YouTube videos and other interactive teaching applications can be used to strengthen conceptual

understanding and ensure that learners build concepts upon solid concepts.
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The other surest way for both learners and teachers to be certain of their understanding is the
feedback that comes from marking and other such activities. Technological devices that offer
immediate, detailed feedback allow teachers to offer accurate interventions based on the
generated reports on learner performance. Technological tools that offer printed reports that

are shared with other stakeholders are beneficial.

5.8.5 Evaluation

In the studied lesson plans and assessment records, | noted that none of these had been
evaluated. This could be the result of an inability to do so or a lack of time. Accurate evaluations
should be based on data generated, which is one of the affordances of ICT tools such as
Mathletics, according to the information in their brochures. Readers are Leaders, an offline
application used for English, has a report generating tool that immediately gives an accurate
report on the success or weaknesses of a learner on a specific skill; such an application can be
developed in mathematics. Evaluations, therefore, must identify what individual learners are

struggling with and should be done prior to the start of a new lesson.

5.8.6 Constant Retrieval

Research has shown that the ability to quickly access relevant information promotes further
learning. Constant retrieval can be used together with opportunities for rehearsal to enhance
conceptual retention. This requires that learners overlearn, practice, build connections and
elaborate on the concept and be exposed as often as possible to spaced assessments and tests.
As has been explained, ICT tools are best placed to support these indicators. While practice of
skills and drill is usually held in contempt in mathematics, it is so much better than relying on
calculators for answers, and therefore, still have a role to play in the subject. Motivation that
keeps learners on task and feedback induced double loops are very important for the retention

of prior knowledge. Spacing out has already been tagged as an enhancer of retention.

5.8.7 Simple to Complex

In one of the studied Grade 6 mathematics books, | saw that although the textbooks offered
some hierarchy in the way concepts are approached, in the actual teaching the teacher did not

follow that sequence. He started with more difficult parts of the concept and worked backwards,
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resulting in learners failing to grasp the concept, as indicated by low marks in the exercises. ICT
applications must be carefully sequenced so that they present concepts from simple to complex,
from known to unknown. In the studied teacher documents, | saw that what the textbook
promotes is not practised in class. The major advantage of ICTs is that of interaction with content
in a deeper and relational way, something that textbooks are incapable of affording. It is easier,
therefore, to align teaching to the connections, sequences, formats and frequency of activities
using ICT tools than it is using a textbook. It is better for schools to start small, and research even
proposes that the curriculum be rearranged so that it starts with foundational skills, such as

tables and bonds and number sense, before delving into complex concepts.

5.8.8 Competency Rather than Age-Based Grade Promotion

One of the most important factors to be discussed is whether grades based on the years
completed in school rather than on competence should be a factor when categorising learners in
school. My proposition is that, especially in mathematics, learners should be given grade levels
that are consistent with their understanding of a concept. The current scenario of teaching is
mainly focussed on teaching for averages and not for understanding and retention by individual
learners. If a learner, for example, is in Grade 3 but their conceptual understanding is at Grade 1
level, teaching Grade 3 concepts will create gaps that will make it even more difficult to address.
It would be more beneficial for that child to be taught concepts connected with their current
understanding. A normal teacher would find this very difficult; hence, ICT applications responsive
to the successes and weaknesses of learners as they work through activities must be developed.

MAP testing does this very well when establishing competence levels for different learners.

5.8.9 Testing All Topics

| noted in the observed assessments and exercise books that the last topics of the term and year
were hardly taught and assessed. Over a number of years, this creates problems, especially when
concepts based on the skipped concepts must be taught. ICT tools can be used to teach and store
tests and assessments for all topics. The limited time could be redeemed through making
connections and using flipped classrooms. Again, the idleness created by learning breaks seems

to have a disconnecting function on learning and creates a ‘buffer’ between different terms’

163



concepts. More frequent but shorter holidays could be essential for learners to engage with

connections in a consistently spaced way that enhances retention.

5.8.10 Huge Store of Graded Assessments and Records

The superior storage capabilities of ICTs allow them to store a huge amount of graded activities
that can easily be used when a child moves from one school to another. That way, even if the
child is new to a school, they can be placed correctly in a context that builds upon their prior
understanding. The ideal situation is for every learner in South Africa to know with some degree
of certainty, the level of understanding they have in mathematics. ICT mediated activities should
readily offer such information on a concept-by-concept, topic-by-topic and level-by-level basis.
For example, John is at a Grade 3 level in multiplication and at a Grade 6 level in the topic on
perimeter; knowing this would allow the teacher to offer relevant and accurate interventions and
ensure he moves at his pace and not at the pace of his peers. ICTs can also allow learners to select
the concept at a level they can engage with and make it possible for each mathematics learner

to experience success, which in turn increases motivation.

In Finland, for example, there is a lot of intervention, especially in the foundational stages
because once learners are left behind, it is very difficult for them to catch up. And once learners
catch up, it is difficult for them to be left behind. An individualised learning plan can be followed
to address the identified weaknesses of learners and allow those who are faster to follow their
own learning plan. At the moment it seems that most of the time topics that are understood by
most of the class are repeated, while those that really must be focussed on are ignored. A huge
store of assessments is also very important in South Africa where teacher absenteeism especially
in black schools has reached alarming levels (Reddy et al, 2010). Learners can have another
teacher in the absence of their actual teacher who can teach and assess them as well as offer

feedback.

5.9 Sequential Mathematics

Sequencing topics and concepts relates to how they are ordered in order to make the best
connections, and this would sometimes require that teachers learn from the experts, such as in
the Finnish scenario. While it is possible for the goals to be catered for simultaneously in the
lesson, the average teacher should ideally teach for understanding, retention and then
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application of the concept. For easier implementation, these three steps can be broken into steps
that together will still result in a retained concept. The sequencing of topics that allow them to
run concurrently with topics in other subjects or topical issues and following a graduated degree

of complexity allows learners to make firm connections that support retention.

5.9.1 Sequencing Based on the Degree of Complexity

As has already been mentioned, the sequencing of concepts and activities on the basis of
complexity is important to teachers as it allows them to determine with a certain degree of
certainty the area/s that learners are struggling with in a concept. A good ICT application should
provide a series of intervention exercises with micro steps that address identified weaknesses.
ICT tools can be used to sequence not only topics, but a series of activities within that topic.
Sequencing of activities and topics could be done following learners’ individual plans, and
Mathletics has a feature that allows the teacher to block the progress of learners until they
master foundational skills. Learners’” mathematics plans are not fixed plans but rather at-the-
moment plans based on current understandings, which could change for the better or worse at

any moment. These changes require observant and alert teachers.

5.9.2 Knowing When to Assess or Test

Programmes such as Mathletics allow teachers to time activities and assessments to enhance
optimal levels of understanding and retention. Research has highlighted the advantages of
spaced out tests and assessments. Teachers must understand when to administer which
assessment to space them out and derive the maximum benefits from assessments and tests.
This will be a futile endeavour if feedback is not provided timeously. ICT tools make it easier for
teachers to provide immediate feedback. In my own observations as a principal, teachers hold

back and delay assessments when they have not yet marked the previous ones.

5.9.3 Sequencing Assessments to Promote Learning

Sequencing assessments, other than possibly end-of-year examinations, should not be focussed
on marks. It is the focus on marks that results in learners not studying soon after writing tests. It
is the focus on marks that results in learners being absent for close to three weeks at the end of

every term, losing cumulatively about four months of learning time in a year. It is that focus on

165



marks that results in the DoE requesting marks from schools before the end of the term, causing
the whole system to either slow down or even shut down. In an ideal scenario assessments are
used as a teaching and diagnostic tool that helps identify gaps in learning and areas where
learners are struggling. This requires record keeping and immediate feedback that forms the
basis upon which lessons are planned. This is not happening at the moment. Lessons and
activities in learner books are not connected in any way. Most of the assessments are not even

marked anyway. ICTs can play a very big role in addressing these concerns.

5.9.4 Mental Activities from Known to Unknown Baseline Assessments

The Finnish experience puts paid to the generally accepted view that ICT tools are panacea to all
mathematical challenges in South Africa. The role of the teacher in sequencing activities from ICT
initiated provocations to the use of concrete media and other visuals is still as relevant today as

ever.

Other pedagogical issues to take note of include that if learners are to be assisted with retention,
the context used in teaching should be available during assessments and tests to act as cues. This
is confirmed by Tulving & Thompson’s (1973) encoding specificity theory. If learners are taught
concepts using ICT, it would be wise to assess those sections using the same contexts learners
were exposed to during learning; because what good is a context and a cue if it cannot be used
during retrieval? For example, where a project was used to apply a concept, assess using a

project.

Teachers should also let learners know that all the topics and concepts learnt will be assessed.
Careful lesson planning is important and should cater for the different learning needs of the class,
as well as use opportunities that support optimal levels of retention. It could include the

following:

e Individualised lesson plan for different levels of comprehension
e Topic

e Previous conceptual level

e Current conceptual level

e Next conceptual level
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Table 5-3 The ideal mathematics lesson plan according to literature

Lesson Ste Activit Nature of Maths and Indicators
P ¥ Addressed
Listing assumed prior knowledge. Ideally divide class
into groups that share their entry level knowledge
. A list of learning styles to be catered for
Authorities .
needs to be provided
Baseline assessments using ICT could be done before a
new lesson or after the last lesson.
A strong Lesson introduced by the teacher or learner or via a
introduction to video etc. Powerful introduction for primacy—IWB
capture attention— 7o cater for the indicator of utility, explain to children [or any media that appeals to different
primacy why they have to learn the concept and where they  [learning styles
Step 1 can apply it
Verification of and connection with prior knowledge. A . .
. L. P g IWB/Ordinary chalkboard. This can be
Step 2 quick assessment is important. The teacher should not
. . done on the board and on ICT tools.
proceed if most learners are struggling
Demonstration by the teacher or learner
Step 3 At least one example for at least three categories of ~ [|WB/Ordinary chalkboard. Ordinary
learners on a concept that address the day’s lesson concrete objects can also be used
should be provided.
Verify for understanding. A quick assessment that is .
Step 4 . - IWB/Ordinary chalkboard
P marked by ICT tool is beneficial / ¥
Collaboration, peer teaching or demonstration and
debriefing aid retention and understanding. A task that
can be done by a group is beneficial. The whole lesson
does not have to be based on the ICT tool. . .
Step 5 houl ] ith . Mobile technology/group task initiated by
p Learners shou d.be prowdc?d wit opporjcunltles to technological stimulation
make presentations of their understanding of the
concept. PowerPoint is a strong and powerful tool to
use in this regard because it supports multiple learning
styles
Individual work to offer more practice, elaborate ways
of looking at the topic. The tool allows learners to do
more practices that is marked immediately. Where this .
Step 6 . P . . y . Mobile technology/worksheet
is impossible, teachers should device ways of making
sure that students get immediate feedback. This will
form the basis for the next lesson.
AR obDOFtUNity t6 apbly to real life oroblems A practical lesson or if there is no time, an
PP y PRy P ICT simulated problem
Conclusion either by the teacher or learner
Step 7 Never forget to powerfully tie up the lesson—children [IWB—Powerful conclusion-recency
remember the last powerful thing that was said
If tablet was used in class, use worksheet
Step 8 Homework—the flipped classroom with contextualised [for homework and vice versa in order to
P problems cater for learners with different learning
styles

Provision of prior, current and projected conceptual levels as indicated in Table 5.3 are very

important as it allows teachers to quickly go back to the previous step if a homogeneous group
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of learners encounter conceptual difficulties, and build from there. Teachers can also easily and
quickly direct learners to their next activities if they are competent in the skills being taught. The
back and forth movement requires keeping individual records and a present and permanent store

of activities, which can only be sufficiently afforded by ICT tools.

Lesson planning should be based on individual children and not the teacher and should be
responsive to changes in the understandings of children. The level of understanding would
dictate if the intervention should be ICT based or based on the concrete understanding of the
teacher. As has already been established, in Finland every student in upper secondary school has
a personalised plan (Sahlberg, 2012). | argue that such a plan is even more ideal for lower grades
that form the foundation of later academic success. This allows each learner to move from a firm
position of conceptual understanding to the next. ICTs can be easily scaled up and down for each
category of learner, so that while learning a concept, they do not gloss over conceptual gaps. A
single lesson plan in a class of learners with a diversity of ZADs is not adequate if teachers are to
teach for understanding and retention. Each lesson should cater for at least three groups of

learners identified on the basis of their prior understanding.

5.9.5 Assessment

If ICTs are used for teaching, it makes sense to use them in assessments, as supported by Tulving’s
encoding specificity theory. Literature shows the importance of building up concepts. It is my
argument that assessments and tests should increase in both content and concepts as learners
acquire new knowledge in order for the concepts to grow into ‘blocks of blocks’, mentioned in
the retention metaphor in Section 2.2.1. Term 2 assessments should include Term 1; Term 3
should include Term 1 and 2; Term 4 should include Term 1, 2 and 3, so that learners do not
forget what they have learnt. ICT tools are good intermediaries for keeping such records. The
growth of a concept (Figure 5-2, according to this research’s recommendation of levels of
understanding, rather than grades that are based on a chronological consideration, should lead
to a greater focus on the individual and not on a grade or class. Literature shows that ICT tools
are well placed to individualise learning through a variety of affordances such as portability,

accessibility, neutrality, feedback and appeal to a variety of learning styles.

If we are to teach for equity and not to satisfy bureaucratic requirements, learners should write

differentiated tests that are based not on the number of years in school but the level of
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conceptual understanding in a subject and concept. Standardised tests, like prescribed pacing,
are the biggest barriers to retention, because teachers are teaching the ‘average’ learner at the
detriment of the very fast and slow achiever. One way of addressing this is to use ICTs to create
multiple level tests on the same concept that allow every learner to experience a level of success
in the mathematics classroom. This way, every learner has an opportunity to retain the concept

at the level they understand it. Success breeds success.

5.9.6 Planning

Teachers should plan daily and individualise for each (category of) learner; the slow, the middle
and the fast should be catered for. In an ideal situation, if schools are to enhance conceptual
retention, planning should be at the level of each child. The teacher should ensure that they use
media that caters for most learning styles as often as possible. Teachers need to find ways of
ascertaining how learners best learn different topics, so that they emphasise certain styles over
others, depending on the topic, particular concept or the learners being focussed on. The best
technological medium followed by collaboration should be used to leverage the benefits
associated with strong introductions and conclusions (primacy and recency). Every lesson should
have a context that acts as a cue, and learners should be told in advance or exposed through
technologies to the possible utility of learning a concept. The plan should include the tools used
and for which indicator they are being used. Ideally, all indicators should be catered for during

the teaching of every topic within a given time.

5.9.7 Feedback and Motivation

Marking verifies conceptual understanding and prior knowledge. Teachers should be up to date
with marking, or where possible, use ICTs to expedite the process, although difficulties will arise
when asking open-ended questions. The teacher should offer immediate feedback, at least
before the next lesson to help both them and learners identify learning gaps. If the teacher
cannot mark, they need to let the system do it for them. The interest component necessary to
improve attitudes towards mathematics can easily be provided by gamified mathematics
activities that certain applications offer in the form of athletics, a variety of games and other
interesting contexts. The sustainability of external motivation in mathematics will require further

exploration.
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5.9.8 Contextualised Learning

Teachers should provide stimulating and real life contexts for learning. It will not be easy for any
teacher to provide activities that are contextual, engaging and interesting in order to keep their
learners busy all the time during the lesson, considering they also have to do marking and prepare

lessons for the next day, but ICT can easily provide such contexts.

5.9.9 Catering for Different Learning Styles

Depending on learning styles, teachers should allow some learners to develop understanding
through ICT, others through hard copies, and yet others through movement or practical work.
Schools should do a lot of research to establish the learning preferences of children so they are
not left out of the learning experience. The use of learning centres where learners rotate will
allow learners to deal with the concept using different styles, including ones supported by ICT
tools. Learning centres on the same topic but appealing to different learning styles should be set

up in each class for learners to select the most appealing learning style for a topic or concept.

Teachers should never make any presumptions about how easy each child will find a topic. Their
understanding is largely dependent on their prior knowledge, which varies from topic to topic
and concept to concept. ICT tools and programmes that make it easy to quickly do a baseline test
before a lesson, or even an activity, are important. Successful teachers will have to use data that
identifies the strengths and weaknesses of each learner, bearing in mind that connections
enhance retention and that no successful scaffolding process can happen without considering
what learners can already do without assistance. The following (Figure 5-3) summarises elements
that have featured in this research and make up the recommended framework. It has to be noted
that most of the elements are repeated under different headings which is highly suggestive of
their importance. The heading on the learner and retention have been deliberately omitted
because if the framework is efficient, the learners’ retention capacity should naturally be

enhanced.
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Figure 5-3 Summary of an enhanced pedagogical framework that altogether leads to retention
of mathematical concepts showing the four crucial elements.

The four elements of an enhanced pedagogical framework (Figure 5-3) summarises the major
issues raised in this study. The sub elements also feature prominently in the findings of this
research. Effective implementation of the framework requires a lot of planning, data informed
teaching and breaking of compartments within the learning system. This also requires the use of
ICTs in the context of a creative and reflective teacher, connected and sequenced mathematics
and an understanding of each learner’s baseline knowledge and personalised learning plan
reflected per concept, topic and the mathematics subject. The process also requires an
understanding of which tools to use when teaching different concepts as well as the limitation of
ICT tools in certain instances. The antithetical sub-elements of collaborative yet individualised
learning, are possible if learners are grouped according to their individual understanding on a

topic or concept. Such groups should not be permanent and will invariably change according to
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changes in learner understanding in different concepts, topics and subjects. Permanent ability

groups might impede the future successful learning especially of low attaining learners.
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CHAPTER 6: DISCUSSION AND RECOMMENDATIONS

Although the grounded theory approach is grounded on literature and data from selected
documents, there is a variability of pedagogical contexts and the data is collected and analysed
through subjective lenses, rendering certain findings difficult to entirely generalise. Having said
that, the study should provide a reliable basis from which to undertake further experimental
research on the topic. | also hope that the research will be informative to teachers, principals,
policy makers, and hopefully, technological designers, so that ICT learning programmes can be
deliberately structured to cater for affordances that have a direct bearing on indicators of
retention that also reflect an awareness of the importance of hierarchy, connections and
sequence. Finally, | hope that these findings have led to a pedagogical framework whose value is
not restricted to the users of educational technologies only, but to all classroom practitioners
who will have a deeper awareness of the nature of mathematics, the role of tools, as well as the

need to teach in a manner that addresses the goals of learning as listed by Perkins (1991).

In conclusion, although it is tempting to assume that ICT tools immediately solve all mathematical
problems, including that of retention, this research proves this is not the case. The role of good
teachers and including other approaches and tools are still paramount because ICT tools are
varied and incapable of solving every mathematical difficulty. Again, not every lesson or learner
requires the use of ICT tools; hence, my view that schools should strive for blended learning
rather than e-learning. Using the study to evaluate the no textbook drive in Gauteng and other
provinces, | believe that while the motive is noble, the South African context is not yet ready for
it. It takes a good teacher to make effective decisions on when to use textbooks and when not to
do so. Having said that, ICT tools hold great potential to enhance retention in better ways than

what good teachers will ever achieve alone and without them.
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CHAPTER 7: CONCLUSION

This research makes the following recommendations regarding the effective use ICTs to enhance
the retention of concepts based on the research findings. It must be noted that the main purpose
of this research was the democratisation of mathematical education as well as changing the

current difficulties faced in the subject.

Let us start with the basics of mathematics. It would be more suitable for the South African
curriculum and practices to start with foundational knowledge and put emphasis on that until
learners have a good grasp before teaching more complex concepts. The investment will pay off
in the long run. Together with this, teachers should not blindly use ICT tools for every topic. In
some instances, concrete objects will achieve better results, and more advanced learners will

probably benefit a lot more from working in symbolic formats.

Secondly, besides the connections between concepts, there must be connections between
grades and subjects. In an ideal situation, ICT tools would be used to create a theme in which
several subjects and prior understandings can be used, and ICT tools would be used in schools
where class, rather than grade teaching is promoted. Teachers should be encouraged to teach
classes for more years than is currently the case. And just as people do not start building without
the requisite resources, the teacher should take inventory of the skills and conceptual
understanding required to succeed in a lesson. The role of baseline assessments in an ICT

mediated classroom cannot be overemphasised.

Records play an important role in enhancing retention. A good tool is one that can be used easily
to rehearse, space and connect concepts, and at the same time, keep records for each learner’s
performance. An evaluation on learner performance should not be for the whole topic but for
micro steps within the concept. This will allow teachers to easily and quickly identify gaps in the

conceptual understanding of learners and to intervene timeously.

The major impediments to teaching for understanding and retention seems to be prescriptive
pacing and sequencing. These only serve a purpose for educational managers and administrators,
and their lack of flexibility indicates that they are not learner centred or learner friendly.
Competent teachers need the space to move at the pace of their learners. This will allow them
an opportunity to apply all concepts and act as well as interact with them in connected and

elaborative ways, thus promoting conceptual understanding and retention.
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Schools should carefully select tools on the basis of whether they can allow learners to
individualise learning and cater for the indicators of retention. Considerations of portability,
distractions and user friendliness are important before schools invest a huge chunk of their

resources in technologies.

Most importantly, technologies should have activities that cement (connect) prior concepts to
current concepts and current concepts to future concepts. Each concept that has been taught
and learnt effectively should have ‘hooks’ or ‘tentacles’ that connect to the previous concept and
develop hooks that allow it to connect to the next concept. This requires careful planning and
reflection by the teacher. For the process to occur successfully, teachers and learners need to

depend extensively on the performance data that are readily available through ICTs.

The role of teachers in an ICT mediated classroom is that of a facilitator who supports learners in
their own differentiated learning. This requires them to make daily use of system generated data
to plan for each learner. Teachers need to invest more time in knowing their learners and what
they can or cannot do in order to accurately structure personalised intervention programmes

that help close learning gaps.

Assessment plays a huge role in retention, and ideally, it should be done by the teacher, who is
aware of the levels of the learners being assessed. Assessments should be differentiated for each
child, should reflect growth of a concept each time, and should be consistently spaced to enhance
retention. In between, learners must get opportunities to practise and have multiple
representations of concepts. The next important thing to remember is that all children are
different. That difference has to be acknowledged in the way the teacher caters for different
learning styles within the lesson. Teaching and assessments requires tailor-made processes that
are not directed at the average learner but includes the slow, the average and the fast learner.
Arguably, the most important task of teachers is identifying baseline competences of learners
and designing an individualised learning plan that connects learners’ baseline knowledge and
skills to new learning experiences, followed or accompanied by practices that enhance retention

of those concepts.

While it was not within the scope of this paper to have a deeper discussion on the goals of
understanding and application, this research has illustrated in many ways the numerous links

between the three goals. A simple framework for teaching mathematics should revolve around
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teaching for understanding and retention and making sure that each learning episode has
opportunities for application. Although this can be done without ICT tools, the tools make the

task easier, faster and more enjoyable.

In conclusion, the connected, sequential and hierarchical nature of mathematics requires it to be
taught using a differentiated, learner-centric approach. This approach, as seen in the research, is
supported by prior concepts that have to be available (retained). The needs of the learner and
not those related to curriculum coverage must prevail. ICTs, if used correctly by a creative
teacher, have a lot of potential to support both the retention of concepts and the differentiation
currently lacking in the subject. Practices that erode differentiation in mathematics learning need

to be done away with; this includes prescribed pacing.
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APPENDIX 5: GRADE 7 LESSON PLANS FROM SOUTH AFRICA










APPENDIX 6: LESSON PLAN FROM KENYA

The teacher gives an example of how to add fractions

Learners solve problems on adding fractions as demonstrated by the teacher in
Learners show others how they solved problems
LEARNER WORK

 Children do work in the books

e
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APPENNDIX 7: GRADE 6 LESSON PLAN FROM SOUTH AFRICAN
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Learner activities
1. Teacher demonstrates the concept 1. Learmers fulow example by the teacher.
2. Teacher asks learners questions 2. Learmers demonstrate an understanding
3. Teacher give Individual written work the coneept by working ast o the board.
4. Teacher marks 3. Learmers write provided wark
5. Teacher gives homework 4. Learmers do homework in boaks
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APPENDIX 9

MyPedia

Your Complete Classroom
Solution

Developed by South African Education experts
and built on
a solid pedagogical framework
underpinned
by assessment for learning.

MyPedia enhances your teaching and learning
experience, in an easy to use, off-line
@wg_a% environment.
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