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ABSTRACT

Extensive research describes common misconceptions when learning to understand how
electric circuits function and the concurrent difficulties of teaching this content The primary

purpose of this study was to design and validate an assessment tool that uses these

i EOAT T AAPOETIT O O 1 AAOOOA OAAAEAOOS 41 PEA 3 DA
for teaching electric circuits. In conjunction with the TSPCK assement tool, a Content
Knowledge (CK) assessment tool was adapted from existing content tests for electric circuits.
4EA DPOODPTI OA T &£ OEA #+ AOOGAOQOI AT O O1T 11 xAO Ol

develop without them having prior CK.

The study used a MixedMethod approach with both quantitative and qualitative analysis to
determine validity and reliability. The TSPCK assessment tool items were designed using the

Al T1TxETC ATiIbpiTAT OO0 j EqQ , AAOT AOOG Whadiadked +1 1
the topic difficult to understand; (iv) Representations and Analogies; (v) Conceptual Teaching
Strategies (Mavhunga, 2012). The purpose of the TSPCK assessment tool was to extract teacher
reasoning within these components. The responses wergcored using a criteria referenced

rubric. The scores were statistically analysed using Rasch analysis.

The CK and TSPCK assessment tools were found to be statistically valid. The small sample size
of 16 respondents meant there were some concerns withregard to reliability. However, when

the qualitative data is analysed together with quantitative data, an argument can be made that

a valid and reliable assessment tool to measure TSPCK in electric circuits has been designed.
The CK and TSPCK assessmenbl® for electric circuits are now available for further use in

pre-service and inservice teacher training.
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Chapter 1 z Introduction

This chapterdiscusseshe purpose of this project is to design and validate an assesgm

instrument that evduates OAAAEAOOS6 41 PEA 3DPAAELAEA O0OAAAC
(TSPCK) in electric circuits. The designtbé assessment instrumertraws| T 3 EOI | AT 8 C
initial concept of PCK, subsequent refinements made by other researchers, literature

regarding misconcepbns in electric circuits, and assessment literature.

1.1. Introduction

The classroom is a dynamic and complex environment with a multitude of overlapping
influences. The primary purpose of the teacher is to create an environment that is
conducive for learningto occur. To achieve this, the knowledge a teacher brings into a
classroom needs to encompass more than pure discipline content knowledge. Shulman
described this specialised teacher knowledge or Pedagogical Content Knowledge (PCK)

as:

O4EAO Ob AakEoA tonteAti aAd pgdagogy that is uniquely the providence of
OAAAEAOO80#+80APOAOCAT OO OEA AT ATAEI C 1T &£ AT1C
how particular topics, problems, or issues are organized, represented, and adapted to
diverse interestsand AET EOQEAO T £ 1 AAOT AOOh (Siiman, 1880,A OAT OA
p. 8)

Determining the nature of PCK is difficult because it is a personal and internal construct

of the teacher. Although the nature (and sometimes even the existence) of PCK is still

under debate, this research project takes the position that PCK is observable and
measurable. The proposed project involves designing an assessment tool that intends

to make explicit the PCK of teachers with regard to electric circuitdMavhunga and

Roll EAEGO j¢empoq 1 TAAT £ O AOOAOOGETI C o#+ AO
Specific Pedagogical Knowldege (TSPCK), will provide the framework for the design of

the assessment tool.
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1.2. Problem

| have observed, in my own teaching practice, the difficultihat students experience in

grasping the abstract material of electric circuits. The literature confirms this anecdotal
observation (Mulhall, McKittrick, & Gunstone, 2001, Hart, C, 2008, Tarciso Borges &

Gilbert, 20108 4 AAAEAOOS8 OD A &e&diidgeQHisEdnteptdalgdpdit isET  ET x
xEAO 3 EOI I Al wisidnOdf ptactiOdEBhildan, @987). The concept of PCK

provides a framework for investigating the strategies that teachers employ to make
knowledge accessible. However, the exact naturench what is measurable as PCK is

DOl Al Ai ACEA8 3 AOAOAI i TAAT O T &£ o#+ EAOA A,
proposal of the term to address this elusive nature of PCK, which will be presented in

detail in the literature review. Building on these models,Mavhunga and Rollnick

designed an assessment tool to measure teachérfopic Specific PCK (TSPCK) in
chemical equilibrium. This study aimsto determine if a similar tool can be designed for

electric circuits, i.e. a tool which allows for an evaluation ofigher and lower quality

PCK with specific réerence to electric circuits.The tool will also be validated, as with

any assessment instrument there needs to be a reasonable level of certainty that the

test measures what it intends to test and is reliable tthe extent in which similar results

will be achieved in different settings(Scaife, 2004, pp. 65,68)

1.3. Aim

4EA AEI 1 &£ OEEO 1 AOOAO6O OAOAAOAE bDPOI EAAO E
OEAO AOAI OAOGAO OAAAEAOOS 41 knévedygs & klediicEEA 0 A
circuits.

1.3.1. Research Questions

4EA AOEOEAATI NOAOOGEIT ) xi O6i A T EEA O EI OA

i AATO &I O AAOCGECTI ET ¢ AT A OAI EAAOET ¢ AT AOOAOC

~ A N 2~ ~ s s 0~ ~ 2 A oz

will need to be answered.
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1. What are the most appropriate methods for designing assessment tools for
i AAOOOET ¢ OAAAEAOOG #11TO0AT O +11 x1 AACA | #
Content Knowledge (TSPK) in electric circuits?

2. How valid and reliable are the two assessment tools that were designed?

3. 7EAO EO OEA OAI AOET 1T OEED AAOxAAT OAAAEAOC

1.4. Rationale

The poor performance of South African students in Trends in International Mathematics

and Science Studies (TIMMS) highlighted a significant problem with science and
mathematics teaching (Dempster & Reddy, 2007) In his study of matric physical

OAEAT AA OAAAEAOOS DHOI Al Al (2011) shdwedCthatAtheE | E OE A
majority of teachers were not able to perform problemsolving skills, within the

curriculum criteria, competently. Chisholm, (2009) also noted that many South African

science teachers are undequalified or have science degrees in disciplines other than

physical science. Theneed for well-qualified and capable physical science teachers is

evident. The PCK research group at the University of Witwatersrand has been has been
investigating whether using the results and the assessment tools can contribute to

improved teaching for pre-service and inservice teachers, which in turn may leado

more highly skilled teachers) T T OAAO O1T OOAOOAT OEAOA A Al A
needs to describable or measurable criteria. This requirement of measurement has led
to the focus of the PE OAOAAOAE 11 AAOECI ET C AOOAOOI AT ¢

PCK within specific topics. The design of a series of instruments is building a data
source of relevant assessment tools and a baseline understanding of practice that could
possibly be used in hhe training of preOAOOEAA OAAAEAOOS 4EEO | AC

makes a small contribution to this larger project.

To date, only chemistry topics have been dealt with in the University of Witwatersrand
TSPCK project, and there is need to develop assenent tools in physics topics as well.
Electric circuits have been selected from the topics within physics because | see it as
potentially being a rich source of teacher PCKIhe abstract nature of the topic of

electric circuits means that teachers use veus strategies to make it accessible to their
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students. Students also come into the classroom with misconceptions about the topic
which the teacher has to understand and mediate. The manner in which teachers
transform electric circuit knowledge for learners and their reasoning behind this

transformation forms part of their TSPCK.

1.4.1. Chapter overview

Chapter 1 - Introduction

Introduces the problem and research question

Chapter 2 z Literature Review

The review of literature describes:

(1 the development of theconstruct of TSPCK
(i) the methods and approaches taken to measure PCK and TSPCK

(i) the misconceptions that exist when teaching electric circuits

Chapter 3 z Methodology

The chosen methods used for this project are described. Both qualitative and
guantitative methods were selectedwhich means that this research adopts a Mixed
Method methodology. The demographics of the sample population, the electric circuit

content selected and ethical consideration are also included in this chapter

Chapter 4 z The design and validation of the CK assessment tool
The steps of the design process of the CK assessment tool are described. The raw data
from the CK assessment tool are presented, together with both quantitative and

gualitative analyses of validity and reliability of this tool.

Chapter 5z The design of the TSPCK assessment tool
The steps and considerations taken in order to design the final TSPCK assessment are

described in this chapter
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Chapter 6 z Determining the validity and reliability of the TSPCK assessment tool
The data from the TSPCK assessment tool is presented, together with quantitative and
qualitative arguments for validity. The final section of this chapter describes the

relationship between the CK and TSPCK scores, both quantitatively and qualitatively.

Chapter 7 - Discussion
This final chapter presents a discussion of the results and argumernits response tothe
research questions. Limitations, recommendations and conclusions will also be

presented.

1.5. Conclusion

The focus of this project is to design two asssment tools on the topic of electric
circuits, one for CK and the other for TSPCK. After the design process the validity and
reliability of the two tools will need to be determined. In the next chapter the relevant
literature and a theoretical framework, for this project will be described. The major

sites of misconception within the topic of electric circuits will also be presented
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Chapter 2 z Literature Review

In this chapter a review of the literature relating to this study will be presented. There are
three sections. Firstly, the literature relating to the construct of Pedagogical Content
Knowledge (PCK) will be presented. The next component is a review of the literature
relating the methods and problems with measuring PCK. The theoretical framework of
Topic Specific PCK flows out of these problems and forms the conceptual basis of this study.
The final section reviews the literature that describes common misconceptions and

problems with teaching electric circuits.

2.1. Introduction

The idea that a teacheholds a unique knowledge base which moves beyond content
knowledge and knowledge of pedagogical strategies, has caught the attention of
educational researchers. This unique blend of knowledge domains was first described
by Shulman (1987). He termed it Pedgogical Content Knowledge (PCK) and it was one
of 7 knowledge types he identifed that teachers possess 3 ET AA 3 EOI | AT 8«
conception researchers have used this construct, particularly in mathematics and
sciences, to describe more carefully what thenique knowledge base of teachers is.
Ultimately what teachers know will impact the knowledge transferred to learners.
Having good content knowledge does not automatically mean the teacher has the ability
to transform it in a meaningful way for students (Kind, 2009). It is this need,
particularly in the sciences to have high quality teachers who do more than Hpackage
content that has led to research which describes and measures what Shulman termed

,,,,,,

OEREOOET ¢ PAOAAECI 68

Initially, researchers proposedvarious models to describe what constitutes PCK. These

iTAAT O OEAT xAOA OEA AAOEO Oi AAcCET O 1 AAC
Developing from these studiesthe ideadevelopedthat PCK is topic specifi¢van Driel,

Verloop, & de Vos, 1998, Lgyhran, Berry, & Mulhall, 2004)In this project the focus will
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be on how teachers transform the topic specific knowledge for the teaching of electric

circuits.

2.2. The Nature of PCK

A key characteristic of PCK is its elusiveness. Shulman, in his 1986 essawas
commenting on the need to restore balance between content knowledgend
pedagogical knowledge andvas concerned toemphasise the interrelation between the
two concepts. He suggested that conte@ AAAEAOOSE ET T x| Rcat€lrieAT | DPOE

) Content knowledge z this refers to the amount and organisation of the

teachers knowledge

(i) Pedagogical Content Knowledge which goes beyond knowing the subject

matter and includes knowledge for teaching?

(i) Curricular Knowledge z which is an understanding of the curriclum and
knowledge the materials available to support the curricular goal(Shulman,
1986)

Most people can recount stories of having a teacher who was brilliant within their

discipline but did not have the ability to teach. Shulman proposed this category of
OPAAEAI ET T xgdodsAbeybnd kriovdelige ofOsubject matter per se to the

AEIT AT OETT 1T &£ OOAEAAD | SAUADLI98p. R.1 AACA £ O OA

In his 1987 paper, PCKvas sepaated out as a distinct knowledge type and is placed as
one of theseven knowledge domains of teachers. Thekhowledge domains Shulman

proposed include;

) content knowledge- this refers to the knowledge and understanding of the

central concepts within a subject

(i) general pedagogical knowledgethese includegeneral stratggies that relate

to classroom management

(i) curriculum knowledge teachers need to be aware of the requirements of the

curriculum standards
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(iv) pedagogical content knowledgeg OOEAO ODbA A bR dontedtiaAdl CAI
pedagogy that is uniquely the province of teachetbeir own special form of
DOl £ZAOOET T Al O1 AAOOOAT AET ¢o

(V) knowledge of the learners teachers need to know the prior learning of their
learners and have a good understanding of the diverse abilities and ways of

learning

(vi)  knowledge of educational contexts this includes understanding the social,

political and cultural contexts reflected in a classroom

(vii)  knowledge of educational endgpurposes, values anghilosophical grounds-
this encompasses understanding the values, historical background and

educational expectations of a community(Shulman, 1987, p. 8)

Shulman sawthese seven knowledge domains as minimum requirements for teachers.
He proposed that PCK formed part of the knowledge domain of teachers but that PCK
was of particular interest because it wasa category of knowledge unique to teachers .
He further subdivided the category of PCK into 2 components (i) representations and
instructional strategies and (ii) student subject specific learning difficulties. The key

idea is that this knowledge is diffeent from that of subject specialists(Shulman, 1987)

From this initial proposal, researchers set about the task of defining exactly what is

meant or what comprises teacher PCK. This proved to be a difficult undertaking because

much of this knowledge isi OAOT Al AT A OAAAEAOO AT 180 Al xAl
the specialised knowledge. As an example of the type of work done to try and unpack

this concept Morine-Dershimer and Kent (1999) presented a flow diagram of the facets

and interconnections they ti OCEO | AAA ObD Anis GSHoAELRIOBIO 0 # + 8

Figure 1 and includes the interation between classroom management and

I OCATEOAOCEI T h ET OOOOAOQGEITT AT 11TAAIT O AT A Al A0«
general pedagogical knowledge, but argues & with reflection a teacher is able to

develop context specific pedagogical knowledge and this then becomes part of her
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personal pedagogical knowledge, which is impacted by her personal beliefs and

experiences. This flow diagram gives a sense of the corapland personal nature of PCK.

Instructional

Models and
Strategies

Classroom Classroom
Mzumgu_nenll and Communication
Organization and Discourse
\ General /

Pedagogical
Knowledge

Context-
Pedagogical
Knowledge
Personal
Personal / Pedagogical Personal
Beliefs/ Knowledge Practical
Perceptions Experience

(Morine-Dershimer & Kent, 1999, p. 23

Figure 1: Flow diagram from Mornine -Dershimer and Kent describing the facets
of PCK

Since the initial concept of PCK was introduced by Shulman there have been several
studies and discussion regarding its nature and it has still reaminedomewhat of a
OEEAAAT AT 1 AAPOS jatthdPAH summit metd @, Colbradd Gofoler,
2012 a level of consensuswas reached with regard to the definition of PCK. Gess

Newsome(2014) outlines thesedefinitions as;

1 Personal PCKis theKnowledge of, reasoning behind, andplanning for teaching
a particular topic in a particular way for a particular purpose to particular
students for enhanced student outcomes (Reflectionon Action, eplicit)

1 Personal PCK and Skillis the act of teaching a particular topic in a particular
way for a particular purpose to particular students for enhanced student

outcomes (Reflectionin Action, tacit or explicit)(GessNewsome, 2014, p 10)
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GessNewsome (2014) highlights 3 aspects of these definitions. Firstlyhat PCK is an
internal and personal construct and that it is context spedif and cannot be generalised.
The secondaspect is the time periods during whichPCK is employed. The first time
period is when a teacher prepares and considers ingictional strategies for a class. fiis

is relatively easy to see ando measue. The secondtime period is when PCK is
employed in the d AOOOT T 18 )1 Ae diljbshnriEsAapeOrdadebiO thél O E A
classroom depending on the level of engagement of learnérsheir questions and
problems that arise. These adjustments are not as easy to monitorc&aare encompassed
in the second part of the above definition. The third aspect of the definitions is the
inclusion of skill level. A teacher may have knowledge of a strategy but may not have the
teaching mastery to apply it, thus the expansion of the defition to include PCK and
Skill. These definitions are complex but will allow researchers to define which aspect of

PCK hey are observing or measurindGessNewsome J. , 2014)

Considering the internal and tacit nature of PCK but its potential to impactuality
teaching, researchers needed ways to show and potentially measure PCK. In order to do
this a number of researchers proposed models of PCK to try to unpack the complex
nature of PCK and make it observable. The following section will describe sometloése

models.

2.3. Models of PCK

Models provide a way to tease out components of complex phenomena providing a

means for the relationships between various aspects of the phenomena to be
conceptualised.3 AOAOAT 1T AAT O A1 O o#+ EAOA98ARAT DOT |
1987 papers but | have selected only a few of the major models, which mark changes in

thinking. | have focused on the models that have included content knowledge, curricular
knowledge, instructional strategies and learner knowledge. These factorbecome

important later in my project as they form the framework for the development of the
assessment tools to be designed. There are other factors such as teacher beliefs, cultural

context, assessment knowledge, school environment, curricular knowledggeneral

10
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pedagogical knowledge to name just a few that form part of teacher knowledge but
these fall outside of the scope of this project. The Topsgpecific model that forms the
conceptual framework for this project (see section 2.5) does not include thedactors
because the aim is to specifically measure how teachers transform content knowledge.
Narrowing the scopeto the transformation of content knowledgeallows for a clearer

focus for this study.

The terms of @ontent Knowledgd®(CK) andBubject Mater Knowledged(SMK) are used

in similar ways but are viewed slightly differently between authors. Shulman assumed
that the content knowledge of a novice teacher and an experienced teacher is essentially
the same and includes concepts that learnt within aracademic environment. He
contended that subject matter knowledge (SMK) was a little different from Content
Knowledge and included knowledge of science teaching. He proposed that a teacher has
OIETD x 4OEGRDISI x. ThéDES | x E Tingludésihk Gpétent, theorems, and
DOl AAOCOADT AODBIT B thdunddistanding why phenomena occur in the way
they do (Shulman, 1986). According toCochrane and Jones (1998) SMK is the
knowledge of facts, ideas and theorems relating to scientific concepts cdardoes not
include any knowledge of teaching that Shulman included. This overlapping of the same
terms, but with different meanings, is one of the reasonwhy it is difficult tease out PCK
concepts. For the purposes of this study the term of content knowdge (CK) is used and
refers to the ideas, theorems, facts etc. around a togie. anything that may be found in

a textbook.

Kind (2009) reviewed several major models in her article in which she attempts to
clarify the potential value of the construct ofPCK for teacher education. Kind draws on
the two broad categories of integrative and transformative PCK, proposed b@ess
Newsome to organise the development of PCK modelé pictorial representation is

given in Figure 2

11
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Transformative Models

Develops into

Content Knowledge _ PCK
Integrative Models
Content PCK
Context Knowledge #1171 OEOO(

-

General Pedagogicd|
Knowledge

Figure 2: A representation of the difference between the transformative and
integrative models of PCK

The transformative models view content knowledge as distinct from PCK. The content
knowledge is transformed into pedagogial content knowledge.As illustrated in the
diagram, content knowledge is distinct from PCK but has the pettial to be developed
into PCK

4EA ET OACOAOGEOA OUDBAO T &£ I 1TAAT O EAOKl dAAAEAC
knowledge within their PCK (Kind, 2009). The Integrativemodels view PCK is seen an
amalgamof teacheiO knowledge of context, general pedagogical knowledge and content
knowledge. These knowledge sets overlap and integrate to form a teaché&s 0 # + 8 4 E £
diagram above(Figure 2.2) is my attempt to clarify the distinction. It serves as starting

point to organise the development of the framework for PCK. The two broad categories

of transformative and integrative are not clearcut and there are points of overlap,

which again reiterates the point that PCK is multifaceted, complex, and difficult to

describe explicitly.

12
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The flow diagram (Figure 3 below is an attempt to organise the process of
development of the theoretical framework of Pedagogical Content Knowledge by
illustrating the development of transformative, integrative and topic specific models of
PCK.The flow diagram is presents a summary of the key points of some of thRCK

models and shows the intefrelations between the various models. A more detailed

description of some of he madels follows after the Figure3.

13
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Flow Diagram of EM

Tailored model Rollnick,

Bennett, Rhemtula, Dharsey, &
Ndlovu, 2008

Figure 3: A flow diagram of the development of models of PCK

14
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4EA OOAT O&I Oi AOGEOA 11T AAT O OEAO AOTI OA AEOAAC
developing progressively more detailed dscriptions of PCK(2nd Tier of the flow

diagram - Figure 3). The two initial models that arose from andextended3 E O1 | AT O

Qu

work ,were Grossman (1990)and Magnusson, Krajcik and Borko (1999)The Grossman
and Magnussoret al models of PCK are shwn as a conmparison in Figure 4. These two
i TAAT O Al 01 OET x

OEA ET AOAAOGET ¢ AT i Bl AGEOU I
initial 2 category definition of PCK

Grossman Model (1990)

Magnusson et. al Model (1999)

PCK
Subject Matter Knowledge General Pedagonical Knowledge
includes
|
Orientation to
Pedagogical Content Knovledge e
Conceptions of Purposes for Teaching Subject Matter ‘/whkh shapes S kioce
A
knouledge of , knouledqe of Knowledge of Knowledge of
curricolar , , Science Assessment
students instructional Curricula , of Scientific
, knouledge , which shapes Lieracy
understanding strategies
including which shapes
ot of Seenee Mecthods of
g 2 ; " et o
o 'Ml"{’m‘ Leamingto  pgessing
Knowledge  of  Context Science Goals AR Scienco: |
and Objectives Leaming
Knowledge of
Instructional
Strategics
Taken from Gossman, 1990, p. Knowledge of /\
Students’
Understanding . . Strategics for
of Science Science-specific  Specific Science |
Slmcpc; Topics {
(for any topic) {
'}:zulimm?n‘? m:{ /hma 3
Difficulty Representations {

Taken from Magnusson, Krajcik, & Borko, 1999

Figure 4: Representations of the Grossman and Magnusson et. al Models of PCK

'O 001 AT 08 | Blehénded RETIOOAT 60 11 AAI

context to subject matter knowledge and general pedagogical knowledge.

AT A AAAAZ
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These knowledge types were regarded as the sources of PCK. She then furtheo-
divided PCK into 4 pars;

i.  conceptions for purposes of teaching subject matgewhich are the beliefs held
by the teacher with regard to nature and importance of the content being

taught

ii. knowledge of students understanding this included knowledge of student

preconceptions andmisconceptions

iii. curricular knowledge - includes an understandirg of the content and

sequencingof a curriculum

iv. knowledge of instructional strategies this refers to knowing what strategies

and representations are required for particular topics

Developing on the work by Shulman and Grossman, Magnusson, Krajcik and Borko
(1999) conceptualised PCK as consisting of Bvcomponents (shown in Figuret.), these
include
i.  orientations towards science teachngOEEO AAOACT OU EO OEI EI 4
conceptions br the purposes of teaching subject matter
i. knowledge of science curriculg OEEO EO OEI EI AO O1T ' Ol 00|
includes an understanding and knowledge of the goals and objectives in
science curricula

ii. knowledge of students understanding of scierc These two components parallel
Grossman's second and fourth
iv. knowledge of science instructional strategigs categories
v. knowledge of assessmenOEEO EO Al AAAEOEITT O ' Ol O00I
A OAAAEAO8O AAEI EOU O1 AAAEAA xEAO 1 AOA
assessed.

In the integrative models, shown onthe 3 tier of Figure 3., PCK is seen as part of the
collective knowledge that teachers have in order to practice. Within this integrated
OPAAEACAS 1 &£ ET1Tx1 AACAh OOAT O& OI ACETT 1T &£ E
Marks (1990), Cochran, De Ruiter rad King (1993), FernandezBalboa and Stiehl

16
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(1995), Veal and MKinister (1999), Koballa, Graber, Coleman and Kemp (1999) and
Banks, Leach and Mooi{2005) as integrative. Within these models, there ardurther
refinements of description of PCKIn all the cevelopments of the PCK models, very little

is removed from previous models, instead, the descriptions become more complex and
interwoven. Marks (1990) expanded instructional strategies to instructional processes
and student difficulties to knowledge of stalent misconceptions. FernandeBalboa et

al. added knowledge of context as a significant component of PGballa et al (1999)
distinguished between general pedagogical knowledge and PCK. Teachers have a broad
knowledge of how to manage a classroom situiain but PCK specifies strategies for the

delivery of specific content.

Within the integrative group that desaibed PCK there are authors whobegan to

describe how this knowledge was constructedCochran, DeRuiter, & King, (1993)

drawing from the constructivist theoretical perspective, proposed that knowledge is

AAOGAT T PAA 1T OAO OEI A AAAAOOA 1T &£ AAOEOA Agb
ETT xI AACA8 4EAU bDOiI bl OAA OEA ATTAADPO T &£ DPAA
AAAPDAO OEAT Oi ACGHA ARAEAGRIOO 6Enl ORAGDBD AMMOE A OEET 1 o
isOANOEOAA &I O AELAEAAOEOA OAAAEET C8 ‘"séhboEO AO

ET 1T x1 AvAichAitinguishes between knowledge of a discipline and how it is used
within a school context.! OAAAEAO0O8O0 OAEITT 1 ETT x1I AACA AAOGO
and pedagogic knowledgéKind, 2009, p. 179) Banks abandone®@ EO1 | AT 80 11 OET 1

a teacher transforms knowledge for teaching instead, he proposes that teachers learn
how to present knowledge because of their classroom context; it isa much more

dynamic and fluid process than the mechanistic process of the transformative models.

Veal and Makinster (1999) not only conceptualised SMK as integrated within PCK, they

also proposed that there was &ierarchy to the knowledge. A four level hierarchy of

PCK was proposed by Veal starting with (i) General PCK, (ii) Subject Specific Strategies,

(i) Domain Specific and (iv) the highestlevel Topic Specific Strategies. The distinction

is most evident for OAT I-AEAAEAZEAS AT A OOI PEA ODPAAEEEAGS

17
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relates to specific strategies of how to teach aubject sud as organicwhile topic
specific strategies are even finer and refer to how a specific teacher based on their
background and eyerience, may teach a specific topic foexample a biology teacher
might approach teaching organic chemistry differently from a chemistry trained
teacher. Each might have similar knowledge bases but other perspectives will influence
how they approach a topc. The categories of transformative and irggrative become
blurred when knowledge is viewed in this wayinstead it could be argued that both
processes of transformation and integration occur as a teacher develops PCK. How an
ET AEOEAOAIT O AnstAicicll Ogpénds @rtthe cant@xt & the teacher, teaching

environment and the topic being taught.

The importance of these conceptualisations of PCK is that the definition became finer
and the idea that PCK varies for different topics was presented. Thenoept of Topic
Specific PCK is central to this project and is the conceptual framework for this study.
The Topic Specific models are described in more detail in section 2.5 but in order to
place these modelsin context with the developing conceptualisation of PCK, an
overview is given here. The Tailored PCK mod@Rollnick, Bennett, Rhemtula, Dharsey,

& Ndlovu, 2008)included similar internal knowledge domains as Cochranret al. (1993)

but included description of how these teacher knowledge domains would b@anifested
and could be observed. They identified 4 manifestations of PCK, namely; (i)
Representations, (i) Curricular Saliency, (iii) Assessments and (iv) Topic specific
instructional strategies. In the Davidowitz and Rollnick study (2011) an additionalevel

of teacher beliefs was added to the Tailored model of PCK. The Mavhunga and Rollnick
model (2013) of Topic Specific PCK is presented as a separate entity that arises from
subject matter knowledge and is transformed in a specific way for a specific fi.
According to Mavhunga and Rollnick (2013) ransforming subject matter knowledge
into topic specific PCK requires knowledge of learnermrior knowledge and
misconceptions, being aware of wricular saliency, having a clear idea of what is
difficult to teach, knowing what representations and analogies are needed to convey
concepts and conceptual teaching strategies. Each of these transformative mechanisms

will be discussed in detail in the theoretical framework section.

18
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At the recent PCK Summit, a conssus model of PCK was developed that draws on

many of the concepts discussed and their interelations. The Consensus model is
described by GesdNewsome (2014) and is the most recent model of PCK. This model
attempts to show that teacher professional knowedge and skill, which encompasses

PCK, is developed through feedback mechanisms. Each component of their model
informs and impacts all other components. This model includes the impact of student
outcomes. The startingpoints are teacher professional knowkdge bases which inform

topic specifc professional knowledge. Wherthis knowledge is brought into a classroom

the ET OAOAAOQOETT EAO OEA bl OAT GEAI OF AAOOA AIl
knowledge base. That adjustment is made through amplifierand filters of teacher

beliefs, orientations, prior knowledge and context. The model also recognises that
students come with similar amplifiers and filters, which influence how the knowledge
transferred is received. Student outcomes are not automaticallpresent because of

ET OOOOAOEIT AOO OOOGAAT O 1 OOATIT AO AAT 1 AAEAO
practice, topic specific professional knowledge and curricular knowledge. A

representation ofthis model is given in Figureb. (GessNewsome, 2014)

Teacher Professional Knowledge Bases

Assessment Pedagogical Content Knowledge Curricular
Knowledge Knowledge Knowledge of Students Knowledge

[ [ " oA

h

Topic Specific Professional Knowledge
Knowledge of: Instructional Strategies, content representations,
student understandings, science practices and habits of mind

i)
Amplifiers and Filters: Teacher Beliefs,
Orientations, Prior Knowledge, & Context
¢

Classroom Practice
> Personal PCK/PCK&S Classroom Context
Knowledge, Skill, & Enactment (Curriculum, etc.)

Amplifiers and Filters: Student
Beliefs, Prior Knowledge, Behaviors
i

S~ : Student Qutcomes |

(Ges-Newsome J. , 2014, p. 3)

Figure 5: Consensus model for teacher professiona | knowledge and skill including

PCK and influences of classroom practice and student outcomes

19



Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

While student outcomes are not the focus of this study, ultiately the hope is that a
better understanding of PCK will improve science education. In order to be able to
convey and portray PCK, it needs to be clearly described and measured. The next
section will describe strategies undertaken to achieve this. The mets of PCK expose

the complex nature of PCK and provide a platform to begin to make PCK visible.

2.4. Capturing and measuring PCK

The models of PCK provide a conceptual background and illustrate the difficulty of
defining the complex and fluid nature of teacheknowledge. It is difficult to pinpoint
PCK, it is not something concrete that can be shown to anyone. It is even more difficult

to say which teacher has stronger and which has weaker PCK.

2.4.1. Capturing PCK

One of the ways that there has been an attempb tcapture PCK is through the
development of content representations or CoRes by Loughramerry and Mulhall

(2006) and Bertram and Loughran (2011). A CoRe is a means to organise teacher
ETixi AACA AT A 0#+8 )OO OOAOO0 x Wit ade@®OAAOET
Oi PEA8 4EA O"EC ) AAAOGb-nedotiaBle cricdptd AeBuide@ Adr h Al |
O1 AAOOOAT AET ¢ A AARAOOAET Ol PEAS 4AEATh xEOE

asked.

1. What do you intend the students to learn about this idea

2. What else do you know about this idea that you do not intend your students to know

yet?
Why is it important for students to know this?
Difficulties/limitations connected with teaching this ide2

Knowledge about student thinking which influences your teachuwigthis ide&

2

Other factors that influence) I Ot@adhing of this ide&
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7. Teaching procedures and particular reasons for using these to engage with this

idea?
8. Specific ways of ascertaining student understanding or confusion around this2dea

(Loughran et a, 2006)

A CoRe is one method to extract teacher reasoning, however, resdees have designed
other tools in mathematics(Riese & Reinhold, 2009)in technology (Rohaan, Taconis, &
Jochems, 2009pnd in science(Park, Jang, Chen, & Jung, 201Mavhunga ad Rollnick
have developed a tool to extract Topic Specific PCK in electrochemistry. This study
builds on their work to extract and rank teachers TSPCK in a different topic, namely

electric circuits.

2.4.2. Measuring PCK

As described aboveresearchers do not agee onthe exactnature of the construct of

PCK, which makes it difficult to measure it. One area of research that has helped to

expose the nature of PCK explicitly and in a measurable manner is in the comparison of
pre-service teachers with experienceddachers. Davis (cited in Baxter and Lederman,

1999) in her study of pre-service primary teachers made the general observation that

even when a preservice teacher had a good science background, their instruction was

flawed. Having a good knowledge of a $ject is a starting point, but it does not
automatically follow that good instruction will follow. The implication of this work is

OEAO OEAOA EO POAAOCEAA OEAO AT OI A AA OAOI AA

value judgement implies that there issomething inherently measurable about PCK.

PCK cannot be directly observed in the classroom because it is an internal construct of a
OAAAEAO8 )1 OEA OEI OO OEIi AEOAIT A T &£/ AT 1T AOGA
particular context could possibly bel AOAOOAA AOO EO xEI 1T 111U AA
PCK. The options that a teacher has available to her and chooses not to make use of are

Al 61 A1l Ei DPi OOAT O PAOO T &# A OAAAEAOSO o0o#+8
their cognition process, which is another reason why PCK is a difficult construct to

assesgBaxter & Lederman, 1999)
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Despite the difficulties of measuring and observing PCK, researchers have employed
several techniques to record PCK. Baxter and Lederman categorised the tagnes
used to measure PCK into three groups; namely (i) convergent and inferential
techniques, (ii) conceptmapping, card sorts and pictorial representations and (iii)
multi-method evaluations. The convergent and inferential techniques include short
answers and multiple-choice items. While multiplechoice tests are easy to administer
and are not too time consuming for the respondents, there are some concerns with the
use of this methods. There is an assumption with these tests that there is a correct
answer, which is not always the case in the context rich environment of a classroom.

Multiple -choice items tend to be too simplisti¢Baxter & Lederman, 1999)

Researchers have made use of concept mapping to elucidate knowledge structures and
the perceived comections between conceptsMorine-Dershimer & Kent (1999) used
concepts maps to measure changes in thinking of piervice teachers. A criticism of
concept mapping is that they are restrictive because they require hierarchical
organisation and do not showthe multiple relationships and interconnections involved

in PCK. There is some concern as to what the exact nature of the knowledge represented
in a concept map isbut both Morine-Dershimer et al (1999) and GessNewsome (2002)

suggest it is a potential tol to provide teachers feedback on their knowledge structure.

In order to overcome some of the issues with each of the above techniques, it was
decided to use a mix of the above techniques, drawing on eaohthe strengths but
minimising the weaknesseslIn the final assessment tool, multiple choice options, semi
closed response questions, concept maps, inferential techniques, pictorial
representations and open response items are all used. However, having various
techniques to measure does not solve the pblem of what to measure. What
OA OA A Ovfeasdr®id ddsely tied to their model oPCK?

The PCK models described earlier have been wuséo help to describe what is being
measured. The tool designed by Leet al (2007) used two knowledge components of

student learning and instructional strategies. Park et al designed their instrument using
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all the components of the Magnussoret al. model. However, even though these
components of PCK help to define a point of assessment, they remain broad and difficult
pinpoint. Focusing on a particular topic refines the focus to how teachers transform
content for a specific topic. Geddis & Wood, (1997) identified definable and measurable
knowledge areas that a teacher uses to transform knowdige. These include knowledge
of: learner prior knowledge, subject matter representations, instructional strategies,

curricular materials, and curricula saliency.

Park, Jang, Chen, & Jung (201Hesigned and validated a PCK rubric using two
parameters; of Knowledge of student understamgg (KSU) and Knowledge of
instructional strategies and representationKISR). While only using two components of
teacher knowledge may limit what was assessed, the value of this work was the idea
that PCK type knowledge could be categorised and rankedydenziz and Kirbulut
(2011) designed an assessment tool to measure pigervice teachers PCK in
electrochemistry, using 3 categories namely, assessment, curriculum and instruction.
Their focus on a specific topic is a useful idea for this study but it is ssing prior

knowledge of learnets and misconceptions they might hold.

The Topic Specific Pedagogical Content Knowledge (TSPCK) model developed by
Mavhunga and Rollnick (2013) includes 5 categories and has the focus of a single topic.

Their model has beensuccessfully used to design and validate an assessment tools in
electrochemistry (Ndlovu, 2014). This model is also being used to design tools in
stoichiometry, acids and bases and chemical bonding that have not been published yet.

This TSPCK model has lea selected as the conceptual framework for this project

because it clearly defines 5 components included in teacher reasoning and uses the
specific focus of a single topic which makes measurement possible and manageable

process of developmentused by AOEOT CA AT A 2111 1T EAE AOT AAIT U
methodd h A DOl AAOO
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2.5. Conceptual Framework

The Topic Specific Modelesigned by Mavhunga; ¢ mpcq OF AOOAOO OAAA
AEAI EAAI ANOEI EAOEOI DOl OEAAO A AEOAIl Axi OE O
topic. While they acknowledge that other factors such as knowledge of context,
OOOAAT 6O6h AT A PAAACI cU Ai 1T OOEAOOA O1T A OAAAI
Their particular point of interest is how teachers transform Subject Matter Knowlede

(SMK) into material for teaching. Two of the models that were precursors to the TSPCK

model of Mavhunga and Rollnick and hekxd to develop its structure were the Tailored

model (Rollnick et al, 2008) and the Modified PCK model of Davidowitz and Rollnick

(2011).

2.5.1. Foundational models of the TSPCK model

The Tailored and the Modified PCK models have a common thread, namely that
Pedagogical Content Knowledge (PCK) is developed through transforming Subject

Matter Knowledge (SMK) or Content Knowledge (CK). Thaternal knowledge of the
OOAEAAO Al i AET EO OOAT Ol Oi AA ET O O1T 1 AOEE
practice. In the Tailored Model of PCK by Rollnickt al. (2008) (shown in Figure 2.6),

the internal knowledge domains are drawn from Cochranet al. (1993) while the
manifestation on the top part of the model are drawn from sources such as Geddis and

Wood (1997). The strength of this model is that it separates the internal constructs

from the external manifestations but recognises that the internal castructs are causal

for the external evidence. In the Davidowitz & Rollnick (2011) model, that wsa
developed studying the practies of an accomplished organic chemistry lecturer, an
AAAEOQET 1T Al 1 AUAO 1T &£ O4AAAEAO "AIl EA/DS xAO
knowledge domains. The schematic representation of th model is included in Figureb.

Asa comparison with the 2008 Model
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Tailored Model of PCK (Rollnick et al, 2008)

Manifestations
of Teacher

Knowledge

Knowledge of
Domains of SubjectMatter
Teacher
Knowledge

Modified PCK model (Davidowitz & Rollnick, 2011)

Manifestations
of Teacher
Knowledge

|

Domains of
Teacher
Knowledge

Knowledge of
Subject Matter

L

(Rollnick, Bennett, Rhemtula, Dharsey, & Ndlovu, 2008)

B

\
Teacher
Bellefs

Topic Specific
Strategies

General

Pedagogical
Knowledge

(Davidowitz & Rollnick, 2011)

Figure 6: Schematic representation of the Tailored PCK model (Rollnick et al,
2008) and the Modified PCK model (Davidowitz & Rollnick, 2011)

An important component of both these models is the critical placement of teacher

knowledge and specifically content knowedge (CK).

2.5.2. The connection between Content Knowledge (CK) and Pedagogical Content

Knowledge (PCK)

Content Knowledge (CK) as previously defined, for the purposes of this study includes

ideas, theorems, facts etc. or anything that may be found in a scienegtbook. Teacher

content knowledge has been found to be crucial in the development of PQRall,

Thames, & Phelps, 2008)Ball et al in their study of mathematics teaching showed that
OEAOA xAO A AEOOET AQEII

However, good content knowledge is a starting point to develop PCK, when a teacher

AAOx AAT

A

forbdachiAgd AT T O,

begins to practise the act of delivery in a classom and assessing will give hefeedback

as to what is working and what is not. The teacher may adjust, chga strategies, re

assess, use a different analogy or any number of options based on the interaction with

her students and their work. This feedback, reflection, development loop is what was
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described in the Consensus Model of PCK. This implies that an exgeced teacher has
wider repertoires of strategies to respond to the classroom situation, but that without
the initial content knowledge there is little chance of even beginning the journey of
developing PCK. fiis is relevant in the South African contextbecause if this tacit
knowledge base could be made explicit, prservice teachers could have the benefit of

this knowledge.

The Topic Specific PCK model of Mavhunga and Rollnick (2013) recognises as crucial
the starting point of content knowledge. This cotent knowledge is then transformed
and this transformation process is observable and measurable, for a specific topic. This
topic specific nature of PCK is confirmed by Aydin (2012) who studied two chemistry
teachers teaching electrochemistry and radioactity. He found that the PCK varied
depending on the topic being covered. A similar conclusion was drawn by van Driel, de
Jong & Verloop (2002) in their studies of high school chemistry teachers. There is
general agreement in the literature thatteaching knowledge is topic specific (Geddis,
1993, Loughran, Berry, & Mulhall, 2006).

The TSPCK model of Mavhunga and Rollinick was emdted os the conceptual
framework for this study. The development of their TSPCK assessment tool broadly
Al111TxAA OEAAOCEAABT T A& AT T OOOOAOCEITh A DOT AA
Vorst (1996). Their method emphasises content validity, and uses empirical data and
judgements of experts in the construction of items (Rohaan et al, 2009The next

section outlines the compaments of this model.

2.5.3. Topic Specific PCK

Mavhunga and Rollnick (2013) emphasise the transformation of CK for the
development of PCK. The other components of knowledge of context, knowledge of
students and general pedagogical knowledge are recognised as iagting on the

development of PCK but are not the focus of the model or this study. A distinction is
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made between TSPCK and PCK. TSPCK is asaibof PCK and refers to the unique
knowledge a teachers possesses about a topic that enables her to transfoime tontent
knowledge into something accessible for her students. A schematic representation of
the TSPCK model designeay Mavhunga(2012) is given in Figure?.

TOPIC SPECIFIC PCK

Transformed
Specific CK
HJ

+

TRAMSFORMATION

KEnowledge components from which

Topic Specific PCK transformation emerges
= Students'Prior Knowledge

= Curricular Saliency

+  What is difficult to teach

*  Representations including
analogies

#  Concephual Teaching Strategies

Knowledge Content Pedagnogical

Knowledge Knowledge
of context af studants Knowledge B

3 ’

Teachear and Student oriantad centred beliefs

—

(Mavhunga 2012, p. 191)
Figure 7: Schematic diagram of the Topic Sp ecific Model of Mavhunga (2012)

In this model it is recognised that the components of knowledge of context, knowledge

of students and pedagogical knowledge, underpinned by teacher and student belief, all

feed into and form teacher PCK. Howevgthe focusof this model is the transformation

of CK. They differentiated between the startingSpecific CK of a teacher, which they

coded as K. This content knowledge then undergoes a transformation process and the

resulting knowledge they termed Transformed Specifiet +h xEEAE EO AT AAA
OPAAA AAOxAAT + AT A +86 EO scEusins tradsofma@o AT OEl C
process is termed Topic Specific PCK (TSPCKhey identified five components of this

transforming process, namely;
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1 Learner prior knowledg e
This includes any prior knowledge a learner has, any misconceptions &ing to

a topic, aswell as hersocial and cultural context

1 Curricular saliency
This encompasses thelecisions a teacher makes regarding what to include a
teaching progranme, what to leave out,and what is appropriate for a particular

grade level.

1 What is difficult to teach
There are several things that may make a topic difficutio present, these could
include misconceptions of the learners or conceptual diffiglties within a topic. It
could also include environmental concerns such as lack of resources,

overcrowding etc.

1 Representations and analogies
Any picture, graph, story, model etc. that is used to aid understanding is included
in this category. A teacher who is aware of theeeds of her students and has
good understanding of whatever concepts are involved will have a range of

representation and analogies that she could draw on.

1 Conceptual teaching strategies
This category encompasses all the above categesi and describesvhat teaching
strategies a teacher employs to develop A A O unli€dstadiding of the correct

scientific concepts

These categories form the basis for the design of the assessment tools for this project.
Evidence of reasoning within each of these categosds the data that will be analysed,
categorised and ranked. The topic specific nature of the Mavhunga and Rollnick (2013)
model is clear, so an understanding of the specific conceptual and content difficulties
teachers and students experienced within elddc circuits needs to be understood

before commencing with the design of the two assessment tools. The next section will
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outline the models for understanding electric circuits and common misconceptions held

within this topic.

2.6. Electric Circuits conceptual concerns

The topic selected for the design and validation of a TSPCK assessment tool is electric
circuits. The concepts involved in the teaching of ettrical circuits are particularly
problematic because they are highly abstract and dependent on the ert@ve use of
analogies. Electricity is regarded as central in most physics curricula at all grade levels.
(Mulhall, McKittrick, & Gunstone, 2001)

Two themes arise from the literatures that are relevant for this study. Firstly the nature
of misconceptionsheld by students and teachers alike. The second theme is how it is
best to confront these misconceptions. Both the nature othe misconceptions andthe
strategies to confrontthem are of particular interest to this study. The misconceptions
in electric circuits will guide the selection of content for both assessment tools. Items
will be selected that will most likely expose the most common misconceptions. The
responseto and strategies for remediatingstudent misconceptions falls into the realm
of TSPCKthus reviewing some of the possible responses of a teachers and the potential
problems with different strategies will provide a good basis for designing items for the

TSPCK assessment tool

2.6.1. Common misconceptions with electric circuits

The teaching of electic circuits is regarded by teachers as a difficult but important topic
(Gunstone, Mulhall, & McKittrick, 2009)and there is a wealth of literature describing
alternative conceptions of electric current. Shipstone, Rhoneck, Karrgvist, Dupin, Joshua
& Licht (1988) presented some of the initial research onalternative conceptions of
electric circuits. These misconceptions have been shown to be quite stable across

different languages and cultural backgroundqGaigher, 2014) There is considerable
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consensus betveen researchers of what the most common misconceptions, also

sometimes termed preconceptions, are.(Engelhardt & Beichner, 2004, Mulhall,
McKittrick, & Gunstone, 2001, Summers, Kruger, & Mant, 1998, Wainwrigl2007and

Tarciso Borges & Gilbert, 2010) The misconceptions that appear repeatedlyin the

literature are summarised in Table 1 below. The table includes the model, a brief

description of the misconception and a diagram of how the misconception looks.

Table 1: Summary of misconceptions held with regar ds to electric circuits

Diagram of the nature of the

Model Description _ _
misconception
1. Sink model | In this model it is thought
or unipolar | that only a single
model connection from a battery

is required to for a cell
component, e.g. a light
bulb, to work.

(Sencar & Eryilmaz, 2004,
Tarciso Borges & Gilbert, 2010
and Pesman & Eryilmaz, 2010)

http://www.education.vic.go v.au/Publishinglmages/school/t
eachers/teachingresources/discipline/science/continuum/el

eccircl.jpg

2. Attenuation
/

Current is thought to
gradually decrease as it

weakening | flows through a circuit.
of
current/curr
ent (Sencar & Eryilmaz, P04,
consumptio | Wainwright, 2007, Tarciso
n model Borges & Gilbert, 2010 and
Pesman & Eryilmaz, 2010)
Identical bulbs are thought to become dimmer,
as the current moves through the circuit
http://www.khazar.com/academics/portal/ucsc/2012winte
r/art22/images/seriescircuit.png
3. Shared Current is thought to be | Reading 1 = Reading 2 = Reading 3 = Readi
current shared equally between |4 =Reading 5
model all components

regardless of how they
are connected. In the
diagram a person who
holds this misconception
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will say all the ammeter
readings will be identical

(Sencar & Eryilmaz, 2004 and
Pesman & Eryilmaz, 2010)

Reading 3
(a)
8

Reading 4
()
Na%

Reading 2 (_

Reading §

Reading 1

http://198.185.178.104/iss/electricity/pages/images/a/a23
2_2.jpg

4. Local/ It is assumed that a A student might say switching switch 4 off
Sequential | change in a circuit only | will have no effect on the bulb because th
Reasoning | affects the circuit switch is after the bulb.

components after it. The . ) )
circuit is not seen as a Or Swiching switch 1 off will not affect the
single inter-related globe because it is not part of the parallel
system connection
(Sencar & Eryilmaz, 2004, -
Tarciso Borges & Gilbert, 2010 | | < .
and Pesman & Eryilmaz, 2010, § i
Wainwright, 2007) . . @
(Engelhardt & Beichner, 2004) | = [} S |
£l
http://www.sipta.org/blog/wp -
content/uploads/2014/01/circuit.png

5. Clashing Current moves from both

Qurrent battery terminals and

meet at the circuit
component.

(Pesman & Eryilmaz, 2010,
and Tarciso Borges & Gilbert,
2010)

Battery
Current
Bulb
Copper K

https://encryptedtbnl.gstatic.com/images?q=tbn:ANd9GcQS

9E8VC-FHSErF749RkP77BEeutDnXF--UhF61IIACOPJhOgA



http://198.185.178.104/iss/electricity/pages/images/a/a232_2.jpg
http://198.185.178.104/iss/electricity/pages/images/a/a232_2.jpg
http://www.sipta.org/blog/wp-content/uploads/2014/01/circuit.png
http://www.sipta.org/blog/wp-content/uploads/2014/01/circuit.png
https://encryptedtbn1.gstatic.com/images?q=tbn:ANd9GcQS9E8VC_-FHsErF749RkP77BEeutDnXI-F--UhF61llAC0PJhOgA
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6. Empirical
rule

This model implies the
further a bulb is away
from a battery the
dimmer it will be.

(Pesman & Eryilmaz, 2010
and Tarciso Borges & Gilbert,
2010)

Bulb C is closer to the negative terminal of

the battery, so it will get the electrons first

and will glow more brightly. Bulb B will be
dimmer and A will be dimmest.

|
Il

http://image.slidesharecdn.com/electricity -120109202214-
phpapp02/95/electricity -44-728.jpg?d=1329894736

7. Short circuit

Wires in a circuit without
any circuit components
are ignored and thought
to have no effect on the
circuit.

(Pesman & Eryilmaz, 2010,
and Tarciso Borges & Gilbert,
2010)

PAP— A student Will not see

N the altenative path
(yellow arrows) and
say that the bulb will
continue to glow after
the green wire is
connected

https://encryptetbnl.gstatic.com/i .ages?q=tbn:ANd9GcQ21¢
UMK4iBKINL_Ok4D6iaqndOg8jMIDn4BFB8g5b5x6AsdAMti(

e

8. Power The battery is seen as ta
The bulb has burned out.
supply as source of a constant If 1 replace it with a bulb of different
constant current, regardless of the siiacs s abidtan vl wiin:
current circuit components. [
source !
(Wainwright, 2007,
Pesman & Eryllmaz, http://image.slid esharecdn.com/electricity-120109202214-
2010) phpapp02/95/electricity -46-728.jpg?ch=1329894736
9. Parallel The effect adding a

misconceptio
ns

component in parallel is
not understood. The
relation of increased
resistors in parallel drop
the total circuit resistance
and increase total
current.

(Millar & Lim Beh, 2011)

If | add bulb X to my circuit, it will only affect
the brightness of bulb B.

[
Il

A B €

X

http://image.slidesharecdn.com/electricity -120109202214-
phpapp02/95/electricity -47-728.jpg?cb=1329894736
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10. Terminology/ | Electricity is part of ForexampleOl U PET T A EAO

Everyday use | everyday life and part of e
everyday vocabulay but |4 EEO EI D1 EAO DPAOOGEAI

sometimes everyday correct what has happened is that all the
words are used available energy has been transformed.
incorrectly in a scientific

context

(Hart, C, 2008 and Mackay &
Hobden, 2012)

The aim d the teacher is tomediate thesemental models and to replacehem with the
correct model whichE © OAOi AA OEA [/ EI 08 , Ax (ThréisBl 1
Borges & Gilbert, 2010) In this model current flows around the circuit transforming
energy. Current is conserved and clearly differentiated from energy. The circuit is seen

as an integrated system, with changes in a circuit affecting the entire circuit.

Teachers use different strategies to confronthese incorrect concepts which research
have shown can be quite stable (Mackay and Hobden, 2012 and Gaigher, 2014). It is
these strategies and the thinking behind them that are of interest to uncover as part of a
OAAAEAOOG 430#+38

2.6.2. Potential conceptual strategies with electric circuits

The nature of electric circuit content also means that is not only the learners but also
the teacherswho hold misconceptions, which is a one of the categories of the Mavhunga
and Rollnick (2013) TSPCK ModelTeachersuse a multitude of analogies to make the
concepts in electrical circuits accessible to their students. The use of representations
and analogies is a category for Topic Specific P@Wavhunga & Rollnick, 2012)and the
teaching of electricalcircuits has a nultitude of these informal teaching models and
analogies, hence making it potentially a rich source for evaluating teachers TSPOKe
use of analogies, confronting misconceptions, knowing where potential difficulties for
students exist, are all pieces dinowledge a teacher can assimilate to form a strategy to

mediate her students learning. The category of conceptual strategies in the Mavhunga
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and Rollnick TSPCK model, (2013) is particularly relevant in the teaching of electric

circuits.

Analogies in eéctric circuits can include diagrams, hand®n practicals, stories, online
simulations, models to name just a few. There is often not agreement about which
analogy is effective for teaching electric circuitsfor example the flow of water is often
used to explain the flow of current Dupin & Joshua (1987) see thisanalogy as
problematic and potentially a source for new misconceptions, but McDermott & Shaffer
(1992) argue that this analogy is an appropriate starting point to explainJaakkola,
Nurmi, & Veermans, (2011) argue that anbogies, which in their study comprised online
simulations, are most effective when used in conjuction with hands on experience and
some teacher intervention.Hart (2008) highlights a central conflict in the teaching of
electrical circuits, namely that the widely accepted model in the scientific community
for the electrical flow is the Field Model, but this model is highly abstract and does not
lend itself as a good teaching model. These conflicts highlight that the knowledge for
teaching is a different knowledge base to pure Physics. Hart (2008) makes the critical
point that analogies and models are only effective if the symbolic language they
represent is clearly understood by both theeacher and the student and ithe teacher is
clearly aware where the analogy fails. Being able to articulate where an analogy is

flawed and its use is limited is therefore also a part of TSPCK (Grayson, 2004).

301 | AeOdl. A998) used the teaching of electricity as a case study for qualitatively

evaluating the effectiveness of primary school teachers. In their study, they drew

OEAT OAOEAATT U 11 3EOI T AT 60 AAEETEOEITO 1T £ 0;
They identified some principal outcomes they took as evidence that students had
developed conceptual skills. The effectiveness of theaching of these key conceptaas

evaluated. The concepts they identified were:the particulate nature of electricity,

electrons in the wire already, tE A OAI 1 01T O 1T £ Al AAOOEAEOUGS EO
circuit and dectrons are pushed by the battery in one direction (Summers, Kruger, &

Mant, 1998)
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The emphasis of their study was to look at conceptual development and deeper learning
of students rather than just procedural knowledge They concluded(i) the need for the
explicit identification of concepts that need to be taught(ii) the identification of the
teaching knowledge required to develop these conceptgii) the need to develop an
expanded view of the nature of teaching knowledge an(@v) the needfor experts to help
identify the appropriate knowledge. (Summers, Kruger, & Mant, 1998)The need to
develop a more conceptual approach to the teaching of electric circuits cefates with
the requirements for TSPCK, reiterating the suitableness of thepi of electric circuits
for study within the TSPCK model. The categories of TSPCK are potentially a way to
make the conceptual strategies to teach electric circuits more explicit. When concepts
are made explicit it is possible to explain and communicatthem, rather than having

teachers learn by trial and error.

2.7. Conclusion

The science education literature is rich with discussion of the nature of PCK and the
difficulties of measuring the construct. There is general agreement in the literature that
PCK isexpressed at the topic specific level and that PCK for one topic is not transferable
to another, so the finer construct of TSPCK is a better framework to use for this study.
The TSPCK model of Mavhunga & Rollnick (2013) provides a framework to make both
the construct and measurement of TSPCK explicit. The topic of electric circuits is
conceptually challenging and requires great skill to teach, making it potentially a good
topic to see how teachers transform knowledge for teaching. The sites of
misconceptions have been extensively researched. This literature provides a good
starting point for the design of the TSPCK assessment tool. TSPCK is developed from a
base of good content knowledge which necessitates the design of a CK assessment tool.
In the next chapter the methodology for approaching the development of the two
assessment tools as well as the strategies to ensure validity and reliability will be

described.
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Chapter 3 z Methodology

In this chapter | discuss the research design and methodology usediesign the
assessment tools to measure teacher TSPCK in electric circuits. The rationale for the study
is alsodiscussed. The steps for the design of the agsessmentools, namely the Content
Tool and the TSPCK Toalke outlined. The procedures fanalysing the data derived from

the toolsare described.The steps for determining the levels of validity and reliability for

both assessment tools are outlindeinally, ethicalissuesare presented.

3.1. Introduction

There are three components to this stug. The first is the design of the two assessment
011168 4EA EEOOO 1T £ OEAOA AOGOAOGOI AT O O11T160
Knowledge (CK) of electric circuits, while the second assessment tool measures
OAAAEAOOGGE 41 PEA 3 bAAKdewAdge O(RSRAKS Ii.eC EhA Apecifir T T OA
strategies teachers employ to explain electric circuits to their students at Grade 10 level

(15-16 years). The second component of the study is to determine the validity and
reliability of both assessment tools. The fial component is determining the nature of

relationship between the CK and TSPCK results.

In this chapter | outline the methodology and rationale used to collate and design the
two assessment tools. The first tool, the Content Knowledge Tool, was collat&#dm
existing assessments in the science education literature. The second assessment tool,
the TSPCK Tool, is the main focus of the study, and the steps for its development are
outlined. The steps for collecting and analysing the data from both assessméeoobls are
presented. A crucial component of this study is determining the validity and reliability

of both the assessment tools, and the procedures for determining this are outlined.
Validity is ensuring that the construct that needs to be measured is thene actually

being measured(Messick, 1995) In this case, the constructs are content knowledge of
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electric circuits and TSPCK in the teaching of electric circuits. Reliability is a measure of

the likelihood of achieving similar results if the tools were gplied to a different sample

group. Finally, the methods selected to determine the relationship between the CK and

TSPCK data are presented.

The flow diagram Figure 8 below outlines the steps involved in this project. Tlere were

two parallel processesbecause it required that two assessment tools bedesigned

namely the Content and TSPCK toolshe blue blocks of the flow diagram represent the

processes involved with the Content Knowledge (CK) assessment tool and the yellow

blocks refer to the steps involvel with the Topic Specific Pedagogical Content

Knowledge (TSPCK) assessment tool. The white blocks refer to processes common to

Step 3

Selection of items for final CK
assessment tool

Number of Multiple Choice items
reduced to 30 from 20

Evaluation and selection of
items for final TSPCK
assessment tool
Responsedrom pilot tools used
to generate final TSPCK tool for
Category A items

Category Bz E items adapted
and selected fom Pilot TSPCK

both.
Step 1 Step 2
1. Collation of items for pilot CK 3.
assessment tool
 CK assessmernol collated from > Both CK and / l
DIRECT test & Thresier test '
. ’ : TSPCK tools
found in science education ;
; givento a 3.
literature ilot group
1 30 Multiple-Choice questiors P
selected fromthe above two tests q
1. Design of items for Pilot TSPCK
tool
I TSPCK tool designed for pilot f
group based on Mavhunga and
Rollnick model Step 4

Step 5 [ E—

i Content tool markedaccording to a

4. Both the CK and TSPCK tools made
available within district clusters and

5. Scoring of Content Tool the IEB online physics forum.
16 complete responses returned

memorandum

Step 6

5. Scoring of TSPCK Tool —
6. Validation

9 Adapted rubric from Mavhunga used

tools

to score responseg 15t validation 9 Scores from both the Content and TSPCK
. . L tools subjected to Rasch analysis
9 Rubric re-designedz 2 validation

f TSPCK responses scored 1 Qualitative evaluation of data from both

Figure 8: Flow diagram showing steps involved in the design and validation of the
CK and TSPCK ®dols. The blue blocks relate to the Content Tool, the yellow to the

TSPCK Tool and the white to processes common to both .
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3.2. Research Methodology

Educational research falls into the domain of social science, which traditionally has had

two competing research paradigms. Positivists use quantitative data and take the
position that social science research should be objective, measurable and free from the
OAOAAOAEAO0B8O 1 x1 AEAOG8 /1 OEA 1T OEAO EAT AN
that it is neither possible nor desirable to have valudree judgements in social research.

Both positions have strengths and weaknesses. The pragmatic paradigm is a
philosophical approach that draws from both of these traditions, and uses methods

from both (Burke Johnson & Onwegbuzie, 2004) This MixedMethod (MM) approach

was selected for this study.

Mixed-Method is defined as

@e class of research where the researcher mixes or combines quantitative and

gualitative research techniques, methods, approaches, concepts orulagg in a

s oA~ e N =

This method is more appropriate when the construct being studied is complex and
multifaceted. As discussed in the previous chapter, the complex and elusive nature of
PCK(Kind, 2009) and mnsequently TSPCK, lends itself to investigation using multiple
methods. All research must be concerned with the issues of validity and credibility, and
the range of methods and intersection of findings increases the level of validity. While
triangulation potentially increases validity, the complex nature of Mixed Method studies
also means that at each stage where data is interpreted across methodologies there is a
further opportunity to deepen validity. The process of design, evaluation and
interpretation has to be clearly outlined to ensure that the inferences drawn are valid.
Wagner, Kawulich, & Garner, (2012argue that in order for a mixedmethod approach

to be effective and valid the two modalities of qualitative and quantitative
methodologies need tointegrated, interdependent, be given equal weight and to retain
their paradigm modalities. In this study the methodologies ran parallel to each other,
then data from each methodology was compared so as to interrogated and strengthen

the findings (thus eat maintaining their integrity).
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The methodology used to answer thdirst research questionz of the most appropriate

i AOET AO &I O AAOGECTI EI¢C AOOGAOGOI AT O O1TT1 06 A& O

electric circuits - was a qualitative approach. The most gpopriate method for
measuring the CK of teachers was determined by reviewing similar assessment tools in
the literature and adapting them in discussion with the reference group. This process is
described in detail in Chapter 4. The TSPCK tool used the tjtsiive method to design
open-ended questions, within the TSPCK framework of Mavhunga. The responses from
the openended questions were used to generate the serolosed TSPCK tool. The
process of design and validation of the TSPCK assessment tool is disat in chapter 5.
The validity of this process stems from the rigour of the design process, and speaks to a

major component of this study.

The second question of determining the level of validity for both the CK and TSPCK
assessment tools used both quditative and qualitative descriptions. The responses
from the participants were analysed using descriptive statistics. The strength of the
gualitative methodology is that it can be used to describe complex responses, which
cannot be achieved using quantitbve methods. However, the use of quantitative
methods to determine statistical validity and reliability compensated for the inherent
subjectivity of the qualitative methods. This study lent itself to the use of both

methodologies and thus justifies the us of the use of the MM approach.

The final question, namelyAAOAOI ET ET ¢ OEA OAlI AOEI 1 OEED
TSPCK, was achieved by qualitative description of teacher responses in relation to the
CK data, and by using statistical analysis of regrasa analysis and Pearson moment

product correlation. Again, the MM approach is well suited for this study.

The sections below outline the sample group and a description of the assessment tools

used to collect data. A detailed description of the design drvalidation of the CKfinal
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assessment tool is given in Chapter 4. A description of the design process of the TSPCK
assessment tool is given in Chapter 5 and the validation of the TSPCK assessment tool is
given in Chapter 6. The design processes for th&K@nd TSPCK assessment tools was
different and warrant a more detailed description, however an overview of the

processes is provided in section 3.4.

3.3. Participants

TSPCK can be viewed as specialist knowledge that only science teachers possess, so it
follows that in order to measureit, the sample must be extracted from this grop. In
total, 16 completedfinal assessment tools were received. These 16 respondents were
obtained after extensive canvassing. The tools were madavailable to 7 of my
colleaguesat the schools where | taught, and 6 were returned completed. They were
also made available to two district clusters of science teachers. In total, 18 tools were
made available to these two groups, and 2 were completed and returned. | followed up
with these members personally via 3 email reminders. | posted assssent toolson the
Independent Examination Board (IEB) Physics Discussion Forum, which is an online
discussion group where Physical Science teachers ask questions and share resources.
This platform can be accessed by registered Physical Science teachers that teach at one
of the approximately 116 IEB schools throughout Southern Africa. Both assessment
tools were made available with an introductory email and followed up with 2
subsequent emails. The intoductory email described thestudy; the time required and
promised a memorandum for the CK tool after the assessment tools were retuned.
Despite this being the widest platform, only 4 completed assessment tools were
collected from this group. Six instrumets were made available within the PCK research
community, and 2 assessment tools were returned. The final 2 returned assessment
tools were collected using wordof-mouth: friends and colleagues who had completed
the tools and passed them on to other possiel participants. Approximately 10
assessment tools were made available through this informal network. Completing the
assessment tools requires some effort and time from the teachers, and the low response

rate was one of the difficulties encountered duringhis project.
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The final sample group comprised 16 teachers. All the members of the sample had at
least one tertiary qualification within the Science field. Eleven of the 16 had a formal
education qualification. Six participants had Honours degrees in a 8oce field, 2 had
Masters degrees and 1 participant had a Doctorate in Physics. 15 of the 16 were
teaching, and the remaining person was involved with educational research. Of the 15
participants in teaching, 14 were in wellresourced private schools and in a state, ex
Model C, school. All had taught Physical Science for between 2 and 45 years. One
participant had not taught Physical Science, but had taught electric circuits as part of the
Technology curriculum. At the time of this study ten of the partipants were teaching
Physical Science, 2 were teaching Information Technology, 3 were teaching
Mathematics and 1 was a fultime educational researcher. A summary of this
demographic information is given below in Table 2No responses were received from
township schools. The tools were made available to these teachers through an informal

network. The reasons for the norreturn are unknown.
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Table 2: A summary of the demographic informa tion of the participants of the

study
Numbers of years Number of
Current teaching teaching Physical years
Code Qualifications Major Subjects . . teaching
subjects Science at Grade .
electric
10 Level L
circuits
101 Life Science, Physics | Physical Science, Life
B.Sc.(H PGCE . ;
Sc.(Hons)PGC and Chemistry Science 9 9
102 | B.Sc., B.Sc. (Heh . . .
PhD Physics and Chemistry | Information Technology 18 18
103 Physical Science,
B.Sc. (Ed) Physics and Chemistry | Mathematics and
Mathematical Literacy 2 2
104 | B.Sc.B.Ed.PGCE _ . . .
M.Phil Biochemistry, Botany | Physical Science 7 4
105 | B.Sc., PGCE, Zoology, Botany, Natural and Physical
B.Sc.Hons) Physics Science 7 7
106 B.Sc Chemistry, Applied Natural and Physical
o Chemistry Science 20 20
107 Physi Math i
0 B.Sc., B.S¢Hons), . yS|cs,. athematics, .
. Biochemistry and Not teaching currently
PGCE, M.Phil. .
Chemistry 7 7
108 Life Science, . .
B.Sc., PGCE Chemistry, Physics Physical Science 10 10
109 Life Science, Physical Science and
B.Sc.PGCE Environmental science | Natural Science 27 27
110 | B.Sc., B.Sc.(Hons), | Physics, Chemistry, Physics Science and
PGCE Mathematics Natural science 10 10
111 Physics, Chemistry, . .
B.ScPGCE Life Science Physical Science 10 10
112 | B.Sc., B.Sc.(Hons), _ . .
PGCE Mathematics, Physics | Mathematics 9-12 4 4
113 Chemistry, Applied Physical Science,
B.Sc., PGCE . . .
Sc., PGC Chemistry, Physics Mathematics 15 15
114 i Inf ion Technol
B.Sc., B.Sc.(Hons) Computt_ar SC|e_nce, nformation Technology,
Information Science Technology 2
115 Mathematics, .
B.Sc.PGCE Geography Maths/maths Lit 11 11
116 Physics and applied . .
B.Sc., B.Sc.(H . Ph h
Sc., B.Sc.(Hons) Mathematics ysics and Chemistry 45 45

In summary this sample population consisted ob teachers that have an undergraduate

science degree and a 1 year postgraduate teaching qualification, 1 teacher has\sedr

education degree, 4 of the teachers have an Honours degree with a 1 year teaching
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gualification, 2 have Masters degrees with a 1 year teaching qualification and 2 of the
teachers have no teaching qualifications, | has a PhD and the other a B.Sc. In terms of
gualification all the participants have some sort of tertiary Science training and should

be able to manage the level of the content covered.

3.4. Assessment Tools

In order to answer the research questionstwo assessment toolswere collated and
designed and drawn up- one to measurethe level of content knowledge(CK) and the
other to measure TSPCKlevels in electric circuits. A key premise is that TSPCK can be
developed only once a teacher has a good grasp of the content. The CK assessment tool
was collated to measure the level of content knowledge in electric circuits, and to
determine the relationship between CK and TSPCK levels. The CK assessment tool was
adapted from tests found in literature. Its focus was to select items that best exposed
potential misconceptions in the understanding of electric circuits. Arief description of

the CK assessmadrtool is provided in Section 3.4.2, and a more detailed description of
the design and validation process is given in Chapter 4. The TSPCK assessment tool was
designed according to the categries outlined by Mavhunga (2012. The complete
design and validdion process is given in Chapters 5 and 6, and an overview of this
assessment tool is given irsection 3.4.3However, before the assessment tools could be
collated or designed there had to be clarity as to what content would be covered in both

assessmentools.

3.4.1. Determining the content coverage

Two sources were used @ determine the contentto be covered for both the CK and

TSPCK assessmembols. The EOOO x AO , T OC BEv@fAdneddd thetfiistndyd 4 EE O
used to represent PCK, as outlined in the Litetare Review in Chapter 2. The reason

this was selected was that the structure of content layout in the CoRe is focused on
conceptual understanding and confronting misconceptions, which is in keeping with the

premise of TSPCK. The second source was the anitoutlined by the CAPS (Curriculum
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and Assessment Policy Statementlzrade 10 physical science documen This is the
document that South African teachers use to guide the content they cover in their
classroom. The content covered is summarised in Table23.below. The information is
organised into the main topics of complete circuits, current, voltage, energy, electric
field and resistance. Where there is parity between the CoRe and the CAPS the content is
summarised in the same row, but where there is cdaant found in only one source it is
placed in a different row. This is to show points of overlap and content unique to each

source.

Table 3: Summary of electric circuit content used in the CK and TSPCK
AOGOAOGOI AT O O1T 11 06h AOAxT AEO0ITAAPS, (CubiCUE® Ardd O
Assessment Policy Statement) for grade 10 physical science

Loughran 6 GoRe CAPS (Curriculum and Assessment
Policy Statement)

Complete Circuit

A closed circuit is needed in order to transform
electrical energy

A circuit must contan a component that transforms
this energy (e.qg. light bulb)

A closed circuit must contain a source of energy (e.g
battery)

Connecting wires must connect to the battery
terminals

Current

The movement of charged particles in one direction | Indicate the direction of the current in circuit
creates curent diagrams (conventional)

Charged particles can be electrons in wires or ions ir
solutions. Charge is measured in Coulombs

Charge is conserved throughout the circuit

The flow of negativelycharged particles has an
equivalent flow of positively-charged particles in the
opposite direction

Current is equal to the net charge passing a point in | Define current, |, as the rate of flow of charge. It i
one second measured in amperes (A), which is the samas
coulombs per second.

Calculate the current flowing using the equation

O

o-| <
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Current is constant through the circuit

Current will flow through the path of least resistance
(short-circuit)

Draw a diagram to show how to correctly connect
an ammeter to measure the current through a
given circuit element

Voltage

The battery always provides the same amount of
potential energy

Know that the voltage measured across the
terminals of a battery when no current is flowing
through the battery is called the emf
(electromotor force)

Know that the voltage measured across the
terminals of a battery when current is flowing
through the battery is called terminal potential
difference (terminal pd (potential difference)).

Know that emf and pd are neasured in volts (V)

Volts is defined as Joules per Coulomb (3)C

Define potential difference in terms of work done
and charge. V = W/Q

Do calculations using V = W/Q

Draw a diagram to show how to correctly connect
a voltmeter to measure the voltageacross a given
circuit element

Energy

Energy is transferred in a circuit

Total energy is conserved

Amount of energy delivered by battery is not the
total transformed; some lost due to heat

Explain why a battery in a circuit eventually goes
flat by referring to the energy transformations
that take place in the battery and the resistors in g
circuit

The rate at which energy is dissipated is equal to th
power

Electric

Field

Battery creates field, along which charged particles
move

4EA 1 AOBROAIOERATIO AE A£FEAO
fields, and the greater the flow of charge (current)

Resistance

Define resistance: explain that resistance is thg
opposition to the flow of electric current
$AEET A OEA OTEO 1 OAQ
volt per ampere.

A
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Give a microscopic description of resistance ir
terms of electrons moving through a conductor
colliding with the particles of which the conductor
(metal) is made and transferring kineticenergy.

State and explain factors that affect the resistanc
of a substance

If there is one resistance in the circuit, then potential
difference across the resistor is equal to that of the
battery

Know that current is constant through each
resistor in series circuit

If a second resistor is placed in a circuit in serieg
then the potential difference across both the
resistors is equal to the potential difference across
the battery

Know that series circuits are called voltage
dividers because the totd potential difference is
equal to the sum of the potential differences
across all the individual components.

Calculate the equivalent (total) resistance of
resistors connected in series using:

Y Y Y Y

The higher the resistarce the higher the potential
difference across the resistor

The relationship between resistance and current is
inversely proportional

Resistance can be defined as V/I (Ohms Law)

Parallel Connections

Parallel connections are those where conductors
divide the current path

Batteries connected in parallel deliver a combined
voltage equal to the voltage of the largest individua
cell

Resistors connected in parallel will divide the
current through them in ratio to their resistance.
(The largest resisor will have the smallest current
flowing through that branch)

Know that a parallel circuit is called a current
divider because the total current in the circuit is
equal to the sum of the branch currents

Resistors connected in parallel decreases the tdta
product  RR,
sum R+R,

resistance of the circuit.

Know that for two resistors connected in parallel,
the total resistance can be calculated using:
P p p P

Y

Y

Y

Y

Calculate the equivalent (total) resistance of
resistors connected in parallel using:
" nNi € Q6 o¥'Y

ioda Y Y

The voltage across a parallel connection and the
voltagesacross the individual resistors in parallel

remain constant

Know that voltage is constant across resistors
connected in parallel
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The reason for selecting both sources as content guidelines is that the CAPS guidelines

are still relatively new, and sectiors not specifically included in the CAPS document, but
included in the CoRe, would still potentially be taught in a grade 10 classrooms. The
iTOO0 OOOEEETI C AgAipPI A T &£ OEEO EO OEA ,Agbl Al
which is not directly mentioned in the CAPS documentOn the other hand, the CoRe

does not include drawing circuits and the use of instruments to measures current and
voltage, which is seen as an important skill at the grade 10 level. The CAPS also places
emphasis on the correct use aferminology, which is regarded as an important area of

£ AOOh AO OEA OOA 1T &£ PEUOGEAO OAOIETTITcCU EI
can readily lead to misconceptionsMuch of the content stated in the CoRis implicit in

the CAPS but it is at directly stated in the CAPS because it is covered in earlier grades

but this does not diminish its importance for example in the CoRe the content

10 CAPS but its found in the Grade 8 and 9 requirements.he use of both theCoRe and

CAPS content statement allows for comprehensive content coverage.

All the items in both the CK and TSPCK assessment tools were selected or designed
within the confines of the abovecontent descriptions. A short description of the CK and
TSPCK assessment tools is given in tlseib-sections 3.4.2 and 3.4.3A more detailed
description of the selection of the items for the CK assessment tool is given in Chapter 4
and the design process the TSPCK assessment tool is given in Chapter/6.broad
overview of the format of the two assessment tools is given in the following sub
sections 3.4.2and 3.4.3.

3.4.2. A brief description of the structure of the final CK assessment tool

The final CK assessent tool consisted of 20 multiple choice itemsachwith 5 possible
options. The correct option was assigned a value of 1, oncearked; the final score is
calculated as a percentagelhe items for the content tool were drawn from validated
tests in the IAOAOOOAR 1T AT AT U OEA O$SAOAOIETET C AT A

~ s oA

Concepts Test (DIRECT) %1 CA1 EAOAO O " AEAET AOh ¢nmtqQ AT/
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4R0086 j0AOI AT QO %OUEIT AUh ¢mpmnQg8 "1 OE OEAOZ
samples, which adds tahe valididity of the content tool. An initial test with 30 items

was piloted and this was reduced to 20 items to make testing more manageable.

In addition to the question, the teachers are asked to rate how confident they felt about
their answer. Four confidence levels are provided for the teacher to select, namely, (i)
blind guess, (i) a bit unsure, (iii) confident and (iv) completely sureThe confidence
ratings were assigned scores of 1 to 4, and the final confidence level calculated as a
percentage The purpose of the confidence rating is to determine the type of content
knowledge a teacher possesses; for example, a teacher selecting the correct answer,
might state that she is had guessed it: she does not necessarily possess the required
content knowledge. Conversely, a teacher might state that she is completely sure of her
answer, but select the incorrect option: this is potentially a sign of a misconception

which could be transferred to her students.

The final CK assessment tool is attached inppendix C and the memorandum in

Appendix D.

3.4.3. A brief description of the final TSPCK assessment tool

The final TSPCK assessment tool was developed after a rigorous process ofglating,
piloting and finally adaption which is described in detail in Chapte5. What follows here
is a brief outline of the structure of the final TSPCK assessment tool. The completed

assessment tool is attached in Appendix A.

The second assessment tool designed was the TSPCK instrument. The format is drawn

from the work done by Mavhunga and Rollnick2013), using the following categories

0] learner prior knowledge and misconceptions
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(i) curiculum saliency

Qu

i) OxEAO EO AEAZZEAOI O O OAAAE
(iv)  representations and analogies and

(v)  conceptual teaching strategies.

Category Az Student prior k nowledge and misconceptions.

Two multiple-choice items with 3 possible responses are presented which a teacher
could give to correct an incorrect answer by a student. A final option of writing her own
response is added in case the teacher is not satisfiedth any of the options provided.
All the options are basically correct, and the teacher is asked to give reasons for her

selection. The reason is the answer that is categorised.

Category Bz Curricular Saliency

There are 3 items in this category, which & semtopen. The first item contains a list of

14 topic statementsrelating to electric circuits that include main and subordinate ideas.
The teacher is asked to select the main ideas and the sequence she would teach them,
explaining her rationale. The seand item is drawing a concept map, and the final item is
open-ended, where the teacher is asked why it is important to teach electric circuits at

all.

Category Cz What is difficult to teach

There are 2 items in this category. The first item contains a lbée of relatively difficult
concepts and the teacher is asked to select 3 that are particularly difficult to convey to
students and to give reasons for her selection. The option is also given for the teacher to
mention his/her own concepts not included inthe table. In the second item the teacher
is asked to identify terminology of electric circuits considered to be problematic for

studentsz again, giving reasons.

Category Dz Representations and analogies
There is 1 semiopen item in this category. Threerepresentations of current flow in
parallel circuits are given and the teacher is asked why she like or dislikes each, and

how she would use the one she considers the best in her practice.
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Category Ez Conceptual teaching strategies.

There are 3 operended items in this category, using authentic verbatim student
answers to a class exercise, as the reference point for the TSPCK questions. The teacher
is asked to identify which concepts the student has in place, what concepts are missing,

and which strategiesshe would employ to rectify the gaps.

The responses werecollected and analysed using categorglescriptions. This step
entailed effectively, accurately and consistently categorising the responses in terms of

TSPCK. To this end great cated to be takenin the design of the assessment rubric.

3.4.4. Rubric used to analyse responses

The aim of this project is to design an assessment tool that is a valid assessment of
TSPCK so it follows that the criteria used rank the TSPGEsponses werea critical
component d the design process. The rubric needs to clearly discriminate between

different levels of response from teachers. It is in the designing of the descriptors for the

OOAOEA OEAO OEA AEAITATCA T &£ AAEETEI C AT A A

andxEAO EO OAAA8 430#+h EO Al 1T £011 OAA8 4EA
criteria, namely; Gmited § @evelopingd Gasicdand @xemplaryd Criteria were written for

each of the 5 TSPCK categorieghe final assessment rubric is attached in Appendi.

The development of the assessment rubric formed part of the qualitative analysis. While
rubrics to assess teachers TSPCK in other science topics exist for example in chemical
equilibrium and electrochemistry, it was not expected that these could be ad without
adaption. The underlying premise of TSPCK is that there is a unique set of strategies and
thinking within a specific topic hence the criteria also have some level topic specificity

within a generalised structure. The discussion to reach a cleaescription of criteria is

first involves qualitatively analysing the type of responses and debating and articulating

xEU TTA OAOPTT OA EO OAAOOAOE OEAT A1 1 OEAOS

the research but the process of understanding andrticulating the type and level of
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reasoning is also an important outcome of the study. The care taken with the design of
the assessment rubric is an important component of establishing validity and reliability
of the TSPCK assessment todlhe goal is tohave 100% agreement between different
assessors using the same rubric. In this study an agreement rating of 83% was achieved
which is good level ofagreement anddid indicate an acceptable level of reliability with

the scoring of the responses.

3.5. Analysis and validation of assessment tools

The purpose of the research is to design and validate assessment tools that measure CK
and TSPCK; hence discussion of validity speaks to the heart of the project. In broad
terms validity can be seen as the extenttowhie A [ AAOOOAI AT Oh T O
what it was intended to measure. In this studyhe terms validity and reliability are used

to determine the quality of assessment tools dagned. The designed toolsvill be useful

only if they measure what they are inénded to measure andf the data obtained from
them is meaningful (Creswell, 2012). Reliability is closelyelated to validity and refers

to the extent that consistency of resultss obtained z would similar results be obtained

with another, comparablesample population (Neuman, 2000)?

Ensuring validity and reliability is an ongoing process during the construction of the

assessment tools and in the final analysis of the collected data.

3.5.1. Validity during the construction of the Content and TSPCK Tools

The assessment toolthat is the subject of this workis a new tool to measure topie
specific pedagogical content knowledge of electric circuitsand its suitability for use
beyond this study depends on its being deemedalid and reliable. The process of
generating scores for the tools was very important, as this numerical data was used to

determine statistical validity.
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A narrower focus- the principle of construct validity - was used as the basis to argue for

the validity of these tools. Construct validity regires that there be an interpretation of

the conceptual framework being measured, together with empirical evidence that the

OOAT OA8 AT AO I AAOOOA OEA ET OAT AAA AT 1 OOOOAODS
The overall evaluative judgement of théegree to which empirical evidence and
theoretical rationales support the adequacy and appropriateness of interpretations
and actions on the basis of test scores or other modes of assesqMessick,

1995).

The two key components to this definition are(i) the theoretical or interpretive

argument and (ii) the empirical evidence for validity.

Validity and, in particular, construct validity was ensured by detailed condtation with
the reference team- which comprised a physics specialist, an assessmespecialist, an
educational researcher and practising teachers during the construction of both the
pilot and final tools. The process of piloting the tools increased the validity because
feedback from the participants could be gathered with regard to phiging or items that
were ambiguous. This feedback helps eliminate extraneous factors that draw the
attention away from the construct being tested. The use of the model oMavhunga &
Rollnick, (2012), that had been tested and validated with other topics, @ovu, 2014)

was the starting point of validity.

3.5.2. Quantitative validation

For the quantitative aspect of this project the raw scores of both the Content and TSPCK

tools were subjected to a statistical analysis using the Rasch mogdeising Winsteps

software, version 3.81.0 The Rasch software converts the raw data into &éar scale.

AEEO OAAIT A EO OAOI AA OEA O11 O0i Al EUAASG 2AO0AlI
DAOOT 160 AAEI EOU AA ABo/AEH0X; 20G1) ThE €Asbn RAIEENEAE A O
analysis was selected is that it measures the extent to which each single construct is

being measued. In the case of this studyt is important to know whether the construct
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of content knowledge in the CK assessment tool, anlet level of TSPCK in the secons

what is actually being measured.

Based onltem Response Theory, the Rasch statistical model has several strengths that

make it appropriate for this study. The first is thatit takes raw data and places it in a

linear scale, which makes ranking of respaes possiblgBoone & Scantlebury,

2006). This information is particular useful for this project as the relative strength or

xAAET AOO T £ OAAAEAO OAODPI 1T OAO OI AEAEmMBOAT O A
second is thatjn contrast to other statistical models which measure average numerical

data and which background the range of responses, Raddtuseson the item and

person score, thus measuring the validity and reliability of a single parametetAs this

study needs to establish whether the asssment tool is able to measure the single

construct of TSPCK, the focus on a single parameter is appropriatenother, benefit of

OEA 2A0AE 11T AAl EO OEAO EO AAT AA OOGAA 11 OC
EOO A&OT AAT AT O AAziz 1)) GHich © Eaiuhbi@ dor a study that wiked

with responses from only 16participants.

The Rasch software generates a data matrix based on item difficulty and person ability.

The higher the level of validity of the datathe more coherently these tw constructs

work together. In other words, more difficult items have fewer correct answers and

easier items have the most correct answers an®@ DA OOT 1 08 CAdiffcElil ¢ OEA
items correct are also getting the easier items correct. In order to measurthis

coherence, two indices of fit, namelylnfit and Outfit, are calculated Linacre (2012)

s o~ N s A s A s oA s LA s~

predicted score, statstiA AT 1 U AAT AOI AOAAh A A Ohkkfit indicesODEA DA
AOA A T AAOOOA 1T &£ OEA AEOAOAPAT AEAO AAOxAAI
observed performance. TheOutfit index reflects items that are quite distant from a

DAOOI 160 AAEI EOU 1 AOGAT AT A OEAOARBRanA006,1 O A gt

p. 34). Arange between2 and +2 is seen as an empirical argument for validitfBond &
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Fox, 2001) The statistical data for the CK assessment tool is presented in Chapter 4 and
the data for TSPCK is presented in Chapter 5

An additional quantitative analysis wasapplied to determine the statistical correlation
between the CK and TSPCK assessment tool resufsr this | usedregression analysis
and Pearson momenproduct correlation. This step was undertaken to answer the
research questionof determining the relationship between CK and TSPCK, and to test

the assumption that good content knowledge is a prerequisite for TSPCK.

The quantitative processes were not used in isolation, but in conjunction with

qualitative methodologies.

3.5.3. Qualitativ e analysis

Besides the quantitative analysis, the responses to the TSPCK assessment tool were
analysedqualitatively, more in line with the interpretivist research tradition. Using this
methodology entails looking for meaning in the responses andelating it to the
construct being tested (Neuman, 2000) This type of analysis occurred at two points in
this project, firstly in the design of the TSPCK rubric, and then in the final analysis and

explanation of findings.

The responses were scrutinised for evidece of reasoning with regards to teaching
practise. This analysis of the responses occurred concurrently with the design of the
rubric. While developing the criteria for the rubric the responses and evidence of
different types of reasoning were sought. Th&OLO taxonomy was a useful tool to help
discriminate between different orders of reasoning.SOLO taxonomy uses the number
and type of connections between ideas as an indicator of reasoni(Biggs, 1982) The
nature of the topic of electric circuits allowedfor multiple links between ideas. h this

gualitative analysis the primary question was to determine ift is possible to see teacher
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TSPCK in their written responses. Examples of how this was observed and recorded are

given in Chapter 6.

An additional qualitative analysis was to look for evidence in both the CK and TSPCK
assessment for the type of knowledge transformation a teacher requires for
demonstrating TSPCK in electric circuits. The results of the CK assessment tool were
compared with the TSPCKres to see ifrelationships existed between these two data
sets.For example, where evidence from the CK assessment tool indicated that a teacher
was working with the misconception herself, the TSPCK assessment tool responses
were analysed for possible eidence of the impact in her teaching. Evidence for the
converse was also sought in order to answer the question of how the responses in the
TSPCK assessment tool differ between a teacher with good contémiowledge and one
without. Examples of thisanalyss are given in Chapter 6in response to the final

research question.

3.6. Ethical issues

The participants who completed the two tools were invited to participate, and gave
their informed consent. Before | was able to proceed | had to comply with the ethical
sOAT AAOAO 1T £ OEA 571 EOAOOEOUG O ( Gredidal). MOEEAO
Ethics Clearancéetter is attached in Appendix GAnonymity of the participants was
maintained throughout, with each participant being assigned a numerical code and their
signed consent forms and biographical information kept separate from the completed
CK and TSPCK assessment tool$ie information letter and the participant declaration
letters are attached in Appendix B. The participants were not harmed by their
participation in the study. To thank the respondents for their participation, | sent them
the memorandum for the CK assessment tool, the 10 questions taken out of the pilot and
a summary of the common misconceptions in electric circuits. The CK assessment tool is
potentially a useful teaching tool because the questions are conceptual in nature, and

are designed to uncover misconceptions. This resource was made available to the
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teachers involved to use in their practice if they wished. (This resource is included in

Appendix F)

The main beneficiary of this study wasmyself, as the entire studyhas been an enormous
learning experience, and will hopefully result in a Masters qualification. Engaging with
this topic has allowed me to critically reflect on my own teaching mctice and to
become more aware of the decisions | make in the classroom. A secondary beneficiary is
the School of Education at the University of the Witwatersrand, which will be able to use
the generated tools in their teacher preparation programmes. Theroject will also be
made available to the wider science and education community through thelérary

system, and could potentially benefit this large community.

3.7. Conclusion

An outline of the methodological approaches employed to generate CK and TSPCK
assessment tools has been presented, together with the precautions taken to ensure
validity throughout the process. Determining validity is central to answering the
research questions presented in the first chapter. The following three chapters describe

the design and validation processes for both assessment tools in detail.
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Chapter 4 - The process of developing and the validation of the

Content Knowledge (CK) assessment tool

In this chapter | outline the process of developing the Content Knowld@€) assessment
tool for piloting, the adaptations after piloting and the development of the final CK
assessment tool. A summary of the scores from the CK assessment tool is given. The

second part of the chapter is devedd to measuring the validity afhe CK assessment tool.

4.1. Introduction

Two assessment tools were designed and validated for this project, the Content
Knowledge (CK) and the TSPCK assessment tools. This chapter focuses on the design
and validation of the first, and the nextwo chapters on the development and validation

of the second. The two assessment tools are equally important, and were subjected to
similar design and validation procedures. A key principle of TSPCK is that teachers
cannot demonstrate good TSPCK without strong priocontent knowledge. My third
research question concerns the relationship between content knowledge and TSPCK, so
it was necessary to design two tools covering the same content, but with different
emphasis. In the case of the CK tool the focus was on deteming the level of conceptual
knowledge of the teacher regarding electric circuits; the TSPCK assessment tool was
designed to collect evidence of how a teacher appropriates this knowledge to make it
accessible to students. The two types of knowledge are eértelated and equally

significant.

In the Mavhunga and Rollnick project the development process for items followed the
OOAOQCEITAI 1 AOGET A8 1 001 ETAA AU /1 O0AOOAT A O
data and the judgments of experts as particularly iortant. In this project | followed a

similar process. The chronological process followed is summarised inéhflow diagram

below (Figure 9):

30AD pq OEA OAI AAGEITT 1T & AT
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Step 2: the selection of assessnt items from literature, Engelhardt & BeichneDIRECT
test and Pesman & Eryilmaz Thredier Test,

Step 3: piloting the selected items;

Step 4: reducing items from 30 to 20

Step 5: distribution of the assessment tool to a large sample of science teachehis
process was repeated twice

Step 6 the scoring of both the assessment tool

Step 7 validation, using quantitative and qualitative methods

Step 3

3. CK assessment
tool given to
pilot group.

Step 4 [€

Step 5

5. CK assessment toolcompleted

CK toolgiven to a large number of potential
participants in both paper and electronic formats.

1 Request procesdor participation repeated twice

/

Figure 9: A flow diagram outlining the process of development and analysis of
items for the CKassessment tool
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4.2. Developing the CK assessment tool

4.2.1. Step 1: Selecting the content to be covered in the CK assessment tool

Before the CK assessment tool could be designed the content to be covered needed to be
defined. Two sources were usedof this, namely the Grade 10 CAPS document and

, I OCEOAT & detailed ligt Sfsthe lcontent topics covered is given isummary of

this content is given in subsection 3.4.1 The topic descriptors from both documents
were classified under wider themes ad then a key idea or principle from each topic
was selected as a focusA summary of the major content areas coveredh the CK
assessment tool and a description of the key idea within each content area is given in
Table 4 below

Table 4: A summary of the content selected for the CK assessment tool

Content area Key Ideals
Complete Circuit A closed circuit is required for energy transformation to
occur.
Current Current is the rate flow of charge and is conservec

throughout a circuit.

Voltage This is a measre of energy transfer per Coulomb of charge
When no current is flowing through a circuit there is a
measurable voltage across the terminals, callesinf.

Electric Field The battery generates an electric field along which charge
are able to move. The lager the field the larger the current.

Resistance Resistance is the opposition to charge. A resistor is the site
energy transfer and transformation. The addition of a
resistor affects the current throughout the circuit.

Parallel Connections Resistors onnected in parallel have the effect of dropping
the overall resistance of the circuit. At the point of the
parallel resistor connection current is divided in proportion
to each resistor. Voltage is constant across resisto
connected in parallel
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In the selection of the content there was a focus on extracting the key conceptual ideas
that are critical for understanding electric circuits. There was a conscience decision to
move away from algorithmic descriptions to more conceptual phrasingrhe key ideas
wAOA A1 O0I OAIT AAOAA AAOAA 11 OEA OAEAOAT AA
difficult to understand. Concepts were also selected if they were essential for

understanding for the material covered subsequent grades.

4.2.2. Step 2: Selection of items for CK assessment tool

As part of the initial phase of developmentthe science literature was reviewed for pre
existing diagnostic tess that potentially could be used or adapted for the CK assessment
tool. Three existing testswere found in the literature and were evaluated for suitability

for use in the CK assessment tool. These tests were the (i) Engelhardt & Beichner,
(2004): Determining and Interpreting Resistive Electric Circuit Test (DIRECT) (ii)
Pesman & Eryilmaz, (2010): ThreeTier Test, and (i) thA O # A PAAE BS¢ier® for

Teaching and Learning Electridd U8 | #! 34, %Qh 7AET xOECEO jc¢mmt

Pesman and Eryilmaz (2010) produced a test to measure competence in electric
circuits, validating it with 124 grade 9 students. Engelhardt (2004) completed an
extensive study with 1135 high school students and 681 firstyear university students
evaluating their reasoning with regard to electric circuits, and developed the
Determining and Interpreting Resistive Electric Circuit Test DIRECT test. Wainwright
(20040 AAOAT T PAA -OEAADOZBLOAAEOEDO 4AAAEET C
(CASTLE), as diagnostic test for electric circuits as part a program designed for high

school students wishing to enter engineering courses.

All three of the measuring toolswere designed with the purpose of uncovering common
misconceptions regarding electricity circuits. They were designed for use by students,
and represent a minimum level of content knowledge. All of them draw on prevalent

misconceptions, so the questions esigned were those that students were most likely to
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get wrong. This specificity of design means that they are relatively short, yet yield

specific information about misconceptions and the level of conceptual knowledge.

In order to select which one of theabove tests or parts within them, best suited my

purpose;the three testswere compared based on:

) the number and type of misconceptions, as discussed tihe literature review
Chapter 2, subsection 2.6.1

(i) their alignment with the both South African CRSAT AOT AT & AT A , 1 OC
#1 2Ah ET DAOOEAOI AO OAEAOOET ¢ O OEA 0"
(i) their readability and ease of use and

(iv)  the level of validity established in literature.

The CASTLE test consists of 15 multiplehoice questions with a 5level confidence
scale. he purpose of the study was to identify misconceptions and the required
strategies to remediate them. The DIRECT test consists of 29 multigthoice items and
includes a third part to each question asking the participant to give their level of
confidence.The Threetier test consists of 12 items of 3 parts each. The first part deals
with content (multiple-choice), the second with reasons for selectios (also multiple-
choice,also providing for the participants to give their own reason)and the third part

was a description of the confidence about the answer given

There is a broad consensus of content required for a basic understanding of electric
circuits, so all three these tests covered similar content. The content in all three the tests
covered topicsi AEOEAO ,1 OCEOAT 80 #12A 1T O OEA #1023
not being a good discriminator between the tests, the number and type of
misconceptions each test addressed becamenportant selection criteria.  Table 5

below shows a comparison of théhree tools against the misconceptions, outlined in the

literature review.
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Table 5: Table showing the comparison of the 3 selected tests against

misconceptions with in electric circuits.

Misconceptions in electric circuits summary description

CASTLE)

(DIRECT)

OAOOAT OA OE-iCurrerit i usddiud

OPT xAO O0O0BPBPI U AO Al 1 -BatkieOdelifed & fixédl
amount of current regardless of cell components

<| <| Pesman etal
(Three -Tier)

<| <| Wainwright

<| < Engelhardt et al

OOEIT E I A 9indlé donnection between the battery and componer]
is required

components

OOANOGAT OE Adchahge ik A tirduit affects only those component
after the change.

OA1l AOEET G Clriler Admdthe positive and negative terminals
meet at the circuit component

OAT PEOEAAIT  © OheXurther avdyladulb is away from the
battery the dimmer it will be

analysing a circuit
OPAOAI 1 Al AE OA OE-QncréageOoh tesistols BirD gatallel
increases the overall resistance

Ol T AAl  OA @it ndE Vieéd as a system. Any change affeg
only the component keing changed, and not the whole circuit

than being recycled

OET OAOAEAT CA A ARIdtagd BurrénEpoieA ddrges energy
used as one property

TOTAL

11

All three tests cover the main misconceptions, with the Thred@ier Test and DIRECT

covering the misconceptions more fully. In additia to helping the selection process of

items for the CK assessment tool, the comparison also revealed which misconceptions

were included in all three tests, and these misconceptions were then regarded as more

important or more prevalent. This information guded the selection of the items for the
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CK assessment toglas well as forthe design of the TSPCK tool discussed in the next

chapter. The misconcptions included in all threetests are
i) &OOAT OAOQEI-Curréntidiuddd dp
@i &1 AAT OAAGDduit et vig\lied as a system. Any change affects only

the component being changed and not the whole circuit

~ 2 x ~N o~ oA

i) ®AOAIT 1 Al AE OA OE-Oncredsdnhresistardid gatliellinéréases
the overall resistance
vy OOANOAT OE A chargdiA & 6ircuit affets only those components

after the change

The main purpose of the comparison, however, was to determine which items or test
was best suited for the pilot CK assessment tool. Th&ainwright CASTLE tool was
excluded early in the selection process becausmformation about the number of
students who wrote the testand their performance was not included in the literature,
xEEAE 1 EIi EOO EOO OAI EAEOU8 (1 xAOAOh 7AET xOE
misconceptions and the use of confidence ratingvere useful in analysing my CK
assessment tool. The remaining two tools had similar misconception coverage, but the
language and structure ofthe DIRECT assessment tool was considered to be much
simpler, more accessible and less time consuming than the Thrder Test. The
inclusion of the correct use of terminology in the DIRECT assessment was also a
favourable point. The DIRECT assessment tool was validated with a larger sample than

the Three-Tier Test.

Considering all these factors the 29 items from the RECT assessment tool were used
verbatim for the pilot CK assessment tool. A questioon parallel circuits from the
Three-Tier Test was also includedslightly altered, because it was conceptually

challenging. Figure 4.2. shows the original itemfrom the Peh | AT O %OUEIT | AU j

Three-Tier Test and how it was adapted for the pilot CK assessment tool.
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Original i

OO0

W
B
)
>

BATTERY-

H

Figure 2

2.1. The current at the main branch is 1.2A.What is the magnitudes of cutréhtamnd &?

a) 0.6/0.3/0.3 b) 0.4/0.4/0.4 —
2.2. Which one of theoflowings is the reason of your answer to the previous question? =
@
a) After the current is divided evenly on the _g'
second junction. | ©
b) Because the identical bulbs are in parallel, currents with the same magpaissdéarough the bu|bs. B
o) S g
LLl

2.3.Are you sure about your answers given to the previougiestions? a)Sure .b) Not sure

Changes made for the CK assessment tool

20. The current in the main branch is 1.2 A. What are the magnitudes of currents iy, i2, and is?

iy
A. 0.6/0.3/0.3
B. 0.4/0.4/0.4

o

i=12A

S 1

Figure 10: Extract showing the original item in the Three -Tier Test (Pesman et al)
tool and the changes made for the CK assessment tool.

4.2.3. Step 3:Evaluation and piloting of items for the content tool

The pilot draft CK assessment tool was piloted witla reference team consisting of a
Physics specialist and 2 senior science teachers. In discussion with the referfence team,
early on in the derelopment process, it was felt that the CK assessment tools were too
long, and it was decided to reduce the numbesf items in the final CK assessmentaol

from 30 to 20.

64



Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

4.2.4. Step 4: Selection of items for final CK assessment tool

The initial process of selecting the items for the pilot CK assessment tool was based
primarily on misconceptions addressed, but the decisionsn which items to eliminate

were based on the content coverageThe selected content was draw froil , T OGE OAT &

CoRe(2006) x EOE DAOOEAOI AO OA FROA thA BaAPDdocunieBtA O E

outlined in Chapter 3 The criteria for selectionin were:

) items that covered multiple topics were given preference
(i) items that were the only question that related to a particular content section

(i)  items were eliminated if there were other questions that covered the content

areas

(iv) items that required knowledge of the internal construction of a light bulb

were excluded

(V) items were eliminated where there was the potential for confusing due to

phrasing or diagrams

Table 6 below shows the seletion of items, with the content used for selection, the
number of questions that coered that topic and the items as they are numbered in the
Content Tool Table 6 outlines the content covered and which questions address that
topic. An additional column of the misconceptions that each question addresses was
included; this was done to ensre that a misconception was not excluded
unintentionally by the reduction process. The questions excluded and the reasons for

elimination are also included in Table 6
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Table 6: Showing the content summary covered by the pilot CK assessment tool
and the items retained for the final tool, together with reasons for exclusion, and
the related misconception of each of the retained questions.

Broad Topic Name

X
o
o (2]}
—_ — T t)' == O = i
35| 0| 2| ol 2| 5 2| ¢ 8 Reason/s for Eh Mi Potentlatl_
ES o 2 S ol S82 exclusion €z 'sconcep on
Sg|l 2| E| =] 8 20| o c o covered
22l Q| 5/ 5| 5| & @ 5 =
s 20| > glY elz|5o 5 5
2 2 £ m x z| o a9
¢ 8 s 3 g
38 © o zZ 3
1 V |V V Y 1 Attenuation model
2 vV |V Y 2 Local Reasoning
3 vV |V Y 3 Local Reasoning and &ttery
origin
4 V [V |Y 5 Parallel circuit
misconceptions and short
circuit
5 vV |V |Y 4 Parallel circuit
misconceptions
6 V Vv Y 6 Local reasoning and
sequential model
7 vV |V \% N | Repetitive: content
covered by other
guestions
8 \% Y 7 Attenuation
9 \% N | Requires knowledge of
internal structure of a
light bulb
10 \% vV |V |V |Y 8 Short circuit
11 V Y 9 Battery origin
12 V V |Y 10 Parallel circuit
misconceptions and
interchangeability of terms
13 |V V |Y 12 Parallel circuit
misconceptions
14 |V V |V |Y 11 Local reasoning and Parallel
circuit misconceptions
15 Vv \% Y 13 Local reasoning and Parallel
circuit misconceptions
16 V [V [V |Y 14 Parallel circuit
misconceptions
17 vV |V |Y 15 Seqiential model
18 |V N | Too narrow content
focus, diagram confusing
19 \% N | Too narrow content
focus, content covered by
other questions
20 \% N | Too narrow content
focus.
21 V V Y 16 Sequential model and local

66




Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

< Broad Topic Name
g |z £l s
(@]
c o =) (ORI c 5 — P i
= = > otential
55 0|2 9 £l x el b Reason/s for = 8 . :
23 | 2 o c| €| > ) ckF Misconception
E2 o 2/ 8 o 5| BlS exclusion = g
25l o 5|5l | 51°] 3 £ covered
sl 210> o|Y gz|g 3 5
o 9| O L = [} e Q
33 O Tl wn =
O s o Z
reasoning
22 |V N | Similar to question 13
23 |V Y 17 Inter-changeability of terms
24 V V Y 18 Inter-changeability of terms
and battery origin
25 \% vV |V N | Content covered by other
guestions
26 vV |V N | Content covered by other
guestions
27 |V N | Content covered by other
questions
28 |V \ Y 19 Battery origin
29 V | N | Too narrow content
focus, content covered by
other questions
30 V [V |Y 20 Parallel circuit
misconceptions
Tot (|5 |3 |5 |2 |5 [13]9 20
al

From this table it can be seen that the content was well covered, together with areas
where there could be misconceptions. The topic of resistance might seem to be unduly
repeated, but this is because resistance is often asked in conjunction with other topics

such as curreat and voltage, so there is considerable overlap.

The final content tool consists of 20 multiplechoice items. In addition, a 4evel
confidence rating scale was includedThe 4 levels of the confidence scale are ®lind
COAO@bitunsured3-OAT T ABIMADOAB 1 D1 ADA T VE OODIAT FEAAT AA
another possible level of analysis. An incorrect answer with a high confidence level
indicates that the teacher is operating with a misconception herself. Once observed, it is

possible to seethe impact this has on her answers in the TSPCK assessment tool,
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relating to that particular misconception. An example oftte final CK assessment tool is

attached, together with the memorandumin Appendix C and D

As an informal check of the accessibiyi and time requirements of the tool | gave it to
my Grade 10 students as a class test. The majority finished the test in 40 minutes, which
| took as a good indication of the manageability of the tool for experienced science

teachers.

4.2.5. Step 5: Distributio n of CK assessment tool

At this point the Content Tool was finalised and ready to be out sent out to tleample
group. The CK assessment tool was sent out together with the TSPCK assessment tool.
Both tools were made available to mycolleagues, members ofhe research group, the
IEB online discussion forum, two district science clusters and informally to friends and
via word-of-mouth. The procedure for making the CK assessment tool available is given
in Chapter 3 subsection 3.3. The response level for bdt assessment tools was low and

this limitation will be discussed in Chapter 7.

Steps6 and 7 of scoring and validation of the CK assessment tool are discussed in the

next sub-sections.

4.3. Scoring and validation of the CK assessment tool

The scoring and vabation of the CK assessment tool were critical steps is answering

the research questions.

4.3.3. Step 6: Scoring the CK assessment tool

The CK assessment tool was scored with a memorandum, and a percentage score
calculated. A confidence percentage was also calated. The results & the scoring are
given in Table 7 below. The confidence level is also given as a numerical value. Some of

the respondents did not complete the confidence level rating, so it was only possible to
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score whether their answers were corret or incorrect. The final scores and confidence
are presented in Table 7. The potential sites of misconceptions and content gaps are
also included this table. A misconception was recorded when a teacher responded they
felt confident about their answer butthey got that question incorrect. A knowledge gap
was recorded when the teacher recorded a low confidence level and got the question
incorrect. There is a difference between a misconception and a knowledge gap, in this
case. The teacher who holds the misoception believes they are working with a correct
understanding, when they have an incomplete or incorrect conceptual understanding. A
teacher with a knowledge gap recognises that they are missing content and

understanding.

The following colour codes are used:

RBEl the participant has an incorrect answer, but is confident about the answer. This

misconception could affect how he/she answers the TSPCK assessment tool.

B the answer is incorrect and the confidence level is low. This was taken as a ladk o
content knowledge. This also could affect how the teacher answers the TSPCK

assessment tool.

PR A teacher might answer correctly, but with a low confidence level. This also
indicates a lack of knowledge or uncertainty about the content and the correanswer

might be due to a guess. These questions have been highlighted in pink.

White: The answer is correct and the teacher has a high level of confidence or where no

confidence level was given by the respondent.
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Table 7: Showing scoring results of CK assessment tool and confidence rating

Key

! Site of potential misconception

Site of lack of content knowledge

Possible site of lack content knowledge; correct answer due to a guess

Correct answer and high confidence level

CR

Confidence Rating:
1z Blind guess 2z Abitunsure 3 z Confident 4 z Completely sure

V = correct answer

X = incorrect answer

s O 3%
Sy ici SE|BEEE
g8 Participant Number 553 ® £g°
33 # £ 2 =
5|5 Slglg|glg|g|3 |2 |5]/2|23|2|3
1 |v |v v [V [v [v [V |[v v [V |V Y 4 2
CR |4 |4 4 [3 |3 [3 [3 [3 [3 |4 2
v [v [v [v v [v v [V Vv Vv v [ |V 3 3
3 [4 |3 [3 |4 [3 [4 [4 |4 2
3 |vI[v [ v v I v i|v ] v v v [v v v v |v [. |v 1 0
CR |4 [4 [3 [4 |3 [3 [4 |3 [4 [4 |4 3 |2
4 v v [v v ] Vv v ]|v ]|V v |V |V |v ]|V v ]|V |V 0 0
CR |4 [4 [3 [4 |4 [3 [4 |3 |4 [4 |4 4 |3
5 |V [V [V vV [V [V [V |V vV [V - v 4 4
CR [4 [4 |3 - 4 [3 |4 |4 . 3 .
6 Vv [V [V |V [V Vv Vv [V Vv ]|v Vv I v |: [V ]V 2 0
CR.4 3 [4 [4 [3 |4 [4 [4 [4 |4 4 |2
7 (v v i v v v i|v ] v v v [v v v | v ]|v |[v |V 0 0
CR |4 [4 [3 [4 |4 [3 [4 |3 [4 [4 |4 3 |2
8 |V [V [V v [v |V vV [V [V [v [V [V [ [V |V 2 1
CR |4 [3 |2 [3 [2 [3 .3 4 [4 |4 2 |2
\% vV |V \" : \" \ : vV |V |V : \% \' 5 2
2 [3 |3 [3 [2 [3 [3 [2 |3 3 |2
vV [V V [V [V [V |V [V |V |V vV [V 4 4
3 |3 .3 4 [3 |4 [4 |4 4
Vv [V Vv [v [V [Vv v ]V |V ]|V |V vV [V 1 1
3 [4 |4 [3 |4 [4 [4 |4 |2 3
v [V [v [v Vv v v Vv v ]Vv Vv |v |V |V 0 0
3 [4 [3 [3 |4 [3 [4 |4 |3 3 |3
Y V [V [V [V |V [V v |V v [T Vv ]V 2 1
3 3 [3 [4 [3 |4 [4 |4 3 |2
vV [v [v [V v [Vv |v |V |V v 5 3
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The table shows tha, in general, the participants performed well, withan overall

average of 80% and only twarticipants achieving below ®%. The high scores are in
xEOE OEA OAIiBI A cCcOl OPOB

for students, it would be expected that experienced teachers would answer it with ease.
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The scores from the CK tools were evaluated on two levels, firstily terms of the most
problematic topics and secondly in terms of sites of possible misconceptions. The topics
that were most difficult are summarised and ranked in the Table &elow. These topics

were determined by looking at the number of incorrect responses.

Table 8: A summary of the most problematic topics in the CK assessment tool

uestion ) . i
Sumber in CK Topics covered by a problematic items Number of incorrect
assessment tool reSponses

19 Voltage: The emt of the battery is measured if 8
there is no current in the external circuit

20 Parallel Connections: Current divides evenly in 6
a parallel connection if the resistos have the
same resistanceregardless of construction

14 Parallel Connection s: In a circuit when one 5
additional resistor is added in parallel the current
in the parallel branches remains the same

17 Resistance: Resistance is a property of the 5
material of the resistor

9 Current: Charge is conservedand part of the 5
conducting material.

This data reveals that the two most difficult topics were those that related to voltage
and parallel connections with resistance also providing some problems These
guestions did not test these concepts directly but required some additional
understanding with regard to circuits. As an exampleQuestion 19is shown below in
Figure 11 below.

1 Emf is an abbreviation for electromotor force and is defined as the potential difference across a battery
without an external circuit.
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19. What is the potential difference between points A and B?

All 8 incorrect
responses selected A A
B. 3V _@

C. 6V

rel —
Correct l

i
'
12V

Figure 11: Diagram showing Question 19 f rom the CK assessment tool

Question 19tests the measurement of emf across a battery but would require the
respondent to know thatwith an open switcha voltage reading would be possible even
with a resistor in place. In order to answer this question corretly the respondent would
have to a conceptual understanding of emf, resistors and be able to see that Wodtage
could still be measured between points A and Bf the construction was not identified
the option selected was OVThe significance of this tem is that it shows that when
circuits are drawn in slightly unconventional ways and the respondent doesot have
conceptual understanding they will not beable to answer correctly despite being able,
in all likelihood, to define emfcorrectly. Thisis anexample of thedepth and subtlety of

content knowledge requiredin the electric circuits by teachers.

Question 20 was the next worse performing item, with 6 incorrect answers. It tests to

see if the respondent understands that the connecting wires in aapallel connection

have no resistance, and that the way a parallel connection is constructed does not
influence the current through the branches.Question 17 (5 incorrect responses) tested
understanding that resistance is a property bthe material of theresistor and Question

9 (5 incorrect responses)tests whether the respondent understands that charge is

conserved This misconception of charge being conserveds described inOAOOAT OAOET |
i T A Abtld tAese topics of conservation of charge and propenes of resistors,require

conceptual understanding and are regarded as areas where potential misconceptions

could exist.
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The confidence rating allowed for another layer of analysisWhere a respondent
selected the incorrect option but stated that they wereonfident that their answer was
correct this was taken as a potential site of a misconception. This type of knowledge
structure was seen to be different to when an incorrect answer was selected with a low
confidence. In this situation the teacher show a level of awareness that they are
missing contentand could take steps to rectify this. When a teacher feels that they have
a good grasp of content when they do not or where they are unwilling to acknowledge
that they lack confidence in a content areahis has the potential to impact how they
convey these concepts to their studentswhile the confidence ratings show different
types of conceptual gaps within the respondents both types have the potential to impact
the knowledge transfer to students. A summaty of the number and topics where these
potential misconceptions exist is summarised infable 9 below. Three participants did
not fill in their confidence levels, rendering the data with regard to the misconception

incomplete, but the data that was availald still shows the trends of problematic topics.

Table 9: Summary of the number of misconceptions identified in the CK
assessment tool

Number of
Question . . incorrect Number of incorrect
n;;gzzrs::e?f TO.pIC Where, potentlal responses with a | responses with a low
tool misconception exists high confidence confidence rating
rating
19 Voltage: The emf of the battery is
measured if there is no current in the 6 1
external circuit
20 Parallel Connections: Current
divides evenly in a parallel
connection if the resistors have the 6 0
same resistanceregardless of
construction.
10 Voltage: That the power delivered to 4 0
a resistors dependent on voltage
5 Parallel Connections: Possible
constructions of a parallel 4 0
connection
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The two most prevalent types o misconception that the teaches of this sample group
held were in a parallel connections and the concept of voltagd he misconceptions held
about parallel connections are documented in the literature.The results from this
sample comply with those foundin the literature (Engelhardt & Beichner, 2004)
Question 10 required that the respondent understood that power increased with
voltage and that voltage increased when cells are connected in series. The phrasing of
the question was in terms of power delivery and may show that there is
misunderstanding of the terminology and the inter-connectedness of conceptsn
electric circuits. This type of error is not directly referred to in the literature. The impact

of language usage isgientially and interesting area of studyln both questions 20 and 5
slightly unconventional ways of circuit construction were used which tested the
conceptual understanding of how electriccircuits function as a system and how circuit
components affect tle whole circuit 4 EAOA [ EOAT T AAPOET 1 O AOA AA

~ A

OAAOTTEI ¢8 AT A OOANOAT OEAI 1T AAI S 1 EOATTAADC

The relevanceis that theseobservations will be seen when the results from the TSPCK
are compared with these findings.The topics coveredn the (K assessment tool are also
covered in the TSPCK assessment tool. It would be expected that whehere are
content gaps and misconceptions the teacher will not be able to effectively transform
this knowledge for their students. It is of particularinterest to see if there is evidence of
this in the TSPCK assessment tool responses. The contemd concepts that were

highlighted asbeing significant in this group from the CK assessment toohre:

1 Parallel connectionsand the impact of adding resisbrs in parallel on a circuit

1 Voltage and in particular how changes within a circuit impact voltage current,

resistance, power and energy transfer.

1 Terminology and how the use of different terminology impacts understanding of

concepts within electric circuits.
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4.4. Validity and Reliability of the CK assessment Tool

The items of the CK assessment todhad been validated in previous but were
nonetheless subjected to quantitatie and qualitative analysis so as to confirm their
validity for the purposes of thisstudy. The two methods used to assess for validity are
the interpretative and the statistical arguments. These two argumestfor validity are in
keeping with Mixed-Methods methodology used throughout this study.Validity is
regarded as the extent to whichan assessment measures the construct for which it was
designed. The second part of this discussion is the reliability of the assessment tool,
xEEAE AOEO OEA NOAOOGEIT O71 01 A OEA OAI A
group of similar ability, produceA OEI EIl AO OAOOI Oe b

4.4.1. Step 7: The interpretative argument for validity and reliability of CK
assessment tool.
In the tests from which the CK assessment tool questions originate all they had been
used to evaluate competence and identify sites of misconceptis in students. It would
be expected that experienced teachers should oyerform students, and as a minimum
level all the participants should be able manage it with relative ease. Participant 114
achieved the lowest score (25%). This participant had taud science for the shortest
period (2 years), and was not currently teaching the subject. Hedemographic
information explains, at least in part, her poor performancé The next three lowest
scores of 50%, 60% and 65% were all from teachers not currentlyeaiching Physical
Science, even though all of them had taught the subject for more than 9 years in the
past. These results are not substantially poor, but the fact that they achieved below the
practising Physical Science teachers indicates that in order tengage with the
conceptual nature of the CK assessment tool the respondent has to be currently engaged

with the content.

2 Respondent 114 has only taught physical science for 2 years and has not been active in science teaching

AO(

fo0 OAOAOAI UAAOOh OEA EAO EI xAOAO EAA OAOAOAI UAAOOS

was included in the sample group.
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The rest of the respondents all achieved above 75%, with the highest score (100%)
achieved by the longesserving teacher of 45 years.The participants whose
demographic information might lead one to expect them to have the weakest content
knowledge did indeed perform the poorest i.e. those who had been teaching science for
the shortest period of time or those were no longer actively inelved with science
education and taught other related subjects, such as Mathematics. Notwithstanding all
the participants having some measure of tertiary training in science, it would appear
that current engagement in the topic is important to maintain a dvel of content

knowledge.

Here it is possible to note thatbased on the results of the tests, the CK assessment tool
is able to distinguish between teachers with good CK and those without. The addition of
the confidence rating also potentially offers iformation of the misconceptions that
teachers hold. From the analysis of confidence ratings in relation to inc@ct responses
it is possible to pinpoint possible sites of misconception. This will be of particular

interest when the TSPCK scores are compate

4.4.2. Step 7 Continued: The statistical analysis of the CK assessment tool for

validity and reliability
The CK assessment tool was also subjected to Rasch analysis. The Rasch statistical
model measures the extent to which a single construct is being measured this case
content knowledge of electric circuits. This statistic is based on the difference between
the observed score and the estimated ability of the person (Linacre, 2012). A
conventional range of between2 and +2 is considered a good fiand anargument for
validty8 2 AOAE DOAAEAOO Oxlifitdd AOuHE &0 @iEsker©i®& A Oh
measure of performance in relation to item difficulty. A positive correlation between
person ability and item difficulty indicates construct valdity. The Outfit statistic is a

~ Az s

i AAOOOA 1T &£ OET OA EOAI O AAUiT A j OT OOOEAAGQ A
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Table 10shows the person measure statistics of the Rasch analysis. The key statistics of
this data are the ZSTStandardised z score) and the measure statists. The Z-Scoreis

a statistical measurement of a score's relationship to the mean in a group of scoresZA
scoreof 0 means the score is the same as the mearhe ZSTDrange for validity is
between -2 and +2.These scores measure to what extent a sirglconstruct is being
measured by this sample group.The measure statistics indicate how difficult the

respondents found the testthe more negative the more difficultthe test.

Table 10: Table showing the person measure statistics generated by Rasch

analysis

Person fit CK test
TABLE 17.1 Content corrected ZOU698WS.TXT Dec 21 10:24 2014
INPUT: 16 Person 20 Item REPORTED: 16 Person 20 Item 2 CATS MINISTEP 3.81.0

Person: REAL SEP:? 1.54 REL.: +70 ... Item: REAL SEP.: 1.16 REL:.: .57

Person STATISTICS: MEASURE ORDER

ENTRY  TOTAL TOTAL MODEL|  INFLL OUTELL] PTMEASURE-A| EXACT MATCH |
NUMBER SCORE COUNT | MEASURE | S.E. |MNSQ [ESTD|MNSQ |ZSTDJCORR. EXP.| OBS% EXP%| Person
———————————————————————————————————— TR D R R LR R TR R R AR B T
16 20 20 4.55 1.83| MAXIMUM MHASURE 00 .00/100.0 100.0| 116
6 19 20 327 1.05|1.06 73 3 19 .21 94.1 94.0| 106
8 19 20 3.27 1.05|1.13 411.16 6 12 .21| 94.1 94.0| 108
9 19 20 3.27 1.05/1.06 4] .73 3 19 .21| 94.1 94.0| 109
11 19 20 3.27 1.05/1.06 41 .73 3 19 .21| 94.1 94.0| 111
12 19 20 3.27 1.05[1.13 411.16 6 12 21] 94.1 '94.0[ 112
4 18 20 2.45 A911.27 712.25 | 1.2 09 .29| 88.2 88.0| 104
10 18 20 2.45 79 =91 0] 54 | =.1 35 .29| 88.2 88.0| 110
5 17 20 1.9 .68| .91 |-.1] .67 2 40 ;35| 88.2  82.5| 105
13 17 20 1.91 +68[ .98 1] .78 o] | 36 «35| 88.2 82.5| 113
7 16 20 1.49 .62| .87 |-:3]1.09 4 42 .40| 88.2 78.4| 107
3 15 20 .12 59| .72 [E1.1] -56 8 57 .44| 82.4 74.5| 103
2 13 20 .48 56| .84 |-.7] .70 | -.8 60 .51| 70.6 69.8]| 102
1l 12 20 .18 55(1.00 1] .89 2 56 .55| 64.7 70.4| 101
15 10 20 -.43 56(1.08 441.09 4 YA 601 70.6 73.3] 115
14 5 20 | -2.49 81]1.02 211.21 .69 72| 88.2 88.0| 114
____________________________________ +————..._..——_. e st ol e e e e [l e o ot ———___._.__——+———__.._
MEAN 16.0 120.0 1.87 86/1.00 .11 95 2 | 85.9 84.4]|
S.D. 4.0 .72 32[ 13 50 .41 5 9.3 8.8

The ZSTD scores are all between the range &f and +2,which indicates statistical

validity. Only 2 ZSTD scoresire above 1 indicating a high degree of construct validity.

The measure scores are mostly positivayhich indicates that the respordents found the
test manageable. Onl respondents have negative measure scores whighdicate that
they found the assessment to be difficulfThis result is in keeping with the design intent
of the CK assessment tool. The questions were originally desegh for students so it
would be expected that skilled teachers would be able to cope with the level of test

easily.
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Table 11is a statistical summary of the items for the CK assessment tool, ranked from

the most difficult item to the easiest.

Table 11: Table showing the item measure statistics generated by Rasch analysi s

13-698ws
TABLE 13.1 Content corrected ZOU698WS . TXT Dec 21 10:24 2014
INPUT: 16 Person 20 Item REPORTED: 16 Person 20 Item 2 CATS MINISTEP 3.81.0.

Person: REAL SEP.: 1.54 REL.: .70 ...]Item: REAL SEP.: 1.16 |REL.: .57

Item STATISTICS: MEASURE ORDER

ENTRY TOTAL TOTAL MODEL | INFIT OUTFIT PTMEASURE-A | EXACT MATICH |
NUMBER SCORE COUNT |MEASURE| S.E. |MNSQ | ZSTDIMNSQ [ZSTDICORR. EXP.| OBS% EXP%| Item
— peamm— — = e s Rttt Sttt T f-mmmmm - e S ettt
19 8 16 2.06 .62| .491]-2.2] .40 - 78 .56]100.0 73.9| 19
20 9 16 1.67 .63| .60 -1.5] .49 -.8 75 58| 93.3 75.2| 20
5 1L 16 .84 .68|1.54 ]| 1.4]1.68 ikealk 36 .60| 66.7 79.8] 5
9 1l 16 .84 .68|1.10 4] .92 vl 57 .60 80.0 79.8| 9
14 1l 16 .84 .68| .46 -1.8] .33 |-1.3 82 .60 93.3 79.8| 14
17 19 16 .84 .68(1.46 ] 1.2)1.98 2.5 36 .60| 66.7 79.8| 17
1 12 16 35 .73]|1.00 11 70 =2 62 .59| 80.0 82.2| 1
2 12 16 35 3127 L 72 1l 45 .59| 80.0 82.2| 2
10 12 16 35 231 «99 Sl 70 | =2 62 .59| 80.0 82.2| 10
18 12 16 35 .73]1.41 ~082.75 159 32 .59| 80.0 82.2| 18
16 13 16 -.23 .81| .80 .31 .39 -5 69 .58] 80.0 85.9| 16
6 14 16 -.99 95| <73 -.3] .31 -.2 66 .55 93.3 90.7| 6
8 14 16 -.99 .95(1.01 .21 .90 4 52 <55 93.3 90.7| 8
13 14 16 -.99 95| 1:10 .402.18 il 42 =901 9353 90,7 13
15 14 16 -.99 .95] .50 -.8] .20 -.4 73 w55l 9353 90,7 15
3 15 16 -2.15 1.24|1.65 .9 .49 0 35 .46| 86.7 94.2| 3
14 15 16 -2.15 1.24| .32 -.8] .08 -.7 .65 .46|100.0 94.2| 11
4 16 16 -3.75 1.93| MINIMUM MEASURE .00 .00|100.0 100.0| 4
7 16 16 -3.75 1.93| MINIMUM M[ASURE .00 00(100.0 100.0| 7
12 16 16 -3.75 1.93| MINIMUM MEASURE .00 00[/100.0 100.0| 12
R e e B B s Mttt Tttt R e it
MEAN 12.8 16.0 -.56 99| .97 -.1] .95 1 | 85.9 84.4|
S.D 2D .0 142 43| .40 1.0} .77 9 | 9.9 6.2|
$TABLE 13.3 Content corrected ZOUG98WS.TXT Dec 21 10:24 2014

INPUT: 16 Person 20 Item REPORTED: 16 Person 20 Item 2 CATS MINISTEP 3.81.0

The first column ranks the items from most difficult and shows statistically question 19
was the most difficult. The measure statistics (® red column) give a numerical value to
this difficulty. The more positive the value the more difficult negative values indicate
easier items.The overall measure statisticfor the items was -0.56 indicating that the
teachers who completed the CK assessment tool found it manageable. The blue colsm
are the ZSTD scores which indicatstatistical validity, in other words to what extent the
intended measured construct is being assessed. In this case the construct is content
knowledge in electric circuits. TheZSTD scores all fall within the accepted2 to +2
range, with the exception of Question 19 that falls just outside this rangkn the heading
an item separation value is given (green block). This is a measure of the range of
difficulty between the items, the larger the number the wider the rangeThe calculated

value of 1.16 is relatively low and indicates that there is not a wide range of difficulty in
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the assessment tool. Potentially there are two reasons for this, firstly the sample size is
too small and homogenous to establish a wide range arsgcondly the CK assessment

tool items were originally designed for students which teachers should find relatively
easy.

The Rasch analysis allows for a mapping of person against itenshiown below in Figure
12. The figure arranges both items and personslong a vertical scale. The items are
shown on the right of the map and are arranged vertically from the most difficult to the

easiest. The persos are arranged on the left and are ranked from highesto lowest
ability.

01-212ws "
ZOU212WS.TXT Mar 6 22:13 2015
oD ereon CorrECtedREPORTED: 16 pPerson 20 Item 2 CATS MINISTEP 3.81.0

Person - MAP - Item
MEASURE <more>|<rare>
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Figure 12: Item-Person Map of the CK assessment tool generated by Rasch
analysis.
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This map shows graphically that the person ability is clustered toward the top end and
the item measures are clustered in the middle and lower end of difficultyThis data
reveals that the sample population has good content knowledge in electric circuits and

that the CK assessment tool is not too difficult.

The Rach analysis also allows forthe calculation of reliability. Item reliability is a
measure the probability that similar asample population will produce similar results if
they were given the same test and person reliability is a measure of the probability of
the this sample population getting similar results if they were given a different testdat
measures the same constret. The nearer this value is to one the more reliable it is

regarded.Table 12is a summary of the reliability data.

Table 12: Summary of the Rasch statistical analysis of the CK assessment tool

Content Data

Person 16 INPUT 16 MEASURED INFIT OUTFIT
TOTAL COUNT MEASURE REALSE IMNSQ ZSTD OMNSQ ZSTD
MEAN 16.0 20.0 1.87 .88 1.00 Wil .95 2
S.D. 4.0 <0 1,72 33 13 S 41 3
REAL RMSE .94 TRUE SD 1.44 SEPARATION 1.54 ]Person RELIABILITY .7q
Item 20 INPUT 20 MEASURED INFIT OUTFIT
TOTAL COUNT MEASURE REALSE IMNSQ ZSTD OMNSQ ZSTD
MEAN 12.8 16.0 =56 1.04 Y = « 95 iy
SaDs 2.2 .0 172 .43 - 1.0 L 9
REAL RMSE 1.12 TRUE SD 1.30 SEPARATION 1.16 |Item RELIABILITY .57

output written to C:\Winsteps\examples\ZOU795WS.TXT
CODES= 01

The personreliability score of 0.7 (in the blue block) indicates a good level of reliability
and the itemreliability score of 0.57(in the red block) is also acceptableThe nearer
these scores are to 1 to more statistically reliable they are. The small sample size does
impact on these values so this levaif reliability with small sample size was taken as a

statistical indicator of reliability.

The overall statistical data supports the argument for validity. A weakness in the data is
the relatively small sample population size, but even with this smallize the argument
for validity is credible. The purpose of the CK assessment tool is to test the premise that

good CK is necessary for good TSPCK. For the purpose of determining relative levels of
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content knowledge the CK assessemt tool meets this requirement becauseeven within
this generally competent sample population there is a range of scores. The CK
assessment tool results can be considered valid and used in conjunction with the TSPCK

assessment tools scores.

45. Conclusion

The CK assessment tool was deloped using preexisting assessment tools that have
already undergone processes to determine their validity. However, this established
validity was a good starting point but insufficient for the wholesale use of these tests.
The three testsof; (i) Engdhardt & Beichner, (2004): Determining and Interpreting
Resistive Electric Circuit Test (DIRECT) (ii) Pesman & Eryilmaz, (2010): Thrdger
4R00Oh AT A | EEEEGAAYEA3 UIOMBHAAEIOD O4AAAEET C
(CASTLE), Wainwright (2004)were evaluated against the content they covered, the
misconceptions they covered and their relative ease of use. The overall average for the
sample group was 80% indicating that this assessment tool was accessible for most of
the sample population, however cerin questions did pose more difficulty and a pattern
of the most prevalent misconceptions held within is this group of teachers emerged. The
interpre tative argument isthat the ranking for the scores of the CK fitted well with the
demographic information provided. The quantitative argument iggiven usingthe Rasch
analysis which showed that the CK assessment tool fell withimcceptable ranges for

validity and reliability.

The CK assessment tool is not designed in isolation and is meant as supporting eviceen
for A@bl AET ET ¢ O ASFCK.Alke@ceds Af@dsign, dcaing and validation of

the TSPCK assessment tool will be discussed in the next chapter.
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Chapter 5 z Development of the TSPCK assessment tool

In this chapter | outline the process aleveloping the TopkSpecific Pedagogical Content
Knowledge (TSPCK) assessment tool for piloting, the process of evaluating and collecting
data, the adaptations after piloting and the development of the final TSCK assessment tool.
Particular emphasis is gien to the development of the assessment rubric used to

categorise responses in the TSPCK assessment tool

5.1. Introduction

This chapter describes the process of designing the items for the TSPCK assessment as
well as the measures taken to ensure the lidity and reliability of the scoring the
TSPCK assessment tool responses. In Chapter 6 arguments for the validity of the TSPCK
assessment as a tool for testing levels of TSPCK are presented. This design process and
the care taken to ensure validityare key to answering the research questions of

determining the most appropriate way to measurel SPCK irelectric circuits.

Kind (2009) mentions the difficulty of measuring PCK directly because it is tacit
knowledge, and teachers do not directly verbalise theiO0#+6868 ) O EO Al
personal construct. The framework of Mavhunga and Rollnick (2013) further develops

the idea of PCK to the more specific TopiSpecific PCK. A key premise of their model is

the importance of content knowledge before it can be #&msformed into TSPCK, a
relationship confirmed by Borowski et al (2011). This necessitates the design of two
inter-related assessment tools, namely the CK and TSPCK assessment tools. The design
and validation of the CK assessment tool was described in thaevious chapter.
However, its construction should be seen as integral to the construction of the TSPCK
tool. Sq although this chapter focuses on the development of the TSPCK assessment

tool, it needs to be understood that its design was not in isolatiofrom that of the CK
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assessment tool. IChapter 6 the relationship of the data between the two tools will be

evaluated.

5.2. Development of TSPCK assessment tool

5.2.1. Summary of the steps taken in the development of the TSPCK assessment
tool.

The devel DI AT O T &£ OEA 430#+ AOOAOOI AT O OIT1 AOI
of construction, a process outlined by Oosterveld and Vorst (19963his procedure was

also followed for the development of the CK assessment tool and is described in sub

section 4.1. Their method emphasises content validity, and uses empirical data and
judgements of experts in the construction of items (Rohaan et al, 2009). A summary of

the processes that were followed to design and validate the TSPCK assessment tool is
outlined in the flow diagram below, Figure 13. is chapter discussesSteps 1 to7. The

final step 8, which is the validation of the assessment toolis a critical part of the study

and is discussedeparatelyin Chapter 6. The eight steps are:

0] Step 1: Conceptualisig items for the TSPCK pilot assessment tool within the
Mavhunga and Rollnick framework, and within the same content bounds as

the CK assessment tool. Psgilot assessment tool developed

(i) Step 2: Prepilot assessment tool evaluated by reference team and lpt

TSPCK assessment tool developed

(i)  Step 3: Pilot TSPCK assessment tool given to 2 science teachers and 1

educational researcher.

(iv)  Step 4: Feedback from the pilot group used in the design of the final TSPCK

assessment tool.

(V) Step 5: FinA TSPCK assessmendol was completed by a sample group of 16

science teachers.

(vi)  Step 6: Development process of TSPCK rubric to categorise the responses to

the TSPCK assessment tool and validation of the categorisation.
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Step 7: TSPCK responses categorised.
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Step 8: Resub from the categorising subjected to quantitative and

gualitatively analysis to establish the level of validity. This is discussed in

detail in Chapter 6

responses

I TSPCK responses

categorised according
rubric

Step 1 Step 2 Step 3
1. Conceptualisation of 2. Development of Pilot 3. Piloting of TSPCK
items for the pilot TSPCK assessment assessment tool
TSPCK assessr.nent tool tool 1 TSP assessment tool
f Items developed using the 9 Items from the preilot F—> given to pilot group of 2
Mavungha and Rollnick evaluated and selected science teachers and 1
(2013) model in collaboration with educational researcher
1 Items designed with reference team
reference to same content as Pilot TSPCK developed
the CK assesment tool.
1 A pre-pilot assessment tool
developed
<
Step 4 Step 5 Step 6
4. Afdauotionf anfd STIection 5. TSPCK 6. Validatio n of TSPCK rubric
of items for fina . .
assessment {1 The TSPCK validated with 3
TSPCK assesment tool tool given to a ind dent rat
1 Responses from the pilot large number Independent raters
used to construct some _5, of potential = 1 Rubric re-designed based on feedback
semi-open multiple- participants in from 1stvalidation
choice items both paper and 1 Rubric validated for 2 time with 3
1 Number of items electronic independent raters
reduced andadapted formats. . . .
based on feedbaclrom i A(_jﬁpta}tlons made in consultation
pilot group Received 16 W_It re en-a\nce tfaam
completed 9 Final rubric designed
Step 7 tools //
7. Categorising of TSPCK  |¢ Step 8

8. Validation of TSPCK assessment

\ 4
—-

tool

Assessment tools subjected to
guantitative Rasch analysis

Qualitative evaluation of TSPCK
data

Figure 13: A flow diagram of the steps involved in the design and validat

TSPCK assessment tool
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5.2.2. Step 1: Conceptualisation of items for the TSPCK assessment tool

The aim of the design of the TSPCK tool was to include items that elicited evidence of
how teachers transform content knowledge, and to take it a stefurther by rating and
ranking teacher responsesWhile there is some debate on how to measure PClkeven
whether it is possible to measure the construct,ie Mavhunga & Rollnicknodel (2013)
provides a framework to structure an assessment tool to measuréSPCK in electric
circuits. The focus on a specific topic allows for a narrower and more defined focus,
which in turn allows for more clarity and the possibility of a rated assessmentA
detailed explanation of Mavhunga & Rollnick model (2013)was given (Qapter 2; to
recap here,they identified five categories to define how teachers transform content

knowledge into TSPCK. These categories are:
 Category 7z OOOAAT OO8 POET O ETT xI AACA AT A [ EOAI
91 Category B- curricular saliency,
1 Category G what is difficult to teach,
1 Category D representations and analogies and
1 Category E conceptual teaching strategies.

The development of the tool was completed in three stages. The first was the
development of a prepilot tool, developed as a discussion dmment and a starting
point for the development of items for the pilot tool. The second stage was the actual
development of the pilot tool. It was developed to extract detailed responses from
teachers that could possibly be used in the final TSPCK tool. €Tfinal stage of the
development was to use the responses from the pilot tool, together with the expertise of
a reference team, to develop the final TSPCK to®he above TSPCK categorigtgether
document required to teach electric circuitswere used to scaffold the develoment the

TSPCK assessment tool.
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5.2.3. Step 1 Continued: Defining the content to be covered in the TSPCK
assessment tool.

The content covered in the TSPCK iidentical to that selected for the CK assessment
Oi1T18 4EA Oxi O OOAAO OOAA xAOA ,1 OCEOAT 60
description of the content selected is given in Chapter 3. The main content in electric

circuits topics covered in the TSPK are:

(i) Current
(i) Voltage
(i) Energy

(iv) Electric Fields
(v) Resistance

(vi) Parallel Connections

Another facet used to determine what was to be included in the assessment tool was
common misconceptions about electric circuits. These are documented in the science
literature, (Loughran, Berry, & Mulhall, 2006, Tarciso Borges & Gilbert, 201@nd
Wainwright, 2007). Selecting the misconceptions was done in consultation with the

reference team. The major misconceptions selected for this tool are listed below.

()  @Gttenuation model 8 -# OOOAT O EO OOOAA ODPS
i) @®1T AAT OA Adbduit of vig\ded as a system. Any change affects only

the component being changed and not the whole circuit

~ 2 N~ ~ oA

(i) DAOAIT 1T Al AE OA OE-Oncleds®©dkiedistard ib pakallel irdr@éases
the overall resistance
vy OOANOAT OE AA chadnde & ciiuit affects only the components after

the component.

These misconceptions overlap with the misconceptions uncovered in the CK assessment
tool. The misconceptions found in the CK assessment tool with regard twmltage,

alternative ways of constructing circuits and the interrelatedness of electric circuit
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terminology are not explicitly mentioned in this list but these concepts do form part of

the understanding that contributes o OEA O1 1T AA1T  OAAGIEAAT Ci61 AMIITAS
misconception descriptions. The misconceptions found are of particular interest in the

TSPCK assessment tool because these are the concepts that teachers need to accurately

transform for their students.

5.2.4. Step 2 and 3: The development of items for the pre -pilot and pilot TSPCK
tool

The design of the TSPCK items was more challenging than selecting and adapting
content items. Two criteria to be satisfied were, firstly, that the items needed to be

ET Al OAAA AO 11T A 1 fraspa@ GFEhO©AAPS ddcudént qgukconilh A O6 1
that they were structured according to the five categories of the Mavungha & Rollnick

model. The items for the pilot tool were constructed with the purpose of exposing how

teachers respond in different teachmg scenarios relating to electric circuits. To this end,

the items for the pilot were designed to be operended and broad enough to allow for a

deeper response. A brief explanation of each category was given on the front page of

the Pilot Tool to assist he respondents in their thinking, and to highlight the idea that

OEA Ci Al xAO 116 61 Al EAEO OOECEOGS 10 Ox0I11

and depth of teacher thinking around teaching electric circuits.

Within this framework, as a startingdocument, a prepilot TSPCK assessment tool was
developed for discussion with the reference team. The number of items was too great
for the actual pilot TSPCK assessment tool, but it served as a discussion for items to be
selected, both for the pilot tooland ultimately for the final TSPCK assessment tool. The
number and type of items selected for the pilot TSPCK assessment toot autlined in

the sub-sections below The items selected are discussed per category.
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5.2.5. An overview of the structure of the pil ot TSPCK assessment tool

An overview and examples for each category is given below

= oA o~ ~

Category A7ZOOOOAAT O POEIT O ET T x1 AACA AT A T EOCAT T AAD

In this category there were 4 operended questions covering the following content
areas and/or common misconceptns: (i) current remains constant throughout a series
circuit, (i) a complete circuit is needed for current to flow, (iii) the particle nature of
charge and charg as an energy carrier and (ivihe effect of resistors in parallel on

current. An example dthe openended nature of the given below irFigure 14

Write your response here:

Figure 14: An example of a pilot item for Category A

)T OEEO AAOACT O(loughrah, Berd) & MuthallO20@6@and subdkdinété

ideas was given. The respondents were asked to selecobthem and to comment on

how they would sequence them in a teaching program, and to include their reasoning.

4EA 1TEOO T £# OIPEAO EO A T E@ 1T £ O"EC )AAAOGS
they were also asked to complete a concept map and texpand on why they thought

teaching electric circuits is important. Figure 15 is an example of an item for this

category.

89



Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

5. Review the list of concepts relating to electric circuits below. Select five of what
you regard as the most critical. State the segnce in which you would teach
them, and also your reason for doing so in the table below:

a.

Qo

T T a o

To obtain an electric current there needs to be a continuous loop from
one battery terminal to the other terminal

An electric current is the flow of net charge.

Parallel connections in a circuit are current dividers

The materials that make up the circuit provide the charged particles when
there is an electric current

A battery provides the energy for an electric current

Voltage can be defined as J'C

/| Ei 60 1 Adefinddby o A -

When there is a current, energy flows from the battery to the user.
Resistance is the opposition to current flow

A battery creates an electric field within the materials that make up the

circuit. The electric field is the cause focurrent flow.

The resistance of a parallel connection can be calculated b&y lﬁ L
p

g
%88
An electric circuit is a system in which changes in one part can affect
other parts

. Power is the rate at which energy is dissigted by the circuit component.

Current is measured with an ammeter, and voltage by a voltmeter

Sequence of concept Reason

Figure 15: An example of a pilot item in Category B
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CategoryCzO7 EA O EIOO AGIAAREROAE G

In this category the teachers were asked to give concepts they thought were difficult to
teach and to give reasons for their answer. They were also asked to give examples of
electric terminology that, in their experience, students suggle tounderstand. Figure 16

asan example of an item in this category

What three concepts have you observed that students struggle most to understand?
What do you think is the reason for this?

Concept Reason
1.

2.

3.

Figure 16: An example of a pilot item in Category C

CategoryD-02 ADOAOAT OAOET T O AT A AT AI T CEAOS

In this category representations and analogies were given to explain flow of current in a
parallel circuit, and the electric circuit as an integrated system. The respondis were
asked to give reasons why they liked or disliked a representation and if/how they

would use it in their own practice. Figure 17is an example of one the items.
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11.0nce the concepts of voltage, current and resistance have been covered
separately, they need to be integrated as a system. The following

representations and analogies are designed to show the inter -relation of
components in a circulit.

Select the two you would most likely use in a classroom, and give reasons for
your selection .

Output does Work
(Power/Wattage)

Pressure
(Voltage)

Valve lowers
pressure
(lower voltage)

http://www.tagisangrobotics.ph/downloads/TRC%202014%20Training%20Manual%20softcopy.pdf

B. A circuit is like a river. Water flows down under the influence of gravity, which
is like the battery in a circuit, and the water is like the current. The wider the
river, the easier for the water to flow. In a river there are obstacles, like rocks
and bends, which can interrupt flow. These are like resistors. An obstruction in
one part of the river will impact the flow throughout the river.

C. A circuitis like a fish tank

pump pres
- voitage —e

DlpuA wir

pump = battery

sh

electric current - rate of water flow

—._.-r-t—-‘

wvoltage rise
- =N
/-/< wire
- —_
battery

resistance

electric current tiow e

https://encryptedtbn2.gstatic.com/images?q=tbn:ANd9GcSQgwaHGpeCGZa8hsjXUghGAZJ8RS8
prvVskMwcZobaV3j4M0Ojoxamk1TBdY

Figure 17: An example of a representation Category D in the pilot TSPCK
assessment tool
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Figure 17 z Continued

D. Role plays can be used such as the one described below:

Many teachers like using the Jelly Bean Role Play as an approach to teaching abo

Al AAOOEA AEOAOQOEOO8 4xi OOOAAT OO AOA AOLEEC;T
OAAOOAOU EDBAECEMDAI UAARAICOh xEEAE OADPOAORT OC
1 ECEO CciTAA OOAT A AAT OO x 10 ¢y 1 AOGAOO |APAC
AEAOCAA PAOOEAI AOG68 4EAU AOA EAT AAA Ox|I E,.
Ol ECEO AOQICGAEOBO 4GRAWDIELEO C¢ciI 1 AAS AAOO DEA

(e.g., waves his or her arms. This movement represents the action of a light globg
producing heat and light. The rolkplay is intended to show that in an electric circuit
containing a sinde battery and light globe the battery supplies a constant amount of
energy per charged particle, and that this energy is transferred to the light globe
where it appears as light and heafLoughran, Berry, & Mulhall, Chapter 8 Electric
Circuits, 2006)

E. Physical model

(own picture)

Representation/Analogy Reason for Selection

Choice 1

Choice 2
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Category EzO#1 1 AADOOAIT OAAAEET ¢ OOOAOACEAOG
The items in this category are intended to integrate all the previous categess into a
single question. A single item was designed for this category. An extract from a textbook
task was given, together with partiallycorrect answers offered by students. The
participants were then asked which concepts they considered to have beemagped,
which were lacking, and what strategies they would employ to respond to these gaps.

An example of one of these items is given in Figul.
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Study the student responses to questions are given below and describe what

corrective stra tegies you would employ.

The following diagram represents Sparky, who departs the cell full of energy.
Answer the following questions with reference to the diagram.

€1
/N
~ 0

A

Y A
=8
b\
N ,
= | I o=
5

(a)What is represented by Sparky?

Electricity

(b)What is represented by the shadedreas in his body?
Current

(c)Where does Sparky get the energy from?

Battery

(d)What happens while Sparky moves from the positive terminal to the
negative terminal of the cell?

Sparkydés charge gets used up
(e)ls it correct to say that the electric currentis used up? Explain your answer.
Yes because as the current moves around the circuit it gets used for things

like heat and light and by the time it gets back to the battery all the current
/s finished. (du Toit, 2006 p. 98)

Figure 18: An example of a pilot item from Category E
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Figure 18. Continued

a. What conceptual ideas does this student have in place

Write your response here:

b. What are the key coceptual gaps, in your opinion, that this student
demonstrates?

Write your response here:

c. What specific strategies would you employ to bridge these gaps?

Write your response

The responses from the pilot group were evaluated and with discussiowith the

reference group, these responses were used to develop the final TSPCK assessment tool

5.3. The development of the final TSPCK assessment tool

The final TSPCK assessment tool was designed in consultation with the reference team,
which evaluated the responses to the pilot. In this section | describe the adjustment
made from the pilot to the final tool. A primary challenge of this process was to reduce
the number of items to make answering the tool quicker, while retaining the
opportunity to extract answers with enough depth. The responses from the pilot were

used as the basis to create sengiosed responses for the final TSPCK assessment tool.
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This process of evaluating the responses to the pilot tool favoured the questions that
elicited the greatest deth of response; the questions that best covered the selected
content and common misconceptions. Issues of language and ease of response \ate

taken into consideration.

5.3.1. Step 4: Adaption and selection of items for final TSPCK assessment
tool from the p ilot TSPCK tool

The following sub-section describes the adjustments made from the pilot to the final

tool.

Category Az Student prior learning

The pilot tool contained 4 items dealing with prior learning and misconceptions. This

OAIT AET O Ai1 OOAT O ET A OAOEAO AEOAOEOG AT A
content areas also relate to the most prevalent sites of misconceptions held by the
teachers in the sanple group as seen in the CK assessment tool. The items were altered
from being openended to having a multiplechoice format. The options for the multiple
choice items were developed from answers given in the pilot @, from literature
(Tarciso Borges &Gilbert, (2010), Loughran, Berry, & Mulhall, (2006), Wainwright,
(2007)) and my own classroom practice. All the options for these questions were
designed to be conceptually correct, with the focus of the assessment to uncover the
reasoning behind a particlar selection. The purpose of both items was to uncover
whether or not a teacher recognized and acknowledged a misconception and then how
he/she responded to it. At the simplest level a teacher might simply repeat the correct
material, or at the next lewel she could rephrase and reexplain the material; or a more
developed teacher would employ more complex strategies. These different levels of
response were coded according to an assessment rubric, the design of which is more

fully outlined in sub-section 5.4 below.
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Figure 19is an example of how this proces was carried out. In Figure 1%n extract is
taken from one of the pilot participants, and the next extract shows how this response is

then used in the final item.

re) Category A - Student prior knowledge
o
- A1l. How would you comment in writing to the student that selects B as the answer to the
6 question below, where Aj and Az are ammeters
o
n
: Which one of the following options is correct for the circuit shown below
g A Ax> Ay ‘
o
B. Ai1>Az 1
c N\ 1
é C Ai=he \
O O
Write your respon se here
£
_cg' Current is the rate of flow of charge. In this case the charge flowing is electrons. Electrons are particle
- a;a that have mass and cannot disappear as they flow around the cirdyis the same as the number of cars
c . . . . . .
S o travelling on a road. Each amnter is like a device that measures the number of cars passing a given
5 S point. The road does not split, so the number of cars passing edch point is the same. None can j
= Q . . .
@ 2 disappear off the road. It is the same with the flow of electrons. The meter, 1sunes the number of
o= electrons flowing through ammeter 1, which measures how many electrong pass through it a given time.
—
Response A: Keep in mind that this is a series circuit so current is not divided; tierefore the
The option sSg iven correct answer is C. The current is the same throughout the circuit
in the final TSPCK , , o
tool to the same Response B: Current is the rate of flow of charge. In this case the charge flowing is electrons.
queStion The open Electrons are particles that have mass and cannot disappear as they flow around the circuit. None
ended r e sponse of the electrons disappear through the circuit so the correct answer is C
g|V|en In ths .pllor:: Response C: Charged particles move under the influence of the electric field created by the
toolis L:[Ise IP'[:] € battery, all the charged particles are in the same field, with the easiest path being in the single,
ge?era I_ontr? fi € | undivided conductor. The flow of the charged particles is same throughout, so the correct answer
optuons In the 1ina
isC
TSPCK assessment
Response D: None of the above
—

Figure 19: An Extract from the TSPCK pilot tool showing an example of a teacher
response. The portion used in the final TSPCK tool is highlighted
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The question was selected for the final TSPCK tool because it is a common
misconception held by students, and it would be expected that teachers would have a
sense of how they would respond. The options gin for the semiclosed itemin the final
instrument include (i) a correct but very simple response, (ii)a responsethat draws on

the definition of current as the rate of charge flow, and (iii)) a response that uses an
explanation of charges moving in unifan electric fields. None of the options is
incorrect, and each could be used in different situations. The purpose of the item is to

draw out the reasoning behind the selection.

Category B- Curricular Saliency

The pilot tool contained 4 items, with the stucture of the questions drawn directly from
Mavhunga & Rollnick (2013) Only slight changes were made from the pilot to the final
TSPCK tool. An example of theschanges is given in Figur@0. In the pilot tool the
participants hadto select and sequence Boncepts; in the final tool this was reduced to

3 concepts

B1l. Review the list of concepts relating to electric circuits below.

Select five concepts that you regard as the most critical concepts.
State the sequence in which you would teach these five concepts and your reason for
doing so in the table below

a. To obtain an electric current there needs to be a continuousop from one battery terminal to the
other terminal

b. An electric current is the net flow of charge.

Parallel connection in a circuit ae current dividers

The materials that make up the circuit provide the charged particles when there is an electric
current

A battery provides the energy for an electric current

Voltage can be defined as JiC

/I EIl 80 1 Ax AATOAA AAEET AA AU

When there is a current, energy flows from the battery to the user.

Resistance is opposition to current flow

A battery creates an electric field within the materials that make up the circuit. The electric field is
the cause of current flow.

. Theresistance of a parallel connection can be calculated by- — — &

oo

TS a o

k
I. An electric circuit is a system in which changes in one part can affect other parts
m. Power is the rate at which energy is dissipated by the circuit component.

n. Current is measured with an ammeter, and voltage by a voltmeter

Figure 20: Extracts from the pilot TSPCK assessment tool showing the changes
made in the final TSPCK assessment tool.
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Figure 20 Continued

Original

open-ended Number reduced from 5 to 3 concepts

item split
/ into two /

B1l. Review the It of concepts relating to electric circuits below. (same as above)

Select and rank three foundational concepts th at you regard as both basic and
central concepts in electric circuits.

Write the number of the concepts you have selected, in order of impor tance.

Concepts

Concept 1.

Concept 2.

Concept 3.

B2.Using the three selected concepts from B1, give the sequence in which you
would teach them, and your reasons for doing so

Concept Reason for sequence

The focus of the questias was to evaluate how teachers rank, sequence and intezlate

topics within electric circuits. A list of topics was provided in the question that included
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main ideas and subordinate ideas. This list was derived mostly from Loughran, CoRe
and a few from @PS. Inthe CoRed " E C ayeAldide&idd andare largely conceptual in
nature with subordinate ideas which link to them. The premise is that teachers with
iTOA AAOGAT T PAA o#+ AOA AAOOAO AAIT A Ol

subordinate ones.

In this Category in the pilot tool the respondents were also asked to create a concept
map using their selected main ideas, and to link them to other subordinate ideas. This
item was retained unaltered in the final tool because it yielded detailed responsés the
pilot. The final item in this category is an opefended question which requires teachers
to reflect why they think teaching electric circuits is important. These items were left

unaltered from the pilot to the final TSPCK tool.

Category C- What is difficult to teach

Two items designed for this category in the pilot, asked, firstly, what concepts the
teacher finds difficult to teach, and secondly, to select specific terminology that poses
difficulty for students. In the final TSPCK tool the structre of the item was rephrased

and scaffolded instead of being completely open: some concepts like voltage and

parallel connections were given as optional starting points.

In the pilot TSPCK the first question was phrased as follows:

O7EAO O Bp6sAale ydulobsarded that students struggle most to understand.
7EAO Al Ui &6 OEETE OEA OAAOIT & O OEEO

This item was rephrased to shift the focus off from student levels of understanding to
the teacher reflecting ontheir own practice. In the final TSP& tool the wording of the

guestion was altered to;

What three electric circuit concepts, in your experience, are the most difficult to

present effectively to students and what do you think the reason for this is?
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An addition to the type of question in theMavhunga and Rollnick (2013) tooj there was

a question on terminology and language usage in electric circuits. The reason for this is

OEAO A1 AAOOEAEOU EO DPAOO AEACCRAIOQOAAU DPEIERAG
AAOOAOU E Ar® pad &lomindd Gadguage usage. However, in terms of the

physics definitions these phrases are incorrect, and become potential stumbling points

Al O OOOAAT OO0 arhiibrid hand i FiguEe 2 CTis problem is not found

in every science topic, but it wasconsidered an important component of teaching

electric circuits generally; hence its inclusion in both the pilot and final TSPCK tools.

C2. Physics terminology is quite precise, and presents difficulties for students.
Which two terms in circuits pose the most difficulty for students and please give a

reason for your selection

Term 1 Reason:

Term 2 Reason:

Figure 21: Item relating to terminology in Category C

Category Dz Representations and analogies

In this categoly, teachers were provided with a number of representations and
analogies and asked t@aomment on which they liked and whichthey did not, together

with their reasons. They were also asked how they would use the particular
representation in their practice. The type of representations given in the pilot TSPCK
tool included diagrams, roleplays, stories, diagrammatic analogies and models. In the
pilot TSPCK tool two topics were covered, namely current flow in parallel connection

and the circuit as a system itegrating voltage, current and resistance. The participants
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in the pilot process commented that this question, in particular, was tingconsuming
because of the amount of reading required. Responding to this, the representation and
only the analogies relatng to current flow in parallel connections were retained in the
final TSPCK tool, while the circuit system analogies were excluded. The representations

that were retained are shownin Figure 22.below.

D1. Below are three possible representations for tea ching the concept of current
in a parallel connection. Complete the table below by describing what you like
and dislike about each representation and why one representation is better than
another.

Representation 1

The total current in 8 paralle! clreuit

The current that comaes from 1he battery = the tolal cument. This
tokal curment splita up, and part of the curment goes theaugh each
branch. ¥ou can maks sfring-loop madels of parallel circuits, 84
youl 568 In Figure 84 and Figure G5,

Flowrs B4 A moded of 8 paralied circent with Figure 55 A modal of 8 gameed cireui witfs
W Dranehas. threa hranchag,

3AEAT AA A1 O 111 'POASHA
Representation 2

http://www.windows2universe.org/physical_science/physics/electricity/images/circuit_analogy water_pipes_sm.jpg

Water Analogy:

4. When the water flow (or charge flow) is divided into two or more separate pathways (as in a parallel
circuit) the sum of the current in each individual pathway equals the total current. Utilize this
principle to fill in the blanks in the following two diagrams. The meters in the diagram are
measuring water flow rates in gallons per minute ("gpm™).

5. Apply the same principle to fill in the blanks in the following diagrams for charge flow (i.e., current)
through a parallel circuit.

a~

Sy 12 A
(B

0

Figure 22: Items retained for Category D in the final TSPCK tool.

103

. AAC


http://www.windows2universe.org/physical_science/physics/electricity/images/circuit_analogy_water_pipes_sm.jpg

Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

Figure 22 Continued:

Representation 3

Influencing the Flow Rate om a Tollway

8 B
B K
8 = g
= |8
= E
N |8 8|
—LEH
s 7 3
B B 8
ﬁ E] éﬁ g a
A Single Resistor Pln::;dinSuiﬁ Ham;mfhmﬂd
What | like and why What | dislike and why

Representation 1

Representation 2

Representation 3

D2. Which one of above three representations did you like the most and how
would you use it in a lesson?

Representation | liked the | How would you use the representation selected in a
most lesson?
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Category E- Conceptual teaching strategies

This question was unaltered from the pilot to the final TSPCK tool because it met all the
necessary criteria of including components of the Categories A to D. This item was given
as an example in Figurel8. The adaption made from Mavhunga and Rollnick TSPCK
instrument (2013) was to provide more scaffolds for the teacher response; thus there

are three subsections to the item in response to a single student.

The question was developed around a class exercise, from a textbook, that made use of

an analogy todescribe flow of charge and energy transformation. In the exercise the

students are asked to explain the analogy and thereby show their conceptual

O1 AAOOOAT AET C T &£ OEA POT AAOGOGAOG ET AT Al AAOOE
correct answersto the exercise are given and the teacher is asked to expand on what

concepts they think the student has grasped and which not yet. In addition to this, the
OAAAEAO EO AOEAA xEAO OOOAOACEAO OEA x1 01 A A
gaps.

5.3.2. Step5: Distribution of the TSPCK assessment tool

The process of developing the content and TSPCK tools was carefully considered. The
content tool drew on existing tests in science education literature, but was adapted to
make the tool more timeefficient. The final TSPCK tool was designed using the
Mavhunga & Rollnick (2013), model for the developing of electric circuit questions for
each categoryand involved the developing of original items Through the piloting
process and in discussion with the referencesam, adjustments were made to make the
tool more manageable without diminishing its potential in eliciting various levels of
teacher TSPCK. The final TSPCK assessment tool is attacheippendix A. It was sent

out to a wide audience of teachers to completand 16 completed responses were

received.The demographics of this group have been described in Chapter 3.
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The responses had to be tagorised, to ensure validity careful consideration had to be
given to the design of the TSPCKibric - described in sub-section 5.4. An example of a

completed TSPCK assessment tool is attached in Appendix H.

5.4. Development of the assessment rubric for analysing and measuring

the responses to the TSPCK tool

The development of the assessment rubric was a critical component this study. The
assessment rubric had to be reworked to accurate assess teacher response, reasoning
and level of TSPCK. Similar assessment rubrics have been designed for other science
topics, for exampleNdlovu (2014) assessed teacher TSPCK in electroclstny. However
because of the specificity of the topic of electric circuits there was a need to adapt the

rubric to asses the responses to the final TSPCK assessment tool.

5.4.1. Step 6: Development of the assesment rubric

The framework for the assessment rubricwas designed by Mavhunga and Raiick
(2013). It has 4 level descriptorsto describe responses:as limited (1), basic (2),
developing (3) and exemplary (4). A set of criteria for each of the 5 categories is
described that relate to the particular skill or evidence required for that particular
category. Figure 23is an extract from the original rubric designed by Mavhunga and
2111 TEAE &£ O OEA AAOACi Ou O300AAT O POET O

this extract is to show the overall structureof the rubric.

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

Learner Prior
Knowledge
including
misconceptions

No identification/No
acknowledgement/No
consideration of
student prior
knowledge or
misconceptions

Identifies misconception or
prior

Knowlalge

Provides standardized
knowledge as

Definition

Repeats standard definition
with no

expansion or withincorrect
explanation

Identifies
misconception or
prior knowledge
Provides
standardized
knowledge as
definition

Expands and re
phrase explanation
corredly

Identifies misconception
or prior knowledge
Provides standardized
knowledge as definition
Expands and rphrases
explanation correctly
Confronts
misconceptions/confirms
accurate

Understanding

Figure 23: An extract from the Mav hunga and Rollnick TSPCK rubric
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Ndlovu (2014) refined the rubric by Mavhunga and Rollnick (2013) to evaluate teacher
TSPCK in electrochemistry. Both rubrics were used as reference points for the design of
my rubric to assess teacher TSPCK in electric anits. The design then underwent two

validation processes.

First Validation

An adapted rubric of Mavhunga and Rollnick (2013) and of Ndlovu (2013) was used for
the first validation process. The rubric was designed to be as broad and generic as
possible, asthe first validation process was part of an ongoing project to design TSPCK
assessment tools for the topics of stoichiometnand acids and bases. Figure 2 an

extract from this first rubric.

Limited Basic Developing Exemplary
e W‘ . \ = o ‘ - |dentifies specific concepts with ‘
| ‘ | reasons related to prior knowledge
; | or common misconceptions.

| - Identifies broad topics without | - Identifies specific concepts. ‘ Identifies specific concepts with | - Provides reasons linking to specific |
What makes the | specifying the actual sub- - Either provides broad | reasons related to specified gate keeping concepts that w'he.n not
topic difficult to | concepts that are problematic. generic reasons or no prior knowledge of students or | fully understood add to th(? d.ifﬁculty
| teach? - Reasons not given. reasons are provided. common misconceptions. ofa concewarded as difficult. |

Figure 24: Extract from first generic rubric

A reference group comprising a practicing teacher, an assessment specialist and a
science educationatesearcher was given 3 completed tools to code. It became apparent
that it was not possible to categorise the responses relating to electric circuits because
the criteria were too broad. There was no interrater reliability and the raters struggled

to categorise responses.
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On reflection, two possible reasons for this emergedirstly, the wording of the original
rubric assessed observed practice and not written responses, and secondly, the ability
to move between microscopic and macroscopic scales is imant in chemistry,
whereas in electric circuits the understanding of terms and interelatedness of the
concepts was viewed as a more important criterion. The difficulty with the initial coding

process serves to highlight the topiespecific nature of theconstruct being assessed.

Assessment Rubric Redesign

The rubric was therefore redesigned in consultation with my supervisor. The main
changes that emerged were (i) changing the wording from assessing observed practice
to assessing written responses; (ii)writing criteria that emphasised the use of
terminology and the inter-relatedness of concepts in electric circuits; (iii) elements of
SOLO taxonomy were used to describe the increasing number of connections between
topics (Biggs, 1982) In addition to these changes, examples of the type of responses

were included to aid understanding of the criteria.

Figure 25below is an example of how the criteria were adjusted. The criterion selected
relates to how a teacher rates and evaaies a representation. The representations used
in the TSPCK tool referred to the explanation of current flow in a parallel connection.
The changed criteria are highlighted in blue. The wording was phrased in relation to the
use of representationz ®se ofimplies an action in a class, and not the evaluation of the
thinking behind the selection of a particular representation. The additions changes
shown in the re-designed rubric are highlighted in yellow, and include the removal of
OEA OAOI O Mhsfadpstddni afioekl 3hs inclusion of evidence of the teacher
taking multiple aspects of use into consideration. It also provided, at the exemplary
level, a criterion that includes evidence that the teacher is aware of where the
representation fails. (Hart, 2008). Examples from teacheresponses were alsoncluded,

and are highlighted in pink.
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Limited

Basic

Developing

Exemplary

Representations

Use of only
macroscopic
(analogies/material
artefacts/demonstr
ations/laboratory
work)
representations
with no explanation
of specific links to
concept considered

Use of macroscopic
representation and
other kinds of
representations
(visual and/or
symbolic) without
explanatory notes to
make links to
aspect(s) of
concepts considered

Use of macroscopic
representation and other
kinds of representations
(visual/symbolic/sub-micro)
with explantory notes to
make links to aspect(s) of
concepts being explained

- Use of macroscopic representations
and other kinds of representations
(visual/symbolic/sub-micro)

- Extensive use of visual representation
(graphical/pictorial/diagrammatic)
representations to enforce the specific
aspect(s) of concept being considered.

- Presence of explanatory notes linking
the different kinds of representations to
aspects(s) of concepts being explained

Extract from 2 "d rubric

Category D: Representations and

D1z What | like and dislike
about the representations?

Reasons given are
incomplete, vague and
difficult to follow

(Note - criteria to be
considered across all
three representations)

Reasons for
selection limited
to a single
consideration

ease of use,
effectiveness to
confront
misconception ,
learners context

Reasons for selection
include two levels of
consideration e.g.

Reasons ér selection include
multiple considerations

Reasons for selection also include
possible points for new
misconceptions orindicates
awareness where analogy fails.

Reasons includes appropriate use
to explain theinterrelatedness of
electricity terminology

Figure 25: Extracts from the rubric used in the first validation process and the
adaptions made for the second. The particular points of addition and alteration

are highlighted in blue and yellow. The addition of verbatim exam

highlighted in pink

ples are

In the second validation the same three tools were given to the same three coders as

the first validation process. Where differences occurred there was discussion, and

refinements in the understanding of the criteria were mae.

In the second validation

process the coders were able to reach an 83% agreement with each other, and in no

criteria was there more than one category difference. The rubric was then used to score

the 16 tools submitted, and the data made available fanalysis.

During the scoring process a refinement was made, in consultation with my supervisor,

of the criteria relating to the item of O 7 Edd think it is important to teach electric
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A E O A Olie @raugyés ths made are shown in Figure 26The discrimination between

basic, developing and exemplary was considered insufficiently clear. The adjustment

was made to specify that in the Basic level a single reason is given, in the Developing

level two, and at the Exemplary level the reasoning includes a concept focus. The

final rubric is attachedin Appendix B.

B3(b) z Why is it important?

Reasons limitedto a
general statement
One reasons given or
gives a general
OOAOAT AT O
has important
applications)

Reasons exclude
conceptual
considerationssuch as
scaffolding/sequential
development of
understanding for other
topics in the subject. But
may include application
to everyday life

.g. Electricity is a vital
part of everyday life. It is
important for students
know how circuits works
so that theycan use
electricity safely

reasons

Adjustment includes number of

Reasons include reference
to conceptual
considerations such as
scaffolding/sequential
development of
understanding of other
topics in the subject
(however topics not
specified) and application to
everyday life

E.g. These are sstems used
in their everyday lives, so it ig
important to have a basic
understanding of how they
work and the effects of
circuits and it is a key part if

the final matric exam

Reasons given include
conceptual considerations
such as
scaffolding/sequential
development of
understanding for specified
other subsequent topics in
the subject andapplication
to everyday

life and/or intrinsic interest

Excluded in
adjustment

\

B3(b) z Why is it important?

il Reasons

limited to a
general
statement
One reasons
given or gives
a general
statement
OO0AE A(
important
applications
ET 86

Identifies the
importance of a topic
related to aspects,
application and
motivation/interest
nd gives a reason
or one aspect
E.g. Electricity is a
vital part of everyday
life. It is important for
students know how
circuits works so that
they can use
electricity safely

Considerations of 1
importance are

giving reasons for both
aspects

E.g. These are systems
used in their everyday
lives, so it is important
to have a basic
understanding of how
they work and the
effects of circuits and it
is a key part of the final
matric exam

Considerations are l
conceptual e.g.
scaffolding/sequential
development of
understanding for other
subsequent topics

E.g. It encourageslogical
thought, problem solving
and offers many different
xAuo O 01160
always thought of it like
circle geometry in Mathsy
a more creative and lateral
thinking section than the
usual algebraic methods

Figure 26: Adjustments made after second validation

After these final adjustments the rubric was considered to be

final TSPCK assessment rubric is attachéad Appendix B
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5.4.2. Step 7: Categorising the responses using the rubric

Once the assessnm rubric had been finalised, the scoring of the responses was

completed. The responss were categorised. Figure 2i& an example of this process.

I OAIPI A T £ OEOAA OUDPAO i £ OAODiicddleleliic OEA

second ample (107) includes considerations of practical application, as part of basic
science literacy, and considers topics that build onto to this section, and is coded at level
4 (exemplary). The third example (110) considered only conceptual concerns and the
link to mathematics, and was also coded at level 4 (exemplary). This example
demonstrates that the rubric allows for a wide variety of types of responses, but is still

sensitive enough to discriminate between levels.

104‘ 110
Limited Ba% Developing Exemplary
. |* Reasonslimited to ageneral | s Identifies the importanceas | « Identifies theimportanceasa | « Reasons given include three
= statement One lemmg’é: a topic related to aspects, topic related to aspects, considerations, application,
g or gives a general statement application and \‘ application and motvation and interest and
E such as * has important\ motivation,/imterestand motivation interest and gives - - conceptual considerations such
E applications in .." \\ gives a peason for one / reasons for bath aspects “|——asscaffolding/sequential —
= S aspect - Eg. Theseare systemsused in | —development of understanding — [
-] " Eg. Electricity is a vital part their everyday lives, so it is _ for other subsequent topics
§ of everyday life. It is important to have g basic —
important for students krnow undarstanding of how they
— how circuits works 5o that waork ard the effects of cirenits
= they can use electricity and it &5 a key part of the final 107
2 safely matric exam

Figure 27: Extract from respondent 104, 107 and 110 to illustrate level and
variety of answers coded by the assessment rubr ic
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Figure 27 . Continued

Extract from respondent 104 z Categorised as basic

B3: Why do you think it is important for students to learn about electric circuits?

2
Write your response here: MH

They have plenty of experience in using electrical equipment in and around the house. Many are curious

about how the equipment work, but are either worried about getting shocked or not worried at all about
safety when investigating

Extract from respondent 107 z Categorised as exemplary (4)

B3: Why do you think it is important for students to learn about electric circuits?

Write your response here:

Electric circuits play an important role in modern life. They supplj
us with energy in our homes, cars, etc. Learners need to understand
that energy is the driving force for life, with no energy, no life
is possible. Electric circuits is one way of how we have been able
to capture the energy in the universe so that it is useful for us
(keep us warm, let us cook food, have light, communicate with
others, etc.

Knowledge of electric circuits are also needed for further study at
school level, e.g in electric motors or generators, and bevond schogl
e.g electrical engineering.

I also think this is general knowledge that the public should have
bacis scientific literacy for everycne, especially usefulness and
importance/need to have electricity, and the dangers of electricity

Extract from respondent 110 z Categorised as exemplary (4)

B3: Why do you think it is important for students to learn about electric circuits?

Write your response here:

e 'Q)(WCOU\MCL%S ba\'co;\ ‘\\r\o\){l\f\’c | pro\ann
CSCj\U\/}iB lelns c:)qgfuss VV\cNV}:S C%N%t?f()ﬁﬁl
Wous v =W\ o ovam .
A e O\,\\;\)O@S ’YhO\ﬁ\N’C O‘Q oW C\‘(C\‘b
chj A Mmalhs — sy Q  wrove

Ccreoxive, =K \odSAcN - \\(\i«\\u:h% A, Vo
Poe. VSN @\%Q}D‘(‘O\\lg OO .
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While categorising | became aware that | was slightlpver-rating the responses for
Category Bz Curricular Saliency. | therefore recoded all the responses and checked for
accuracy. The coded values were then available for qualitative and quantitative analysis

to determine validity and reliability.

5.2. Conclusion

The developmentof the final TSPCK assessment tool was a carefully scrutinised process
with numerous consultations with subject, research andassessment expes. This
increased the construct validity of the TSPCK assessment tool. The development & th
assessment rubric was equally rigorous. The categories or scores extracted from the
respondents, together with the responses themselves, were now available to determine
validity and reliability using quantitative and qualitative methods. This process wilbe

discussed in the next chapter.
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Chapter 6 -Validity and Reliability of TSPCK Assessment Tool

In this chapter | discuss the process of determining validity and reliability of the TSPCK

assessment tool. This was achieved using quantitative and taiale methodologies.

6.1. Introduction

The purpose of this study was to design an assessment tool that measures TSPCK in
electric circuits and to determine its validity and reliability; hence the discussion of

validity and reliability speaks to the heart of he project. In broad terms validity can be

OAAT AO OEA A@OAT O O xEEAE A [ AAOGOOAI A1 O

measure and reliability is measure of the probability of achieving similar results with

another sample population(Neuman, 2000) The focus of this chapter is to answer this

PAOO T £ OEA OEEOA OAOAAOAE NOAOOEI T d OET x

OiT1 ET EOO POAOGAT O AAOECGI ebd

6.2. Defining construct validity and reliability in relation to the TSPCK

assessment tool

There are different types of validity which have a bearing on this projecEace validityis

the most basic type, and is the validity determined by the judgment of the science
community. In the case of this project the reference tearhelps to fulfil this role
(Neuman, 2000) Another type of validity iscontent validity, which is concernedwith
whether the measurement tool includes the relevant content domain for the construct
being measured.(Wagner, Kawulich, & Garner, 2012)In this project the content is
Al AAOT U AAOAOEAAA OOET C ,1OCEOAT 860 #12A
validity - and perhaps the most relevant to this project is construct validity,defined by

Wagneret al, (2012) as
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OOEA AgOAT O O xEEAE OEA 1 DPAOAOETT Al EUAOQEI

OEAT OAOEAAT AT 1 OOOOA0O0 Ul O AOA OOUET ¢ O 1 AA

In this project the theoretical measure is TSPCK in electric circuits, and the TSPCK
assessment ool is the device being used to measure it. How authentically the

assessment tool measures TSPCK in electric circuits is thus its construct validity.

Messick (1995) defines construct validity as:

OOEA 1T OAOAT 1T AOAI OAOGEOA E OpkicaAdvidehcd and £ OE A
theoretical rationales support the adequacy and appropriateness of interpretations
AT A AAOGETT O 11 OEA AAOEO 1T £ OAOO OAT OAO i

This definition best fits the processes of this project because it includes theeed for
empirical and theoretical evidence to determine construct validity. Both empirical and
theoretical methods are used to determine validity, which also fits the MixetMethod
methodology described in Chapter 3. The empirical evidence will be gatheteusing
Rasch statistical analysis, and the interpretative argument presented by analysing the

responses of the sample population in terms of TSPCK.

Reliability is related to validity, and is discussed in conjunction with the empirical and
interpretative arguments. In this project a specific sample population, of Physical
SAEAT AA OAAAEAOO 1T &£ i1 0A OEAT ¢ UAAOOG A@DPAC

to be made whether a different but similar group would achieve similar results.

6.3. Overview of the in terpretative and statistical arguments used to

determine validity and reliability

Two separate but related arguments for validity and reliability are presented. The two
prongs for determining validity and reliability are interpretative and statistical. An

overview of these two approaches is given in subections 6.3.1 and 6.3.2. A more
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detailed statistical analysisis presented in section 6.4.and the interpretive analysis in

section 6.5.

6.3.1. Interpretative argument for construct validity and reliability

In the theoretical framework described in Chapter 2 the idea was presented that TSPCK
is a subconcept of PCK. It is observable and measurable, and is specific knowledge that
a teacher employs to transform content knowledge (in this case of electric circuitg)to
knowledge accessible to students. In the interpretative argument for validity, evidence
for these transformative processes will be looked for in the responses of the sample

group and qualitative analyses.

The evidence will be evaluated according tohe Five Categories of the Mavhunga and
Rollnick (2013) model. In each of these categories evidence will be presented of this
transformation. If the assessment tool is valid there should be evidence of different
levels of how teachers respond to student mconceptions, how they organise and

sequence knowledge, how they determine areas of difficulty to teach, how they use
analogies and representations, and, finally, how they combine all these factors into

conceptual teaching strategies.

6.3.2. Statistical argumen t for construct validity and reliability

Empirical validity was determined using the Rasch statistical model. The strength of this

model is that it centres on a measure of the extent to which the data records a single
construct; in this case TSPCK. Rascmadysis is applied here using the Windows

Winstep software version 3.81.0. Rasch analysis converts ordinal scaled data to linear
AAOA8 4EEO All1Tx0 £ O AAOAOIETEIC A EEAOAOZ
difficulty of the item. The underlying premise is that there is a higher probability that

more respondents will get the easier items correct, or achieve a higher level in these

items. The Rasch software generates two indices of fit namdlyfit and Outfit. Linacre

(2012) describes the fit statOOEA AO OEA AEAEAOAT AA AAOxAAI
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and the statistically generated score, calculated from the data; this is then a measure of
OEA DAOOIT 1 6 Ofit dicEs afeCalngrasyreEdk the discrepancies between a
DAOOIT 160 A @dnAcd A Absebvddpaformance. Easier items should have

z oA s s

ability and the item difficulty confirms construct validity. The Outfit indices measure the

items that are SECEOI U 1T OOOEAA 1T &£ A PAOOI 180 AAEI EOU
outside of what is expected. For both these indices a statistical range & to +2 is

regarded, by convention, as acceptable, and an indication both of validity and that a

single constuct is being measured. Reliability indices for person and items are
generated. The person reliability index is a measure of the likelihood of the same result

if the person were given a different test testing the same construct. The item reliability

index indicates the probability of their placement if the same items were given to a

different sample. A high item reliability index indicates that there is a good mix of easy

and difficult items (Bond and Fox, 2001).

6.4. Analysing the final TSPCK assessment tool for statistical construct

validity and reliability

There were three steps in the process of obtaining numerical data: firstly, the design of
the instruments, secondly the design of a criteridased rubric that would code and rank
participant responses within levels, and finally the analysis of the coded data (as

outlined in the previous chapter).

The final TSPCK was made available to a wide range of teachers and 16 assessment
tools were returned. It was administered together with the CK assessment tool. o
tools took approximately 1% to 2 hours. General comment from the respondents was

that they found completing the TSPCK tool challenging, interesting and even fun.
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6.4.1. Raw scores for TSPCK assessment tool and summary Rasch analysis

The scoring procedure hasbeen outlined in the previous chapter The raw scores of
TSPCK tools were subjected to a Rasch analysisngsWinsteps MINISTEPS. Table 13
below is a summary of the raw scores of the TSPCK per item, together with a category
score and an overall TSPCK scareThe category scores were determined as an
approximate average between all the scores within that category. These values are

compared with the Content Tool percentage and the confidence rating of the teacher.

Table 13: Raw data from TSPCK tools per question, CK assessment tool and
confidence level percentage.

Category A | Category B Category C | Category D Category
Student prior | Curricular What is Representations :
knowledge/ Saliency difficult to and Analogies Conceptual
mis- teach Teaching
conceptions strat egies
ol|ls |~
518 |8
o 8 | o I fc I s "l |$
-8 - | o '9 g g ™ '9 — | N '9 = N '9 — '9 g g % <
@) < | < | < m|=|o|m|O|0O|O @) ) 0| w L | O oS
101 1 1 1 1] 1 2 1 1 1 1 2 2 2 1 1 2 | 55 98
102 1 1 1 1] 2 1 1 2 1 2 2 2 2 1 1 1| 60 99
103 1 1 1 1 1 1 1 2 1 2 2 1 2 1 1 1 70 69
104 |22 2 |2]3[1|2]3]2] 3 2 3 |3 3 3 [ 3|8 | 85
105 | 4 | 4| 4 |33 |4 |3 |4]| 4| 4 4 3 4| 4 4 | 4180 | 75
106 | 4| 2|3 |3|1]|4|3]4a]|4]| 4 3 3 |3 3 3 [ 390 | 74
107 4 4 4 4 | 4 4 4 4 4 4 4 4 4 4 4 4 75 94
108 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1] 90 75
109 2 1 2 1] 2 3 2 3 3 3 3 2 3 2 2 2 | 90 96
110 | 2 | 2 2 (3|14 ]3]|4]4 4 3 3 3 3 3 3 |8 | 93
111 2 1 2 313 3 3 2 3 3 1 1 1 3 3 2 | 90 88
112 3 2 3 2|1 2 2 2 1 2 2 2 2 1 1 2 | 90 -
113 4 2 3 4 | 4 2 4 4 4 4 4 3 4 3 3 3 | 80 85
114 1 1 1 1 1 2 1 1 2 2 2 3 3 1 1 1| 30 59
115 3 3 3 1|2 2 2 1 1 1 2 2 2 2 2 2 | 55 -
116 4 3 3 3] 2 3 3 3 3 3 2 3 3 3 3 3 | 100
Average 23| 80 84

118




Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

From this raw data it can be seen that theveerage TSPCK score was 2phich places the
majority of this sample in the developing category. The teachers generally performed
well in the CK assessment toq an average of %. These two scores show thagood

content knowledge does not necessarily translate into good TSPCK scores.

Some of these results caused concern. Respondent 108 performed well in the CK
assessment, but left largeamounts unansweed in the TSPCK assessment tool. A
possible reason for this isthat the time required to complete the TSPCK was too
overwhelming. It is possible that this respondent does have better TSPCK but the
evidence provided was categorised and inabed in the sample. Respondent 114
performed poorly in the CK assessment tool (30%) and | was concerned whether she
would have an acceptable level of content knowledge to work with. In the TSPCK there
was evidence that this respondent did transform some dthe topics, even if this was
done at a basic level. It was also decided to retain this data in the sample. While there
were concerns about these two dat sets, the risk of reducing aralready small sample

was greater than the concerns raised.

6.5. Validity a nd reliability statistics of the Rasch analysis

The data was subjected to analysis. The validity is determined by the fit statistics and
the reliability by the person and item reliability indices. These two components are
discussed in subsections 6.5.1,6.5.2. and 6.5.3.

6.5.1. Interpreting validity of TSPCK assessment with Rasch analysis

Table 14is a summary of the person statistics for this sample population. It ranks the
respondents from highest to lowest ability. The respondent numbers are in the far righ
column. The measure column gives a numeal value of the person ability:the more
positive the value the higher the abilityThe columns that are of interest are thénfit and
Outfit ZSTD scores, they are statistical measures validity and should idedil between
a range of-2 and 2. The ZTSD scores are calculated astadt, and have a mean value of

zero. Outfit is an outlier-sensitive fit statistic, more sensitive to unexpected behaviour
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by persons on items far from the person's measure levelThe MNSQ is thanean-square
statistic and shows the size of randomness in a sampI®INSQ values usually have an
average of 1. Values that are greater than hew a high degree of unpredictabity and
values less than 1 indicate that the sample is too predictable ardb not have enough
variation in the sample. MNSQ (Mean Square) values are an additional measure for

validity and should be belowand close tol to indicate validity. (www.winsteps.com).

Table 14: Summary of Person measure data

17-947ws
TABLE 17.1 TSPCK Analysis ZOU947WS . TXT Feb 2 20:47 2015
INPUT: 16 Person 15 Item REPORTED: 16 Person 15 Item 4 CATS MINISTEP 3.81.0

Person: REAL SEP.: 3.84 REL.: .94 ... Item: REAL SEP.: .87 REL.: .43

Person STATISTICS: MEASURE ORDER

MODE L INFIT | OUTFIT | PTMEASURE-A|EXACT MATCH |
MEASURE S.E. JMNSQ 2ZSTD|MNSQ 2ZSTDfCORR. EXP.| OBS% EXP%| Person
___________________________ Lo Tt e el el SRS S B B s
6.38 1.84] MAXIMUM MEASURE 00 .00/100.0 100.0| 107 4
3.46 .58 .87 -.2| .76 =, 40 29 73,83 74.3] 105 4
2.40 .4711.48 1.4(1.43 oL 39 .34| 60.0 59.7| 113 4
1.40 .4311.08 9|02 i 80 V37 5343 . .58.51 1064
.88 .41]1.22 vl | L+:20 ¥ 71 381 53,3 59.5] 4lb 2
88 ALY ST ~Lad] 0l =1y 26 388050 595 1164
=.35 «+a81 80 -.2| .89 - 13 L] 46,7 5L1.7| 104 2
-.63 .37] .46 =2.0| .46 =2. 81 41| 66.7 49.6| 109 2
-.63 .37]1.83 ( 2 ) L85 w2 -.08 +41l1 20,0 49.6]| 111 2
-1.34 :3811:56- 1w6la72 2= -.44 val 46,72 513 11§ 3
-1.48 w381 .85 -.4| .87 - 23 :391 60,0, Slazk 112 3
-2.30 .4311.06 w98 " 57 3al I3 8 S0 114 1
-2.71 .47] .62 -1.0| .80 - 41 .31 80,0 65.1| 102 1
-3.23 «351 80 =3| «068 38 L NS O R 1 R
-3.23 .55 .56 =-1.0| .46 -1 69 26| 80:0 74.5| 103 1
-4.78 1.0211.07 .4]1.82 £ -.20 wail 93,3 93,4 108 i
$mimnian el (i s et e oot s et e o o e it e
@23 57099 .01d.03 | 63.6 62.0]
76 i S8 1. 11546 [27:50 91201

This initial data indicates that this sample group of teachers found the TSPCK
assessment tool manageable, as indicated by the measure mean-@83. The more
negative the value the more difficult the person found the assessment to be, while a
more positive result indicates that the person found the assessment less difficult. There
is an initial indication that the assessment is valid because the majority ZSEbores for
both Infit and Outfit are within the range of-2 and +2, with the exception of respondent
111, who has a ZSTD scoref 2.2 The mean square (MNSQ) value is an additional
statistical measure of vaidity. A MNSQ value of near to one is an additiahmeasureof
validity. The average MNSQ value is de than one, at 0.99 and 1.03.Eight of the
respondents have MNSQ values below 1, and 8 have values just above 1, with all less

than 2.
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The fact thatall, but one ZSTDdata point, falls within -2 and 2range and the MNSQ
values are all near 1lis an indication that the data works together to measure a single
construct. From this data there are initial indications that the data is valid but will need

the interpretative argument for validity to strengthen this claim.

An additional visual data presentation is theBubble plot, shown in Figure 28 below.
The blue bubbles represent the person measures, and the pink bubbles the item
measures. Thekey visual information to see ifthe person and item data falb between -2
and +2, on the horizontal axis. The spread along the vertical axis indicates different
abilities or difficulties. The Person measure is welspread between high (+ range) and

low ability (- range).

Person (blue) & Item (pink )

o o
o8
= 7
6 -
5 -
4 -
JER
S5 2 -
2
-1 - B
2 -
-3 -
g5
-6 |
-7
-4 2 4
Overfit Outfit Zstd Underfit

Figure 28: Raschbubble plot for persons and items.
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The majority of this data fall within the -2 and +2 range for persons and items, with
some data points marginally beyond these limits. &pondent 111 just falls outside the
+2 limit and item B1 also falls outside this rangeThis indicates thatthis person and
item are a poor fit to the sampleThe items do not have a wide spread along the vertical
axis, which indicates that there is not a spread of difficult and easy itemA&n additional
piece of information the Bubble Rot gives is in reference to the relative size of the
bubbles. The larger the bubble the less reliable the position; on this plot only the top
TSPCK respondent 107 has a relatively large bubble size.

6.5.2. Reliability of the TSPCK assessment tool

The second compaent of the Rasch analysis is the reliability indexReliability is a
measure of the probability of getting similar results with this sample population, and
also the probability of getting similar results with these items with a different but
similar group of people. The closer this value is to,the higher the level of reliability.
Rasch analysis also calculates theerson raw scorego-measure correlationwhich is the
Pearson correlation between raw scores and measures, including extreme scores, this
value should tend to 1. TheCronbach Alpha (KRO0) PersonRaw Score "Test" Reliability
is the conventional "test" reliability index. It reports approximate test reliability based
on the raw scores of this sample. It is only reported for complete datAny value above
0.5 is seen as a good indication of reliability. According to theww.winsteps.comonline
manual, the Rasch indices for reliability tends to underestimate reliability and the
Cronbach Alpha score tens to ovestimate reliability. PERSON RAW SCORDB-

MEASURE CORRELATION is fhearson correlationbetween raw scores and measures,

including extreme scores. When data are complete, this correlatios iexpected to be
near 1.0 The separation values is used to classify peopkeccording to ability a value
less than 2 indicates that the assessmeninay not be sensitive enough to distinguish

between high and low performers (www.winstep.com). A summary of the reliability

results for the TSPCK assessmetdol are given below in Table 1%elow.
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Table 15: Summary of the Rasch reliability analysis for Persons

SUMMARY OF 16 MEASURED (EXTREME AND NON-EXTREME) Person

TOTAL MODEL INFIT OUTFIT
SCORE COUNT MEASURE ERROR MNSQ ZSTD MNSQ ZSTD
MEAN 35.1 15.0 -.33 57
S.D 139 . 2.76 36
MAX 60.0 15.0 6.38 1.84
MIN 16.0 15.0 -4.78 37 e o
REAL RMSE .69 TRUE SD 2. 67<\§§EARATION 3/§§> Person RELIABILITY .gi\\>
MODEL RMSE .67 TRUE SD 2.67 SEPARATION 3.96 erson RELIABILITY .94/
S.E. OF Person MEAN = .71 ool T TR e e e

o o e e e o e e e o e e o e e e e e e ko e

B e ok Ao e aevmapriTy(= 97)
The key values in this table are the person reliabtly. The person reliability value is
0.94, which indicates a high level of reliability within the sample group. The Rasch
analysis calculates an additional statistical value of reliability, that of the Cronbach
alpha (KR20) value. The Kr20 value as calalated by the analysis is 0.97The value of
0.97 indicates a high level of reliability. Any value above 0.5 is seen as a good indication
of reliability. The value of 0.97 indicates a high level of reliability. The separation value
of 3.84, above two, indictes that the assessment tool is sensitive enough to disguish

between high and low performers

This data confirms that this sample population is a reliable sample. If this sample was
given a similar assessment it is probable that similar results woultde achieved. There is

not the same level of certaintyfor item reliability.
Table 16provides a summary of the Rasch analysis for item reliability.

Table 16: Summary of Rasch reliability analysis for | tems

Person RAW SCORE-TO-MEASURE CORRELATION = .98
CRONBACH ALPHA (KR-20) Petrson RAW SCORE "TEST" RELIABILITY = .97

SUMMARY OF 15 MEASURED (NON-EXTREME) Item

TOTAL MODEL INFIT OUTFIT
SCORE COUNT MEASURE  ERROR MNSQ  ZSTD MNSQ  zSTD
MEAN 37.5 16.0 .00 44 1.03 .0 1.03 .0
D 33 0 .64 .01 .46 Lo 55 10
MAX. 43.0 16.0 1.31 .48 2.30 2.6 2.41 2.2
MIN. 31.0 16.0 -1.05 43 .43 -1.8 41 -1.4
REAL RMSE .48 TRUE SD .42C_SEPARATION .87 Ttem CRELIABILITY .43 ]
MODEL RMSE .44 TRUE SD .46 SEPARATION 1.04 Item RELIABILITY .52
S.E. OF Item MEAN = .17
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The item reliability of 0.43 is not as conincing. This value is quite low, and indicates
that there is not enough separation in the difficulty of items in the TSPCK assessment
tool. The item separation value is small (0.87), which is the statistical measure of range
of difficulty. The reason forthe lower level of item reliability needs to be investigated
further. An immediate possible reason is the sample size. Sixteen respondents is not a
large sample, and may not be big enough to establish the variation between difficult and

easy items.

Using the Rasch statistical analysis it is possible to map the item separation, in other
words, which items are statistically more difficult than others. This is potentially useful
information because it is possible in the qualitative analysis to examine the nesnses
and discern the reasons why certain items are more difficult than others. This creates a
triangulation of data and will lend credibility to the statistical data, even where there is

some weaker than expected results in the analysis.

It is important to look at the items in terms of relative statistical difficulty. This
information will then guide the qualitative analysis of the TSPCK responses, which will

be discussed in Section 6.6.

Table 17is the item within the TSPCKbroad categories. The more psitive the value,
the greater thedifficulty is seen tobe. Table 18gives the item separation per individual
item. This information is potentially useful because it relates to specific content areas.
This data can become a point of intersection between ¢éhprevalent misconceptions
identified in the CK assessment tool and the interpretative analysis that follows in the

next section.

Table 17: Item measure by Category ranked from most difficult to easiest

TSPCK Category A Category B Category E Category D Category C
Category Prior learning Curricular Conceptual | Representatio What is
and Saliency teaching ns and difficult to
misconceptions strategies analogies teach
ltem
measure 0.27 0.27 0.27 -0.87 -1.05
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The item measures give a statistical value of theelative difficulty of items, the more
positive the value the more difficult. From this data it can been seen that no one
category was found to be significantly more difficult than another, Categories A, B and E
scoring at the same level of 0.27. The easit was Category CThese results are different
from the Mavhunga and Rollnick and the Ndlovu TSPCK instrument, where Category E
was the most difficult item because it involved the bringing together of all the
components of categories A to D. The averaghfficulty level was calculatedat 0.0
indicating that this group managed the assessment tool was relative eas€hese values
are not significantly different from each other. The values also indicate that this sample
did not experience to items as overlydifficult but there also no items that were

particularly easy either.

Within this data there is little separation between Categories. When the items ar
viewed separately in Table 18 a more detailedand useful pattern of item variation
emerges. The itemmeasure, again gives a statistical measure of relative difficulty of

items.

Table 18: Item measure by individual items ranked from most difficult to easiest

A2 Map B1/2 B3 El D2 Al D1 C2 C1

Total Inter - 4EA ) (5 Why isit | Conceptual | Represent | Currentis | Represent | Potential The

Resistanc | related- ) A AZA O| importan | understan | ation of conserved | ation of problems use and
@ e drops ness of selecting | ttolearn | d-ing | current througha | current with the use | unders
o when a concepts | sequen about (??i DAOH flow in series flow in of physics tanding
S resistor is | and cing electric NOA OOH parallel circuits parallel terminolo- of
= addedin | termsin importan | circuits circuits circuits gies termi-
@| parallel electric t nology
Lg) circuits concepts

1.31 1.09 0.47 0.40 0.27 0.12 -0.31 -0.31 -0.31 -0.68

In this table the variation of items within categories becomes more evident, and it is
beginning to appear that content plays a significant role in item difficulty. The iterA2
referring to the effect of on current with the aldition of a resistor in parallel is the most
difficult. In the same category, a similarly structured item(Al) but covering different

content was one of the easiest itemwith a -0.31. The concept map item had the second
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highest difficulty measure. Thetems dealing with use of terminology were relavely

easy to define and detect. However, when terminologies had to be ranked and the
interconnections between the terms explored, this proved to be more difficultThe
respondents had difficulty selectingwh® OEA [ AET (QB1RCan) theA he©d x A O,
subsequent step developing these ideas into a concept map is made more difficdlhis

correlates broadly with the sites of misconceptios detected in the CKassessment toal

As a summary of the item and pson measures, a Persositem map is given in Figure
29. The vertical axis ranks the abilityor difficulty. The persons are plotted to the left and
OEA EOAI O O OATE8 4EEO Oi A6 CEOAO A PEAOO

items.

01-625ws
TABLE 1.0 TSPCK Analysis ZOUG625WS.TXT Mar 6 22:20 2015
INPUT: 16 Person 15 Item REPORTED: 16 Person 15 Item 4 CATS MINISTEP 3.81.0

MEASURE Person - MAP - Item
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Figure 29: Person-ltem map for the TSPCK assessment tool
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Figure 29 shows that thepopulation is widely spread in ability. This spread is different
from the data generated from the CK assessment tool, which had the person measure
clustered more to the top of the scale. The Item measusdor the TSPCK assessment tool
are grouped in the middle which is also different to the CK assessment tool items which
were grouped on the lower end. This shows assessment tools did not test in the same
way despite covering the samecontent and being completed by the same sample
population. The relationship between the CK and TSPCK assessment tools will be

discussed more fully in section 6.7.

6.5.3. Conclusion of statistical argument for validity and reliability

A statistical argument for the validity and reliability of the TSPCK assessment tool has
been presented. There is good evidence that the TSPCK meets the requirements for
statistical validity but the evidence for reliability is not as strong. The argument for
statistical reliability, while not as strong as the validity argument, is not so weak that
does not meet any of the criteria for reliability. There is enough indication that with a
larger sample the requirements for reliability would be met. The quantitative analysis

also point to the topics that are more difficult for teachers to transform knowledge.

The key finding from the statistical analysis is that the TSPCK assessment tool does
work together to measure a single construct. Howeverhe quantitative argument is not
viewed in isolation and an interpretative argument for validity and reliability is also

presented.

6.6. Interpretative argument for validity and reliability

If the TSPCK assessment tool is a valid means to rank levelsezEsoning with regard to
TSPCKhere should be evidence of this in the teacher responseQualitative analysis of
teacher responses should provide evidence why one item is more difficult than another
and triangulate with the item measure statistics discussed in the previous sectipaven
if this difference in item difficulty is statistically quite small.In the qualitative analysis it

should be possible to linkthe data from the CK assessment tool. If the scores and
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confidence levels from the CK assessment tool indicate the possityila teacher held a

misconception this, should also be evident in the teacher responses.

In the next section examples from each category willbe presented with comments
relating to the evidence of teacher reasoning. The purpose is to show the ability tbie
TSPCK assessment tool to draw out different types and levels of reasoning. Three
categories have been selected as examples of the type of analysis possible. Category A
Student prior knowledge and misconceptiongvas selected as an example because it
presented evidence that misconception presented in the CK assessment test persist into
the TSPCK responses. Item A2 was statistically determined to be the most difficult item.
The concept map was selected from Category 8Curricular saliencyz because itwas
statistically evaluated as the second most difficult item. It illustrates the complexity of
the concepts a teacher needs to order and connect to teach electric circuits. The final
category selected is Category E Conceptual teaching strategies this category brings
together all the other components of TSPCK reasoning and theoretically should be the
most difficult category. Category C and D were not included because the interpretative
analysis in these categories is very similar to Category A and Bnely were also the
categories thatwere determined to be the easier items and the evidence from the

interpretative analysis was not as varied as the evidence from Category A, B and E.

6.6.1. Category A - Prior knowledge and misconceptions

In Category A there were two items: one that dealt with current being constant
throughout a series circuit and the second item dealt with the impact of current and
resistance when a resistor is added in parallel. In the CK assessment tool construction of
parallel connections wasidentified as one of the sites of misconceptions within the
teacher group. Figure 30 is a copy of the item in the TSPCK assessment tobio

extracts were selectedas an example of the analysis and are shown kigure 31
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A2. How would you respond verbally to a student who answers B to the following question?

1 2
3

A B@D

Figure 6 Figure 7

~~BATTERY+]—

= BATTERY+D-
>

Compare the brightness of Bulb A in Figures 6 and 7.

A. Brighter in Figure 6
B. Brighter in Figure 7
C. The same in the both figures

Response A: Just because there are two light bulbs in figure 6, doesn’t mean that A will burn
brighter. The brightness is dependent on the amount of current moving through the bulb. In
Figure 6 the current has been divided at the parallel connection. The presence of the parallel
connection means resistance is halved so current is doubled so the amount of current through the
parallel branches, in this case, is the same as through the single bulb so there is no difference in
brightness.

Response B: All the bulbs are identical; their brightness is dependent on how efficiently they can
transform energy, which is defined by the term power. In electric circuits power can be calculated
by P = VI. In the parallel connection if we calculate the equivalent resistance of the parallel

1 1,1
connection. If we assume a resistance of 201 then Rr = 2 +3 which is equal to 10 exactly half

the overall resistance in Figure 7. Seeing that as voltage stays the same current would be doubled
and then halved again at the parallel connection, so the same amount of current is available to be
transformed.

Response C: You seem to have missed that the bulbs in figure 6 are connected in parallel. At the
parallel connection the current divides. The bulbs have identical resistance so the current will
divide equally through both branches. Two bulbs in parallel halves the resistance, which doubles
the current, which is then halved again at the parallel connection, so the net effect is zero and
bulbs will burn equally bright.

Response D: None of the above

Figure 30: Item selected as an example for the qualitative analysis of a Category A

Respondent 107 got all the questions relating to parallel circuits correct in the CK
assessment tool. The next respondert102, got 3 questions relating to parallel circuits
incorrect in the CK assessment tool and in all these questions stated that she was
confident about her answer. These two respondents were selected as examples because

they represent two extremes. The analysis is given in Figure 31
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Respondent 102 z Coded as Limited

&2

My choice is

‘»Myreasonls
Bva VWOL kf na . CC LLfLK$_Q4 heoLﬂOVﬂl
kf\ D « [‘ (( LL'\
oL r*k,Lu,k 3 SS

1 wone [emen e of

o N - Voneef-

W etver Tlaaim . & ¢ OL«/\,\
o \\fmdxk-%kvu; el f oo oA

C g . = C;Lfv\(\} Y =

T 8 Y on pamlle K
%8

Respondent 107 Coded as Exemplary

<

There was evidence of
misconception in CK
assessment tool and this
persists in this
explanation. The teacher
has missed that the
current and brightness
through the parallel
branch in this situation
remains the same and
gives the incorrect

> answer.

There is evidence in this
response of some content
knowledge but conceptual
understanding is missing

Codedas Limited- 1

My choice is_B

My reason 1s

Learners really struggle with questions llke these'>In an
answer like C about halving and doubling “and halving again,
many learners do not follow

| your explanatlon I think the switch between words and
-symbols and diagrams all the time is really difficult.
In my experleﬁce, working with numbers, by putting Teal
values into the circuit, helps learners make it more
concrete. Possibly also because one

is only working with symbols, so it is easier.

jlwbgyg therefore chosen B. It also brings in power, whlch gich

Teacher shows an
understanding of her
students. Understands
where students struggle

She demonstrates where
students have conceptual
difficulties

Gives reason for selecting B
relating to learner ability

needed to S S I ST KPR T Gi f ludi
explain brightness. & and C does not talk about power, only R — Ives reas.or_1_ _Or excluding
and I. T e e S| | other possibilities
Coded as Exemplary 4
Figure 31: Item A2 and example of the type of responses, extracted from

respondents 102 and 107
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There is evidence that the misconceptions about parallel connections pést in
Respondent 102responses in the TSPCK assessment toolegpondent 102 uses the
power formula (P= VI) to argue that the bulb will glow dimmer because the overall
current decreases. This answer does not take into account that the overall resistance
will drop when an additional bulb is added in parallel. What is interesting to note is that
the options provided were all conceptually correct, the respondent selected an option
that she liked the best and argued for it using the incorrect explanation, illtsiting how

persistent a misconception can be

The aboveFigure 31 is an example of the type of analysis possible with this item.
Evidence fromrespondent 102 showsthat the misconcepion persisted and conceptual
gaps were exposed in her rgponse to the TSPCK assessment tool. Evidence from
respondent 107 shows the type of multilevel reasoning required to select a response is
shown. This item was statistically the most difficult item. The idea that current doubles
because of the resistor in parallel and the halves again at the parallel junction is
confusing for both teachers and learners and a difficult concept to explain. It requires
conceptual understanding of current, resistance and voltage. This inteelatedness of
concepts in electric is one of the awceptual difficult parts of electric circuits and this
item requires understanding of multiple conceptsand their interaction which is a

possible reason why it was ranked as a difficult item

6.6.2. Category Bz Curricular Saliency

Curricular Saliency had the widest range of item difficulty within one category. The
concept map wasthe second most difficult item (1.09), the selection and sequencing of
OEA O"EC )AAAOG6 OEA OEEOA 1100 AEAEZEAOI O j m

teach electric circuitswas the least problematic (0.4).

In this category a list of main and subordinate ideas were given and the respondents

had to select the main concepts and sequence the order in which they would teach the
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concepts. Sequence is difficult to determine in elétc circuits because terms and
concepts overlap and interconnect rather than follow sequentially, which isa possible
reason why this categoryproved difficult. Half the respondents did not attempt the
concept map, some wrote a paragraph and one persoromied a diagram from a
computer animation. The concept map was the most complex item in the FSK
assessment tool. Figure 38ives the list of main ideas and suordinate ideas, as a point
of reference, given in this category, the topics highlighted in yiell x A OA OEA
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are attached in Figure 33 and examples of the analysis is shown.

A selection of content and concepts relating to electric circuits is provided. The question below
refers to how knowledge and concepts are ranked and how a teacher makes connections between

content and concepts.

B1. Review the list of concepts relating to electric circuits below.

Select and rank three foundational concepts, that you regard, as both basic and central

concepts in electric circuits.

1. To obtain an electric current there needs to be a continuous loop from one battery
terminal to the other terminal

2. An electric current is the net flow of charge.

3. Parallel connection in a circuit are current dividers

4. The materials that make up the circuit provide the charged particles when there is an
electric current

5. ADbattery provides the energy for an electric current

6. Voltage can be defined as J.C*

7. Ohm's law can be expressedas V = ?

8. When there is a current, energy flows from the battery to the external circuit.

9. Resistance is the opposition to current flow

10. A battery creates an electric field within the materials that make up the circuit. The
electric field is the cause of current flow.

11. The resistance of a parallel connection can be calculated by i = r_il +i + é

12. An electric circuit is a system in which changes in one part can affect other parts

13. Power is the rate at which energy is dissipated by the circuit component.

14. Current measured with an ammeter and voltage by a voltmeter

Figure 32:4 EA #AOACT OU " 1 E Ofber suiordirdte Heas jorditdnA O 6

Bl and 2
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Three concept maps have been extracted as examples of théfatient levels and are

shown in Figure 33 Respondent 110- categorised as limited (1), 107z categorised as

exemplary (4) and 111z categorised as devealping (3)

Concept map from respondent 110 (Categorised as Limited (1)

Draw your concept map here

Cesivan\

Unclear connection and
reason for position on
map, implies current
produces ammeters
and voltmeters

{_without direction or

Connection lines

e — Ay > \nswoker s
Cendui®s R
X (oo of ammaxer
) 2
/ % Now
Cam(nt
s _ F/”JT—f
£ _ Pvenmo

%

1\\ (s 1\3\.5 i

o/

C\ b(;s !.C/

YLnes
¢ paie)

Lonks

Categorised as Limited 1

reason for connection

Ohms Law selected as
a main idea

Energy in a circuit a
main concept but the
role of the batter is
missing, as well as
energy transformations
are missing. There is no
connection between
this and potential
difference

Figure 33: Concept map analysis for respondents 102, 107 and 111

Respondent 110, categorised at level  limited - simply listed terms and connected

terms WiOE AOOT xO AT A 11

Agpbl AT AGET T 8

z

| EI 60

idea but there are several concepts that need to be in place before this is covered. It may
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be possible that teachers less able to transform the content will revert to focussing on

the algorithmic components of this topic without deep understanding of the concepts.

4EA ATTTAAGETITO AAOxAAT AT T AADPOO AOA 1 EOOET C
all of these reasons indicate limited TSPCK
Figure 33 Continued :

Concept map from respondent 107 - Categorised as exemplary (4)

Draw your concept map here

4x1 O"EGC )A
are = selected corredly

Con

L

KhaC one pavk con
for omponents alfect other pofis

the Such as | >

Multiple and cross links
included with reasons

Bajtéry |Voltmeterl [Ammeter | ~ [Resistors |
me’dﬂs Measures MoaSures
[ ]"Y X ; .
. o e Sub-ordinate topics
ENER PAotenttaI Electric | lected with fi
" difference current Se_ece with even 1ner
, 1 refinements below
3 . 5 : these topics
Electit | puses & A i
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Categorised as Exemplary4

Respondent 107 was categorised at level 4 exemplary z because her map clearly
DOAOGAT OAA OEA O"EC )AAAOGe AO 1 AET EAAAEIT CO /

as showing multiple links between conepts.
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Figure 33 Continued :

Concept map from respondent 111 z Categorised as developing (3)
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Initial categorizing but
altered after discussion
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Interconnection of
concepts given

Two important
concepts with weak
connections and
relationship with other
concepts not clear.

Relationship to voltage
missing.

Categorised as Developig- 3

The third concept map selected is from respondent 111 and was categorised at a level 3
Z developing. There is some evidence of selecting main ideas but the cowrtiens

between the ideas were a bit confused or missing.
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6.6.3. Category Ez Conceptual teaching strategies

In the TSPCK assessment tool designed BMavhunga & Rollnick, (2013) and Ndlovu
(2013) this category was determined to be the most difficult because itrimgs together

all the other categories and requires multilevel reasoning. In this TSPCK assessment
tool this is not the case and it wasstatistically determined to be only of moderate
difficulty. A possible reason is that the item was scaffolded, whichaue it easier for the
teachers to organise their thinking. Three examples of the type of resporsegiven are
shown in Figure 34. In this Categoryhe teachers were given a students answers to a
guestion about electric circuits. The student gave a mix of mect and incorrect answers
showing that he understood some concepts better than others. The teachers were asked
to identify the students conceptual gaps and give strategies they would employ to assist

this student.

The examples were selected to illustra the different levels of appraoch. Respondent
pnip EAAT OEZAZEAO ¢ AT 1T AAPOOAI CADPO AT A AT AOT @
Resondent 105 indentifies 5 conceptual gaps and clearly articulates two different

strategies to confront these.

Extract fro m Respondent 101 z Categorised as limited (1)

b. What are the key conceptual gaps, in your opinion, that this student demonstrates?
[ Write your response here ¥ e
| > T y " 7 0 4 f{ g . .
- MWissi- 1‘) lhe enu ‘J‘j ; ‘]“‘ & Identifies 2 misconceptions
N L A
o wee twe ¢ \ijc
Confuses ey j ite / !T\\\\\
S, { ) X \ —
~ Wissi ww) NGBt e A S Pat—— T ]
OCcur™= éj(\fla;umga\ﬁ clechvical L~
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Categorised as Limited 1
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Figure 34: Example of responses for Category E from respondents 101 and 105

Figure 34 Continued:

Extract from Respondent .105 z Categorised as exemplary (4)

b. What are the key conceptual gaps, in your opinion, that this student demonstrates?

T Identifies 5 areas of
N .
T lewvner Jdees ot L“m-}\—/ misconceptions or

/
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selected
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CETEL abmt Teen gy wp a4 SmP
et Jc_ Y. < N TR T TS & Use of a handon
Y — practical to specifically

address one of the
misconceptions

Categorised as Exemplarn4

The difference between thee two response is the level of awareness of the type

misconceptions held by students and the number giotential conceptual strategieseach
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teacher is able to articulate. The purpose of the TSPCK assessment tool is to extract
different levels of teacher easoning and these two responses show a distinct difference

in reasoning that is distinct from content knowledge.

6.6.4. Conclusion of interpretative argument

The purpose of the interpretative argument is to show that the items in the TSPCK are
useful to extrad teacher reasoning. The variation of the answers shows that it is
possible to rank answers. The careful development of the assessment rubric has been
vital in defining and clarifying the criteria for the different levels. Teaching is a complex
activity and a statistical score can mask this complexity. The qualitative analysis allows
for consideration of the individual and how they approach their teaching. Validity is a
measure of the extent to which an assessment measures what it was intended for and
this assessment tool does distinguish between different levels of reasoning. The
reliability is achieved by having a clear and descriptive rubric, which generates similar
categorising with different raters. The interrater agreement was 83% indicating a

good level of reliability. The interpretive argument for validity and reliability is strong.

6.7. Relationship between TSPCK and CK assessment tools

The correlation between the CK and TSPCK scores is an important component of this
project. The relationship was detemined using the Pearson productmoment
correlation coefficient. The final scores of the TSPCK and the CK assessment score were
used as overall correlation, with the statistical significance set at p<0.0A correlation
value lies between-1 and +1 and themore linear the relationship the nearer the value

will be to -1 or to +1. If the value falls between 0.66 and 0.85, this indicates a good
relationship between the dependent and indpendent variables. If thecorrelation value

falls between 0.35 and 0.65 tlere is some indication of a linear relatioship, but its

predictive value is limited (Creswell, 2012).
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The calculated Pearson produetnoment value is 0.453This value indicates thatthere
is positive linear relationship but it is of limited predictive value. This value is not
completely unexpected because it does not necessarily follow that high CK will result in
in a high level of TSPCKMavhunga and Rollinick (2013) proposed that it through
subject knowledge that teachers are able to reason through tHe Categories of TSPCK.
This relationship is confirmed by this sample group. However a strong performance in

the CK assessment tool does not necessarily equate to strong TSPCK.

While it is evident form the Pearson correlations that there is some linearetationship
between CK and TSPCK, there are other factors that influence the relationship. Factors
that could influence the relationship include recent familiarity with the topic and the
length of time required to complete the TSPCK. The time required tomplete the
TSPCK tool might have meant that some items were left unanswered. In some cases
there was evidence in other items that the teacher did have developing or exemplary
TSPCK but these unanswered or incomplete responses were categorised at a level 1

s o~ o~ A~ N s oA
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Another way to visualize the positioning of the respondents in relation to their CK and
TSPCK levels is to plot them in quadrants, shown in kigg 35. On the xaxis CK is
plotted and on the y-axis TSPCK is plotted. The first quadrant is high CK and high
TSPCK, the next quadrant shows good CK and low TSPCK, the third is both low CK and
TSPCK and the final quadrant shows low CK and good TSPCK. This plot shows that none
of the respondents fel into the quadrant low CK high TSPCK.
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Figure 35: Bubble plot showing relative position in relation to CK and TSPCK

In Quadrant 1z low CK and high TSPCK there are no plots. In Quadrarg Bigh CK hgh
TSPCK there ar® respondents that fall into this this category, in Quadrant 3 Low CK
low TSPCK there are 4 respondents within this category and in Quadrant Aigh CK low
TSPCK there are 6 respondents within this category. This relationship follows the

theoretical framework presented byMavhunga and Rollnick (2013).

The relationship between the CK and TSPCK assessment tools can also be seen when the
misconceptions found in the CK assessment tool match the items that were most
difficult in the TSPCK assessment tool. Parallmisconceptions was found to be one of
the most prevalent misconceptions held by the teachers and a similar question in the
TSPCK was statistically found to be one of the most difficult. In sigection 6.6.1.
evidence was presented of where a teacher hatd a misconception and howit impacts

the way she transforms knowledge for her students.

The relationship between CK and TSPCK is present but it is multifaceted. The one clear

relationship is that without content knowledge it is not possibility to demondrate the
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reasoning required for TSPCK. The converse relationship is not a clear. Good content
knowledge does not automatically mean that ability to demonstrate TSPCK reasoning
exists. The respondents in the highest TSPCK category did not achieve the hggheK

scores but they did have good CK levels.

6.8. Conclusion

Both an interpretative and quantitative evidence for validity have been presented. The
gualitative argument for validity is that for both persons and items the Rasch score for
the majority of the data falls within the range of-2 to +2. The person reliability is good
at 0.94 but the item reliability is relatively low at 0.43. This could be attributed to the
small sample size. The correlating statistical of the CronbaeNpha (Kr-20) for
reliability score is 0.97 indicating that there is some evidence of reliability and a better
reliability score could be achieved with further testing. There is statistical evidence that
the items are able to discriminate between different reasoning abilities. The diatical
range of difficulty between items is small, which again indicates that a larger sample is

required.

The interpretative analysis shows that it is possible to find evidence of teacher
reasoning and how they transform knowledge to make it acce#de. It is also possible to
categorise the way teachers transform content knowledge and assign relative rants
this process The task of seeing and measuring TSPCK, while challenging, has been
shown to be possible in the interpretive analysis and it is pasble to value a value

= A s o =
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If the qualitative and quantitative data are taken together the argument for validity and
reliability can be made.The quantitative data showed statistical validity. The processf
construction and the design of the assessment rubric ensured construct validity. The
interpretation of the responses showed that variation and subtlety could be evidenced

adding to the argument for validity.
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In addition to this the correlation betweenthe CK assessment tool and the TSPCK was
investigated. In broad terms it showed that good content knowledge does not
automatically equate to good TSPCK reasoning but that with weak CK knowledge it is
not possible to have good TSPCK reasoning. The corretati discussion of the two
assessment tools shows that CK and TSPCK are two distinct knowledge domains. In the
next chapter argument will be presented whether ornot this data is sufficient to answer

the research questions presented in Chapter.1
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Chapter 7 - Discussion of finding s, implication of results and

conclusion

This clapter presents an overviewf howthe project was conducted and discusses findings
in relation to the research questions. The implications of the study are given, followed by

recomnendations, limitations and a final conclusion.

7.1. Introduction

The poor performance of South African Mathematics and Physical Science teachers is
well-documented (Dempster, 2007, Selvaratham, 2011 and Chrisholm, 2009). The PCK
research group at the Universiy of Witwatersrand have been investigating the
possibility of developing TSPCKas a strategyto improve the quality of in-service and
pre-OAOOEAA OAEAT AA OAAAEAOOG8 )1 1T OAAO O 1 AAO
form of describable and measureableriteria to make this claim. This has necessitated
the need to design assessment tools covering the topics in the South African Physical
Science curriculum. There were two equally important starng points or foundations

for this study: firstly, the nature and type of misconceptions prevalent in electric circuits
and secondly the process of describing and measuring TSPCK for electric circuits. These
two components interlink because without a teacher having the correct understanding
of the concepts involvel with electric circuits, she will not be able to transform this
knowledge and make it accessible for her students and to confront and remediate the
misconceptions held by her students. Twassessment tools were developedne was
adapted from existing tests to assess content knowledge and the other was newly

designed to measure TSPCK levels.

Electric circuits were selected because the topic forms a key part of the CAPS
curriculum at multiple grade levels. Grade 10 was selected as the content coveredras

grade forms the conceptual foundation for grades 11 and 12. The content covered in
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grade 10 is indirectly examinable in the Grade 12 year because understanding concepts
of current, voltage, resistance, series and parallel connections form the backboofeany
electric circuit question. A review of the science education literature reveals that the
topic of electric circuits is a common site for misconceptions to exist, both in teachers
and students,(Engelhardt & Beichner, 2004, Loughran, et al., 2006,ulhall, et al., 2001,
Pesman & Eryilmaz, 2010, Summers, et al., 1998, Wainwright, 2007 and Tarciso Borges
& Gilbert, 2010). These common misconceptions, Loughrén@oRe and the CAPs
document provided the content starting point for the development of bothlte CK and
TSPCK tools.

7.1.1. Methodology Overview

The MixedMethod (MM) approach was used to answer the research questions. Both
guantitative and qualitative processes were used during the development of the two
assessment tools and in determining the validitynd reliability of these tools. There was
strong emphasis on the processes followed during the development of the two
assessment tod, making it possible to describe this research as methodological. A
pragmatic philosophical orientation was adopted in lis project. The advantage of using
a Mixed-Method methodology isthat it brings the best attributes of both qualitative and
guantitative methods to theanalysisnamely; the measurable certainty of empirical data
and the expression of the complexity of reaming that is possible withan interpretative

approach(Burke Johnson & Onwuegbuzie, 2004)

Development of CK and TSPCK assessment tools

Two assessment tools were adapted or newly designed. The CK assessment tool was
adapted from existing tests in literature. The final CK assessment tool consists of 20
multiple -choice items, together with a confidence rating for each question. The purpose
of the assessment tool is to measure the content knowledge level of the respondents
and to detect possible sites of misconceptions. The TSPCK assessment tool consists of 9

open-ended items designed to extract teacher reasoning about teaching electric circuits.
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The items were designed using thestructure of the Mavhunga and Rollnick (2013)
TSRCK model, which defines the process transform@ of content knowledge using 5
categories; namely (i) learner prior knowledge and misconceptions, (ii) curriculum
saliency, (iii) what is difficult to teach, (iv) representations and analogies and (V)

conceptual teaching strategies.

The development of both assessment tools was a rigorous process and involved
processes of discussions with subject and assessment experts, piloting anddesign.
Careful attention was given during the design process that the assesent tools were
understandable and accessible for the respondents but without losing the depth of
response required to measure TSPCK. Both assessment tools were made widely
available but the response rate was low, with a final sample size of 16 respondgn

collected.

Data Collection

The 16 completed assessment tools were collected and scored. The CK assessment tool
was scored using a memorandum. The responses to the TSPCK assessment tool were
categorised using an assessment rubric. The rubric was-morked multiple times to
ensure that it accurately categories teacher responses. Writing the descriptors entailed
looking for patterns and ways to describe the responses that were specific enough to
categorise TSPCK level but broad enough to allow for the ved responses expected.
When the final rubric was validated an 83% agreement was achieved between 3 raters.
The key aim of the categorising process was to rank levels of reasoning of the teachers

to authentic teaching situations, within the topic of eledaic circuits.

Validation and Reliability of the CK and TSPCK assessment tools

The data collected was analysed in two parts, statistically and interpretatively. The raw

scores for both the CK and TSPCK were analysed using Rasch software. Both assessment
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tools fell within the acceptable statistical range of2 to +2 for validity. This gave the
indication that the tools were measuring the single construct for which they were
designed. In the CK assessment tool this is basic content knowledge and for the TSPCK
assessment this is TSPCK reasoning with regard to the teaching of electric circuits. The
statistical reliability for the CK assessment tool was established, at 0.71. The reliability
of the TSPCK assessment was a low at 0.36, which means there is reas@ahhnce
that a different set of results could be obtained if this tool was given to a different

population.

The statistical analysis was not done in isolation but together with qualitative analysis.
The CK assessment tool results were analysed, using tt@nfidence rating, to determine
the type and most prevalent misconceptions and content gapghese misconceptions
and content gaps are outlined in susection 4.3.3 The key areas where content gap
and misconceptions were detectd from the CK assessmertbol was the effect of adding
resistors in parallel and the second areavas the concept voltage and how it changes
within a circuit system. This analysis was then compared to the raw scores and
responses to the TSPCK tool. The TSPCK tool responses wereligtiaely analysed
looking for patterns and responses that were evidence of the type of reasoning required

to transform content.

The theoretical construct of TSPCK assumes that the categories are hierarchical with
learner misconceptions and prior knowledge being the easiest to respond to and
conceptual teaching strategies the most difficult. The raw scores of TSPCK categories
were qualitative analysed to see if they fit into this pattern. The greater the agreements
with the theoretical construct the higher the degree of validity.This assessment tool did
not completely fit into this hierarchical structure. The two categories which did not fit
into this pattern were one item from category A which should have been a relatively
easy item proved to be one ofhe most difficult and category was not the most difficult

it placed in the middle of the difficulty continuum.
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Finally the raw scores and the CK and the TSPCK were correlated using product
moment Pearson correlation coefficient. It is expected that ther should be appositive
correlation between the CK and TSPCK scores because the assumption is that without
content knowledge it is not possible to demonstrate TSPCKLhere is a positive
relationship with the high level TSPCK scores and CK scores. In othevrds all the top
TSPCK scores had good content knowledge, not all the top CK performers were able to
score highly in the TSPCK assessment tool and none of the low CK performers were able

to scorehighly in the TSPCK assessment tool.

The validation of boh assessment tools speak to heart of this study and the findings in
relation to the next section discusses the finding with reference to the research

guestions

7.2. Findings and discussion

7.2.1. Research question 1

1. What are the most appropriate methods for designin g assessment tools for

[ AAOOOET C OAAAEAOOB #1711 OAT O +110 xi AACA | #+

Content Knowledge (TSPCK) in electric circuits?

Claim 1: Valuable research has been done into the core concepts, misconceptions and

measurement of electric ptuit content knowledge, so an assessment tool to measure CK in

electric circuits can be adapted from the existimgsessmenols inthe science education

literature.

The purpose of the CK assessment tool was to generate a score that serves as a
reference point for the TSPCK assessment toolhis meant thatthe CK assessment tool

needed to focus primarily on conceptual knowledge and less on the algorithmic type of
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knowledge for which test questions are widely available, but which can be answered
correctly by simply substituting values into a formula without real understanding of the
concepts involved. | found thregests to measure content knowledge of electric circuits
in the science education literature of which were potentially usable. This meant ¢he
was no need to create a CK assessment tool from scratch. The process was then to select
the test which best suited the needs of this project and had an overlap of the required
content. Two tests were selected and adapted to generate the CK assessmeat, t
namely the DIRECT Engelhardt & Beichner, 2004 and the Threetier test (Pesman &
Eryilmaz, 2010). The procedure for selecting and excluding items is covered in section
4.2. The final CK assessment tool consisted of 20 multipddoice items. As theravas no
need to extract deeper levels of thinking, the multipleehoice format was an appropriate
method for the CK assessment tool as this format allowed for conceptual questioning

without it being too time-consuming to complete.

Based on the Thredier test test, | decided to add a confidence level rating. This
allowed me to extract an additional layer of information, piRpointing sites of
misconceptions. An incorrect answer because of a misconception is conceptually
different from an incorrect answer because of a lack knowledge. A misconception is a
situation where a teacher believes they have a good grasp on the content but in fact is
working with an incorrect understanding, whereas a teacher who has a knowledge gap
does not know the content because @ lackof familiarity with the material and they are
aware that they have missingknowledge. In some waysthe teacher who is aware that
they have a lack of understanding is easidp remediate than the teacher who holds a
misconception. Teacher lack of kowledge and teachetheld misconceptions both
impact TSPCK: a lack of knowledge will mean that the teacher cannotairisform
knowledge for teaching, whilea teacherheld misconception means the teacher has
some knowledge to transform but transforms it concefually incorrectly and these

incorrect concepts are transferred to learners.
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The multiple-choice format with the addition of the confidence level rating is an
appropriate way to measure CK in electric circuits because this format allows for large
sections of knowledge to assessed quickly and efficiently. The main thrust of the study
was the TSPCK assessment tool so to spent an excessive amount of time and energy on

the CK assessment tool would be countesroductive.

Claim 2: The Mavhunga and Rollnick meld(2013) provides useful categories for the

design of a TSPCK assessment tool, however within certain cateqories there

assessment challenges that could warrant revisions of some aspects dfeims within

these cateqgories

The 5 Categories describig TSPCK designed by Mavhunga and Rollnick (2013) formed

the theoretical framework for this project. This model was successfully used to design

and validate a TSPCK assessment tool for electrochemistry by Ndlovu (2013), and is
currently being used to designassessment tools in stoichiometry, acids and bases and

AEAI EAAT AT TAET ¢c8 )O0860 ADPDPOI POEAOAT AOGO &I O
established. This study formed part of a collective effort to design TSPCK assessment

tools across multiple science tos using the same theoretical framework so a
consistent approach could be developed across multiple topics. The broad structure of

the TSPCK assessment for electric circuit fits into this wider context but there were

challenges for this particular topic wthin this framework.

The 5 Categories were important to help define the focus when | was conceptualising
items for the TSPCK assessment tool. Without the limits of the categories it would be
difficult to conceptualise what type of items to include. In gneral, items were able to
stimulate multifaceted answers that revealed teachei®reasoning in just a few
sentences. As an overall guidelinghe categories of the Mavhunga and Rollnick worked
well and formed and exceptionally useful framework for the asssment tool. Within

certain categories there were items that posed difficulties.
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The Category A Learner prior knowledge and misconceptionsis particularly relevant
for this topic. Two common misconceptions were selected for this section, namely
current weakens as it flows through the circuit and the effect of adding a resistor in
parallel. Category A used the format of providing authentic verbatim responses to
common student errors in a multiple choice format and then asking the teachers to
provide reasons for their selection. The multiplechoice options of responses to errors
were quite complex and were all basically correct and could all be selected depending
on the context. It was the reasoning for the choice that was of interest and which |
categorised. Additionally, an option to create their own response, together with their
reasoning was also available. These items provided rich data, without requiring more

than two or three sentences in response.

In other similar TSPCK assessment tools, in othescience topics, Category A on
misconceptions was ranked as the easiest category, but his was not the case for electric
circuits. Misconceptions in electric circuits appear to quite stable and not easily
disrupted (Mackay & Hobden, 2012) making confronting and correcting
misconceptions particularly difficult in this topic. The fact one of the items in this
category wasstatistically ranked as the most difficult item and thisis a deviation from
the expected pattern.The other item in this category wasstatistically ranked as the
easiest item. However, this deviation is not there because there is a problem with
format and structure of the items in this category, instead it has occurred because the
confronting of misconceptions isparticularly difficult in electric circuits. Dealing with
misconceptions in electric circuits involves more than just identifying and correcting
misconceptions because within each misconception there are several other closely
inter-related topics attachedto the misconception. For examplean error in a parallel
connection may be present because of a misconception about current but the question
may ask for an answer in terms of brightness, which is actually asking the student to
answer using difference in pwer. This type of problem is common in this topic; this

item posed challenges because it represented a task that is challenging
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The most notable difficulty was the time required by the respondents to complete the
TSPCK assessment tool. This was partlady evident in Category B- Curricular
saliency, with nearly half the respondents not even attempting this category. Within this
category the item that seemed the most overwhelming was the concept map. A criticism
of concept maps is that they require i@ AOAEEAAI T OCAT EOAOQET 1
complex inter-relations well (Morine-Dershimer & Kent, 1999) The respondents who
were categorised at an exemplary level (4) certainly did show the interconnections
between the terms but these concept maps were so complex and showed so many cross
links that the meaning and content became lost and difficult to follow. Considering the
inter-connectedness of the concepts in electric circuits, this criticism is particularly
valid. The respondents who did complete the concept magpto a level 3 or 4 evidenced
many concepts and showed multiple connections between concepts. Showing this
amount of complexity is extremely timeconsuming. The concept map seemed to extract
OAAAEAOOS it lelsctrid dir€uAs ardAnot necessarily the reasons behind
ranking and sequencing topics for teaching. The maximum amount of hierarchical levels
in all the concepts maps was two, the difference between those categorised as
exemplary and developing was te number of interconnecton between terms. One of
the respondentsdid not attempt to draw a mind-map but gave a very clear description
and reasoning behind how she would sequence sttbpics within electric circuits. The
concept map item is placed within Cgory B z Curricular Saliency, which is the
category that describes the reasoning behind the order and timing of presenting
concepts to learners. The concept map did not expose the sequencing because the
knowledge hierarchy in this topic is quite flat. Tlere is not an easy flow from most
important to a sub-ordinate idea; understanding voltage is equally important to

understanding current and resistance

Category CO7TEAO EO AEAZEAOI O O1 OAAAEed xAO
responses in justa few sentences. The insight the respondents showed about the iaqgt
that the use language has on the teaching of electric circuits was particularly

noteworthy. Many electric circuit terms are used in everyday language ofF example,O)
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need to charge my gh1 #nplies that the phone is somehow filled up with new charges,
which is the incorrect physics idea.tlwould be interesting to gather more responses to
this question and to study the impact of language further. The format of this item

worked well for the purposes of this assessment.

Catgyory D z Analogies and represetations was also clearly answered by most of the
respondents. Teachers are comfortable to given their opinions on what they like and
ATT1T60 1 EEAh xEEAE EO x Elde ddtEeae3poAdantsAvgsialiel
to articulate where the representations failed, whichs one of the discriminating factors

between exemplary (4) and developing (3)

Category Ez Conceptual teaching strategies. écording to the Mavhunga and Rollnick
model this category should be the most difficult category because it requires drawing all
4 of the other components into a cohesive strategy. This was borne out, in part, in this
study. Respondents did find it difficult but not as difficult as the concept npaand the
guestion on parallel circuits. The questions in this category were scaffolded to assist
teachers with structuring their responses. This scaffolding may have had the effect of
being too leading making it too easy. The scaffolded structure also namt that the item
was quite long and perhaps a bit confusing to read’he question spanned two pages
and some of the respondents gave the feedback that they did not immediatedee which
were the OO OA AT O GdheyAhhdAo rdspond to so they did not rally understand
the question at first. Additionally the subtopics of movement of charge, energy and
energy transfer covered in this topic were not ones that posed as much conceptual
difficulty for the teachers asresistors in parallel, so energy may not & the most
appropriate sub-topic for this category. The suktopic of energy conversion should
possibly be moved to Category A andhe conceptually more challengingparallel

connections to Category E.
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While there are challenges with certain items within tle categories of the Mavhunga
and Rollnick (2013) model, it does provides a very useful structure to organise and
design assessment items to measure the complex construct of TSPCK. The fact that there
are variations between science topics is to be expecteahd complies with broader

theoretical framework of topic specificity of teaching science.

Claim 3: Being able tstate that these assessmetbolsA OA OEA Oi 1 006 ADPDPOI D

to measure TSPCK is too strong a phrasing.

The major constraint of the TSPCK assessment tool is the length of time required to
complete and the level of engagement required to answer it. There is a tension between
extracting deep rich responses and requiring too much time and energy from the
respondents. Written responses takdéime and if the teacher is rushed, she may not give
as deep a response she is capable of. Other methods such as classroom observations,
video observations, interviews, seHreflection journal are all potential methods for

i AAOOOET ¢ OA A AeArer@ih of this dsgessmantbrinat @ that it has been
used across multiple topics so it possible to compare results and observations. While
completing this assessment tool is time consumingt is not as time intensive as an
interview. A compromise has b be reached between drawing out and evidencing rich
responses and making the assessment process manageable. Written responses can be
administered to a large number of teachers and they can complete the assessment tool
at their own convenience. The writtenresponses also mean that there is a permanent
record of the response which can be analysed further or differently at atioer time. The
written response type of assessment tool has both negative and positive aspects. A
decision has to bemade regardingwhich of these factors overrides the others, which is

not a simple process.

The TSPCK assessment tool does measure what it was designed to megdweit is by

no means exhaustive. There is room for revision within certain categoriefor example
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the structure of the questioning with the concept map and perhaps changing the

Category E item to included parallel connection. Other types of measurement, such as
interviews, could be used in conjunction with the TSPCK assessment tool to correlate
and improve the quality of data extracted. These assessment taoimet the broad

requirement of appropriatenessAOO OEA OAOI I TO008 ADPDPOT POEAC

7.2.2. Research question 2

2. How valid and reliable are the two assessment tools that were designed?

Claim 1: The CKssessment tool was proved to be both valid and reliable for both persons

and items using guantitative and qualitative arguments.

The CK assessment tool was adapted from pexisting assessments in literature which
had thus already been tested for validity So when this CK assessment tool was analysed
using Rasch analysis, it was gratifying to find that it was statistically valid for both
persons and items because the ZSTD scores fell between the required valuesfand
+2. The reliability values for persons was 0.70 and for items it was 0.57, still a
reasonable level of reliability . A reliability level of above 0.80 would have been more
conclusive. The inherent weakness of the small sample has impacted all the statistical
analysis done in this study. Th average score for the CK assessment tool was 80%
which is a high average btuiis also to be expectedctonsidering that this sample was
made up of highly qualified and experienced teachers. The 3 lowest performing
respondents were all teachers who are notwrently teaching Physical Science and who

had the lowest number of years teaching Physical Science.

The addition of the confidence level provided another layer of data. Despite the overall

performance in the CK assessment being very good, it emerged tthaertain
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misconceptions were more prevalent in this sample group than others. A misconception
was detected when a teacher got a question incorrect but gave the rating that they were
confident about their answer. The most common misconception detected eged to the
impact of adding resistors in parallel to the current in circuit. The next two most
common misconceptions in this sample group was (i) the intechangeability of terms
e.g. using the term power when the correct term would be energy and (ii) not
recognising that current is the same throughout a series circuit and any change made in

a circuit would cause the current to change throughout the circuit.

Despite the CK assessment tool being adapted from pegisting and validity tests, the
CK assessmnt tool was subjected to both quantitative and qualitative analysis for
validity and reliability. Using forms of analysis both quantitative and qualitative

argument there are good argument for validity and reliability.

Claim 2: The TSPCK assessment foolelectric circuits has good validity and reliability

only if both the statistical data and the interpretive evidence are considered togetAdme

reliability of the TSPCK assessment tool could be improved with some minor revisions to
the TSPCK assessnéool.

In keeping with the Mixedmethods methodology the TSPCK assessment tool was
subjected to both quantitative and qualitative analysis. The Rasch analysis of the person
and item measures were between the range of2 and +2 indicating that a single
construct was being measured. The Cronbach KR of 0.97 was also within a
statistically valid range, indicating that there was internal consistency within the tool.
The reliability measures above 0.5 are traditionally considered acceptable. For the
person measure this value is 0.94 indicating that this assessment tool is a good measure
of this population. However, the item reliability in the TSPCK tool of 0.43 is below this
statistical level and this indicates that it is possible that different resut would be

achieved if this tool was given to another sample population. The item separation
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measure of 0.87 is also low and indicates that there was not enough variation between

the difficulty levels of the items in the TSPCK assessment tool.

The low reliability and item separation scores could be attributed to the small sample
size, which did not allow for enough variety in responses. Another factor that may have
influenced this result was the time required to answer the TSPCK, which meant that
some questiors were omitted by the teachers. Half the sample did not attempt the
concept map. The informal feedback | received from some of the respondents was that
this item was too daunting to attempt within the timeframe available. This meant that
the categorising br this item was polarised, with mostly exemplary or limited
responses. A larger sample would probably give a better spread of results and hence a
better indication of reliability. Thus, while the reliability is not at the level that | could
conclusively report reliability; there are indications that reliability could be determined

with a wider sample.

In addition to the statistical argument for validity and reliability, there is an
interpretative argument to be made. The key component of the interpretate argument

is the ability of the assessment tool to deliver enough data to discriminate reliably
between the different categories. In order to achieve this, significant work was done on
the assessment rubric. The development and the multiple validation poesses of the
assessment rubric are described in section 5.3.2. The work done on the assessment
rubric is perhaps one of the key areas that this project has contributed tthe wider
science research group. The clarity of the rubric allowed for more accusacategorising

of the TSPCK responses. This TSPCK assessment tool was able to differentiate different
levels of reasoning according to the 5 TSPCK categories, thus performing the key
function. The purpose of the TSPCK test was to draw out responses thaidenced
different levels of teacher reasoning and this has been achieved and is evidenced with
the variety of type and depth of response from the participating teachers. The rubric is a
potentially powerful tool and could be used with another sample popualtion to

categorise teacher TSPCK. This component increases the argument for reliability.
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The statistical and interpretive argument for validity is stronger than that for reliability.
Many of the issues relating to reliability are due to the small sampkaze and type of the
population sample. In order to conclusively show reliability the TSPCtol will need to
be completed by a larger and more diverse population. In addition to this, some revision
to the TSPCK assessment tool may yield better results. @©af the suggested revisions
would be to re-design Category E Conceptual teaching strategieg to include the topic

of resistors in parallel and to reduce the amount of scaffolding. The topic of parallel
connection was found to be most difficult topic,n this study, and as such it would be
better suited to Category E that should be conceptually the most difficult to respond to.
Another suggested revision is to scaffold the concept map item, for this topic, to make
this item less daunting and to allow theespondents to feel more able to tackle this task.
The concept map revealed more about how the teacher organised the content for
themselves but did not reveal thehow and they would sequencecontent or their

reasons for doing so.

The strength of the Mixelzmethod methodology is that it allows for triangulation of
data. The argument for validity is made both statistically and qualitatively, for the
TSPCK assessment. There is evidence that the single construct of TSPCK is being
measured. The majority of theZSTD scores for both items and persons were within the
range of-2 and +2, which provided the statistical argument for validity. The argument
for reliability is not as strong and if only the statistical argument was considered then
there would be some cogerns with regards to reliability. The Rasch score for person
reliability was 0.97 and for items was 0.43. However, the interpretative arguments
indicate that reliability for this assessment tool could be achieved with further sampling
and possibly some reision to placement of subtopics within the assessment tool. A
larger sample could show a wider range of item difficulty. A sample with a wider range
of ability could also improve the reliability score. While the reliability scores are
relatively low they are not as low as to rule out the prospect that further sampling will

yield more convincing results.
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7.2.3. Research question 3

3. 7TEAO EO OEA OAI AOEiI T OEeb AAOxAAT OAAAEAOC

Claim 1: CK and TSPCK are distinct knowledge bases. Strong CK incetérctnits does not

imply that a teacher will have strong TSPCK, however where a teacher has weak CK in

electric circuits she will have weak TSPCK.

The CK assessment tool was developed from existing tests in the electric circuit
literature and this assesment tool showed a good degree of validity and reliability
when subjected to Rasch analysis. The trustworthiness of this assessment tool meant
that the raw data obtained from this tool had credibility. The content knowledge level of
the sample populationwas very good, with an average of 80%, the highest score was

100% and the lowest was 25%. Four of the respondents got only one question incorrect.

There is moderate statistical evidence of a positive linear relationship, which was
calculated with a prodwct-moment Pearson correlation coefficient of 0.45, which
indicates limited predictive ability of CK for TSPCK levels. The predictive ability was
strongest at the lower end of the CK scores, with none of the lower performers in the CK
assessment tool beingable to transform knowledge into the reasoning equired for
TSPCK. At the uppeend, strong CK scores did not necessarily translate into an ability to
transform this knowledge, with the top performers in the CK assessment tool achieving
varying levels of TISPCK from developing to exemplary. The top TSPCK raw scores came
from respondents with very good content knowledge but not from the top performers.
This indicates that the knowledge required for TSPCK reasoning is different from just
pure content, which lends credibility to the construct of TSPCK. There was clear

interpretative evidence for the correlation of the CK and the TSPCK assessment tool.
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The observed relationship between the CK and TSPCK assessment tool can be
summarised as follows: that without te foundation of content knowledge it is
impossible to express TSPCK thinking. The presence of good content knowledge is a
prerequisite for TSPCK reasoning. Once the content knowledge is in place, the reasoning
required around transforming knowledge is a onnected but separate skill and

knowledge base.

Claim 2: The CK and TSPCK knowledge hashide being distinct from each otherare

interdependent on each other.

The CK assessment tool revealed that questions relating to parallel connections were
the most problematic. The use of terminology and the correct conceptual understanding
of physical properties such as voltage, power, resistance, current, energy and charge
was the next most common area that the teachers got incorrecthe final content area
that was a problem but to a lesser extent, was the understanding that a change in a
series circuit impacts the current in the same way throughout the circuit and not just

after the a circuit component.

The information about the sites of misconceptions was useful when analysing the
TSPCK items that covered these areas. The items that covered this same topic in the
TSPCK assessment were found to be the most difficult. When a misconception was held
by a respondent there is evidence that the same misconcémh persisted in the TSPCK
assessment tool responses. This indicates that the CK assessment tool not only
provided a valid score for content knowledge of electric circuits but also provided
insight into the misconceptions held by teachers. The correlatiobetween the observed
misconceptions and the items that the respondents found difficult in the TSPCK is an
argument for the validity of the CK assessment tool and shows that misconceptions in

CK persist into TSPCK. However, there were respondents who didbtnhold the
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misconceptions themselves yet were still unable to identify and address them in
learners. This reiterates the point that weak CK will translate into weak TSPCK, but

strong CK does not automatically transfer into strong TSPCK.

In the topic of electric circuits it is possible to use algorithmic methods to get to the
correct answer and not necessarily understand the concepts behind the calculatiorhe

respondents with stronger TSPCK did not revert to purely algorithmic explanation but
focused o inter-relations between concepts and used the algorithmic explanations as

one part of their explanation.The respondents who exhibited weaker TSPCK reverted to

The type of knowledge also determines the type of transformation. Teachers with high
level TSPCK focus on the conceptual understanding of topics and the algorithmic
component is used as a secondary component whereas teacherghMower scores in
the TSPCK focused on the algorithmic explanations and could not expand on the
concepts underpinning the mathematical expressionslhis is a useful idea because it is

readily observed in the teacher responses and a useful coding criteria

7.2.4.Overall Research Aim

Design a valid and reliable assessment tool to measure TSPCK in electric circuits

The overarching aim of this study was to design a valid and reliable assessment tool to

A > L o~ . N~ o~

i AAOOOA OAAAEAOOS 430#+ Elen ploeA 2o0® pdssiblB E OA OE (
nevertheless the final TSPCK assessment tool could benefit from some revisions to

increase the level of reliability.

7.3. Reflections on the study
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7.3.1. Concept of PCK and TSPCK

At the start of the study | struggled with the concept of PCKnd the related concept

TSPCK. | did not understand what it was because the definitions of PCK and TSPCK are
xEAOQ ) x] O1 A EAOA Ai 1 OEAAOAA AO PAOO 1T &

distinct knowledge type.Kind (2009) mentions the difficulty of measuring PCK directly

A £ 0~ 2 A .oA

o1 1

AAAAOOA EO EO OAAEO ETT x1I AAcCAh AT A OAAAEAOO

internal and personal construct The literature review of all the PCK models and
adaption highlights how difficult it is to define. The swith of terminology between
authors also made understanding the construct difficult to grasp. For example | did not

see the terms of content knowledge and subject matter knowledge as particularly

AEAEAOAT O AGO 3EOIIT AT OOAA OBEAl AOMQAE GEIOAERG
DAPAOh AEAT CAA OEA OAOI O1 OAT lbdinkdfedringdd T x1 AAC

science knowledge then Veal and Mak1T OOAO OOAA OEA OAOI OOOAER

to refer as a type of knowledge integrated within PCK. And conite knowledge is just
the starting point to develop PCK. The models of PCK were adapted to include more and

more factors and terms were defined and redefined which all added to the confusion.

However, on an intuitive level | could understand that what tedwers do is special and
distinct. | have observed several welfjualified knowledgeable people be quite awful in

a classroom and just not know how to make content accessible, | have heard the phrase
@A EO Oi 1 ObrAraady ofrhsion® ATAAAiBed thatvhat teachers do to
knowledge is a distinct and professional skill resonated with me. On a practical level |
could also understand that how | would teach one topic is different from another topic

so | couldconceptualisethe construct of TSPCK in practidaerms.

The Consensus model developed at the PCK summit and published in @dsg/some
(2014) goes a long way to clarifying the construct of PCK and bringing together multiple
perspectives into a common definition. The addition of the idea of skill is b useful

because a teacher may have the knowledge about various strategies but not have the
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skill to apply them. Overall the construct of PCK validates the professional expertise of

teachers and elevates the work that they do.

7.3.2. Electric circuits and TSPCK

In the initial stages of the study | had to review the literature for common
misconceptions, many of which | had encountered irthe classroom but had not
encountered the description of the misconceptions. This exercise was extremely
valuable for me becaus it gave me vocabulary for what | was observing and | was able

to be clearer about confronting these in my students. However, it also highlighted how

each topic that is taught has its own body of knowledge of misconceptions and potential
strategies. The AT COE AT A A@OAT O 1T £ , 1 Oempbasies Bt #1 2 A6

how much a teacher has to know before delivering material to a class.

Being aware of the depth of knowledge required by a teher was only the starting
point; taking the next step to asessing and ranking this knowledge was another new
level. Conceptualisingitems for the TSPCK was completely new territory for me.
Understanding the Mavhunga and Rollnick TSPCK and how it was usefiml defining
and measuring TSPCK was the key component teveloping the TSPCK assessment

tool.

| have taught electric circuits for several years and at various grade levels andcha

almost become mechanistic irmy delivery. | had not considered the subtle conceptual

challenges that learners face when trying toame to grasp with electric circuits. One

OAODPIT T AAT O OA&EI AAOGAA 11 OE AnSEIERGT GMEBIBADT &GS O
on student understanding which | had not previously considered. The challenge of the

everyday language impacting on physics werstanding was a new idea to me, for

AgAi b1 A O0) EAOA 001 10606 1T &£/ AAOOAOUS EO A Al
wrong. Conventional teaching wisdom proposes that a teacher should connect the

content to everyday experiences so a student can relate it and make a connection to
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help understanding. | am not sure ths is true for electric circuits becausdhe everyday
experience of electricity and vocabulary around electricity potentially impedes
understanding. In many other physics topics we defin@ new concept and give the
students a new vocabulary for that concept. In electric circuits the students have an
embedded vocabulary so the teacher has to replace language as well as generate
understanding. This is just one aspect that makes the topic ofleetric circuits
challenging. The TSPCK model allows for discovery and investigation at a very narrow
level which allows for the unique transformation required for a specific topic to be

discovered.

7.4. Limitations of the study

The single most significant linitation was the sample size and type. The sample size of
16 respondents was not enough to gather statistical data on reliability. All of the
teachers in the sample being highly qualified coming from wellesourced schools,
which means in terms of the SoutlAfrican context it was not a typical group of teachers.
This means the results cannot be generalised. The size of the sample is a significant

limitation and does reduce the confidence for reliability for the TSPCK instrument.

Within the instrument itself there are certain limitations

1 The length and type of responses meant that it demanded a great deal from

teachers.

1 A written response requires effort and may not reveal all the depth of reasoning

that a teacher uses.

1 The item that covered the most prevalat misconception appeared early in the

TSPCK assessment tool and may have been better placed later in the tool.

1 The concept map item was poorly answered and often omitted. This item was

particularly intimidating for the teachers.
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1 The initial pilot was not broad enough because some of these issues could have

been exposed earlier with a more extensive pilot program.

7.5. Recommendations moving forward

7.5.1. Methodology

The Pilot TSPCK was quite long and the numbers of items had to be redutadthe final
assessment ool. If | was to design a similar assessment tool, | would spend more time
on the piloting phase and perhaps design different shorter tools and try to get a wider

variety of responses.

Collecting the responses for the CK and TSPCK assessment tool ratiedhe goodwill of
the teaching community. Teachers are pressured for time and often want to help but
just are not able to get to something that is not an immediate priority. | am grateful for
my colleagues that were able give of their time and expesg. However, this time
pressure did impact on the quality of the answers given. Many of the responses
appeared to be rushed and in informal discussion with some of teachers their verbal
responses showed greater depth thatheir written responses. Interviews are also time
consuming but | wonderwhether if some items were answered verballya wider range

of reasoning could have been evidenced. Another possibility would be to create an
online platform that is quicker to answer and a bit more fun. The problem withhis is

that the required depth could also be impacted.

7.5.2. ltem revision

There are 3 itemsin the TSPCK assessment tothat could potentially be revised. In
Category Az Learner misconceptions, | would recommend that the item on parallel
connection be moed and replaced with an item on energy conversion in electric

circuits. The item on parallel connection was too challenging early on in the assessment
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tool. The next item suggested for revision is the concept map. The particularly complex
nature of the corcept map in electric circuits makes this a daunting iternso including
some type of scaffolding may help make this item more accessible. The final suggested
item for revision is in Category E. | would suggest that the conceptually difficult topic of
parallel connections be used in this category to increase the opportunity for

respondents to present their conceptual strategies.

7.5.3. Large scale testing

To increase the level of validity and to confirm reliability it would be of value to test the
assessment toobn a wider population. In addition to increasing the number within the
sample population, it would be of benefit to test with a wider variety of teachers. The
possibility exists to put the tools on an online platform but some work neesito done on

improvi ng or finding an alternative method for the concept map.

7.5.4. The use of the TSPCK assessment tool in the training of pre -service

teachers

A possible place to utilise these tools is with praervice teachers. The CK assessment
tool focusses on conceptual knoledge and exposes misconception relatively easily. It is
essential that misconceptions held by preservice teachers are remediated before they
enter the classroom. The TSPCK tool also is a discussion point; however,-peevice
teachers might not have theexposure to this particular topic. However, written
responses from respondents are available and could be used as a starting point for
discussion. Makingvisible the nature and type of misconceptionghat learners hold or
even the preservice teachers holdis useful information and could help a preservice

teacher be effective in this topic.
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7.5.5. The use of the TSPCK assessment tool in the training of in -service teachers

The mediation of student misconceptions has been shown to be especially critical in the
understanding of electric circuits. Gaigher (2014) observed in her study that teachers
could identify the incorrect answer given by their students but not the misconceptions
or the reasoning behind why the student gave the incorrect answer. The CK and TSPCK
assessment tool, together with explicit explanations of common misconceptions could

be of value to both inservice and preservice teachers.

Beyond good content knowledge, knowledge of common misconceptions could be

extremely useful for teachers to devalp more effective conceptual teaching strategies

O 1T AAEAOA OOOAAT 0066 O1 AROOOAT AET C 1T &£ Al AA

assessment tool could be used as discussion starting points for teacher workshops.

Grayston, (2004) makes the assertion that hang content knowledge and knowledge of
student misconceptions is not enough to help students mediate conceptual difficulties
involved in electric circuits but that teaching strategies needed to mediate these
conceptual difficulties need to be explicitly @veloped. These tools provide a means for
collecting and sharing this type of knowledge that teachers are often unaware they have
AT A AT180 Al xAuO OAAT Ci EOA OEA OAI OA 1 E
PCK and TSPCK is potentially an affirmrgnidea for teachers to be exposed to. The
recognition that the knowledge they hold is unique and specialist is not a message that

teachers receive often.

7.5.6. Directions for future research

If the recommended revisions are made a similar process of validatiowmill be required
and then compared to the results of this sample to ascertain if the revisions do improve
the reliability of the assessment tool and if they make completing the assessment tool

more accessible

166

OEAI



Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

The assessment tools, in their current form i@ still useful and areavailable to be used
for further study. They could be used to measure changes in CK and TSPCK, within a
sample, over time e.g. comparing answer from thestlyear of teaching to a few years

later.

The importance of student misconcepons and the difficulty teachers have in
identifying and confronting them was shown to be as difficult as the conceptual teaching
category, which is theoretically the most difficult category, it would be interesting to
know if this is an isolated findingwith this group or if it is a general phenomenon within
this topic and to investigate why the teachers found this difficult. Together with this a
study in this topic on the impact of language on conceptual understanding teaching

strategies could be valual®.

7.6. Conclusions and implications

A number of researchers have designed assessment tool measuring PCK and TSPCK
(Mavhunga & Rollnick, 2013 and Ndlovu, 2014) and this study adds to a growing body
of tools. The aim of the stug was to develop and validateassessment tools to measure
teachers CK and TSPCK in electric circuits. This has been achieved. The validity of the
tools has been confirmed quantitatively and qualitatively. There is less confidence with
the reliability of the tools but enough evidence ofeliability to be reasonably confident

that if the tools were tested withalarger sample reliability would be determined.

There were two assessment tool designed, namely the CK and TSPCK tools for electric
circuits. The purpose of the CK was to measumontent knowledge and to detect the
presence of misconceptions within teachers, using a confidence rating scale. Thet@X

did expose misconceptionsin this sample, even though the overall performance was

good. There was evidence that the misconceptioqeersisted into the TSPCK tool.
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The second tool was the TSPCK tool and its purpose was to extract and measure TSPCK
level. This was achieved. The type of items did elicit varying depth of response and the
TSPCK rubric designed was effective in discrimitiag between different categories.
Designing the TSPCK rubric was the most rewarding part of the study. The subtle
variation of the different levels of thinking meant that the rubric had to be carefully
conceptualized and reworked multiple times. The find product was able to
differentiate well between different levels of TSPCK reasoning and as such is a good
contribution to the TSPCK communityThe TSPCK assessment tool was determined to
be statistically valid and it can be concluded that it does measutbe single construct of
TSPCK.

The final conclusion isthat valid and reliable assessment tod for CK and TSPCK for
electric circuits have been designed and are now available for use to the wider research

community.
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APPENDIXA: FINAL TSPCK ASSESSME TOOL

. s E marang

5, '
a0y

il i i sl B A mrad Sk By § W1 SEAD bk aresrsdeary LB eI TS0 LYERE b UTEEFIELELE

Electric Circuit TSPCK Tool

The purpose of this research s o find the difficuldes teachers experience and the srategies eachers ose
when teaching Electric ciroolts at the Grade 10 level. The assessment instrument consists of two parts; (1)
Elertric ciroolt combest tool and [11) Electric cirowit Topic Specific Pedagogical Content: Knowledge ol

The informaton will be used for research purposes caly: your responses will be treated confidentially. Codes
will be msed o protect your dentity

Demographic Information

| copE: [

MAME:
GENDER

Male Female

SUBJECTS YOU ARE
CURRENTLY TEACHING

NUMBER OF YEARS TEACHING SCIENCE

QUALIFICATIONS

Whers ObLainesd

Degree /

Diiploma

Main Subjects

Year

Have you taught eleciric dircuits?

[ vEs |

wo |

Ir ease indicale the and the number of vears for each Grade.
Grade Number of years Years (eg. 2004, 2009)
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There are 5 categories of gquestions in this tool

CATEGORY &

. Category & contalme typlcal studsnt responsss. Plesse Indlcate how you would respond fo
leamers In sach case La. what fesdback you would give lsamers. Provide & much dstall a=

possalbla.
CATEGORY B:
B relates fo of § ‘r-uur will z=sisf In
g oot o T R 1 S iy ey
ng that must be lsamt in a toplc.
CATEGORY C:

. Cabegory C asks you to reflect on which ldeas about slectric circults ars difficult to teach and
gt acroas fo leamers. This will help us pendsrats o st of difcult loees that we can uss Sor

Fufurs reasarch,

CATEGORY D:

. Category D provides 2 aof raprassntation hilnk absourt which cnes
fned mofe w=atul and then M In the tabls ruhﬂrq;tntmm%hmm of thess amlugmlnﬂ
clasaroom satting

CATEGORY E

. I:.Iieigcryr %mamuMwmﬂmm&mlnﬂummmMm“m

Instructions

*  Please type or write responses directly into the response hoxes.
#  Please be 2= detailed as poszible as to how you respond in your teaching setting

Thank you for vour valued input and assistance
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Electric Circuit TSPCK Instrument
Category A - Typical Smdent Responses

The two gquestions below are typical multiple choice items that students have answered

incorrectly. A selection of possible teacher responses are provided, none of which are incorrect.
Select the response you would most likely use in your practice and explain the reason lor your

response

Al, How would you comment in writing to the stodent who selects B as the answer to the question
below, where A and Az are ammeeters

Which one of the following options is correct for the ciroait shown below?

A .ﬁz?.l'h - ¥
B A=A n i1
L Ai=ig

o0

Response Ar Keep in mind that thiz is a2 series crouit 5o corrent is not divided; therefore the
correct answer ks C The corrent is the same throughowt the dircwit

Response B: Current is the rate of flow of charge. In this cise the charge flowing is electrons.
Electrons are particles that have mass and cannot disappear as they flow around the drcwit. None
of the electrons disappear through the circuit so the correct answer is C

Response Cr Charged partickes move under the influence of the electric field created by the
battery, all the charged particdes are in the same field, with the easiect path being in the single,

undivided conductor. The flow of the charged particles is same throughout, so the cormect answer
isC

Response Dt None of the above
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Choose your response, and sxpand on the reason for your selection in the space prowvided

My chaice is

My reazon s .......

AZ. How would you respond verbally to 2 student who answers B to the following question?

1 2

Al 3@) : A@)

Fizure & Figure 7

TTERY

Compare the brightness of Bulb A in Figores 6 and 7.

A, Brighter in Figure &
B. Brighter in Figare 7
L Thesame in the both figures
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Response Ar Just because there are two light bulbs in figure 6, doesn't mean that & will burn
brighter. The brightness is dependent on the amount of current moving through the bulb. In
Figure & the current has been divided at the parallel connedion. The presence of the parallel
connection means resismance is halved so current is doubled o the amount of current through the
parallel branches, in this case, is the same as through the single bulh 5o there is no difference in

brightness.

Response B All the bulbs are identical; their brightness is dependent on how efficiently they can
tranzform energy, which is defined by the term power. In electric cirouits power can be calculated
by F = ¥L In the parallel connedtion if we calculate the equivalent resistance of the parallel
connectian. If we assome a resistance af 20 then L;r = i+ %wh.i:h is equal to 10 exactly half
the owerall resistance in Figure 7. Seeing that as voltage stays the ssme current would be doabled

and then halwed again at the parallel connection, so the =ame ampoant of current is available to be
transformed.

Rezponze C: Yoo seem to have missed that the balbs in figure 6 are connected in parallel. At the
parallel conmection the current divides. The bulbs have identical resistance so the curment will
divide egually through hoth branches. Two bulbs in parallel halves the resistance, which doobles
the current, which is then halved again at the parallel coanection, so the net effect is zero and
bulbs will burn equally bright

Response [k None of the abowe

Choose your response; and expand on the reason for your selection in the space provided

My choice i

My reason is
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Category B - Planning and Sequencing

A seledion of content and concepts relating to electric dircuits is provided. The question below
refers to how knowledge and concepts are mnked and how a teacher makes connections between

content amd concepls.
Bi. Beview the list of concepts relating to electric circuits below

Select amnd rank three foundational concepts, that you regard, as both basic and central
concepls in eleciric cirouits.

To ohiain an electric carrent there needs to be a2 continuous loop from one battery
terminal to the other terminal

An electric current is the net flow of charge.

Parallel connection in a circuit are corrent dividers

& e

The materials that make up the drouit prowide the charged particles when there is an

electric current

A hattery prowides the energy for an electric current

Voltage can be defined as [ .08

7. Obm's law can be expressed as ¥ = %

B When there is a carrent, energy flows from the battery to the external circwit.

% Resistance is the opposition to corrent flow

10, A battery creates an electric field within the materials that make wp the circuit The
electric field is the cause of current flow.

11. The resisance of a parallel connection can be calculated by i = f+r¢+ ?_

12. An electric circuitis a system in which changes in ooe part can affect other parts

13. Power is the rate at which energy is dissipated by the circuit component.

14. Corrent measured with an ammeter and voltage by a voltmeter

Write the number of the concepts you have seleded, inorder of imporiance.

Concepts

Concept 1.

Concept 2.

Cancept 3.
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B2, Using the three selected concepts from Bl give the sequenoe you would teach them in anmd
your reasons for doing so

Loncepil REason Mer sequence
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B3. Using the sbove three concepts as your main ideas, draw a concept map of how they inter-relate. In
your concept map include other subordinate ideas, from the concepts provided in B and from your
own practioe that you would bring into your teaching of electric cirooits.

Draw your concept map here
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B3: Why do you think itis important for students to leam about eledric drouits?

Write your response here:
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Ci.

Category C - What is difficult to teach?

What three electric cirmoit concepts, in your experience, are the maost difficult to present effectively
to students and what do you think the reason for this i5? Some examples are provided, which youo
may use 25 a basis for your response or give your own ideas. [Only give reasons for 3 conoepls,

cither using the ones given or your own)

Fill in your response in the table below

Concept 1 - Energy in

circuits

Concept 2 - 0him Law, the
relationship betwesn

valtzge and current

Concept 3 - Electric

circuits a5 a system

Concept 4 - Resistors ima
parallel connection
reduced the totl

resistance
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L1

Conoept 5 - What is

meant by voltage

Concepl & -

Conoept 7 -

Concept 8 -

Physics terminology is guite precise and presents difficulties for students. Which bwo terms in

circuits pase the most difficulty for stadents and please give a reason for your selecticn

Term 1

Reason:

Term 2

Reason:
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Category D - Representations

D1, Below are three possible representations for teaching the concept of current in a parallel
connection are provided. Complete the table below by describing what you like and dislike
about sach representation and why one representation is better than another.

Representation 1

Tha tatal eurrent in B paraliel circult

Tho aurmnt thet comat arn (R batbeny i the el cument. This
gzl cument splits up, aned pert of the cument gesss theaugh eazh
braneh. ¥au esn maks &g -loos medeks &4 perali dmole, £
youl e In Fligure &4 and Figueme 0O,

Figen H A modd of o gaalie’ cisat with Flqurs B8 A mcdal of 8 sarmled s ks
I brmnctes. -1

Science for All Grode ¥ Learner’s Book [Pg 35)

Representation Z
Wtsn A nalegy:
4 Whan te waler flow for change dlow) bz divided Inlo beo or meooe sepacaies palueay: G ln o pacsilsl
Ao the e ol B currsmi b osash indivishoal pashoe sy aqualn Haa boisl sares k. Uibee Ghis
prindple o Hil in He banks bnfhe folkrrving tee diagrams. The meters e Sagram soe

mranirng watt o raiec ke gallone per mbrade CgpEm |

Qe R

4 gam —_— _# Fh e

[LC T

L] Apply Hw zame prircipls do dl e b laeks in e Tollossrirg disgrams for dhargs flessr {La.. coomani)
brragh o parallsl ceoi

=

L e E A

(30 () (3
.I-I I;.rx:lk

P :II.I P e s
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Representation %
Infhaencing the Floww REate ona Tolhymr
=l =l
] =
= 3 g
& |8
_.‘:. .
ull iy ml ]l
£ e
gt B! e
g .\ g
83 e8¢ .
Fingle Reixh Thess Fesivlers Thoes
A Flaoed im Semies s ool iy Pl 1,
What I like and why What | dislike and why

Representation 1

Representation 2

Representation 3
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2. Which one of abowe three representations did you like the mast and how would you use itin a lesson

represeniation |

liked the most

How would you use the representation sslected ina lesson?
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Category E - Conceptual Teaching strategies

Study the student's answers 1o a classroom activity below. Read throough her answers amd
describe what strategies vou would employ o assist the student. The student has given a mix

of inmorrect amd correct responses.

The student responses are given in bold itolic

Actiwity
The following dingram repressnts Sporky who departs the cell full of snergy. Arcwer the

following questiors with refersnce To the diogrom.

i,ﬁ
T

{a) Whar is represorted by Sparky?
Electricity

{b) Whar is represorted by the sheded areas in his body?
Current

{c) 'Where does Sparky got the crergy from?

Battery

id}'ﬁ::TPqpuﬁhﬁlﬁﬁpnﬂwmﬁmﬂupmiﬁmm to the negotive ferminal of the
cell:

Sparky's charge gets ured up
{e}Is it correct to soy thaot the eleciric corrent is used up® Exploin your orswer.

¥ew becouse of the current moves arcund the cirowil i gets weed for things like heot ord
light ond by the tiore @ gets bock to the bottery ol the current is [Toished.
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a. What conceptual ideas does this student hawve in plece?

Write your response here

b. Whatare the key conceptual gaps, in your opinion, that this stodent demonstrates?

Write your response here

190



Gwyneth Zimmerman 8807461/V
Protocol Number 2013ECE064M

c.  What specific strategies would you employ to bridge these gaps?

Write your response here
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APPENDIX B:RUBRIC FOR TSPCK ASSESSMENT TOOL
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APPENDIXC: FINAL CONTENTKNOWLEDGE ASSESSMENT TOOL

N

Vg,

(@,

mareng

E w
s ¥
Ao e

U siverdty of the Witmaterarand Frivate Bag 3 Wits 2050 Johsncsburg 54 01237 11 7173405 HEFIGETRE RS

Electric Circuit Content Tool

The purpese of this research ig to find the dificulties and strategies teachers’ use when teaching Electric circuits at the
Grade 10 level. The assesament instrument congists of two parts; (i) Electric circuit content tool and (i) Electric circuit
Topic Specific Pedagogical Content Knowledge tool

The information will e wsed for research purposes only: your responsas will be treated confidentially. Codes will be used
to protect your identity.

Instructions

1. Please fill in the demographic information on the TSPCK instrument

2. Answer all the question on the answer sheet provided.

3. The questions are in the form of multiple-choice items. Please indicate the option you feel is the
most correct with a cross

4, Eachitem also has a confidence level where you indicate how sure you are of your answer.

5. All light bulbs, resistors, and batteries should be considered identical unless you are told
otherwise.

6. The battery is to be assumed ideal, that is to say, the internal resistance of the battery is
negligible.

7. Inaddition, assume the wires have negligible resistance.

8. Below is a key to the symbols used on this test.

e —
—|— W Reicror _
2515101 Open
Q)
= ——0—
=
Closed
Batteries  Light Bulbs  Light Bulb in socket Switches
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Answer Sheet

MC Item Answer

Confidence Level of Answer

1 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
2 A B C D E | Blind guess | Abitunsure | Confident | Completely sure
3 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
4 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
5 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
6 A B C D E | Blind guess | Abitunsure | Confident | Completely sure
7 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
8 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
9 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
10 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
11 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
12 ] A B C D E |Blind guess | Abitunsure | Confident |Completely sure
13| A B C D E |Blind guess | Abitunsure | Confident | Completely sure
14 [ A B C D E |Blind guess | Abitunsure | Confident | Completely sure
15 | A B C D E |Blind guess | Abitunsure | Confident |Completely sure
16| A B C D E |Blind guess | Abitunsure | Confident |Completely sure
17 | A B C D E |Blind guess | Abitunsure | Confident | Completely sure
18 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
19| A B C D E | Blind guess | Abitunsure | Confident | Completely sure
20 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
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