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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 

ÍÉÓÃÏÎÃÅÐÔÉÏÎÓ ÔÏ ÍÅÁÓÕÒÅ ÔÅÁÃÈÅÒÓȭ 4ÏÐÉÃ 3ÐÅÃÉÆÉÃ 0ÅÄÁÇÏÇÉÃÁÌ #ÏÎÔÅÎÔ +ÎÏ×ÌÅÄÇÅ ɉ430#+Ɋ 

for teaching electric circuits. In conjunction with the TSPCK assessment tool, a Content 

Knowledge (CK) assessment tool was adapted from existing content tests for electric circuits. 

4ÈÅ ÐÕÒÐÏÓÅ ÏÆ ÔÈÅ #+ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌ ×ÁÓ ÔÏ ÔÅÓÔ ÔÈÅ ÁÓÓÕÍÐÔÉÏÎ ÔÈÁÔ ÔÅÁÃÈÅÒÓȭ 430#+ ÃÁÎÎÏÔ 

develop without them having prior CK.  

 

The study used a Mixed-Method approach with both quantitative and qualitative analysis to 

determine validity and reliability. The TSPCK assessment tool items were designed using the 

ÆÏÌÌÏ×ÉÎÇ ÃÏÍÐÏÎÅÎÔÓȡ ɉÉɊ ,ÅÁÒÎÅÒÓȭ 0ÒÉÏÒ +ÎÏ×ÌÅÄÇÅȠ ɉÉÉɊ #ÕÒÒÉÃÕÌÁÒ 3ÁÌÉÅÎÃÙȠ ɉÉÉi) What makes 

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 were scored 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 with regard 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 assessment tools for electric circuits are now available for further use in 

pre-service and in-service teacher training. 
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Chapter 1 ɀ Introduction  

This chapter discusses the purpose of this project is to design and validate an assessment 

instrument that evaluates ÔÅÁÃÈÅÒÓȭ 4ÏÐÉÃ 3ÐÅÃÉÆÉÃ 0ÅÄÁÇÏÇÉÃÁÌ #ÏÎÔÅÎÔ +ÎÏ×ÌÅÄÇÅ 

(TSPCK) in electric circuits. The design of the assessment instrument draws ÏÎ 3ÈÕÌÍÁÎȭÓ 

initial concept of PCK, subsequent refinements made by other researchers, literature 

regarding misconceptions 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 learning to 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: 

Ȱ4ÈÁÔ ÓÐÅÃÉÁÌ ÁÍÁÌÇam of content and pedagogy that is uniquely the providence of 

ÔÅÁÃÈÅÒÓȣ0#+ȣÒÅÐÒÅÓÅÎÔÓ ÔÈÅ ÂÌÅÎÄÉÎÇ ÏÆ ÃÏÎÔÅÎÔ ÁÎÄ ÐÅÄÁÇÏÇÙ ÉÎÔÏ ÁÎ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 

how particular topics, problems, or issues are organized, represented, and adapted to 

diverse interests and ÁÂÉÌÉÔÉÅÓ ÏÆ ÌÅÁÒÎÅÒÓȟ ÁÎÄ ÐÒÅÓÅÎÔÅÄ ÆÏÒ ÉÎÓÔÒÕÃÔÉÏÎȢȱ   (Shulman, 1987, 

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 circuits. Mavhunga and 

RollÎÉÃËȭÓ ɉςπρσɊ ÍÏÄÅÌ ÆÏÒ ÁÓÓÅÓÓÉÎÇ 0#+ ÁÔ Á ÔÏÐÉÃ ÌÅÖÅÌȟ ×ÈÉÃÈ ÔÈÅÙ ÔÅÒÍÅÄ 4ÏÐÉÃ 

Specific Pedagogical Knowldege (TSPCK), will provide the framework for the design of 

the assessment tool. 
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1.2. Problem  

I have observed, in my own teaching practice, the difficulty that 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, 2010)Ȣ 4ÅÁÃÈÅÒÓȭ ÓÐÅÃÉÁÌ ÓËÉÌÌ ÌÉÅÓ ÉÎ ÈÏ× they bridge this conceptual gap ɀ it is 

×ÈÁÔ 3ÈÕÌÍÁÎ ÔÅÒÍÓ ÔÈÅÉÒ Ȭwisdom of practicÅȭ (Shulman, 1987). The concept of PCK 

provides a framework for investigating the strategies that teachers employ to make 

knowledge accessible.  However, the exact nature, and what is measurable as PCK is 

ÐÒÏÂÌÅÍÁÔÉÃȢ 3ÅÖÅÒÁÌ ÍÏÄÅÌÓ ÏÆ 0#+ ÈÁÖÅ ÂÅÅÎ ÐÒÏÐÏÓÅÄ ÓÉÎÃÅ 3ÈÕÌÍÁÎȭÓ ÉÎÉÔÉÁÌ 

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 teachersȭ Topic Specific PCK (TSPCK) in 

chemical equilibrium. This study aims to determine if a similar tool can be designed for 

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

PCK with specific reference 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 to the extent in which similar results 

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

 

1.3. Aim  

4ÈÅ ÁÉÍ ÏÆ ÔÈÉÓ ÍÁÓÔÅÒȭÓ ÒÅÓÅÁÒÃÈ ÐÒÏÊÅÃÔ ÉÓ ÔÏ ÄÅÓÉÇÎ ÁÎÄ ÖÁÌÉÄÁÔÅ ÁÎ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌ 

ÔÈÁÔ ÅÖÁÌÕÁÔÅÓ ÔÅÁÃÈÅÒÓȭ 4ÏÐÉÃ 3ÐÅÃÉÆÉÃ 0ÅÄÁÇÏÇÉÃÁÌ #ÏÎÔÅÎÔ Knowledge of electric 

circuits. 

 

1.3.1.  Research Questions 

4ÈÅ ÃÒÉÔÉÃÁÌ ÑÕÅÓÔÉÏÎ ) ×ÏÕÌÄ ÌÉËÅ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ ÉÓȡ Ȭ7ÈÁÔ ÁÒÅ ÔÈÅ ÍÏÓÔ ÁÐÐÒÏÐÒÉÁÔÅ 

ÍÅÁÎÓ ÆÏÒ ÄÅÓÉÇÎÉÎÇ ÁÎÄ ÖÁÌÉÄÁÔÉÎÇ ÁÎ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌ ÔÏ ÍÅÁÓÕÒÅ Á ÔÅÁÃÈÅÒÓȭ 430#+ ÉÎ 

ÅÌÅÃÔÒÉÃ ÃÉÒÃÕÉÔÓȩȭ  )Î ÏÒÄÅÒ ÔÏ answer this critical question, the following sub-questions 

will need to be answered. 
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1. What are the most appropriate methods for designing assessment tools for 

ÍÅÁÓÕÒÉÎÇ ÔÅÁÃÈÅÒÓȭ #ÏÎÔÅÎÔ +ÎÏ×ÌÅÄÇÅ ɉ#+Ɋ ÁÎÄ 4ÏÐÉÃ 3ÐÅÃÉÆÉÃ 0ÅÄÁÇÏÇÉÃÁÌ 

Content Knowledge (TSPCK) in electric circuits? 

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

3. 7ÈÁÔ ÉÓ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÔÅÁÃÈÅÒÓȭ #+ ÁÎÄ 430#+ȩ 
 
 

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 

ÓÃÉÅÎÃÅ ÔÅÁÃÈÅÒÓȭ ÐÒÏÂÌÅÍ ÓÏÌÖÉÎÇ ÁÂÉÌÉÔÉÅÓ 3ÅÌÖÁÒÁÔÎÁÍȟ (2011) showed that the 

majority of teachers were not able to perform problem-solving skills, within the 

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

science teachers are under-qualified or have science degrees in disciplines other than 

physical science. The need 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 in-service teachers, which in turn may lead to 

more highly skilled teachers. )Î ÏÒÄÅÒ ÔÏ ÓÕÂÓÔÁÎÔÉÁÔÅ Á ÃÌÁÉÍ ÏÆ ȬÉÍÐÒÏÖÅÍÅÎÔȭ ÔÈÅÒÅ 

needs to describable or measurable criteria. This requirement of measurement has led 

to the focus of the PC+ ÒÅÓÅÁÒÃÈ ÏÎ ÄÅÓÉÇÎÉÎÇ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌÓ ÔÏ ÍÅÁÓÕÒÅ ÔÅÁÃÈÅÒÓȭ 

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 the training of pre-ÓÅÒÖÉÃÅ ÔÅÁÃÈÅÒÓȢ  4ÈÉÓ ÍÁÓÔÅÒȭÓ ÒÅÓÅÁÒÃÈ ÐÒÏÊÅÃÔ 

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 assessment tools in physics topics as well. 

Electric circuits have been selected from the topics within physics because I see it as 

potentially being a rich source of teacher PCK. The abstract nature of the topic of 

electric circuits means that teachers use various 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 ɀ Literature Review  

The review of literature describes: 

(i)  the development of the construct of TSPCK 

(ii)  the methods and approaches taken to measure PCK and TSPCK 

(iii)  the misconceptions that exist when teaching electric circuits 

Chapter 3 ɀ Methodology 

The chosen methods used for this project are described. Both qualitative and 

quantitative methods were selected, which 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 ɀ 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 

qualitative analyses of validity and reliability of this tool. 

Chapter 5 ɀ 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 ɀ 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 arguments in response to the 

research questions. Limitations, recommendations and conclusions will also be 

presented. 

 

1.5. Conclusion  

The focus of this project is to design two assessment 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 ɀ 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 teacher holds 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 Pedagogical Content Knowledge (PCK) and it was one 

of 7 knowledge types he identified that teachers possessȢ 3ÉÎÃÅ 3ÈÕÌÍÁÎȭÓ ÉÎÉÔÉÁÌ 

conception researchers have used this construct, particularly in mathematics and 

sciences, to describe more carefully what the unique 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 re-package 

content that has led to research which describes and measures what Shulman termed 

ÔÈÅ ȬÍÉÓÓÉÎÇ ÐÁÒÁÄÉÇÍȭȢ 

 

Initially, researchers proposed various models to describe what constitutes PCK. These 

ÍÏÄÅÌÓ ÔÈÅÎ ×ÅÒÅ ÔÈÅ ÂÁÓÉÓ ÔÏ ÂÅÇÉÎ ÔÏ ÍÅÁÓÕÒÅ ×ÈÁÔ ÃÏÎÓÔÉÔÕÔÅÓ ȬÇÏÏÄȭ ÏÒ ȬÂÁÄȭ 0#+Ȣ 

Developing from these studies the idea developed that PCK is topic specific (van Driel, 

Verloop, & de Vos, 1998, Loughran, 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 essay, was 

commenting on the need to restore balance between content knowledge and 

pedagogical knowledge and was concerned to emphasise the inter-relation between the 

two concepts. He suggested that content ÔÅÁÃÈÅÒÓȭ ËÎÏ×ÌÅÄÇÅ ÃÏÍÐÒÉÓÅÄ ÏÆ 3 categories: 

(i)  Content knowledge ɀ this refers to the amount and organisation of the 

teachers knowledge 

(ii)  Pedagogical Content Knowledge - which goes beyond knowing the subject 

matter and includes knowledge for teaching? 

(iii)  Curricular Knowledge ɀ which is an understanding of the curriculum 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 

ÓÐÅÃÉÁÌ ËÎÏ×ÌÅÄÇÅ ×ÈÉÃÈ Ȭgoes beyond knowledge of subject matter per se to the 

ÄÉÍÅÎÓÉÏÎ ÏÆ ÓÕÂÊÅÃÔ ÍÁÔÔÅÒ ËÎÏ×ÌÅÄÇÅ ÆÏÒ ÔÅÁÃÈÉÎÇȭ (Shulman, 1986, p. 9).  

 

In his 1987 paper, PCK was separated out as a distinct knowledge type and  is placed as 

one of the seven  knowledge domains of teachers. The 7 knowledge domains Shulman 

proposed include; 

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

central concepts within a subject 

(ii)  general pedagogical knowledge - these include general strategies that relate 

to classroom management 

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

curriculum standards 
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(iv)  pedagogical content knowledge ɀ ȰÔÈÁÔ ÓÐÅÃÉÁÌ ÁÍÁÌÇÁÍ of content and 

pedagogy that is uniquely the province of teachers, their own special form of 

ÐÒÏÆÅÓÓÉÏÎÁÌ ÕÎÄÅÒÓÔÁÎÄÉÎÇȱ  

(v) knowledge of the learners - teachers need to know the prior learning of their 

learners and have a good understanding of their  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 ends, purposes, values and philosophical grounds - 

this encompasses understanding the values, historical background and 

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

 

Shulman saw these 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 was a 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 different 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 is iÎÔÅÒÎÁÌ ÁÎÄ ÔÅÁÃÈÅÒÓ ÄÏÎȭÔ ÁÌ×ÁÙÓ ÒÅÃÏÇÎÉÓÅ ÔÈÁÔ ÔÈÅÙ ÈÁÖÅ 

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 thÏÕÇÈÔ ÍÁÄÅ ÕÐ Á ÔÅÁÃÈÅÒȭÓ 0#+Ȣ 4his is shown below in 

Figure 1. and includes the interaction between classroom management and 

ÏÒÇÁÎÉÓÁÔÉÏÎȟ ÉÎÓÔÒÕÃÔÉÏÎÁÌ ÍÏÄÅÌÓ ÁÎÄ ÃÌÁÓÓÒÏÏÍ ÃÏÍÍÕÎÉÃÁÔÉÏÎ ÁÓ ÐÁÒÔ ÏÆ Á ÔÅÁÃÈÅÒȭÓ 

general pedagogical knowledge, but argues that 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 complex and personal nature of PCK.  

 

(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 reamined somewhat of a 

ȬÈÉÄÄÅÎ ÃÏÎÃÅÐÔȭ ɉ+ÉÎÄȟ ςππωɊ (Ï×ÅÖÅÒ, at the PCK summit held in, Colorado October, 

2012 a level of consensus was reached with regard to the definition of PCK. Gess-

Newsome (2014) outlines these definitions as;  

¶ Personal PCK is the Knowledge of, reasoning  behind, and planning  for teaching 

a particular topic in a particular way for a particular purpose to particular 

students for enhanced student outcomes (Reflection on Action, explicit)  

¶ Personal PCK and Skill is the act of teaching a particular topic in a particular 

way for a particular purpose to particular students for enhanced student 

outcomes (Reflection in Action, tacit or explicit) (Gess-Newsome, 2014, p 10) 

 

file:///C:/Users/zimmermanng/Documents/Masters/Final%20Draft%202.doc%23_Toc413178138
file:///C:/Users/zimmermanng/Documents/Masters/Final%20Draft%202.doc%23_Toc413178138
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Gess-Newsome (2014) highlights 3 aspects of these definitions. Firstly, that PCK is an 

internal and personal construct and that it is context specific and cannot be generalised. 

The second aspect is the time periods during which PCK is employed. The first time 

period is when a teacher prepares and considers instructional strategies for a class. This 

is relatively easy to see and to measure. The second time period is when PCK is 

employed in the cÌÁÓÓÒÏÏÍȢ )Î Á ÔÅÁÃÈÅÒÓȭ ÐÒÁÃÔÉÃe adjustments are made in the 

classroom depending on the level of engagement of learnersȭ, their questions and 

problems that arise. These adjustments are not as easy to monitor and are 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 definition to include PCK and 

Skill. These definitions are complex but will allow researchers to define which aspect of 

PCK they are observing or measuring (Gess-Newsome J. , 2014). 

 

Considering the internal and tacit nature of PCK but its potential to impact quality 

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 some of these 

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.  3ÅÖÅÒÁÌ ÍÏÄÅÌÓ ÆÏÒ 0#+ ÈÁÖÅ ÂÅÅÎ ÐÒÏÐÏÓÅÄ ÓÉÎÃÅ 3ÈÕÌÍÁÎÓȭ 1986 and 

1987 papers but I have selected only a few of the major models, which mark changes in 

thinking. I have focused on the models that have included content knowledge, curricular 

knowledge, instructional strategies and learner knowledge. These factors become 

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 knowledge, general 
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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 Topic-specific model that forms the 

conceptual framework for this project (see section 2.5) does not include these factors 

because the aim is to specifically measure how teachers transform content knowledge.  

Narrowing the scope to the transformation of content knowledge allows for a clearer 

focus for this study.  

The terms of ȬContent Knowledgeȭ (CK) and ȬSubject Matter Knowledgeȭ (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 an academic 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 

ÔÏ ȬËÎÏ× ÔÈÁÔȭ and ȬËÎÏ× ×ÈÙȭ.  The ȬËÎÏ×ÉÎÇ ÔÈÁÔȭ includes the content, theorems, and 

ÐÒÏÃÅÓÓÅÓ ÂÕÔ ÔÈÅ ȬËÎÏ×ÉÎÇ ×ÈÙȭ is the understanding why phenomena occur in the way 

they do (Shulman, 1986). According to Cochrane and Jones (1998) SMK is the 

knowledge of facts, ideas and theorems relating to scientific concepts and does not 

include any knowledge of teaching that Shulman included. This overlapping of the same 

terms, but with different meanings, is one of the reasons why it is difficult tease out PCK 

concepts. For the purposes of this study the term of content knowledge (CK) is used and 

refers to the ideas, theorems, facts etc. around a topic i.e. 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 of PCK for teacher education.  Kind draws on 

the two broad categories of integrative and transformative PCK, proposed by Gess-

Newsome, to organise the development of PCK models. A pictorial representation is 

given in Figure 2. 
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#ÏÎÓÉÓÔÓ ÏÆ ȣȢ 
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Transformative Models  

 

 

 

 

 

 

 

 

 

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 pedagogical content knowledge. As illustrated in the 

diagram, content knowledge is distinct from PCK but has the potential to be developed 

into PCK.  

 

4ÈÅ ÉÎÔÅÇÒÁÔÉÖÅ ÔÙÐÅÓ ÏÆ ÍÏÄÅÌÓ ÈÁÖÅ ÔÅÁÃÈÅÒÓȭ ÃÏÎÔÅÎÔ ËÎÏ×ÌÅÄÇÅ ɉ#+Ɋ ÁÓ Á ÓÕÂ-level of 

knowledge within their PCK (Kind, 2009). The Integrative models view PCK is seen an 

amalgam of teacherÓȭ knowledge of context, general pedagogical knowledge and content 

knowledge. These knowledge sets overlap and integrate to form a teachersȭ 0#+Ȣ  4ÈÅ 

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 clear-cut and there are points of overlap, 

which again reiterates the point that PCK is multi-faceted, complex, and difficult to 

describe explicitly.  

Content ldge   PCK  
Develops into  

Content Knowledge  
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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 the PCK 

models and shows the inter-relations between the various models. A more detailed 

description of some of the models follows after the Figure 3.   
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Figure 3: A flow diagram of the development of models of PCK   
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4ÈÅ ÔÒÁÎÓÆÏÒÍÁÔÉÖÅ ÍÏÄÅÌÓ ÔÈÁÔ ÁÒÏÓÅ ÄÉÒÅÃÔÌÙ ÆÒÏÍ 3ÈÕÌÍÁÎȭÓ ÐÒÏÐÏÓÁÌ ÆÏÃÕÓÅÄ ÏÎ 

developing progressively more detailed descriptions of PCK (2nd Tier of the flow 

diagram - Figure 3). The two initial models that arose from and extended 3ÈÕÌÍÁÎÓȭ 

work ,were Grossman (1990) and Magnusson, Krajcik and Borko (1999). The Grossman 

and Magnusson et al models of PCK are shown as a comparison in Figure 4.  These two 

ÍÏÄÅÌÓ ÁÌÓÏ ÓÈÏ× ÔÈÅ ÉÎÃÒÅÁÓÉÎÇ ÃÏÍÐÌÅØÉÔÙ ÏÆ ÔÈÅ ÃÏÎÃÅÐÔÕÁÌÉÓÉÎÇ 0#+ ÆÒÏÍ 3ÈÕÌÍÁÎȭÓ 

initial 2 category definition of PCK. 

 

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

 

'ÒÏÓÓÍÁÎÓȭ ÍÏÄÅÌ ɉ&ÉÇÕÒÅ 4) extended 3ÈÕÌÍÁÎȭÓ ÍÏÄÅÌ ÁÎÄ ÁÄÄÅÄ ËÎÏ×ÌÅÄÇÅ ÏÆ 

context to subject matter knowledge and general pedagogical knowledge.  

Grossman Model (1990)  

Taken from Grossman, 1990, p. 

Taken from Magnusson, Krajcik, & Borko, 1999, 

Magnusson et. al Model (1999)  
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These knowledge types were regarded as the sources of PCK. She then further sub-

divided PCK into 4 parts; 

i. conceptions for purposes of teaching subject matter ɀ which 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 and misconceptions 

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

sequencing of 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 five components (shown in Figure 4.), these 

include 

i. orientations towards science teaching - ÔÈÉÓ ÃÁÔÅÇÏÒÙ ÉÓ ÓÉÍÉÌÁÒ ÔÏ 'ÒÏÓÓÍÁÎȭÓ 
conceptions for the purposes of teaching subject matter 

ii. knowledge of science curricula ɀ ÔÈÉÓ ÉÓ ÓÉÍÉÌÁÒ ÔÏ 'ÒÏÓÓÍÁÎȭÓ ÃÁÔÅÇÏÒÙ ÁÎÄ 
includes an understanding and knowledge of the goals and objectives in 
science curricula  

iii.  knowledge of students understanding of science ɀ  

iv. knowledge of science instructional strategies ɀ 

v. knowledge of assessment - ÔÈÉÓ ÉÓ ÁÎ ÁÄÄÉÔÉÏÎ ÔÏ 'ÒÏÓÓÍÁÎȭÓ ÍÏÄÅÌ ÁÎÄ ÒÅÆÅÒÓ ÔÏ 
Á ÔÅÁÃÈÅÒȭÓ ÁÂÉÌÉÔÙ ÔÏ ÄÅÃÉÄÅ ×ÈÁÔ ÍÁÔÅÒÉÁÌ ÔÏ ÁÓÓÅÓÓ ÁÎÄ ×ÈÅÎ ÉÔ ÓÈÏÕÌÄ ÂÅ 
assessed. 

 

In the integrative models, shown on the 3rd tier  of Figure 3., PCK is seen as part of the 

collective knowledge that teachers have in order to practice. Within this integrated 

ȬÐÁÃËÁÇÅȭ ÏÆ ËÎÏ×ÌÅÄÇÅȟ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÏÆ ËÎÏ×ÌÅÄÇÅ ÃÁÎ ÏÃÃÕÒȢ +ÉÎÄ ɉςππωɊ ÇÒÏÕÐÅÄ 

Marks (1990), Cochran, De Ruiter and King (1993), Fernández-Balboa and Stiehl 

These two components parallel 
Grossman's second and fourth 
categories 
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(1995), Veal and McKinister (1999), Koballa, Gräber, Coleman and Kemp (1999) and 

Banks, Leach and Moon (2005) as integrative. Within these models, there are further 

refinements of description of PCK. In all the developments 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 student misconceptions. Fernández-Balboa et 

al. added knowledge of context as a significant component of PCK. Koballa et al (1999) 

distinguished between general pedagogical knowledge and PCK. Teachers have a broad 

knowledge of how to manage a classroom situation but PCK specifies strategies for the 

delivery of specific content.  

 

Within the integrative group that described PCK there are authors who began to 

describe how this knowledge was constructed. Cochran, DeRuiter, & King, (1993), 

drawing from the constructivist theoretical perspective, proposed that knowledge is 

ÄÅÖÅÌÏÐÅÄ ÏÖÅÒ ÔÉÍÅ ÂÅÃÁÕÓÅ ÏÆ ÁÃÔÉÖÅ ÅØÐÅÒÉÅÎÃÅÓ ÁÎÄ ÔÈÁÔ ÉÎÃÌÕÄÅÓ ÔÅÁÃÈÅÒÓȭ 

ËÎÏ×ÌÅÄÇÅȢ 4ÈÅÙ ÐÒÏÐÏÓÅÄ ÔÈÅ ÃÏÎÃÅÐÔ ÏÆ ÐÅÄÁÇÏÇÉÃÁÌ ȬËÎÏ×ÉÎÇȭȟ ×ÈÉÃÈ ÔÈÅÙ ÓÁ× ÁÓ 

ÄÅÅÐÅÒ ÔÈÁÎ ȬÍÅÒÅ ÃÏÎÔÅÎÔȭȟ ÂÕÔ ÁÓ Á ÔÅÁÃÈÅÒȭÓ ÉÎÔÅÇÒÁÔÉÖÅ ÓËÉÌÌ ÔÏ ÂÒÉÎÇ ÁÌÌ ÆÁÃÅÔÓ ÔÏÇÅÔÈÅÒ 

is ÒÅÑÕÉÒÅÄ ÆÏÒ ÅÆÆÅÃÔÉÖÅ ÔÅÁÃÈÉÎÇȢ "ÁÎËÓ ÅÔ ÁÌȢ ɉςππυɊ ÁÄÄÅÄ Á ÎÅ× ÃÁÔÅÇÏÒÙ ÏÆ Ȭschool 

ËÎÏ×ÌÅÄÇÅȭ, which distinguishes between knowledge of a discipline and how it is used 

within a school context. ! ÔÅÁÃÈÅÒȭÓ ÓÃÈÏÏÌ ËÎÏ×ÌÅÄÇÅ ÁÃÔÓ ÁÓ Á ÂÒÉÄÇÅ ÂÅÔ×ÅÅÎ ÓÕÂÊÅÃÔ 

and pedagogic knowledge (Kind, 2009, p. 179). Banks abandoned 3ÈÕÌÍÁÎȭÓ ÎÏÔÉÏÎ ÔÈÁÔ 

a teacher transforms knowledge for teaching instead, he proposes that teachers learn 

how to present knowledge because of their classroom context; it is a 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 a hierarchy to the knowledge. A four level hierarchy of 

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

(iii) Domain Specific and (iv) the highest-level Topic Specific Strategies. The distinction 

is most evident for ȬÄÏÍÁÉÎ-ÓÐÅÃÉÆÉÃȭ ÁÎÄ ȬÔÏÐÉÃ ÓÐÅÃÉÆÉÃȭ ÓÔÒÁÔÅÇÉÅÓȢ $ÏÍÁÉÎ ÓÐÅÃÉÆÉÃ 

Magnusson et al Model 

(1999)  
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relates to specific strategies of how to teach a subject such as organic while topic 

specific strategies are even finer and refer to how a specific teacher based on their 

background and experience, may teach a specific topic for example 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 topic. The categories of transformative and integrative become 

blurred  when knowledge is viewed in this way instead it could be argued that both 

processes of transformation and integration occur as a teacher develops PCK. How an 

ÉÎÄÉÖÉÄÕÁÌ ÔÅÁÃÈÅÒÓȭ 0#+ ÉÓ ÃÏnstructed depends on the context of 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. The concept 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 models in context with the developing conceptualisation of PCK, an 

overview is given here. The Tailored PCK model (Rollnick, Bennett, Rhemtula, Dharsey, 

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

but included description of how these teacher knowledge domains would be manifested 

and could be observed. They identified 4 manifestations of PCK, namely; (i) 

Representations, (ii) Curricular Saliency, (iii) Assessments and (iv) Topic specific 

instructional strategies. In the Davidowitz and Rollnick study (2011) an additional level 

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 topic. 

According to Mavhunga and Rollnick (2013) transforming  subject matter knowledge 

into topic specific PCK requires knowledge of  learner prior knowledge and 

misconceptions, being aware of curricular 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. 
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At the recent PCK Summit, a consensus model of PCK was developed that draws on 

many of the concepts discussed and their inter-relations. The Consensus model is 

described by Gess-Newsome (2014) and is the most recent model of PCK.  This model 

attempts to show that teacher professional knowledge 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 starting points are teacher professional knowledge bases which inform 

topic specific professional knowledge. When this knowledge is brought into a classroom 

the ÉÎÔÅÒÁÃÔÉÏÎ ÈÁÓ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÔÏ ÃÁÕÓÅ ÁÎ ÁÄÊÕÓÔÍÅÎÔ ÉÎ ÔÈÅ ÔÅÁÃÈÅÒȭÓ ÐÒÏÆÅÓÓÉÏÎÁÌ 

knowledge base. That adjustment is made through amplifiers and 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 automatically present because of 

ÉÎÓÔÒÕÃÔÉÏÎ ÂÕÔ ÓÔÕÄÅÎÔ ÏÕÔÃÏÍÅÓ ÃÁÎ ÍÅÄÉÁÔÅ Á ÔÅÁÃÈÅÒȭÓ ÔÈÉÎËÉÎÇ ÁÒÏÕÎÄ ÃÌÁÓÓÒÏÏÍ 

practice, topic specific professional knowledge and curricular knowledge. A 

representation of this model is given in Figure 5. (Gess-Newsome, 2014) 

 

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

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

PCK and influences of classroom practice and student outcomes  
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While student outcomes are not the focus of this study, ultimately 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 models 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 teacher knowledge. 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 attempt to capture PCK is through the 

development of content representations or CoRes by Loughran, Berry and Mulhall 

(2006) and Bertram and Loughran (2011). A CoRe is a means to organise teacher 

ËÎÏ×ÌÅÄÇÅ ÁÎÄ 0#+Ȣ )Ô ÓÔÁÒÔÓ ×ÉÔÈ ÅØÔÒÁÃÔÉÎÇ ×ÈÁÔ ÔÈÅ Ȭ"ÉÇ )ÄÅÁÓȭ ÁÒÅ within a certain 

ÔÏÐÉÃȢ 4ÈÅ Ȭ"ÉÇ )ÄÅÁÓȭ ÁÒÅ ÃÏÎÃÅÐÔÕÁÌȟ ÁÌÍÏÓÔ ÎÏÎ-negotiable concepts required for 

ÕÎÄÅÒÓÔÁÎÄÉÎÇ Á ÃÅÒÔÁÉÎ ÔÏÐÉÃȢ  4ÈÅÎȟ ×ÉÔÈ ÅÁÃÈ Ȭ"ÉÇ )ÄÅÁȭȟ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÑÕÅÓÔÉÏÎÓ ÁÒÅ 

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? 

3. Why is it important for students to know this? 

4. Difficulties/limitations connected with teaching this idea? 

5. Knowledge about student thinking which influences your teaching of this idea? 

6. Other factors that influence ÙÏÕȭÒÅ teaching of this idea? 
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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 this idea? 

(Loughran et al, 2006) 

A CoRe is one method to extract teacher reasoning, however, researchers have designed 

other tools in mathematics (Riese & Reinhold, 2009), in technology (Rohaan, Taconis, & 

Jochems, 2009) and in science (Park, Jang, Chen, & Jung, 2011). Mavhunga and 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 above, researchers do not agree on the exact nature 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 experienced teachers.  Davis (cited in Baxter and Lederman, 

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

even when a pre-service teacher had a good science background, their instruction was 

flawed. Having a good knowledge of a subject is a starting point, but it does not 

automatically follow that good instruction will follow. The implication of this work is 

ÔÈÁÔ ÔÈÅÒÅ ÉÓ ÐÒÁÃÔÉÃÅ ÔÈÁÔ ÃÏÕÌÄ ÂÅ ÔÅÒÍÅÄ ȬÇÏÏÄȭ 0#+ ÏÒ ÁÌÔÅÒÎÁÔÉÖÅÌÙ ȬÂÁÄȭ 0#+Ȣ 4ÈÉÓ 

value judgement implies that there is something inherently measurable about PCK. 

 

PCK cannot be directly observed in the classroom because it is an internal construct of a 

ÔÅÁÃÈÅÒȢ )Î ÔÈÅ ÓÈÏÒÔ ÔÉÍÅÆÒÁÍÅ ÏÆ ÁÎ ÏÂÓÅÒÖÁÔÉÏÎȟ ÓÏÍÅ ÏÆ Á ÔÅÁÃÈÅÒȭÓ 0#+ ÆÏÒ ÔÈÁÔ 

particular context could possibly be ÏÂÓÅÒÖÅÄ ÂÕÔ ÉÔ ×ÉÌÌ ÏÎÌÙ ÂÅ Á ÓÌÉÖÅÒ ÏÆ ÔÈÁÔ ÔÅÁÃÈÅÒȭÓ 

PCK. The options that a teacher has available to her and chooses not to make use of are 

ÁÌÓÏ ÁÎ ÉÍÐÏÒÔÁÎÔ ÐÁÒÔ ÏÆ Á ÔÅÁÃÈÅÒȭÓ 0#+Ȣ 4ÅÁÃÈÅÒÓ ÁÒÅ ÎÏÔ ÁÌ×ÁÙÓ ÁÂÌÅ ÔÏ ÁÒÔÉÃÕÌÁÔÅ 

their cognition process, which is another reason why PCK is a difficult construct to 

assess (Baxter & 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 techniques 

used to measure PCK into three groups; namely (i) convergent and inferential 

techniques, (ii) concept-mapping, card sorts and pictorial representations and (iii) 

multi -method evaluations. The convergent and inferential techniques include short 

answers and multiple-choice items.  While multiple-choice 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 simplistic (Baxter & Lederman, 1999).  

Researchers have made use of concept mapping to elucidate knowledge structures and 

the perceived connections between concepts. Morine-Dershimer & Kent (1999) used 

concepts maps to measure changes in thinking of pre-service teachers. A criticism of 

concept mapping is that they are restrictive because they require hierarchical 

organisation and do not show the 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 is, but both Morine-Dershimer et al (1999) and Gess-Newsome (2002) 

suggest it is a potential tool 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 each of the strengths but 

minimising the weaknesses. In 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 problem of what to measure. What 

ÒÅÓÅÁÒÃÈÅÒȭÓ measure is closely tied to their model of PCK? 

The PCK models described earlier have been used to help to describe what is being 

measured. The tool designed by Lee et 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 Magnusson et 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 knowledge. These include knowledge 

of: learner prior knowledge, subject matter representations, instructional strategies, 

curricular materials, and curricula saliency. 

 

Park, Jang, Chen, & Jung (2011) designed and validated a PCK rubric using two 

parameters; of Knowledge of student understanding (KSU) and Knowledge of 

instructional strategies and representations (KISR). 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 ranked. Aydenziz and Kirbulut 

(2011) designed an assessment tool to measure pre-service 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 missing prior 

knowledge of learners 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 been successfully 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 been 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. The 

process of development used by -ÁÖÈÕÎÇÁ ÁÎÄ 2ÏÌÌÎÉÃË ÂÒÏÁÄÌÙ ÆÏÌÌÏ×ÅÄ ÔÈÅ ȬÒÁÔÉÏÎÁÌ 

methodȭȟ Á ÐÒÏÃÅÓÓ 
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2.5. Conceptual Framework  

The Topic Specific Model designed by Mavhunga ɉςπρςɊ ÔÏ ÁÓÓÅÓÓ ÔÅÁÃÈÅÒÓȭ 0#+ ÉÎ 

ÃÈÅÍÉÃÁÌ ÅÑÕÉÌÉÂÒÉÕÍ ÐÒÏÖÉÄÅÓ Á ÆÒÁÍÅ×ÏÒË ÔÏ ÅØÔÒÁÃÔ ÔÅÁÃÈÅÒÓȭ 0#+ ×ÉÔÈÉÎ Á ÓÐÅÃÉfic 

topic. While they acknowledge that other factors such as knowledge of context, 

ÓÔÕÄÅÎÔÓȟ ÁÎÄ ÐÅÄÁÇÏÇÙ ÃÏÎÔÒÉÂÕÔÅ ÔÏ Á ÔÅÁÃÈÅÒÓȭ 0#+ȟ ÉÔ ÉÓ ÎÏÔ ÔÈÅ ÆÏÃÕÓ ÏÆ ÔÈÅÉÒ ÍÏÄÅÌȢ 

Their particular point of interest is how teachers transform Subject Matter Knowledge 

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

model of Mavhunga and Rollnick and helped 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). The internal knowledge of the 

ÓÕÂÊÅÃÔ ÄÏÍÁÉÎ ÉÓ ÔÒÁÎÓÆÏÒÍÅÄ ÉÎÔÏ ÓÏÍÅÔÈÉÎÇ ÔÈÁÔ ÃÁÎ ÂÅ ÅÖÉÄÅÎÃÅÄ ÉÎ ÔÅÁÃÈÅÒÓȭ 

practice. In the Tailored Model of PCK by Rollnick et al. (2008) (shown in Figure 2.6), 

the internal knowledge domains are drawn from Cochran et 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 constructs are causal 

for the external evidence. In the Davidowitz & Rollnick (2011) model, that was 

developed studying the practices of an accomplished organic chemistry lecturer, an 

ÁÄÄÉÔÉÏÎÁÌ ÌÁÙÅÒ ÏÆ Ȭ4ÅÁÃÈÅÒ "ÅÌÉÅÆÓȭ ×ÁÓ ÁÄÄÅÄȟ ×ÈÉÃÈ ÁÌÓÏ ÉÎÆÌÕÅÎÃÅÓ ÔÅÁÃher 

knowledge domains. The schematic representation of this model is included in Figure 6. 

As a comparison with the 2008 Model 
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(Rollnick, Bennett, Rhemtula, Dharsey, & Ndlovu, 2008)             (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 knowledge (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 science textbook. Teacher 

content knowledge has been found to be crucial in the development of PCK (Ball, 

Thames, & Phelps, 2008).  Ball et al in their study of mathematics teaching showed that 

ÔÈÅÒÅ ×ÁÓ Á ÄÉÓÔÉÎÃÔÉÏÎ ÂÅÔ×ÅÅÎ ȬÐÕÒÅȭ ÃÏÎÔÅÎÔ ËÎÏ×ÌÅÄÇÅ ÁÎÄ ËÎÏ×ÌÅÄÇÅ for teaching. 

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

begins to practise the act of delivery in a classroom and assessing will give her feedback 

as to what is working and what is not. The teacher may adjust, change 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 

Tailored Model of PCK (Rollnick et al, 2008) Modified PCK model (Davidowitz &  Rollnick, 2011) 
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described in the Consensus Model of PCK. This implies that an experienced 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. This is relevant in the South African context because if this tacit 

knowledge base could be made explicit, pre-service 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 content 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 radioactivity. 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 that teaching knowledge  is topic specific (Geddis, 

1993, Loughran, Berry, & Mulhall, 2006).  

 

The TSPCK model of Mavhunga and Rollinick was seleceted os the conceptual 

framework for this study. The development of their TSPCK assessment tool broadly 

ÆÏÌÌÏ×ÅÄ ÔÈÅ ȬÒÁÔÉÏÎÁÌ ÍÅÔÈÏÄȭ ÏÆ ÃÏÎÓÔÒÕÃÔÉÏÎȟ Á ÐÒÏÃÅÓÓ ÏÕÔÌÉÎÅÄ ÂÙ /ÏÓÔÅÒÖÅÌÄ ÁÎÄ 

Vorst (1996). Their method emphasises content validity, and uses empirical data and 

judgements of experts in the construction of items (Rohaan et al, 2009). The next 

section outlines the components 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 impacting 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 a sub-set of PCK and refers to the unique 

knowledge a teachers possesses about a topic that enables her to transform the content 

knowledge into something accessible for her students. A schematic representation of 

the TSPCK model designed by Mavhunga (2012) is given in Figure 7. 

(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. However, the focus of this model is the transformation 

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

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

resulting knowledge they termed Transformed Specific #+ȟ ×ÈÉÃÈ ÉÓ ÃÏÄÅÄ ÁÓ +ȭȢ 4ÈÅ 

ÓÐÁÃÅ ÂÅÔ×ÅÅÎ + ÁÎÄ +ȭ ÉÓ ×ÈÅÒÅ ÔÈÅ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÐÒÏÃÅÓÓ occurs; this transformation 

process is termed Topic Specific PCK (TSPCK). They identified five components of this 

transforming process, namely; 
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¶ Learner prior knowledg e 

This includes any prior knowledge a learner has, any misconceptions relating to 

a topic, as well as her social and cultural context. 

¶ Curricular saliency  

This encompasses the decisions a teacher makes regarding what to include in a 

teaching programme, what to leave out, and what is appropriate for a particular 

grade level. 

¶ What is difficult to teach  

There are several things that may make a topic difficult to present, these could 

include misconceptions of the learners or conceptual difficulties within a topic. It 

could also include environmental concerns such as lack of resources, 

overcrowding etc. 

¶ 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 the needs 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.  

¶ Conceptual teaching strategies  

This category encompasses all the above categories and describes what teaching 

strategies a teacher employs to develop ÌÅÁÒÎÅÒÓȭ understanding 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 categories is 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 electric 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 electrical circuits are particularly 

problematic because they are highly abstract and dependent on the extensive 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 misconceptions held by students and teachers alike. The second theme is how it is 

best to confront these misconceptions. Both the nature of the misconceptions and the 

strategies to confront them 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 

response to and strategies for remediating student misconceptions falls into the realm 

of TSPCK, thus 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 electric 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, Karrqvist, Dupin, Joshua 

& Licht (1988) presented some of the initial research on alternative conceptions of 

electric circuits. These misconceptions have been shown to be quite stable across 

different languages and cultural backgrounds (Gaigher, 2014). There is considerable 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

30 
 

consensus between researchers of what the most common misconceptions, also 

sometimes termed pre-conceptions, are. (Engelhardt & Beichner, 2004, Mulhall, 

McKittrick, & Gunstone, 2001, Summers, Kruger, & Mant, 1998, Wainwright, 2007and 

Tarciso Borges & Gilbert, 2010) The misconceptions that appear repeatedly in 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  

Model  Description  
Diagram of the nature of the 

misconception  

1. Sink model  
or unipolar 
model 

In this model it is thought 
that only a single 
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/PublishingImages/school/t
eachers/teachingresources/discipline/science/continuum/el
eccirc1.jpg 

2. Attenuation
/  

weakening 
of 
current/curr
ent 
consumptio
n model 

Current is thought to 
gradually decrease as it 
flows through a circuit.  

 

(Sencar & Eryilmaz, 2004, 
Wainwright, 2007, Tarciso 
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 
model 

Current is thought to be 
shared equally between 
all components 
regardless of how they 
are connected. In the 
diagram a person who 
holds this misconception 

Reading 1 = Reading 2 = Reading 3 = Reading 
4 = Reading    5 

http://www.education.vic.gov.au/PublishingImages/school/teachers/teachingresources/discipline/science/continuum/eleccirc1.jpg
http://www.education.vic.gov.au/PublishingImages/school/teachers/teachingresources/discipline/science/continuum/eleccirc1.jpg
http://www.education.vic.gov.au/PublishingImages/school/teachers/teachingresources/discipline/science/continuum/eleccirc1.jpg
http://www.khazar.com/academics/portal/ucsc/2012winter/art22/images/seriescircuit.png
http://www.khazar.com/academics/portal/ucsc/2012winter/art22/images/seriescircuit.png
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will say all the ammeter 
readings will be identical  

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

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

4. Local/ 
Sequential 
Reasoning 

It is assumed that a 
change in a circuit only 
affects the circuit 
components after it. The 
circuit is not seen as a 
single inter-related 
system. 

 

(Sencar & Eryilmaz, 2004, 
Tarciso Borges & Gilbert, 2010 
and Pesman & Eryilmaz, 2010, 
Wainwright, 2007) 
(Engelhardt & Beichner, 2004) 

A student might say switching switch 4 off 
will have no effect on the bulb because the 
switch is after the bulb. 

Or Switching switch 1 off  will not affect the 
globe because it is not part of the parallel 
connection 

http://www.sipta.org/blog/wp -
content/uploads/2014/01/circuit.png  

5. Clashing 
Current  

Current moves from both 
battery terminals and 
meet at the circuit 
component. 

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

 

 

 

https://encryptedtbn1.gstatic.com/images?q=tbn:ANd9GcQS
9E8VC_-FHsErF749RkP77BEeutDnXI-F--UhF61llAC0PJhOgA 

Current 

direction 

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
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)  

 

 

 

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

 

A student will not see 

the altenative path 

(yellow arrows) and 

say that the bulb will 

continue to glow after 

the green wire is 

connected 

https://encryptetbn1.gstatic.com/i .ages?q=tbn:ANd9GcQ21c

uMK4iBKJNL_Ok4D6iaqndOg8jMIDn4BFB8g5b5x6AsdAMtiQ 

8. Power 
supply as 
constant 
current 
source 

The battery is seen as the 
source of a constant 
current, regardless of the 
circuit components.  

 

(Wainwright, 2007, 
Pesman & Eryilmaz, 
2010) 

 

http://image.slid esharecdn.com/electricity-120109202214-
phpapp02/95/electricity -46-728.jpg?cb=1329894736 

9. Parallel 
misconceptio
ns  

The effect adding a 
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) 

 

http://image.slidesharecdn.com/electricity -120109202214-
phpapp02/95/electricity -47-728.jpg?cb=1329894736 

http://image.slidesharecdn.com/electricity-120109202214-phpapp02/95/electricity-44-728.jpg?cb=1329894736
http://image.slidesharecdn.com/electricity-120109202214-phpapp02/95/electricity-44-728.jpg?cb=1329894736
http://image.slidesharecdn.com/electricity-120109202214-phpapp02/95/electricity-46-728.jpg?cb=1329894736
http://image.slidesharecdn.com/electricity-120109202214-phpapp02/95/electricity-46-728.jpg?cb=1329894736
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10. Terminology/  

Everyday use  

Electricity is part of 
everyday life and part of 
everyday vocabulary but 
sometimes everyday 
words are used 
incorrectly in a scientific 
context  

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

For example, ȰÍÙ ÐÈÏÎÅ ÈÁÓ ÒÕÎ ÏÕÔ ÏÆ ÃÈÁÒÇÅȱ  

4ÈÉÓ ÉÍÐÌÉÅÓ ÐÁÒÔÉÃÌÅÓ ÃÁÎ ÂÅ ÌÏÓÔ ×ÈÉÃÈ ÉÓÎȭÔ 
correct what has happened is that all the 
available energy has been transformed. 

 

The aim of the teacher is to mediate these mental models and to replace them with the 

correct model which ÉÓ ÔÅÒÍÅÄ ÔÈÅ /ÈÍÓȭ ,Á× ÍÏÄÅÌ ÏÒ ÔÈÅ 3ÃÉÅÎÔÉÆÉÃ -ÏÄÅÌ (Tarciso 

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 confront these 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 

ÔÅÁÃÈÅÒÓȭ 430#+Ȣ   

   

2.6.2. Potential conceptual  strategies with electric circuits  

The nature of electric circuit content also means that it is not only the learners but also 

the teachers who hold misconceptions, which is a one of the categories of the Mavhunga 

and Rollnick (2013) TSPCK Model. Teachers use 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 PCK (Mavhunga & Rollnick, 2012) and the 

teaching of electrical circuits has a multitude of these informal teaching models and 

analogies, hence making it potentially a rich source for evaluating teachers TSPCK.  The 

use of analogies, confronting misconceptions, knowing where potential difficulties for 

students exist, are all pieces of knowledge 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 electric circuits can include diagrams, hands-on practicals, stories, online 

simulations, models to name just a few. There is often not agreement about which 

analogy is effective for teaching electric circuits, for example the flow of water is often 

used to explain the flow of current. Dupin & Joshua (1987) see this analogy as 

problematic and potentially a source for new misconceptions, but McDermott & Shaffer 

(1992) argue that this analogy is an appropriate starting point to explain. Jaakkola, 

Nurmi, & Veermans, (2011) argue that analogies, 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 the teacher and the student and if the 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).  

 

3ÕÍÍÅÒȭÓ et al. (1998) used the teaching of electricity as a case study for qualitatively 

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

ÔÈÅÏÒÅÔÉÃÁÌÌÙ ÏÎ 3ÈÕÌÍÁÎȭÓ ÄÅÆÉÎÉÔÉÏÎÓ ÏÆ 0#+ ÂÕÔ ×ÅÒÅ ÑÕÉÔÅ ÂÒÏÁÄ ÉÎ ÔÈÅÉÒ ÅÖÁÌÕÁÔÉÏÎȢ 

They identified some principal outcomes they took as evidence that students had 

developed conceptual skills. The effectiveness of the teaching of these key concepts was 

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

electrons in the wire already, tÈÅ ȬÁÍÏÕÎÔ ÏÆ ÅÌÅÃÔÒÉÃÉÔÙȭ ÉÓ ÔÈÅ ÓÁÍÅ ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ 

circuit  and electrons 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 concepts, (iii) the need to develop an 

expanded view of the nature of teaching knowledge and (iv) the need for 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 correlates with 

the requirements for TSPCK, reiterating the suitableness of the topic 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 communicate them, 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 is expressed 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 ɀ Methodology  

 

In this chapter I discuss the research design and methodology used to design the 

assessment tools to measure teacher TSPCK in electric circuits. The rationale for the study 

is also discussed. The steps for the design of the two assessment tools, namely the Content 

Tool and the TSPCK Tool, are outlined. The procedures for analysing the data derived from 

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

both assessment tools are outlined. Finally, ethical issues are presented.  

 

3.1. Introduction  

There are three components to this study. The first is the design of the two assessment 

ÔÏÏÌÓȢ 4ÈÅ ÆÉÒÓÔ ÏÆ ÔÈÅÓÅ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌÓ ÉÓ ÄÅÓÉÇÎÅÄ ÔÏ ÍÅÁÓÕÒÅ ÔÅÁÃÈÅÒÓȭ #ÏÎÔÅÎÔ 

Knowledge (CK) of electric circuits, while the second assessment tool measures 

ÔÅÁÃÈÅÒÓȭ 4ÏÐÉÃ 3ÐÅÃÉÆÉÃ 0ÅÄÁÇÏÇÉÃÁÌ #ÏÎÔÅÎÔ Knowledge (TSPCK) i.e. the specific 

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 final component is determining the nature of 

relationship between the CK and TSPCK results. 

 

In this chapter I outline the methodology and rationale used to collate and design the 

two assessment tools. The first tool, the Content Knowledge Tool, was collated from 

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 assessment tools 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 the one 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 applied 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. There were 

two parallel processes because it required that two assessment tools be designed, 

namely the Content and TSPCK tools. The 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 involved with the Topic Specific Pedagogical Content 

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

both. 

Figure 8: Flow diagram showing steps involved in the design and validation of the 

CK and TSPCK Tools. The blue blocks relate to the Content Tool, the yellow to the 

TSPCK Tool and the white to processes common to both .  

1. Collation of items for  pilot CK 
assessment tool  

¶ CK assessment tool collated from 
DIRECT test & Three-tier test 
found in science education 
literature  

¶ 30 Multiple-Choice questions 
selected from the above two tests  

1. Design of items for  Pilot TSPCK 
tool  

¶ TSPCK tool designed for pilot 
group based on Mavhunga and 
Rollnick model 

2.  Both CK and 
TSPCK tools 
given to a 
pilot group  

Step 3 

3. Selection of items for final CK 
assessment tool  

¶ Number of Multiple Choice items 
reduced to 30 from 20 

3.    Evaluation and selection of 
items for final TSPCK 
assessment tool  

¶ Responses from pilot tools used 
to generate final TSPCK tool for 
Category A items  

¶ Category B ɀ E items adapted 
and selected from Pilot TSPCK 
for the final TSPCK tool 

Step 1 

Step 4 

4.  Both the CK and TSPCK tools made 
available within district clusters and 
the IEB online physics forum.  

       16 complete responses returned  

Step 5 

5. Scoring of Content Tool  

¶ Content tool marked according to a 
memorandum  

5. Scoring of TSPCK Tool  

¶ Adapted rubric from Mavhunga used 
to score responses ɀ 1st validation 

¶ Rubric re-designed ɀ 2nd validation 

¶ TSPCK responses scored 

Step 6 

6. Validation  

¶ Scores from both the Content and TSPCK  
tools sub jected to Rasch analysis 

¶ Qualitative evaluation of data from both 
tools  

Step 2 
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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 

ÒÅÓÅÁÒÃÈÅÒȭÓ Ï×Î ÂÉÁÓȢ /Î ÔÈÅ ÏÔÈÅÒ ÈÁÎÄȟ #ÏÎÓÔÒÕÃÔÉÖÉÓÔÓ ɉÏÒ )ÎÔÅÒÐÒÅÔÉÖÉÓÔÓɊ ÃÏÎÔÅÎÄ 

that it is neither possible nor desirable to have value-free 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 & Onwuegbuzie, 2004).  This Mixed-Method (MM) approach 

was selected for this study. 

Mixed-Method is defined as 

 Ȭthe class of research where the researcher mixes or combines quantitative and 

qualitative research techniques, methods, approaches, concepts or language in a 

ÓÉÎÇÌÅ ÓÔÕÄÙȭ (Burke Johnson & Onwuegbuzie, 2004, p. 17)  

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 consequently 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, (2012) argue that in order for a mixed-method approach 

to be effective and valid the two modalities of qualitative and quantitative 

methodologies need to integrated, 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 each maintaining their integrity).  
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The methodology used to answer the first research question ɀ of the most appropriate 

ÍÅÔÈÏÄÓ ÆÏÒ ÄÅÓÉÇÎÉÎÇ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌÓ ÆÏÒ ÍÅÁÓÕÒÉÎÇ ÔÅÁÃÈÅÒÓȭ #+ ÁÎÄ 430#+ ÉÎ 

electric circuits - was a qualitative approach. The most appropriate 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 qualitative method to design 

open-ended questions, within the TSPCK framework of Mavhunga. The responses from 

the open-ended questions were used to generate the semi-closed TSPCK tool. The 

process of design and validation of the TSPCK assessment tool is described 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 quantitative and qualitative descriptions. The responses 

from the participants were analysed using descriptive statistics. The strength of the 

qualitative methodology is that it can be used to describe complex responses, which 

cannot be achieved using quantitative 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 use of the use of the MM approach.  

 

The final question, namely ÄÅÔÅÒÍÉÎÉÎÇ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÔÅÁÃÈÅÒÓȭ #+ ÁÎÄ 

TSPCK, was achieved by qualitative description of teacher responses in relation to the 

CK data, and by using statistical analysis of regression 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 and validation of the CK final 
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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 the CK and 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 measure it, the sample must be extracted from this group. In 

total, 16 completed final assessment tools were received. These 16 respondents were 

obtained after extensive canvassing. The tools were made available to 7 of my 

colleagues at the schools where I 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. I followed up 

with these members personally via 3 email reminders. I posted assessment tools on 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 introductory email described the study; 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 instruments were made available within the PCK research 

community, and 2 assessment tools were returned. The final 2 returned assessment 

tools were collected using word-of-mouth: friends and colleagues who had completed 

the tools and passed them on to other possible 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 during this 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 Science 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 well-resourced private schools and 1 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 participants were teaching 

Physical Science, 2 were teaching Information Technology, 3 were teaching 

Mathematics and 1 was a full-time educational researcher. A summary of this 

demographic information is given below in Table 2. No responses were received from 

township schools. The tools were made available to these teachers through an informal 

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

study  

Code Qualifications  Major  Subjects 
Current teaching 

subjects  

Numbers of years 

teaching Physical 

Science at Grade 

10 Level 

Number of 

years 

teaching 

electric 

circuits  

101 
B.Sc.(Hons), PGCE 

Life Science, Physics 

and Chemistry 

Physical Science, Life 

Science 9 9 

102 B.Sc., B.Sc. (Hons), 

PhD 
Physics and Chemistry Information Technology 

18 18 

103 

B.Sc. (Ed) Physics and Chemistry 

Physical Science, 

Mathematics and 

Mathematical Literacy  2 2 

104 B.Sc., B.Ed., PGCE 

M.Phil. 
Biochemistry, Botany Physical Science 

7 7 

105 B.Sc., PGCE, 

B.Sc.(Hons) 

Zoology, Botany, 

Physics 

Natural and Physical 

Science 7 7 

106 
B.Sc. 

Chemistry, Applied 

Chemistry 

Natural and Physical 

Science 20 20 

107 
B.Sc., B.Sc. (Hons), 

PGCE, M.Phil. 

Physics, Mathematics, 

Biochemistry and 

Chemistry 

Not teaching currently 

7 7 

108 
B.Sc., PGCE 

Life Science, 

Chemistry, Physics 
Physical Science 

10 10 

109 
B.Sc., PGCE 

Life Science, 

Environmental science 

Physical Science and 

Natural Science 27 27 

110 B.Sc., B.Sc.(Hons), 

PGCE 

Physics, Chemistry, 

Mathematics 

Physics Science and 

Natural science 10 10 

111 
B.Sc, PGCE 

Physics, Chemistry, 

Life Science 
Physical Science  

10 10 

112 B.Sc., B.Sc.(Hons), 

PGCE 
Mathematics, Physics Mathematics 9 -12 

4 4 

113 
B.Sc., PGCE 

Chemistry, Applied 

Chemistry, Physics 

Physical Science, 

Mathematics 15 15 

114 
B.Sc., B.Sc.(Hons) 

Computer Science, 

Information Science 

Information Technology, 

Technology  2 

115 
B.Sc., PGCE 

Mathematics, 

Geography 
Maths/maths Lit 

11 11 

116 
B.Sc., B.Sc.(Hons) 

Physics and applied 

Mathematics 
Physics and Chemistry 

45 45 

 

In summary this sample population consisted of 6 teachers that have an undergraduate 

science degree and a 1 year postgraduate teaching qualification, 1 teacher has a 4-year 

education degree, 4 of the teachers have an Honours degree with a 1 year teaching 
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qualification, 2 have Masters degrees with a 1 year teaching qualification and 2 of the 

teachers have no teaching qualifications, I has a PhD and the other a B.Sc. In terms of 

qualification 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 questions, two assessment tools were collated and 

designed and drawn up - one to measure the level of content knowledge (CK) and the 

other to measure TSPCK levels 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. A brief description of 

the CK assessment tool 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 categories outlined by Mavhunga (2012). The complete 

design and validation process is given in Chapters 5 and 6, and an overview of this 

assessment tool is given in Section 3.4.3. However, before the assessment tools could be 

collated or designed there had to be clarity as to what content would be covered in both 

assessment tools. 

 

3.4.1. Determining the content coverage  

Two sources were used to determine the content to be covered for both the CK and 

TSPCK assessment tools. The fÉÒÓÔ ×ÁÓ ,ÏÕÇÈÒÁÎÓȭ #Ï2ÅȢ 4ÈÉÓ was one of the first ways 

used to represent PCK, as outlined in the Literature 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 content outlined by the CAPS (Curriculum 
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and Assessment Policy Statement) Grade 10 physical science document. This is the 

document that South African teachers use to guide the content they cover in their 

classroom. The content covered is summarised in Table 3.2. 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 content 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 

ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌÓȟ ÄÒÁ×Î ÆÒÏÍ ,ÏÕÇÈÒÁÎȭÓ #Ï2Å ÁÎÄ ÔÈÅ CAPS (Curriculum and 

Assessment Policy Statement ) for  grade 10 physical science  

LoughranȭÓ  CoRe  CAPS (Curriculum and Assessment 
Policy Statement)  

Complete Circuit 

A closed circuit is needed in order to transform 
electrical energy 

 

A circuit must contain a component that transforms 
this energy (e.g. 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 
creates current  

Indicate the direction of the current in circuit 
diagrams (conventional) 

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

 

Charge is conserved throughout the circuit  

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

 

Current is equal to the net charge passing a point in 
one second 

Define current, I, as the rate of flow of charge. It is 
measured in amperes (A), which is the same as 
coulombs per second.  
 
Calculate the current flowing using the equation.  

Ὅ  
ὗ

ὸ
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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 measured in volts (V) 

Volts is defined as Joules per Coulomb (J.C-1) 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 voltage across 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 a 
circuit  

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

 

Electric Field  

Battery creates field, along which charged particles 
move 

 

4ÈÅ ÌÁÒÇÅÒ ÔÈÅ ȬÐÏÔÅÎÔÉÁÌ ÄÉÆÆÅÒÅÎÃÅȭ ÔÈÅ ÌÁÒÇÅÒ ÔÈÅ 
fields, and the greater the flow of charge (current) 

 

Resistance 

 Define resistance: explain that resistance is the 
opposition to the flow of electric current 
 
$ÅÆÉÎÅ ÔÈÅ ÕÎÉÔ ÏÆ ÒÅÓÉÓÔÁÎÃÅȠ ÏÎÅ ÏÈÍ ɉɱɊ ÉÓ ÏÎÅ 
volt per ampere. 
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 Give a microscopic description of resistance in 
terms of electrons moving through a conductor 
colliding with the particles of which the conductor 
(metal) is made and transferring kinetic energy. 
 
 State and explain factors that affect the resistance 
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 series, 
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 total 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: 
 
Ὑ  Ὑ  Ὑ  Ὑ  
 

The higher the resistance 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 individual 
cell 

 

Resistors connected in parallel will divide the 
current through them in ratio to their resistance. 
(The largest resistor 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 total 

resistance of the circuit.  

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

Ὑ
 
ρ

Ὑ
 
ρ

Ὑ
 
ρ

Ὑ
 

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

Ὑ  
ὴὶέὨόὧὸ

ίόά
 
ὙὙ

Ὑ  Ὑ
 

 
The voltage across a parallel connection and the 
voltages across 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 sections not specifically included in the CAPS document, but 

included in the CoRe, would still potentially be taught in a grade 10 classrooms. The 

ÍÏÓÔ ÓÔÒÉËÉÎÇ ÅØÁÍÐÌÅ ÏÆ ÔÈÉÓ ÉÓ ÔÈÅ ÅØÐÌÁÎÁÔÉÏÎ ÏÆ /ÈÍȭÓ ÌÁ× ÁÎÄ ÔÈÅ ÕÓÅ ÏÆ 2 Ѐ 6Ⱦ), 

which is not directly mentioned in the CAPS document. On 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 of terminology, which is regarded as an important area of 

ÆÏÃÕÓȟ ÁÓ ÔÈÅ ÕÓÅ ÏÆ ÐÈÙÓÉÃÓ ÔÅÒÍÉÎÏÌÏÇÙ ÉÎ ÅÖÅÒÙÄÁÙ ÌÁÎÇÕÁÇÅȟ ÅȢÇȢȟ ȰÃÈÁÒÇÉÎÇ ÍÙ ÐÈÏÎÅȱȟ 

can readily lead to misconceptions. Much of the content stated in the CoRe is implicit in 

the CAPS but it is not 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 

descriptor of Ȭ#ÕÒÒÅÎÔ ÉÓ ÃÏÎÓÔÁÎÔ ÔÈÒÏÕÇÈ ÔÈÅ ÃÉÒÃÕÉÔȭ is not directly stated in the Grade 

10 CAPS but it is found in the Grade 8 and 9 requirements. The use of both the CoRe 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 above content descriptions. A short description of the CK and 

TSPCK assessment tools is given in the sub-sections 3.4.2 and 3.4.3. A more detailed 

description of the selection of the items for the CK assessment tool is given in Chapter 4 

and the design process of the TSPCK assessment tool is given in Chapter 6. A broad 

overview of the format of the two assessment tools is given in the following sub-

sections 3.4.2 and 3.4.3. 

 

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

The final CK assessment tool consisted of 20 multiple choice items each with 5 possible 

options. The correct option was assigned a value of 1, once marked; the final score is 

calculated as a percentage. The items for the content tool were drawn from validated 

tests in the litÅÒÁÔÕÒÅȟ ÎÁÍÅÌÙ ÔÈÅ Ȭ$ÅÔÅÒÍÉÎÉÎÇ ÁÎÄ )ÎÔÅÒÐÒÅÔÉÎÇ 2ÅÓÉÓÔÉÖÅ #ÉÒÃÕÉÔ 

Concepts Test (DIRECT) ɉ%ÎÇÅÌÈÁÒÄÔ Ǫ "ÅÉÃÈÎÅÒȟ ςππτɊ ÁÎÄ 0ÅÓÍÁÎȟ ÅÔ ÁÌ Ȭ4ÈÒÅÅ 4ÉÅÒ 
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4ÅÓÔȭ ɉ0ÅÓÍÁÎ Ǫ %ÒÙÉÌÍÁÚȟ ςπρπɊȢ "ÏÔÈ ÔÈÅÓÅ ÔÅÓÔÓ ÈÁÖÅ ÂÅÅÎ ÖÁÌÉÄÁÔÅÄ ÁÃÒÏÓÓ ÌÁÒÇÅ 

samples, which adds to the 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, (ii) a bit unsure, (iii) confident and (iv) completely sure. The 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 in Appendix 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 of pre-piloting, 

piloting and finally adaption which is described in detail in Chapter 5. 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 Rollnick (2013), using the following categories  

(i)  learner prior knowledge and misconceptions  
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(ii)  curiculum saliency 

(iii)  Ȭ×ÈÁÔ ÉÓ ÄÉÆÆÉÃÕÌÔ ÔÏ ÔÅÁÃÈȭ  

(iv)  representations and analogies and  

(v)     conceptual teaching strategies.  

 

Category A ɀ 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 satisfied with 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 B ɀ Curricular Saliency  

There are 3 items in this category, which are semi-open. The first item contains a list of 

14 topic statements relating 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 second 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 C ɀ What is difficult to teach  

There are 2 items in this category. The first item contains a table 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 in the table. In the second item the teacher 

is asked to identify terminology of electric circuits considered to be problematic for 

students ɀ again, giving reasons. 

Category D ɀ Representations and analogies 

There is 1 semi-open item in this category. Three representations 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 E ɀ Conceptual teaching strategies.  

There are 3 open-ended 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 strategies she would employ to rectify the gaps. 

 

The responses were collected and analysed using category descriptions. This step 

entailed effectively, accurately and consistently categorising the responses in terms of 

TSPCK. To this end great care had to be taken in 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 TSPCK responses were a critical 

component of 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 

ÒÕÂÒÉÃ ÔÈÁÔ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÏÆ ÄÅÆÉÎÉÎÇ ÁÎÄ ÄÅÌÉÎÅÁÔÉÎÇ ÏÆ ×ÈÁÔ ÃÏÎÓÔÉÔÕÔÅÓ ȬÇÏÏÄȭ 430#+ 

and ×ÈÁÔ ÉÓ ȬÂÁÄȭ 430#+ȟ ÉÓ ÃÏÎÆÒÏÎÔÅÄȢ 4ÈÅ ÒÕÂÒÉÃ ×ÁÓ ÄÅÓÉÇÎÅÄ ÕÓÉÎÇ τ ÌÅÖÅÌÓ ÏÆ 

criteria, namely; Ȭlimitedȭ, Ȭdevelopingȭ, Ȭbasicȭ and Ȭexemplaryȭ.  Criteria were written for 

each of the 5 TSPCK categories. The final assessment rubric is attached in Appendix B. 

 

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 used 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 clear description of criteria is 

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

×ÈÙ ÏÎÅ ÒÅÓÐÏÎÓÅ ÉÓ ȬÂÅÔÔÅÒȭ ÔÈÁÎ ÁÎÏÔÈÅÒȢ 4ÈÅ ÆÉÎÁÌ ÓÃÏÒÅÓ ÁÒÅ ÎÏÔ ÔÈÅ ÏÎÌÙ ÏÕÔÃÏÍÅÓ ÏÆ 

the research but the process of understanding and articulating 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 tool. The goal is to have 100% agreement between different 

assessors using the same rubric. In this study an agreement rating of 83% was achieved 

which is good level of agreement and did 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 extent to whicÈ Á ÍÅÁÓÕÒÅÍÅÎÔȟ ÏÒ ȬÓÃÏÒÅȭȟ ÍÅÁÓÕÒÅÓ 

what it was intended to measure. In this study the terms validity and reliability are used 

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

only if they measure what they are intended to measure and if the data obtained from 

them is meaningful (Creswell, 2012). Reliability is closely related to validity and refers 

to the extent that consistency of results is obtained ɀ would similar results be obtained 

with another, comparable sample 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 tool that is the subject of this work is a new tool to measure topic-

specific pedagogical content knowledge of electric circuits; and its suitability for use 

beyond this study depends on its being deemed valid 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 requires that there be an interpretation of 

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

ȬÓÃÏÒÅȭ ÄÏÅÓ ÍÅÁÓÕÒÅ ÔÈÅ ÉÎÔÅÎÄÅÄ ÃÏÎÓÔÒÕÃÔȢ  -ÅÓÓÉÃËȭÓ ÄÅÆÉÎÉÔÉÏÎ ÏÆ ÃÏÎÓÔÒÕÃÔ ÖÁÌÉÄÉÔÙ ÉÓ 

The overall evaluative judgement of the degree 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 assessment (Messick, 

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 consultation with 

the reference team - which comprised a physics specialist, an assessment specialist, 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 phrasing 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 of Mavhunga & 

Rollnick, (2012), that had been tested and validated with other topics, (Ndlovu, 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 model, using Winsteps 

software, version 3.81.0. The Rasch software converts the raw data into a linear scale. 

4ÈÉÓ ÓÃÁÌÅ ÉÓ ÔÅÒÍÅÄ ÔÈÅ ȬÎÏÒÍÁÌÉÚÅÄȭ 2ÁÓÃÈȟ ÁÎÄ ÁÌÌÏ×Ó Á ÈÉÅÒÁÒÃÈÉÃÁÌ ÒÁÎËÉÎÇ ÏÆ Á 

ÐÅÒÓÏÎȭÓ ÁÂÉÌÉÔÙ ÁÃÃÏÒÄÉÎÇ ÔÏ ÉÔÅÍ ÄÉÆÆÉÃÕÌÔÙ (Bond & Fox, 2001).  The reason Rasch 

analysis was selected is that it measures the extent to which each single construct is 

being measured. In the case of this study it is important to know whether the construct 
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of content knowledge in the CK assessment tool, and the level of TSPCK in the second is 

what is actually being measured.  

 

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

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

linear scale, which makes ranking of responses possible (Boone & Scantlebury, 

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

×ÅÁËÎÅÓÓ ÏÆ ÔÅÁÃÈÅÒ ÒÅÓÐÏÎÓÅÓ ÔÏ ÄÉÆÆÅÒÅÎÔ ÃÌÁÓÓÒÏÏÍ ÓÃÅÎÁÒÉÏȭÓ ÉÓ ÔÈÅ ËÅÙ ÑÕÅÓÔÉÏÎȢ The 

second is that, in contrast to other statistical models which measure average numerical 

data and which background the range of responses, Rasch focuses on the item and 

person score, thus measuring the validity and reliability of a single parameter.  As this 

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

construct of TSPCK, the focus on a single parameter is appropriate.  Another, benefit of 

ÔÈÅ 2ÁÓÃÈ ÍÏÄÅÌ ÉÓ ÔÈÁÔ ÉÔ ÃÁÎ ÂÅ ÕÓÅÄ ÏÎ ȰÒÅÌÁÔÉÖÅÌÙ ÓÍÁÌÌ ÓÁÍÐÌÅ ÓÉÚÅÓ ×ÉÔÈÏÕÔ ÖÉÏÌÁÔÉÎÇ 

ÉÔÓ ÆÕÎÄÁÍÅÎÔÁÌ ÁÓÓÕÍÐÔÉÏÎÓȱ (Aziz 2010), which is valuable for a study that worked 

with responses from only 16 participants. 

 

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

The higher the level of validity of the data, the more coherently these two constructs 

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

easier items have the most correct answers and ȬÐÅÒÓÏÎÓȭ ÇÅÔÔÉÎÇ ÔÈÅ ÍÏÒÅ difficult 

items correct are also getting the easier items correct. In order to measure this 

coherence, two indices of fit, namely, Infit  and Outfit, are calculated.  Linacre (2012) 

ÄÅÓÃÒÉÂÅÓ ÔÈÅ ÆÉÔ ÓÔÁÔÉÓÔÉÃ ÁÓ ÔÈÅ ÄÉÆÆÅÒÅÎÃÅ ÂÅÔ×ÅÅÎ Á ÐÅÒÓÏÎȭÓ ÏÂÓÅÒÖÅÄ ÓÃÏÒÅ ÁÎÄ ÔÈÅ 

predicted score, statistiÃÁÌÌÙ ÃÁÌÃÕÌÁÔÅÄȟ ÂÁÓÅÄ ÏÎ ÔÈÅ ÐÅÒÓÏÎȭÓ ÁÂÉÌÉÔÙȢ The Infit  indices 

ÁÒÅ Á ÍÅÁÓÕÒÅ ÏÆ ÔÈÅ ÄÉÓÃÒÅÐÁÎÃÉÅÓ ÂÅÔ×ÅÅÎ Á ÐÅÒÓÏÎȭÓ ÅØÐÅÃÔÅÄ ÐÅÒÆÏÒÍÁÎÃÅ ÁÎÄ 

observed performance.  The Outfit index reflects items that are quite distant from a 

ÐÅÒÓÏÎȭÓ ÁÂÉÌÉÔÙ ÌÅÖÅÌ ÁÎÄ ÔÈÅÒÅÆÏÒÅ ÎÏÔ ÅØÐÅÃÔÅÄ ÔÏ ÂÅ ÁÃÈÉÅÖÅÄ ɉ"ÏÏÎÅ Ǫ Rogan, 2005, 

p. 34).  A range between -2 and +2 is seen as an empirical argument for validity (Bond & 
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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 was applied to determine the statistical correlation 

between the CK and TSPCK assessment tool results. For this I used regression analysis 

and Pearson moment-product correlation. This step was undertaken to answer the 

research question of 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 

analysed qualitatively, more in line with the interpretivist research tradition. Using this 

methodology entails looking for meaning in the responses and relating 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 evidence 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. The SOLO 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 reasoning (Biggs, 1982). The 

nature of the topic of electric circuits allowed for multiple links between ideas. In this 

qualitative analysis the primary question was to determine if it  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 TSPCK scores to see if relationships 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 evidence 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 content knowledge and one 

without . Examples of this analysis are given in Chapter 6 in 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 I was able to proceed I had to comply with the ethical 

sÔÁÎÄÁÒÄÓ ÏÆ ÔÈÅ 5ÎÉÖÅÒÓÉÔÙȭÓ (ÕÍÁÎ %ÔÈÉÃÓ 2ÅÓÅÁÒÃÈ #ÏÍÍÉÔÔÅÅ ɉ.ÏÎ-medical). The 

Ethics Clearance letter is attached in Appendix G. Anonymity 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 tools. The information letter and the participant declaration 

letters are attached in Appendix E). The participants were not harmed by their 

participatio n in the study. To thank the respondents for their participation, I 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 was myself, as the entire study has 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 practice and to 

become more aware of the decisions I 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. The project will also be 

made available to the wider science and education community through the e-library 

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 I outline the process of developing the Content Knowledge (CK) 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 devoted to measuring the validity of the 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 next two 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 prior content 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 determining 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 interrelated and equally 

significant. 

 

In the Mavhunga and Rollnick project the development process for items followed the 

ȬÒÁÔÉÏÎÁÌ ÍÅÔÈÏÄȭ ÏÕÔÌÉÎÅÄ ÂÙ /ÏÓÔÅÒÖÅÌÄ Ǫ 6ÏÒÓÔ ɉρωωφɊȟ ×ÈÉÃÈ ÅÍÐÈÁÓÉÓÅÓ ÅÍÐÉÒÉÃÁÌ 

data and the judgments of experts as particularly important. In this project I followed a 

similar process. The chronological process followed is summarised in the flow diagram 

below (Figure 9.):  

 

3ÔÅÐ ρȡ ÔÈÅ ÓÅÌÅÃÔÉÏÎ ÏÆ ÃÏÎÔÅÎÔ ÔÏ ÂÅ ÃÏÖÅÒÅÄ ÕÓÉÎÇ #!03 ÁÎÄ ,ÏÕÇÈÒÁÎÓ #Ï2ÅȭÓ 
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Step 2: the selection of assessment items from literature, Engelhardt & Beichner DIRECT 

test and Pesman & Eryilmaz Three-Tier 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 teachers, this 

process was repeated twice 

Step 6: the scoring of both the assessment tool 

Step 7: validation, using quantitative and qualitative methods 

 

 

Figure 9: A flow diagram outlining the process of development and analysis of 

it ems for  the CK assessment tool  

 

2. Selection of items for CK 
assessment  tool from 
literature  

¶ Two existing tests selected 
namely DIRECT and Three 
Tiers Test 

Step 2 

3. CK assessment 
tool given to 
pilot group.  

Step 3 

4. Selection of items for final 
CK assessment tool 
 

¶ Number of Multiple-Choice 
items reduced to 20 

6. Validation  

¶ CK assessment  tools subjected to 
Rasch analysis 

¶ Qualitative evaluation of CK data 

7. Scoring of CK 
assessment tool  

¶ Content tool marked 
according to a 
memorandum  

Step 5 
Step 4 

5. CK  assessment tool completed  

¶ CK tool given to a large number of potential 
participants in both paper and electronic formats.  

¶ Request process for participation repeated twice 

Step 7 

1. The selection of content to 
be covered in CK 
assessment  tool 

¶ ,ÏÕÇÈÒÁÎȭÓ #Ï2Å ÁÎÄ ÔÈÅ 
CAPS document used to 
define content coverage  

 

Step 6 

Step 1 
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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 used for this, namely the Grade 10 CAPS document and 

,ÏÕÇÈÒÁÎȭÓ #Ï2ÅȢ ! detailed list of the content topics covered is given in summary of 

this content is given in sub-section 3.4.1. The topic descriptors from both documents 

were classified under wider themes and then a key idea or principle from each topic 

was selected as a focus. A summary of the major content areas covered in 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 c ontent selected for the CK assessment tool  

Content area Key Idea/s  

Complete Circuit A closed circuit is required for energy transformation to 
occur. 

Current Current is the rate flow of charge and is conserved 
throughout a circuit. 

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

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

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

Parallel Connections Resistors connected 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 resistors 
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 phrasing. The key ideas 

wÅÒÅ ÁÌÓÏ ÓÅÌÅÃÔÅÄ ÂÁÓÅÄ ÏÎ ÔÈÅ ÒÅÆÅÒÅÎÃÅ ÔÅÁÍÓȭ ÅØÐÅÒÉÅÎÃÅ ÏÆ ÔÈÅ ÁÒÅÁÓ ÓÔÕÄÅÎÔÓ ÆÉÎÄ 

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 development, the science literature was reviewed for pre-

existing diagnostic tests that potentially could be used or adapted for the CK assessment 

tool. Three existing tests were 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): Three-Tier Test, and (iii) thÅ Ȭ#ÁÐÁÃÉÔÏÒ-Aided System for 

Teaching and Learning ElectriciÔÙȭ ɉ#!34,%Ɋȟ 7ÁÉÎ×ÒÉÇÈÔ ɉςππτɊ.  

 

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 first-year university students 

evaluating their reasoning with regard to electric circuits, and developed the 

Determining and Interpreting Resistive Electric Circuit Test (DIRECT test). Wainwright 

(2004Ɋ ÄÅÖÅÌÏÐÅÄ ÔÈÅ ȬȬ#ÁÐÁÃÉÔÏÒ-!ÉÄÅÄ 3ÙÓÔÅÍ ÆÏÒ 4ÅÁÃÈÉÎÇ ÁÎÄ ,ÅÁÒÎÉÎÇ %ÌÅÃÔÒÉÃÉÔÙȭ 

(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 tools were 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 designed 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 the above tests, or parts within them, best suited my 

purpose; the three tests were compared based on:  

(i)  the number and type of misconceptions, as discussed in the literature review 

Chapter 2, sub-section 2.6.1 

(ii)  their alignment with the both South African CAPS ÄÏÃÕÍÅÎÔ ÁÎÄ ,ÏÕÇÈÒÁÎÓȭ 

#Ï2Åȟ ÉÎ ÐÁÒÔÉÃÕÌÁÒ ÒÅÆÅÒÒÉÎÇ ÔÏ ÔÈÅ Ȭ"ÉÇ )ÄÅÁÓȭ  

(iii)  their readability and ease of use  and  

(iv)  the level of validity established in literature.  

 

The CASTLE test consists of 15 multiple-choice questions with a 5-level confidence 

scale. The purpose of the study was to identify misconceptions and the required 

strategies to remediate them. The DIRECT test consists of 29 multiple-choice items and 

includes a third part to each question asking the participant to give their level of 

confidence. The Three-tier test consists of 12 items of 3 parts each. The first part deals 

wit h content (multiple-choice), the second with reasons for selections (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 topics iÎ ÅÉÔÈÅÒ ,ÏÕÇÈÒÁÎȭÓ #Ï2Å ÏÒ ÔÈÅ #!03 ÄÏÃÕÍÅÎÔȢ 7ÉÔÈ ÃÏÎÔÅÎÔ ÃÏÖÅÒÁÇÅ 

not being a good discriminator between the tests, the number and type of 

misconceptions each test addressed became important  selection criteria.   Table 5 

below shows a comparison of the three 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.  

 

All three tests cover the main misconceptions, with the Three-Tier Test and DIRECT 

covering the misconceptions more fully.  In addition 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 guided the selection of the items for the 

Misconceptions in electric circuits  summary description  
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ȬÁÔÔÅÎÕÁÔÉÏÎ ÍÏÄÅÌȭ   - Current is used up V V V 

ȬÐÏ×ÅÒ ÓÕÐÐÌÙ ÁÓ ÃÏÎÓÔÁÎÔ ÃÕÒÒÅÎÔ ÓÏÕÒÃÅȭ - Batteries deliver a fixed 

amount of current regardless of cell components 

V V V 

ȬÓÉÎË ÍÏÄÅÌȭ  - A single connection between the battery and component 

is required 

V   

ȬÓÈÁÒÅÄ ÃÕÒÒÅÎÔ ÍÏÄÅÌȭ -  Current  is shared equally with all circuit 

components 

V  V 

ȬÓÅÑÕÅÎÔÉÁÌ ÍÏÄÅÌȭ  - A change in a circuit affects only those components 

after the change.  

V V V 

ȬÃÌÁÓÈÉÎÇ ÍÏÄÅÌȭ  -  Current from the positive and negative terminals 

meet at the circuit component 

V V  

ȬÅÍÐÉÒÉÃÁÌ ÒÕÌÅ ÍÏÄÅÌȭ  -  The further away a bulb is away from the 

battery the dimmer it will be 

V   

ȬÓÈÏÒÔ ÃÉÒÃÕÉÔȭ  - Wires with no circuit components can be ignored when 

analysing a circuit 

V  V 

ȬÐÁÒÁÌÌÅÌ ÃÉÒÃÕÉÔ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓȭ - Increase of resistors in parallel 

increases the overall resistance 

V V V 

ȬÌÏÃÁÌ ÒÅÁÓÏÎÉÎÇȭ -  Circuit not viewed as a system. Any change affects  

only the component being changed, and not the whole circuit 

V V V 

ȬÃÕÒÒÅÎÔ ÁÓ ×ÁÔÅÒ ÆÌÏ×ȭ -  Current strongest in a straight path. A bend in 

the wire decreases current strength 

V   

ȬÂÁÔÔÅÒÙ ÏÒÉÇÉÎȭ - Battery a source of charges that are pumped out rather 

than being recycled 

 V V 

ȬÉÎÔÅÒÃÈÁÎÇÅÁÂÉÌÉÔÙ ÏÆ ÔÅÒÍÓȭ  - Voltage, current, power charges, energy, 

used as one property 

  V 

TOTAL 11 7 9 
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CK assessment tool, as well as for the design of the TSPCK tool discussed in the next 

chapter. The misconceptions included in all three tests are 

(i)  ȬÁÔÔÅÎÕÁÔÉÏÎ ÍÏÄÅÌȭ   - Current is used up 

(ii)  ȬÌÏÃÁÌ ÒÅÁÓÏÎÉÎÇȭ -  Circuit not viewed as a system. Any change affects only 

the component being changed and not the whole circuit 

(iii)  ȬÐÁÒÁÌÌÅÌ ÃÉÒÃÕÉÔ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓȭ -  Increase of resistors in parallel increases 

the overall resistance 

(iv)  ȬÓÅÑÕÅÎÔÉÁÌ ÍÏÄÅÌȭ  - A change in a circuit affects 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. The Wainwright CASTLE tool was 

excluded early in the selection process because information about the number of 

students who wrote the test and their performance was not included in the literature, 

×ÈÉÃÈ ÌÉÍÉÔÓ ÉÔÓ ÖÁÌÉÄÉÔÙȢ (Ï×ÅÖÅÒȟ 7ÁÉÎ×ÒÉÇÈÔȭÓ ÁÎÁÌÙÓÉÓ ÏÆ ÑÕÅÓÔÉÏÎÓ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ 

misconceptions and the use of confidence rating were useful in analysing my CK 

assessment tool. The remaining two tools had similar misconception coverage, but the 

language and structure of the DIRECT assessment tool was considered to be much 

simpler, more accessible and less time consuming than the Three-Tier 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 DIRECT assessment tool were used 

verbatim for the pilot CK assessment tool. A question on parallel circuits from the 

Three-Tier Test was also included slightly altered, because it was conceptually 

challenging.  Figure 4.2. shows the original item from the PeĥÍÁÎ Ǫ %ÒÙÉÌÍÁÚ ɉςπρπɊ 

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

 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

64 
 

 

 

2.1. The current at the main branch is 1.2A.What is the magnitudes of currents i1, i2, and i3?  

 

a) 0.6/0.3/0.3    b)  0.4/0.4/0.4 

 

2.2. Which one of the followings is the reason of your answer to the previous question?  

 

a) After the current is divided evenly on the ýrst junction, it is again divided evenly on the 

 second junction.  

b) Because the identical bulbs are in parallel, currents with the same magnitude pass through the bulbs. 

c) ....................................................................................................... 

 

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

 

 

 

 

 

 
 

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 with a reference team consisting of a 

Physics specialist and 2 senior science teachers. In discussion with the referfence team, 

early on in the development process, it was felt that the CK assessment tools were too 

long, and it was decided to reduce the number of items in the final CK assessment tool 

from 30 to 20.  
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Changes made for the CK assessment tool 
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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 decisions on which items to eliminate 

were based on the content coverage.  The selected content was drawn froÍ ,ÏÕÇÈÒÁÎȭs 

CoRe (2006) ×ÉÔÈ ÐÁÒÔÉÃÕÌÁÒ ÒÅÆÅÒÅÎÃÅ ÔÏ ÔÈÅ Ȭ"ÉÇ )ÄÅÁÓȭ and the CAPS document, 

outlined in Chapter 3. The criteria for selection in were: 

(i)  items that covered multiple topics were given preference 

(ii)  items that were the only question that related to a particular content section  

(iii)  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 selection of items, with the content used for selection, the 

number of questions that covered 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 ensure 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 th e items retained for the final tool, together with reasons for exclusion, and 
the related misconception of each of the retained questions.  
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1 V V   V   Y  1 Attenuation model 
2     V V  Y  2 Local Reasoning 
3   V V    Y  3 Local Reasoning and battery 

origin  
4      V V Y  5 Parallel circuit 

misconceptions and short 
circuit  

5      V V Y  4 Parallel circuit 
misconceptions 

6   V   V  Y  6 Local reasoning and 
sequential model 

7   V V  V  N Repetitive: content 
covered by other 
questions  

  

8  V      Y  7 Attenuation 
9 V       N Requires knowledge of 

internal structure of a 
light bulb 

  

10  V   V 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   V   V  Y  13 Local reasoning and Parallel 
circuit misconceptions 

16     V V V Y  14 Parallel circuit 
misconceptions 

17      V  V Y  15 Sequential model 
18 V       N Too narrow content 

focus, diagram confusing 
  

19  V      N Too narrow content 
focus, content covered by 
other questions 

  

20   V     N Too narrow content 
focus.  

  

21   V   V  Y  16 Sequential model and local 
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reasoning 
22 V       N Similar to question 13   

23 V     V  Y  17 Inter -changeability of terms 

24   V   V  Y  18 Inter -changeability of terms 
and battery origin 

25   V  V V  N Content covered by other 
questions 

  

26     V V  N Content covered by other 
questions 

  

27 V       N Content covered by other 
questions 

  

28 V  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
al 

5 3 5 2 5 13 9   20  

 

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 current and voltage, so there is considerable overlap.  

 

The final content tool consists of 20 multiple-choice items. In addition, a 4-level 

confidence rating scale was included. The 4 levels of the  confidence scale are 1- Ȭblind 

ÇÕÅÓÓȭ, 2- Ȭa bit unsureȭ, 3- ȬÃÏÎÆÉÄÅÎÔȭ and 4 ɀ ȬÃÏÍÐÌÅÔÅÌÙ ÓÕÒÅȭȢ 4ÈÅ ÃÏÎÆÉÄÅÎÃÅ ÓÃÁÌÅ ÁÄÄÓ 

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 see the impact this has on her answers in the TSPCK assessment tool, 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

68 
 

relating to that particular misconception. An example of the final CK assessment tool is 

attached, together with the memorandum, in Appendix C and D.  

As an informal check of the accessibility and time requirements of the tool I gave it to 

my Grade 10 students as a class test. The majority finished the test in 40 minutes, which 

I 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 the sample 

group. The CK assessment tool was sent out together with the TSPCK assessment tool. 

Both tools were made available to my colleagues, members of the 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 sub-section 3.3.  The response level for both assessment tools was low and 

this limitation will be discussed in Chapter 7.  

Steps 6 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 validation 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 calculated. The results of 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 correct 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 but they 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 misconception 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:  

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

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

Blue:  the answer is incorrect and the confidence level is low. This was taken as a lack of 

content knowledge. This also could affect how the teacher answers the TSPCK 

assessment tool.  

Pink. 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 correct answer 

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:   
1 ɀ Blind guess   2 ɀ A bit unsure   3 ɀ Confident   4 ɀ Completely sure  
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1
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1
0
8

 

1
0
9

 

1
1
0

 

1
1
1

 

1
1
2

 

1
1
3

 

1
1
4

 

1
1
5

 

1
1
6

 

  

1 V V : V V V V V V V V V : : : V 4 2 

CR 4 4 3 4 3 3 3 3 3 3 4  3 2     

2 : : V V V V V V V V V V : V : V 3 3 

CR 4 4 3 4 3 3 4 3 4 4 4  4 2     

3 V V V V V 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 V 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 : : V V V V V : V V : : V 4 4 

CR 4 4 3 4 4  4 3 4 4 3  3 4     

6 : V V V V V V V V V V V V : V V 2 0 

CR 2 4 3 4 4 3 4 4 4 4 4  4 2     

7 V V V V V 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 : V V V V V V : V V 2 1 

CR 4 3 2 3 2 3 4 3 4 4 4  2 2     

9 : : V V V V : V V : V V V : V V 5 2 

CR 4 4 2 3 3 3 2 3 3 2 3  3 2     

10 : : V V : V V V V V V V V : V V 4 4 

CR 4 4 3 3 3 3 4 3 4 4 4  4 3     

11 V V V V V V V V V V V V V : V V 1 1 

CR 4 4 3 4 4 3 4 4 4 4 2  3 3     

12 V V V V V V V V V V V V V V V V 0 0 

CR 4 4 3 4 3 3 4 3 4 4 3  3 3     

13 V V V : V V V V V V V V V : V V 2 1 

CR 4 4 3 4 3 3 4 3 4 4 4  3 2     

14 : : : V V V V V V V V V V : : V 5 3 

V = correct answer  

X = incorrect answer  
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CR 4 4 3 3 2 3 4 2 4 4 4  3 2     

15 V V V V V V V V V V V V V : : V 2 0 

CR 4 4 3 3 3 3 4 3 4 4 4  4 1     

16 : : V V V V V V V V V V V : V V 3 2 

CR 4 4 3 3 2 3 4 3 4 4 3  3 2     

17 V V : V V : V V : V V V V : : V 5 3 

CR 4 4 2 3 2 3 4 3 4 3 2  4 3     

18 V V V V V V V : V V V : V : : V 3 0 

CR 4 4 1  3 3 4 2 4 3 3  4 1     

19 : : : V : V : V V V V V : : : V 8 6 

CR 4 4 3 4 3 2 2 3 4 4 4  4 3     

20 : : : V V V : V V : V V V : : V 6 6 

CR 4 4 3 3 2 3 4 3 4 4 3  4 3     
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CK 
% 

60 65 75 90 85 95 80 95 96 90 95 95 85 25 50 100   

CK average score 80%  

C
o

nf
id

e
n

ce
 %

 

98 99 69 85 75 74 94 75 90 93 88 
N
A 

85 59 
N
A 

NA 

  

D
if
fe

re
n

ce
 

(C
K

 %
- 

C
o

n
fid

e
n

ce
 %

) 

-38 -34 +6 +5 +10 +21 -14 +25 +6 -3 +7 NA 0 -34 NA NA 

  

 

The table shows that, in general, the participants performed well, with an overall 

average of 80% and only two participants achieving below 60%. The high scores are in 

ÌÉÎÅ ×ÉÔÈ ÔÈÅ ÓÁÍÐÌÅ ÇÒÏÕÐÓȭ ÑÕÁÌÉÆÉÃÁÔÉÏÎÓ ÁÎÄ ÅØÐÅÒÔÉÓÅȢ 4ÈÅ ÔÅÓÔ ÈÁÖÉÎÇ ÂÅÅÎ ÄÅÓÉÇÎÅÄ 

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, firstly in 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 8 below. 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  

Question 
number in CK 
assessment tool  

Topics covered by a problematic items  Number of incorrect 

responses 

19 Voltage: The emf1 of the battery is measured if 
there is no current in the external circuit 

8 

20 Parallel Connections: Current divides evenly in 

a parallel connection if the resistors have the 

same resistance, regardless of construction. 

6 

14 Parallel Connection s: In a circuit when one 

additional resistor is added in parallel the current 

in the parallel branches remains the same. 

5 

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

5 

9 Current:  Charge is conserved and part of the 
conducting material. 

5 

 

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 

questions did not test these concepts directly but required some additional 

understanding with regard to circuits. As an example Question 19 is 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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Figure 11: Diagram showing Question 19 f rom the CK assessment tool  

Question 19 tests the measurement of emf across a battery but would require the 

respondent to know that with an open switch a voltage reading would be possible even 

with a resistor in place. In order to answer this question correctly the respondent would 

have to a conceptual understanding of emf, resistors and be able to see that the voltage 

could still be measured between points A and B. If the construction was not identified 

the option selected was 0V. The significance of this item is that it  shows that when 

circuits are drawn in slightly unconventional ways and the respondent does not have 

conceptual understanding they will not be able to answer correctly despite being able, 

in all likelihood, to define emf correctly. This is an example of the depth and subtlety of 

content knowledge required in 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 a parallel 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 of the material of the resistor and Question 

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

conserved. This misconception, of charge being conserved, is described in ȬÁÔÔÅÎÕÁÔÉÏÎ 

ÍÏÄÅÌȭȢ Both these topics, of conservation of charge and properties of resistors, require 

conceptual understanding and are regarded as areas where potential misconceptions 

could exist. 

Correct 

Answer 

All 8 incorrect 
responses selected A 
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The confidence rating allowed for another layer of analysis. Where a respondent 

selected the incorrect option but stated that they were confident 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 shows a level of awareness that they are 

missing content and 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 area, this has the potential to impact how they 

convey these concepts to their students. While 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 summary of the number and topics where these 

potential misconceptions exist is summarised in Table 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 available still shows the trends of problematic topics. 

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

assessment tool 

Question 
number in CK 
assessment 

tool  

Topic where potential 
misconception exists  

Number of 

incorrect 

responses with a 

high  confidence 

rating  

Number of incorrect 

responses with a low 

confidence rating  

19 Voltage: The emf of the battery is 

measured if there is no current in the 

external circuit 

6 1 

20 Parallel Connections: Current 

divides evenly in a parallel 

connection if the resistors have the 

same resistance, regardless of 

construction. 

6 0 

10 Voltage: That the power delivered to 

a resistors dependent on voltage 
4 0 

5 Parallel Connections: Possible 

constructions of a parallel 

connection 

4 0 
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The two most prevalent types of misconception that the teachers of this sample group 

held were in a parallel connections and the concept of voltage. The misconceptions held 

about parallel connections are documented in the literature. The results from this 

sample comply with those found in 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 concepts in 

electric circuits. This type of error is not directly referred to in the literature. The impact 

of language usage is potentially  and interesting area of study. In both questions 20 and 5 

slightly unconventional ways of circuit construction were used which tested the 

conceptual understanding of how electric circuits function as a system and how circuit 

components affect the whole circuit. 4ÈÅÓÅ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓ ÁÒÅ ÄÅÓÃÒÉÂÅÄ ÂÙ ÔÈÅ ȬÌÏÃÁÌ 

ÒÅÁÓÏÎÉÎÇȭ ÁÎÄ ȬÓÅÑÕÅÎÔÉÁÌ ÍÏÄÅÌȭ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓȢ  

 

The relevance is that these observations will be seen when the results from the TSPCK 

are compared with these findings. The topics covered in the CK assessment tool are also 

covered in the TSPCK assessment tool. It would be expected that where there are 

content gaps and misconceptions the teacher will not be able to effectively transform 

this knowledge for their students. It is of particular interest to see if there is evidence of 

this in the TSPCK assessment tool responses. The content and concepts that were 

highlighted as being significant in this group from the CK assessment tool   are:  

¶ Parallel connections and the impact of adding resistors in parallel on a circuit. 

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

resistance, power and energy transfer.  

¶ 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 tool had been validated in previous, but were 

nonetheless subjected to quantitative and qualitative analysis so as to confirm their 

validity for the purposes of this study. The two methods used to assess for validity are 

the interpretative and the statistical arguments. These two arguments for validity are in 

keeping with Mixed-Methods methodology used throughout this study. Validity is 

regarded as the extent to which an assessment measures the construct for which it was 

designed. The second part of this discussion is the reliability of the assessment tool, 

×ÈÉÃÈ ÁÓËÓ ÔÈÅ ÑÕÅÓÔÉÏÎ Ȭ7ÏÕÌÄ ÔÈÅ ÓÁÍÅ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌȟ ÇÉÖÅÎ ÔÏ ÁÎÏÔÈÅÒ ÓÁÍÐÌÅ 

group of similar ability, produce Á ÓÉÍÉÌÁÒ ÒÅÓÕÌÔȩȭ 

 

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 misconceptions in students. It would 

be expected that experienced teachers should out-perform 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 taught science for the shortest 

period (2 years), and was not currently teaching the subject. Her demographic 

information explains, at least in part, her poor performance2. The next three lowest 

scores of 50%, 60% and 65% were all from teachers not currently teaching 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 to engage 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 
foÒ ÓÅÖÅÒÁÌ ÙÅÁÒÓȟ ÓÈÅ ÈÁÓ ÈÏ×ÅÖÅÒ ÈÁÄ ÓÅÖÅÒÁÌ ÙÅÁÒÓȭ ÅØÐÅÒÉÅÎÃÅ ÏÆ ÔÅÁÃÈÉÎÇ ÔÅÃÈÎÏÌÏÇÙȟ ×ÈÉÃÈ ÉÓ ×ÈÙ ÓÈÅ 
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 longest-serving 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 involved 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 level of content 

knowledge. 

 

Here it is possible to note that, based 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 information of the misconceptions that 

teachers hold. From the analysis of confidence ratings in relation to incorrect responses 

it is possible to pinpoint possible sites of misconception. This will be of particular 

interest when the TSPCK scores are compared. 

 

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, in 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 between -2 and +2 is considered a good fit and an argument for 

validityȢ 2ÁÓÃÈ ÐÒÅÄÉÃÔÓ Ô×Ï ȬÆÉÔȭ ÓÔÁÔÉÓÔÉÃÓȟ ÎÁÍÅÌÙȟ ȬInfitȭ ÁÎÄ ȬOutfitȭȢ 4ÈÅ Infit score is a 

measure of performance in relation to item difficulty. A positive correlation between 

person ability and item difficulty indicates construct validity. The Outfit statistic is a 

ÍÅÁÓÕÒÅ ÏÆ ÔÈÏÓÅ ÉÔÅÍÓ ÂÅÙÏÎÄ ɉȬÏÕÔÓÉÄÅȭɊ Á ÐÅÒÓÏÎȭÓ ÁÂÉÌÉÔÙȢ  

 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

78 
 

Table 10 shows the person measure statistics of the Rasch analysis. The key statistics of 

this data are the ZSTD (Standardised z- score) and the measure statistics. The  Z-Score is 

a statistical measurement of a score's relationship to the mean in a group of scores. A Z-

score of 0 means the score is the same as the mean. The ZSTD range for validity is 

between -2 and +2. These scores measure to what extent a single construct is being 

measured by this sample group. The measure statistics indicate how difficult  the 

respondents found the test: the more negative the more difficult the test.  

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

analysis  

 

The ZSTD scores are all between the range of -2 and +2, which indicates statistical 

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

The measure scores are mostly positive, which indicates that the respondents found the 

test manageable. Only 2 respondents have negative measure scores which indicate that 

they found the assessment to be difficult. This result is in keeping with the design intent 

of the CK assessment tool. The questions were originally designed 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 11 is 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  

 

The first column ranks the items from most difficult and shows statistically question 19 

was the most difficult. The measure statistics (2nd 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 statistic for the items was -0.56 indicating that the 

teachers who completed the CK assessment tool found it manageable. The blue columns 

are the ZSTD scores which indicate statistical 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. The ZSTD scores all fall within the accepted -2 to +2 

range, with the exception of Question 19 that falls just outside this range. In 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 range. The 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 and secondly 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 items, shown below in Figure 

12. The figure arranges both items and persons along 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 persons are arranged on the left and are ranked from highest to lowest 

ability.  

 

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 difficulty. This data 

reveals that the sample population has good content knowledge in electric circuits and 

that the CK assessment tool is not too difficult. 

 

The Rasch analysis also allows for the calculation of reliability. Item reliability is a 

measure the probability that similar a sample 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 tests that 

measures the same construct.  The nearer this value is to one the more reliable it is 

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

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

 

The person reliability score of 0.7 (in the blue block) indicates a  good level of reliability 

and the item reliability  score of 0.57 (in the red block) is also acceptable. The nearer 

these scores are to 1 to more statistically reliable they are. The small sample size does 

impact on these values so this level of 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 small size 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 assessment tool meets this requirement because even 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.  

 

4.5. Conclusion  

The CK assessment tool was developed using pre-existing 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 tests of; (i) Engelhardt & Beichner, (2004): Determining and Interpreting 

Resistive Electric Circuit Test (DIRECT) (ii) Pesman & Eryilmaz, (2010): Three-Tier 

4ÅÓÔȟ ÁÎÄ ɉÉÉÉɊ ÔÈÅ Ȭ#ÁÐÁÃÉÔÏÒ-!ÉÄÅÄ 3ÙÓÔÅÍ ÆÏÒ 4ÅÁÃÈÉÎÇ ÁÎÄ ,ÅÁÒÎÉÎÇ %ÌÅÃÔÒÉÃÉÔÙȭ 

(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 certain 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 is that the ranking for the scores of the CK fitted well with the 

demographic information provided. The quantitative argument is given using the Rasch 

analysis which showed that the CK assessment tool fell within acceptable ranges for 

validity and reliability.  

 

The CK assessment tool is not designed in isolation and is meant as supporting evidence 

for ÅØÐÌÁÉÎÉÎÇ ÔÅÁÃÈÅÒÓȭ ÌÅÖÅÌ ÏÆ  TSPCK. The process of design, scoring and validation of 

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

 

In this chapter I outline the process of developing the Topic-Specific 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 given 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 validity 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 validity are key to answering the research questions of 

determining the most appropriate way to measure TSPCK in electric circuits. 

 

Kind (2009) mentions the difficulty of measuring PCK directly because it is tacit 

knowledge, and teachers do not directly verbalise their Ȭ0#+ȭȢ )Ô ÉÓ ÁÎ ÉÎÔÅÒÎÁÌ ÁÎÄ 

personal construct. The framework of Mavhunga and Rollnick (2013) further develops 

the idea of PCK to the more specific Topic-Specific PCK. A key premise of their model is 

the importance of content knowledge before it can be transformed 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 the previous chapter. 

However, its construction should be seen as integral to the construction of the TSPCK 

tool. So, although this chapter focuses on the development of the TSPCK assessment 

tool, it needs to be understood that its design was not in isolation from that of the CK 
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assessment tool. In Chapter 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 develÏÐÍÅÎÔ ÏÆ ÔÈÅ 430#+ ÁÓÓÅÓÓÍÅÎÔ ÔÏÏÌ ÂÒÏÁÄÌÙ ÆÏÌÌÏ×ÅÄ ÔÈÅ ȬÒÁÔÉÏÎÁÌ ÍÅÔÈÏÄȭ 

of construction, a process outlined by Oosterveld and Vorst (1996), this 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. This chapter discusses Steps 1 to 7. The 

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

and is discussed separately in Chapter 6. The eight steps are: 

 

(i)  Step 1: Conceptualising items for the TSPCK pilot assessment tool within the 

Mavhunga and Rollnick framework, and within the same content bounds as 

the CK assessment tool. Pre-pilot assessment tool developed. 

(ii)  Step 2: Pre-pilot assessment tool evaluated by reference team and pilot 

TSPCK assessment tool developed. 

(iii)  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: Final TSPCK assessment tool 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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(vii)  Step 7:  TSPCK responses categorised.  

(viii)  Step 8: Results from the categorising subjected to quantitative and 

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

detail in Chapter 6 

 

Figure 13:  A flow diagram of the steps involved in the design and validat ion of the 
TSPCK assessment tool 

 

1. Conceptualisation of  
items for the pilot 
TSPCK assessment tool 

¶ Items developed using the 
Mavungha and Rollnick 
(2013) model 

¶ Items designed with 
reference to same content as 
the CK assessment tool. 

¶ A pre-pilot assessment tool 
developed 

 

Step 2 

3.  Piloting of TSPCK 
assessment tool  

¶ TSPCK assessment tool 
given to pilot group of 2 
science teachers and 1 
educational researcher  

Step 3 

4. Adaption and selection 
of items for final 
TSPCK assessment tool  

¶ Responses from the pilot 
used to construct some 
semi-open multiple-
choice items 

¶ Number of items 
reduced and adapted 
based on feedback from 
pilot group  

7. Categorising of TSPCK 
responses 

¶ TSPCK responses 
categorised according 
rubric  

6. Validatio n of TSPCK rubric 

¶ The TSPCK validated with 3 
independent raters 

¶ Rubric re-designed based on feedback 
from 1st validation 

¶ Rubric validated for 2nd time with 3 
independent raters 

¶ Adaptations made in consultation 
with reference team 

¶ Final rubric designed  

Step 5 Step 4 

5. TSPCK 
assessment 
tool given to a 
large number 
of potential 
participants in 
both paper and 
electronic 
formats.  

 

Received 16 
completed  
tools  

Step 6 

Step 8 

Step 1 

Step 7 

8. Validation of TSPCK assessment 
tool  

¶ Assessment  tools subjected to 
quantitative Rasch analysis 

¶ Qualitative evaluation of TSPCK 
data 

2.  Development of Pilot 
TSPCK assessment 
tool  

¶ Items  from the pre-pilot 

evaluated and selected 

in collaboration with 

reference team 

¶ Pilot TSPCK developed 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

86 
 

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 step further by rating and 

ranking teacher responses. While there is some debate on how to measure PCK , even 

whether it is possible to measure the construct, the Mavhunga & Rollnick model (2013) 

provides a framework to structure an assessment tool to measure TSPCK  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 assessment. A 

detailed explanation of Mavhunga & Rollnick model (2013) was given Chapter 2; to 

recap here, they identified five categories to define how  teachers transform content 

knowledge into TSPCK. These categories are: 

¶ Category A ɀ ÓÔÕÄÅÎÔÓȭ ÐÒÉÏÒ ËÎÏ×ÌÅÄÇÅ ÁÎÄ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓȟ  

¶ Category B - curricular saliency,  

¶ Category C - what is difficult to teach,  

¶ Category D - representations and analogies and  

¶ Category E - conceptual teaching strategies.  

The development of the tool was completed in three stages. The first was the 

development of a pre-pilot tool, developed as a discussion document 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. The final 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 tool. The above TSPCK categories, together 

with the key content sub-ÔÏÐÉÃÓ ÅØÔÒÁÃÔÅÄ ÆÒÏÍ ,ÏÕÇÈÒÁÎÓȭ CoRe and the CAPS 

document required to teach electric circuits, were used to scaffold the development 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 is identical to that selected for the CK assessment 

ÔÏÏÌȢ 4ÈÅ Ô×Ï ÓÏÕÒÃÅÓ ÕÓÅÄ ×ÅÒÅ ,ÏÕÇÈÒÁÎȭÓ #Ï2Å ÁÎÄ ÔÈÅ #!03 ÄÏÃÕÍÅÎÔȢ ! ÄÅÔÁÉÌÅÄ 

description of the content selected is given in Chapter 3. The main content in electric 

circuits topics covered in the TSPCK are:  

(i)  Current 

(ii)  Voltage 

(iii)  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, 2010, and 

Wainwright, 2007). Selecting the misconceptions was done in consultation with the 

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

 

(i)  Ȭattenuation model ȭ   - #ÕÒÒÅÎÔ ÉÓ ȬÕÓÅÄ ÕÐȭ 

(ii)  ȬÌÏÃÁÌ ÒÅÁÓÏÎÉÎÇȭ -  Circuit not viewed as a system. Any change affects only 

the component being changed and not the whole circuit 

(iii)  ÐÁÒÁÌÌÅÌ ÃÉÒÃÕÉÔ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓȭ -  Increase of resistors in parallel increases 

the overall resistance 

(iv)  ȬÓÅÑÕÅÎÔÉÁÌ ÍÏÄÅÌȭ  - A change in a circuit 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 to voltage, 

alternative ways of constructing circuits and the inter-relatedness 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 to ÔÈÅ ȬÌÏÃÁÌ ÒÅÁÓÏÎÉÎÇȭ ÁÎÄ ȬÓÅÑÕÅÎÔÉÁÌ ÍÏÄÅÌȭ 

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 

ÉÎÃÌÕÄÅÄ ÁÓ ÏÎÅ ÏÆ ,ÏÕÇÈÒÁÎȭÓ Ȭ"ÉÇ )ÄÅÁÓȭ Ïr as part of the CAPS document, and secondly, 

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 teaching scenarios relating to electric circuits. To this end, 

the items for the pilot were designed to be open-ended 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 the respondents in their thinking, and to highlight the idea that 

ÔÈÅ ÇÏÁÌ ×ÁÓ ÎÏÔ ÔÏ ÅÌÉÃÉÔ ȬÒÉÇÈÔȭ ÏÒ Ȭ×ÒÏÎÇȭ ÁÎÓ×ÅÒÓȟ ÂÕÔ ÒÁÔÈÅÒ ÔÏ ÕÎÃÏÖÅÒ ÔÈÅ ÂÒÅÁÄÔÈ 

and depth of teacher thinking around teaching electric circuits. 

 

Within this framework, as a starting document, a pre-pilot 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 tool and ultimately for the final TSPCK assessment tool. The 

number and type of items selected for the pilot TSPCK assessment tool are outlined 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 

Category A ɀ ȬÓÔÕÄÅÎÔ ÐÒÉÏÒ ËÎÏ×ÌÅÄÇÅ ÁÎÄ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓȭ   

In this category there were 4 open-ended questions covering the following content 

areas and/or common misconceptions: (i) current remains constant throughout a series 

circuit, (ii) a complete circuit is needed for current to flow, (iii) the particle nature of 

charge and charge as an energy carrier and (iv) the effect of resistors in parallel on 

current.  An example of the open-ended nature of the given below in Figure 14 

 

1. (Ï× ×ÏÕÌÄ ÙÏÕ ÒÅÓÐÏÎÄ ÔÏ ÓÔÕÄÅÎÔ ÔÈÁÔ ÁÓËÓȡ Ȱ(Ï× ÄÏ ÔÈÅ ÃÈÁÒÇÅÓ ȬËÎÏ×ȭ ÈÏ× 
ÍÕÃÈ ÅÎÅÒÇÙ ÔÈÅÙ ×ÉÌÌ ÎÅÅÄ ÔÏ ÇÅÔ ÁÒÏÕÎÄ ÔÈÅ ÃÉÒÃÕÉÔȩȱ 

 

Write your response here: 

 

 

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

 

Category B ɀ Ȭ#ÕÒÒÉÃÕÌÁÒ 3ÁÌÉÅÎÃÙȭ   

)Î ÔÈÉÓ ÃÁÔÅÇÏÒÙ Á ÌÉÓÔ ÏÆ Ȭ"ÉÇ )ÄÅÁÓȭ (Loughran, Berry, & Mulhall, 2006) and subordinate 

ideas was given. The respondents were asked to select 5 of them and to comment on 

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

4ÈÅ ÌÉÓÔ ÏÆ  ÔÏÐÉÃÓ ÉÓ Á ÍÉØ ÏÆ Ȱ"ÉÇ )ÄÅÁÓȭ ÆÒÏÍ ,ÏÕÇÈÒÁÎ ÁÎÄ ÔÏÐÉÃÓ ÉÎ #!03Ȣ  )Î ÁÄÄÉÔÉÏÎȟ 

they were also asked to complete a concept map and to expand on why they thought 

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

category. 
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5. Review the list of concepts relating to electric circuits below. Select five of what 

you regard as the most critical. State the sequence in which you would teach 

them, and also your reason for doing so in the table below: 

 

a. To obtain an electric current there needs to be a continuous loop from 

one battery terminal to the other terminal 

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

c. Parallel connections in a circuit are current dividers 

d. The materials that make up the circuit provide the charged particles when 

there is an electric current 

e. A battery provides the energy for an electric current 

f. Voltage can be defined as J.C-1 

g. /ÈÍȭÓ ÌÁ× ÃÁÎ Âe defined by   ὠ   

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

i. Resistance is the opposition to current flow 

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

circuit. The electric field is the cause of current flow. 

k. The resistance of a parallel connection can be calculated by   
ρ

ὙὝ
 
ρ

ὶρ

ρ

ὶς

 
ρ

ὶσ 
ȣȢ 

l. 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 15: An example of a pilot item in Category B  

 

Sequence of concept Reason 

1.  

2.  

3.  

4.  

5.  
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Category C ɀ Ȭ7ÈÁÔ ÉÓ ÄÉÆÆÉÃÕÌÔ ÔÏ ÔÅÁÃÈȭ  

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 struggle to understand. Figure 16 

as an 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 

 

Category D- Ȭ2ÅÐÒÅÓÅÎÔÁÔÉÏÎÓ ÁÎÄ ÁÎÁÌÏÇÉÅÓȭ  

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 respondents were 

asked to give reasons why they liked or disliked a representation and if/how they 

would use it in their own practice. Figure 17 is an example of one the items. 
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11. Once 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 circuit.  

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

your selection . 
 

A.  
 
 
 
 
 

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 
ri ver, 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 circuit is like a fish tank 

https://encryptedtbn2.gstatic.com/images?q=tbn:ANd9GcSQgwaHGpeCGZa8hsjXUghGAZJ8R8

prVskMwcZobaV3j4M0joxamk1TBdY 

 
 

Figure 17: An example of a representation  Category D in the pilot TSPCK 

assessment tool 
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Figure 17 ɀ 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 about 
ÅÌÅÃÔÒÉÃ ÃÉÒÃÕÉÔÓȢ 4×Ï ÓÔÕÄÅÎÔÓ ÁÒÅ ÁÓÓÉÇÎÅÄ ÔÈÅ ÒÏÌÅÓ ÏÆ ȬÂÁÔÔÅÒÙȭ ÁÎÄ ȬÌÉÇÈÔ ÇÌÏÂÅȭȢ 4ÈÅ 
ȬÂÁÔÔÅÒÙ ÉÓ ÇÉÖÅÎ Á ÂÁÇ ÏÆ ÊÅÌÌÙ ÂÅÁÎÓȟ ×ÈÉÃÈ ÒÅÐÒÅÓÅÎÔÓ ȬÅÎÅÒÇÙȭȢ 4ÈÅ ÂÁÔÔÅÒÙ ÁÎÄ ÔÈÅ 
ÌÉÇÈÔ ÇÌÏÂÅ ÓÔÁÎÄ ÁÂÏÕÔ χ ÏÒ ψ ÍÅÔÅÒÓ ÁÐÁÒÔȢ !ÂÏÕÔ υτ ÍÏÒÅ ÓÔÕÄÅÎÔÓ ÁÃÔ ÁÓ ȬÍÏÖÁÂÌÅ 
ÃÈÁÒÇÅÄ ÐÁÒÔÉÃÌÅÓȭȢ 4ÈÅÙ ÁÒÅ ÈÁÎÄÅÄ Ô×Ï ÊÅÌÌÙ ÂÅÁÎÓ ÅÁÃÈ ×ÈÉÃÈ ÔÈÅÙ ÁÌÌ ÇÉÖÅ ÔÏ ÔÈÅ 
ȬÌÉÇÈÔ ÂÕÌÂȭ ÁÓ ÔÈÅÙ ÐÁÓÓ ÉÔȢ 4ÈÅ ȬÌÉÇÈÔ ÇÌÏÂÅȭ ÅÁÔÓ ÔÈÅ ÊÅÌÌÙ ÂÅÁÎ ÁÎÄ ÔÈÅÎ ÄÏÅÓ ÓÏÍÅÔÈÉÎÇ 
(e.g., waves his or her arms. This movement represents the action of a light globe 
producing heat and light. The role-play is intended to show that in an electric circuit 
containing a single 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 heat. (Loughran, 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 E ɀ Ȭ#ÏÎÃÅÐÔÕÁÌ ÔÅÁÃÈÉÎÇ ÓÔÒÁÔÅÇÉÅÓȭ   

The items in this category are intended to integrate all the previous categories into a 

single question. A single item was designed for this category. An extract from a textbook 

task was given, together with partially-correct answers offered by students. The 

participants were then asked which concepts they considered to have been grasped, 

which were lacking, and what strategies they would employ to respond to these gaps. 

An example of one of these items is given in Figure 18.  
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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.  

 

 

 

 

 

 

 

(a) What is represented by Sparky?  

Electricity 
 
(b)What is represented by the shaded areas 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? 
 
Sparkyõs charge gets used up 
 
(e) Is it correct to say that the electric current is 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 
is 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 conceptual 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 discussion with 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 I 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 semi-closed 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 depth of response; the questions that best covered the selected 

content and common misconceptions. Issues of language and ease of response were also 

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 A ɀ Student prior learning  

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

was reduced to 2 items in the final tool.  The content areas covered were: ȬÃÕÒÒÅÎÔ 

ÒÅÍÁÉÎÓ ÃÏÎÓÔÁÎÔ ÉÎ Á ÓÅÒÉÅÓ ÃÉÒÃÕÉÔȭ ÁÎÄ ȬÔÈÅ ÅÆÆÅÃÔ ÏÆ ÁÄÄÉÎÇ Á ÒÅÓÉÓÔÏÒ ÉÎ ÐÁÒÁÌÌÅÌȭȢ 4ÈÅÓÅ 

content areas also relate to the most prevalent sites of misconceptions held by the 

teachers in the sample group as seen in the CK assessment tool. The items were altered 

from being open-ended to having a multiple-choice format. The options for the multiple-

choice items were developed from answers given in the pilot tool, 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 particular 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 level she could re-phrase and re-explain 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 19 is an example of how this process was carried out. In Figure 19 an extract is 

taken from one of the pilot participants, and the next extract shows how this response is 

then used in the final item.  

 

 
          Write your respon se here 

Current is the rate of flow of charge. In this case the charge flowing is electrons. Electrons are particles 

that have mass and cannot disappear as they flow around the circuit. It is the same as the number of cars 

travelling on a road. Each ammeter is like a device that measures the number of cars passing a given 

point. The road does not split, so the number of cars passing each point is the same. None can just 

disappear off the road. It is the same with the flow of electrons. The ammeter, 1, measures the number of 

electrons flowing through ammeter 1, which measures how many electrons pass through it a given time. 

 
  
 

  

 

 

 

 

 

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 given for the semi-closed item in the final 

instrument include (i) a correct but very simple response, (ii) a response that draws on 

the definition of current as the rate of charge flow, and (iii) a response that uses an 

explanation of charges moving in uniform 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 structure 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 these changes is given in Figure 20. In the pilot tool the 

participants had to select and sequence 5 concepts; in the final tool this was reduced to 

3 concepts.  

 
B1.   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 fi ve concepts and your reason for 
doing so in the table below   

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

b. An electric current is the net flow of charge. 
c. Parallel connection in a circuit are current dividers 
d. The materials that make up the circuit provide the charged particles when there is an electric 

current  
e. A battery provides the energy for an electric current 
f. Voltage can be defined as J.C-1 

g. /ÈÍȭÓ ÌÁ× ÃÁÎ ÂÅ ÄÅÆÉÎÅÄ ÂÙ   ὠ   

h. When there is a current, energy flows from the battery to the user. 
i. Resistance is opposition to current flow 
j. A battery creates an electric field within the materials that make up the circuit. The electric field is 

the cause of current flow. 

k. The resistance of a parallel connection can be calculated by     ȢȢ 

l. 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  

 

 

 

B1.   Review the list 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. 

 
 

 
 

 

 

 

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

 
 

 

The focus of the questions was to evaluate how teachers rank, sequence and inter-relate 

topics within electric circuits. A list of topics was provided in the question that included 

Concepts 

Concept 1. 

Concept 2. 

Concept 3. 

Concept Reason for sequence 
 

 

 

 

 

 

 

 

 

 

Number reduced from 5 to 3 concepts  

Orig inal 
open-ended 
item split 
into two 
parts  
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main ideas and subordinate ideas. This list was derived mostly from Loughran, CoRe 

and a few from CAPS. In the CoRe ȭ"ÉÇ )ÄÅÁÓȭ are delineated and are largely conceptual in 

nature with subordinate ideas which link to them. The premise is that teachers with 

ÍÏÒÅ ÄÅÖÅÌÏÐÅÄ 0#+ ÁÒÅ ÂÅÔÔÅÒ ÁÂÌÅ ÔÏ ÓÅÐÁÒÁÔÅ ÁÎÄ ÓÅÑÕÅÎÃÅ Ȭ"ÉÇ )ÄÅÁÓȭ ÆÒÏÍ 

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 responses in the 

pilot.   The final item in this category is an open-ended 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 structure 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: 

 
Ȭ7ÈÁÔ ÔÈÒÅÅ ÃÏÎÃÅpts have you observed that students struggle most to understand. 

7ÈÁÔ ÄÏ ÙÏÕ ÔÈÉÎË ÔÈÅ ÒÅÁÓÏÎ ÆÏÒ ÔÈÉÓ ÉÓȩȱ 

 

This item was rephrased to shift the focus off from student levels of understanding to 

the teacher reflecting on their own practice. In the final TSPCK tool the wording of the 

question 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 the Mavhunga and Rollnick (2013) tool; there was 

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

ÔÈÁÔ ÅÌÅÃÔÒÉÃÉÔÙ ÉÓ ÐÁÒÔ ÏÆ ÅÖÅÒÙÄÁÙ ÌÉÆÅ ÁÎÄ ÐÈÒÁÓÅÓȟ ÌÉËÅ ȬÃÈÁÒÇÉÎÇ ÍÙ ÐÈÏÎÅȭ ÏÒ ȬÍÙ 

ÂÁÔÔÅÒÙ ÈÁÓ ÒÕÎ ÏÕÔȭ are part of common language usage. However, in terms of the 

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

ÆÏÒ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇȢ This item is shown in Figure 21. This problem is not found 

in every science topic, but it was considered 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 D ɀ Representations and analogies 

In this category, teachers were provided with a number of representations and 

analogies and asked to comment on which they liked and which they 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, role-plays, 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 integrating voltage, current and resistance. The participants 
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in the pilot process commented that this question, in particular, was timeɀconsuming 

because of the amount of reading required. Responding to this, the representation and 

only the analogies relating 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 shown in 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  

 

3ÃÉÅÎÃÅ ÆÏÒ !ÌÌ 'ÒÁÄÅ ύ ,ÅÁÒÎÅÒȭÓ "ÏÏË ɉPg. 35) 

Representation  2 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

http://www.windows2universe.org/physical_science/physics/electricity/images/circuit_analogy_water_pipes_sm.jpg
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Figure 22 Continued:  

Representation 3  

 

 
What I like and why  What I 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 I liked the 
most  

How would you use the representation selected in a 
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 Figure 18. The adaption made from Mavhunga and Rollnick TSPCK 

instrument (2013) was to provide more scaffolds for the teacher response; thus there 

are three sub-sections 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 to describe flow of charge and energy transformation. In the exercise the 

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

ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÐÒÏÃÅÓÓÅÓ ÉÎ ÁÎ ÅÌÅÃÔÒÉÃ ÃÉÒÃÕÉÔȢ )Î ÔÈÅ 430#+ ÔÏÏÌ Á ÓÔÕÄÅÎÔȭÓ ÐÁÒÔÌÙ 

correct answers to 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 

ÔÅÁÃÈÅÒ ÉÓ ÁÓËÅÄ ×ÈÁÔ ÓÔÒÁÔÅÇÉÅÓ ÓÈÅ ×ÏÕÌÄ ÅÍÐÌÏÙ ÔÏ ÄÅÁÌ ×ÉÔÈ ÔÈÅ ÓÔÕÄÅÎÔȭÓ ÃÏÎÃÅÐÔÕÁÌ 

gaps. 

 

5.3.2. Step 5: 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 time-efficient. The final TSPCK tool was designed using the 

Mavhunga & Rollnick (2013), model for the developing of electric circuit questions for 

each category and involved the developing of original items. Through the piloting 

process and in discussion with the reference team, 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 attached in Appendix A. It was sent 

out to a wide audience of teachers to complete and 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 categorised, to ensure validity, careful consideration had to be 

given to the design of the TSPCK rubric - 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 of 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 example Ndlovu (2014) assessed teacher TSPCK in electrochmistry. 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 rubric was designed by Mavhunga and Rollnick 

(2013). It has 4 level descriptors to 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 23 is an extract from the original rubric designed by Mavhunga and 

2ÏÌÌÎÉÃË ÆÏÒ ÔÈÅ ÃÁÔÅÇÏÒÙ Ȭ3ÔÕÄÅÎÔ ÐÒÉÏÒ ËÎÏ×ÌÅÄÇÅ ÁÎÄ ÍÉÓÃÏÎÃÅÐÔÉÏÎÓȭȢ 4ÈÅ ÐÕÒÐÏÓÅ ÏÆ 

this extract is to show the overall structure of 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 
Knowledge 
Provides standardized 
knowledge as 
Definition 
Repeats standard definition 
with no 
expansion or with incorrect 
explanation 

Identifies 
misconception or 
prior knowledge 
Provides 
standardized 
knowledge as 
definition 
Expands and re-
phrase explanation 
correctly 

Identifies misconception 
or prior knowledge 
Provides standardized 
knowledge as definition 
Expands and re-phrases 
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 circuits. 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, as the first validation process was part of an ongoing project to design TSPCK 

assessment tools for the topics of stoichiometry and acids and bases. Figure 24 is an 

extract from this first rubric.  

   

                                         Limited                    Basic                             Developing                  Exemplary

 

Figure 24: Extract from first generic rubric  

A reference group comprising a practicing teacher, an assessment specialist and a 

science educational researcher 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 inter-rater reliability and the raters struggled 

to categorise responses.  
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On reflection, two possible reasons for this emerged: firstly, 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 important in chemistry, 

whereas in electric circuits the understanding of terms and inter-relatedness of the 

concepts was viewed as a more important criterion. The difficulty with the initial coding 

process serves to highlight the topic-specific nature of the construct being assessed. 

Assessment Rubric Re-design 

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 25 below is an example of how the criteria were adjusted. The criterion selected 

relates to how a teacher rates and evaluates 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 representation ɀ ȬUse ofȭ implies 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 

ÔÈÅ ÔÅÒÍ ȬÍÁÃÒÏÓÃÏÐÉÃȭȢ This adjustment allowed the 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 teacher responses were also included, 

and are highlighted in pink. 

 

 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

109 
 

Extract from original rubric  

 Limited Basic Developing Exemplary 

R
e

p
re

s
e

n
ta

ti
o

n
s
 

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 nd rubric  

 

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 ples are 
highlighted in pink  

 

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 made.  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 for analysis.  

 
During the scoring process a refinement was made, in consultation with my supervisor, 

of the criteria relating to the item of Ȱ7ÈÙ do think it is important to teach electric 

C
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D

1
 ɀ

 W
h

a
t 

I 
lik

e
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d

 d
is

lik
e

 
a

b
o

u
t 

th
e

 r
e

p
re

se
n

ta
tio

n
s?

 

Reasons given are 
incomplete, vague and 
difficult to follow  
E.g. I like the first one 

(Note - criter ia to be 
considered across all 
three representations) 

Reasons for 
selection limited 
to a  single 
consideration 

Reasons for selection 
include two levels of 
consideration e.g. 
ease of use,  
effectiveness to 
confront 
misconception , 
learners context 

Reasons for selection include 
multiple considerations 
 
Reasons for selection also include 
possible points for new  
misconceptions or indicates 
awareness where analogy fails. 
 
Reasons includes appropriate use 
to explain the interrelatedness of 
electricity terminology  
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ÃÉÒÃÕÉÔÓȩȱ The changes thus made are shown in Figure 26. The 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 conceptual focus. The 

final rubric is attached in Appendix B. 

 

 

B
3

(b
) 
ɀ
 W

h
y
 is

 it
 im

p
o

rt
a
n

t?
 

Reasons limited to a 
general statement. 
One reasons given or 
gives a general 
ÓÔÁÔÅÍÅÎÔ ÓÕÃÈ ÁÓ Ȱ 
has important 
applications) 
 

Reasons exclude 
conceptual 
considerations such as 
scaffolding/sequential 
development of 
understanding for other 
topics in the subject. But 
may include application 
to everyday life 
 
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 

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 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 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 and application 
to everyday 
life and/or intrinsic interest  
 
 

 

Figure 26: Adjustments made after second validation  
 

After these final adjustments the rubric was considered to be valid and reliable. The 

final TSPCK assessment rubric is attached in Appendix B 

B
3

(b
) 
ɀ
 W

h
y
 is

 it
 im

p
o

rt
a
n

t?
 

¶ Reasons 
limited to  a 
general 
statement 
One reasons 
given or gives 
a general 
statement 
ÓÕÃÈ ÁÓ Ȱ ÈÁÓ 
important 
applications 
ÉÎ ȣȱ 

 

¶ Identifies the 
importance of a topic 
related to aspects, 
application and 
motivation/interest 
and gives a reason 
for 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 
importance are 
practical e.g. 
application and 
motivation/interest, 
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 
conceptual e.g. 
scaffolding/sequential 
development of 
understanding for  other 
subsequent topics  
E.g. It encourages logical 
thought, problem solving 
and offers many different 
×ÁÙÓ ÔÏ ÓÏÌÖÅ ÐÒÏÂÌÅÍÓȢ )ȭÖÅ 
always thought of it like 
circle geometry in Maths ɀ 
a more creative and lateral 
thinking section than the 
usual algebraic methods 

Excluded in 
adjustment  Adjustment includes number of 

reasons 
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5.4.2. Step 7: Categorising the responses using the rubric  

Once the assessment rubric had been finalised, the scoring of the responses was 

completed. The responses were categorised. Figure 27 is an example of this process.  

 

! ÓÁÍÐÌÅ ÏÆ ÔÈÒÅÅ ÔÙÐÅÓ ÏÆ ÒÅÓÐÏÎÓÅ ÔÏ ÔÈÅ ÑÕÅÓÔÉÏÎ Ȱ×ÈÙ ÉÓ ÉÔ ÉÍÐÏÒÔÁÎt to teach electric 

ÃÉÒÃÕÉÔÓȩȱ together with the rubric and annotated reasoning explaining why they fall into 

a particular category are included. The first example (104) uses a relevant aspect of 

ÅÌÅÃÔÒÉÃÉÔÙ ÕÓÅ ÉÎ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÄÁÙ-to-day lives, and is coded at level 2 (basic). The 

second example (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. 

 

                        Limited                             Basic                  Developing                              Exemplary 

 

Figure 27: Extract from respondent 104, 107 and 110 to illustrate level and 
variety of answers coded by the assessment rubr ic 

 

 

 

104 

107 

110 
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Figure 27 . Continued 

Extract from respondent 104  ɀ Categorised as basic 

 

Extract from respondent 107 ɀ Categorised as exemplary (4)  

 

Extract from respondent 110 ɀ Categorised as exemplary (4)  
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While categorising I became aware that I was slightly over-rating the responses for 

Category B ɀ Curricular Saliency. I therefore re-coded 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 development of the final TSPCK assessment tool was a carefully scrutinised process 

with numerous consultations with subject, research and assessment experts. This 

increased the construct validity of the TSPCK assessment tool. The development of the 

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 will be 

discussed in the next chapter. 

 

 

 

 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

114 
 

Chapter 6 -Validity and Reliability of TSPCK Assessment Tool  

 

In this chapter I discuss the process of determining validity and reliability of the TSPCK 

assessment tool. This was achieved using quantitative and qualitative 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 the project. In broad terms validity can be 

ÓÅÅÎ ÁÓ ÔÈÅ ÅØÔÅÎÔ ÔÏ ×ÈÉÃÈ Á ÍÅÁÓÕÒÅÍÅÎÔ ÏÒ ȬÓÃÏÒÅȭ ÍÅÁÓÕÒÅÓ ×ÈÁÔ ÉÔ ×ÁÓ ÉÎÔÅÎÄÅÄ ÔÏ 

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 

ÐÁÒÔ ÏÆ ÔÈÅ ÔÈÉÒÄ ÒÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎȡ ȰÈÏ× ÖÁÌÉÄ ÁÎÄ ÒÅÌÉÁÂÌÅ ÉÓ ÔÈÉÓ 430#+ ÁÓÓÅÓÓÍÅÎÔ 

ÔÏÏÌ ÉÎ ÉÔÓ ÐÒÅÓÅÎÔ ÄÅÓÉÇÎȩȱ   

 

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 project. Face validity is 

the most basic type, and is the validity determined by the judgment of the science 

community. In the case of this project the reference team helps to fulfil this role 

(Neuman, 2000). Another type of validity is content validity, which is concerned with 

whether the measurement tool includes the relevant content domain for the construct 

being measured. (Wagner, Kawulich, & Garner, 2012). In this project the content is 

ÃÌÅÁÒÌÙ ÄÅÓÃÒÉÂÅÄ ÕÓÉÎÇ ,ÏÕÇÈÒÁÎȭÓ #Ï2Å ÁÎÄ ÔÈÅ #!03 ÄÏÃÕÍÅÎÔȢ 4ÈÅ ÆÉÎÁÌ ÔÙÐÅ ÏÆ 

validity - and perhaps the most relevant to this project - is construct validity, defined by 

Wagner et al, (2012) as  



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

115 
 

ȬÔÈÅ ÅØÔÅÎÔ ÔÏ ×ÈÉÃÈ ÔÈÅ ÏÐÅÒÁÔÉÏÎÁÌÉÚÁÔÉÏÎ ÏÆ ÙÏÕÒ ÃÏÎÓÔÒÕÃÔ ÔÁÐÓ ÉÎÔÏ ÔÈÅ ÁÃÔÕÁÌ 

ÔÈÅÏÒÅÔÉÃÁÌ ÃÏÎÓÔÒÕÃÔÓ ÙÏÕ ÁÒÅ ÔÒÙÉÎÇ ÔÏ ÍÅÁÓÕÒÅȭ. 

In this project the theoretical measure is TSPCK in electric circuits, and the TSPCK 

assessment tool 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:  

ȰÔÈÅ ÏÖÅÒÁÌÌ ÅÖÁÌÕÁÔÉÖÅ ÊÕÄÇÅÍÅÎÔ ÏÆ ÔÈÅ ÄÅÇÒÅÅ ÔÏ ×ÈÉÃÈ ÅÍpirical evidence and 

theoretical rationales support the adequacy and appropriateness of interpretations 

ÁÎÄ ÁÃÔÉÏÎÓ ÏÎ ÔÈÅ ÂÁÓÉÓ ÏÆ ÔÅÓÔ ÓÃÏÒÅÓ ÏÒ ÏÔÈÅÒ ÍÏÄÅÓ ÏÆ ÁÓÓÅÓÓÍÅÎÔȱȢ   

This definition best fits the processes of this project because it includes the need for 

empirical and theoretical evidence to determine construct validity. Both empirical and 

theoretical methods are used to determine validity, which also fits the Mixed-Method 

methodology described in Chapter 3. The empirical evidence will be gathered using 

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 

3ÃÉÅÎÃÅ ÔÅÁÃÈÅÒÓ ÏÆ ÍÏÒÅ ÔÈÁÎ ς ÙÅÁÒÓȭ ÅØÐÅÒÉÅÎÃÅȟ ×ÁÓ ÓÏÕÇÈÔ ÏÕÔȢ  4ÈÅ ÁÒÇÕÍÅÎÔ ÎÅÅÄÓ 

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 sub-sections 6.3.1 and 6.3.2.  A more 
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detailed statistical analysis is 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 sub-concept of PCK. It is observable and measurable, and is specific knowledge that 

a teacher employs to transform content knowledge (in this case of electric circuits) into 

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 to the 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 misconceptions, 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. Rasch analysis is applied here using the Windows 

Winstep software version 3.81.0. Rasch analysis converts ordinal scaled data to linear 

ÄÁÔÁȢ 4ÈÉÓ ÁÌÌÏ×Ó ÆÏÒ ÄÅÔÅÒÍÉÎÉÎÇ Á ÈÉÅÒÁÒÃÈÙ ÏÆ Á ÐÅÒÓÏÎȭÓ ÁÂÉÌÉÔÙ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÔÈÅ 

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 namely Infit  and Outfit.  Linacre 

(2012) describes the fit statiÓÔÉÃ ÁÓ ÔÈÅ ÄÉÆÆÅÒÅÎÃÅ ÂÅÔ×ÅÅÎ Á ÐÅÒÓÏÎȭÓ ÏÂÓÅÒÖÅÄ ÓÃÏÒÅ 
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and the statistically generated score, calculated from the data; this is then a measure of 

ÔÈÅ ÐÅÒÓÏÎȭÓ ÁÂÉÌÉÔÙȢ 4ÈÅ Infit indices are a measure of the discrepancies between a 

ÐÅÒÓÏÎȭÓ ÅØÐÅÃÔÅÄ ÐÅÒÆÏrmance and observed performance.  Easier items should have 

the higher scores and vice versaȟ ÁÎÄ ÈÅÎÃÅ Á ÐÏÓÉÔÉÖÅ ÃÏÒÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÈÅ ÐÅÒÓÏÎȭÓ 

ability and the item difficulty confirms construct validity. The Outfit indices measure the 

items that are slÉÇÈÔÌÙ ÏÕÔÓÉÄÅ ÏÆ Á ÐÅÒÓÏÎȭÓ ÁÂÉÌÉÔÙȢ )Ô ÄÅÔÅÃÔÓ ×ÈÅÎ Á ÐÅÒÆÏÒÍÁÎÃÅ ÉÓ 

outside of what is expected. For both these indices a statistical range of -2 to +2 is 

regarded, by convention, as acceptable, and an indication both of validity and that a 

single construct 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 criteria-based 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. Both 

tools took approximately 1½ 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 has been outlined in the previous chapter The raw scores of 

TSPCK tools were subjected to a Rasch analysis using Winsteps 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 score. The 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 questi on, CK assessment tool and 

confidence level percentage.  

 Category A 

Student prior 

knowledge/

mis-

conceptions 

Category B 

Curricular 

Saliency 

Category C 

What is 

difficult to 

teach 

Category D 

Representations 

and Analogies  

Category 

E 

Conceptual 

Teaching 

strat egies 

   

C
o
d

e 

A
1

 

A
2

 

A
 T

o
ta

l 

B
1

/B
2

 

M
a
p

 

B
3

 

B
 T

o
ta

l 

C
1 

C
2 

C
 T

o
ta

l 

D
1

 

D
2

 

D
 T

o
ta

l 

E
1
 

E
 T

o
ta

l 

T
o
ta

l 
 T

S
P

C
K 

C
o

n
te

n
t 
T

o
o

l 
(%

)
 

C
o

n
fid

e
n

ce
 

L
e

v
e

l 
(%

)
 

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 2 2 2 2 3 1 2 3 2 3 2 3 3 3 3 3 85 85 

105 4 4 4 3 3 4 3 4 4 4 4 3 4 4 4 4 80 75 

106 4 2 3 3 1 4 3 4 4 4 3 3 3 3 3 3 90 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 1 4 3 4 4 4 3 3 3 3 3 3 85 93 

111 2 1 2 3 3 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 2,3 80 84 
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From this raw data it can be seen that the average TSPCK score was 2,3 which places the 

majority of this sample in the developing category. The teachers generally performed 

well in the CK assessment tool ɀ an average of 80%. These two scores show that good 

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 large amounts unanswered in the TSPCK assessment tool. A 

possible reason for this is that 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 included in the sample. Respondent 114 

performed poorly in the CK assessment tool (30%) and I 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 of the 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 data sets, the risk of reducing an already 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 sub-sections 6.5.1,  6.5.2. and 6.5.3. 

 

6.5.1. Interpreting validity of TSPCK assessment with Rasch analysis  

Table 14 is 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 right 

column. The measure column gives a numerical value of the person ability: the more 

positive the value the higher the ability The columns that are of interest are the Infit and 

Outfit ZSTD scores, they are statistical measures validity and should ideally fall between 

a range of -2 and 2. The ZTSD scores are calculated as a t-test, 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 level. The MNSQ is the mean-square 

statistic and shows the size of randomness in a sample. MNSQ values usually have an 

average of 1. Values that are greater than 1 show a high degree of unpredictability and 

values less than 1 indicate that the sample is too predictable and do not have enough 

variation in the sample. MNSQ (Mean Square) values are an additional measure for 

validity and should be below and close to 1 to indicate validity. (www.winsteps.com). 

Table 14:  Summary of Person measure data  

 

 

This initial data indicates that this sample group of teachers found the TSPCK 

assessment tool manageable, as indicated by the measure mean of -0.33. 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 ZSTD scores for 

both Infit and Outfit are within the range of -2 and +2, with the exception of respondent 

111, who has a ZSTD score of 2.2. The mean square (MNSQ) value is an additional 

statistical measure of validity. A MNSQ value of near to one is an additional measure of 

validity. The average MNSQ value is less 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.  

http://www.winsteps.com/winman/diagnosingmisfit.htm
http://www.winsteps.com/winman/diagnosingmisfit.htm
http://www.winsteps.com/
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The fact that all, but one ZSTD data point, falls within -2 and 2 range and the MNSQ 

values are all near 1 is 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 the Bubble plot, shown in Figure 28. below. 

The blue bubbles represent the person measures, and the pink bubbles the item 

measures. The key visual information to see if the person and item data falls between -2 

and +2, on the horizontal axis.  The spread along the vertical axis indicates different 

abilities or difficulties. The Person measure is well-spread between high (+ range) and 

low ability ( - range).  

 

Figure 28: Rasch bubble 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. Respondent 111 just falls outside the 

+2 limit and item B1 also falls outside this range. This indicates that this person and 

item are a poor fit to the sample. The items do not have a wide spread along the vertical 

axis, which indicates that there is not a spread of difficult and easy items. An additional 

piece of information the Bubble Plot 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 component of the Rasch analysis is the reliability index. Reliability 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 1, the higher the level of reliability. 

Rasch analysis also calculates the Person raw score-to-measure correlation which is the 

Pearson correlation between raw scores and measures, including extreme scores, this 

value should tend to 1. The Cronbach Alpha (KR-20) Person Raw 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 data. Any value above 

0.5 is seen as a good indication of reliability. According to the www.winsteps.com online 

manual, the Rasch indices for reliability tends to underestimate reliability and the 

Cronbach Alpha score tens to overestimate reliability. PERSON RAW SCORE-TO-

MEASURE CORRELATION is the Pearson correlation between raw scores and measures, 

including extreme scores. When data are complete, this correlation is expected to be 

near 1.0.  The separation values is used to classify people according to ability a value 

less than 2 indicates that the assessment  may not be sensitive enough to distinguish 

between high and low performers (www.winstep.com). A summary of the reliability 

results for the TSPCK assessment tool are given below in Table 15 below. 

 
 

  

http://www.winsteps.com/
http://www.winsteps.com/winman/correlations.htm
http://www.winstep.com/
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Table 15: Summary of the Rasch reliability analysis for Persons  

 

The key values in this table are the person reliability. 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 (KR-20) value. The Kr-20 value as calculated by the analysis is 0.97. The 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, indicates that the assessment tool is sensitive enough to distinguish 

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 would be achieved. There is 

not the same level of certainty for item reliability.   

Table 16 provides a summary of the Rasch analysis for item reliability.  

Table 16: Summary of Rasch reliability analysis  for I tems 
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The item reliability of 0.43 is not as convincing. 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 for the 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 responses 

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 17 is the item within the TSPCK  broad categories. The more positive the value, 

the greater the difficulty is seen to be. Table 18 gives 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 the prevalent 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 

Category A 

Prior learning 
and 

misconceptions  

Category B 

Curricular 
Saliency 

Category E 

Conceptual 
teaching 

strategies  

Category D 

Representatio
ns and 

analogies  

Category C 

What is 
difficult to 

teach 

Item 

measure  

 
0.27 

 
0.27 

 
0.27 

 
-0.87 

 
-1.05 
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The item measures give a statistical value of the relative 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 easiest was Category C.  These 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 average difficulty level was calculated at 0.0 

indicating that this group managed the assessment tool was relative ease.  These values 

are not significantly different from each other. The values also indicate that this sample 

did not experience to items as overly difficult but there also no items that were 

particularly easy either.  

Within this data there is little separation between Categories. When the items are 

viewed separately in Table 18, a more detailed and useful pattern of item variation 

emerges. The item measure, 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 E1 D2 A1 D1 C2 C1 

C
o

n
te

n
t 
c
o

ve
re

d
 

Total 
Resistanc
e drops 
when a 
resistor is 
added in 
parallel 

Inter -
related-
ness of 
concepts 
and 
terms in 
electric 
circuits 

4ÈÅ Ȭ"ÉÇ 
)ÄÅÁÓȭ ɀ 
selecting 
sequen-
cing 
importan
t 
concepts 

Why is it 
importan
t to learn 
about 
electric 
circuits 

Conceptual 
understan
d-ing  
Ȭ3ÐÁÒËÙ 
ÑÕÅÓÔÉÏÎȭ 

Represent-
ation of 
current 
flow in 
parallel 
circuits 

Current is 
conserved 
through a 
series 
circuits 

Represent-
ation of 
current 
flow in 
parallel 
circuits 

Potential 
problems 
with the use 
of physics 
terminolo -
gies 

The 
use and 
unders
tanding 
of 
termi -
nology 

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 item A2 

referring to the effect of on current with the addition of a resistor in parallel is the most 

difficult. In the same category, a similarly structured item (A1) but covering different 

content was one of the easiest items with a -0.31. The concept map item had the second 
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highest difficulty measure.  The items dealing with use of terminology were relatively 

easy to define and detect. However, when terminologies had to be ranked and the 

interconnections between the terms explored, this proved to be more difficult. The 

respondents had difficulty selecting whaÔ ÔÈÅ ÍÁÉÎ Ȭ"ÉÇ )ÄÅÁÓȭ ×ÅÒÅ (B1/2)  and then the 

subsequent step developing these ideas into a concept map is made more difficult.  This 

correlates broadly with the sites of misconceptions detected in the CK assessment tool. 

 

As a summary of the item and person measures, a Person-item map is given in Figure 

29. The vertical axis ranks the ability or difficulty. The persons are plotted to the left and 

ÔÈÅ ÉÔÅÍÓ ÔÏ ÒÁÎËȢ 4ÈÉÓ ȬÍÁÐȭ ÇÉÖÅÓ Á ÐÉÃÔÕÒÅ ÏÆ ÔÈÅ ÓÃÁÌÉÎÇ ÏÆ ÔÈÅ ÐÅÒÓÏÎÓ ÒÅÌÁÔÉÖÅ ÔÏ ÔÈÅ 

items. 

 

Figure 29: Person-Item map for the TSPCK assessment tool 
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Figure 29 shows that the population 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 measures for 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 same content 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. However, the 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 levels of reasoning with regard to 

TSPCK there should be evidence of this in the teacher responses. Qualitative 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 section, even 

if this difference in item difficulty is statistically quite small. In the qualitative analysis it 

should be possible to link the data from the CK assessment tool. If the scores and 
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confidence levels from the CK assessment tool indicate the possibility a teacher held a 

misconception this, should also be evident in the teacher responses. 

 

In the next section examples from each category will be presented with comments 

relating to the evidence of teacher reasoning. The purpose is to show the ability of the 

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 misconceptions- was 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 B ɀ Curricular saliency ɀ because it was 

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 ɀ 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 B. They were also the 

categories that were 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 was identified as one of the sites of misconceptions within the 

teacher group. Figure 30 is a copy of the item in the TSPCK assessment tool. Two 

extracts were selected as an example of the analysis and are shown in Figure 31.  
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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 respondent ɀ 102,  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 ɀ Coded as Limited  

 

 

 

Respondent 107 Coded as Exemplary 

  

 

Figure 31: Item A2 and example of the type of responses, extracted from 

respondents 102 and 107  

 

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 

 

Coded as Limited - 1 

 

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 

 
Gives reason for excluding 
other possibilities 

 

Coded as Exemplary - 4 
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There is evidence that the misconceptions about parallel connections persist in 

Respondent 102 responses in the TSPCK assessment tool. Respondent 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 

wi ll 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, illustrating how 

persistent a misconception can be. 

 

The above Figure 31 is an example of the type of analysis possible with this item. 

Evidence from respondent 102 shows that the misconception persisted and conceptual 

gaps were exposed in her response 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 then 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 inter-relatedness of 

concepts in electric is one of the conceptual difficult parts of electric circuits and this 

item requires understanding of multiple concepts and their interaction which is a 

possible reason why it was ranked as a difficult item.  

 

6.6.2. Category B ɀ Curricular Saliency  

Curricular Saliency had the widest range of item difficulty within one category. The 

concept map was the second most difficult item (1.09), the selection and sequencing of 

ÔÈÅ Ȱ"ÉÇ )ÄÅÁÓȱ ÔÈÅ ÔÈÉÒÄ ÍÏÓÔ ÄÉÆÆÉÃÕÌÔ ɉπȢτχɊ ÁÎÄ ÔÈÅ ÒÅÁÓÏÎÓ ×ÈÙ ÉÔ ÉÓ ÉÍÐÏÒÔÁÎÔ ÔÏ 

teach electric circuits was 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 electric circuits because terms and 

concepts overlap and inter-connect rather than follow sequentially, which is a possible 

reason why this category proved difficult. Half the respondents did not attempt the 

concept map, some wrote a paragraph and one person copied a diagram from a 

computer animation. The concept map was the most complex item in the TSPCK 

assessment tool. Figure 32 gives the list of main ideas and sub-ordinate ideas, as a point 

of reference, given in this category, the topics highlighted in yelÌÏ× ÁÒÅ ÔÈÅ Ȱ"ÉÇ )ÄÅÁȱ. 

3ÅÌÅÃÔÉÎÇ ÔÈÅ Ȭ"ÉÇ )ÄÅÁÓȭ ÉÓ ÅÓÓÅÎÔÉÁÌ ÔÏ ÄÅÖÅÌÏÐÉÎÇ ÔÈÅ ÃÏÎÃÅÐÔ ÍÁÐȢ 4ÈÅ ÃÏÎÃÅÐÔ ÍÁÐÓ 

are attached in Figure 33 and examples of the analysis is shown. 

  

Figure 32: 4ÈÅ #ÁÔÅÇÏÒÙ " ÌÉÓÔ ÏÆ  Ȱ"ÉÇ )ÄÅÁÓȱ ÁÎÄ Ïther sub -ordinate ideas  for item 

B1 and 2 
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Three concept maps have been extracted as examples of the different levels and are 

shown in Figure 33. Respondent 110 - categorised as limited (1), 107 ɀ categorised as 

exemplary (4) and 111 ɀ categorised as developing (3) 

 

Concept map from respondent 110 (Categorised as Limited (1)  

 

Figure 33: Concept map analysis for respondents 102, 107 and 111  

Respondent 110, categorised at level 1 ɀ limited - simply listed terms and connected 

terms wiÔÈ ÁÒÒÏ×Ó ÁÎÄ ÎÏ ÅØÐÌÁÎÁÔÉÏÎȢ /ÈÍȭÓ ,Á× ×ÁÓ ÓÉÔÕÁÔÅÄ ÉÎ ÔÈÉÓ ÍÁÐ ÁÓ Á ÍÁÉÎ 

idea but there are several concepts that need to be in place before this is covered. It may 

 

Ohms Law selected as 
a main idea  

Connection lines 
without direction or 
reason for connection 

  

.ÏÔ Á Ȱ"ÉÇ )ÄÅÁȱ  

  

Unclear connection and 
reason for position on 
map, implies current 
produces ammeters 
and voltmeters 

  

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 

Categorised as Limited 1 
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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.  

4ÈÅ ÃÏÎÎÅÃÔÉÏÎÓ ÂÅÔ×ÅÅÎ ÃÏÎÃÅÐÔÓ ÁÒÅ ÍÉÓÓÉÎÇ ÁÎÄ ÔÈÅ ÒÏÌÅ ÏÆ ÔÈÅ ÂÁÔÔÅÒÙ ÉÓÎȭÔ ÉÎÃÌÕÄÅÄȟ 

all of these reasons indicate limited TSPCK 

Figure 33 Continued :  

 Concept map from respondent 107 - Categorised as exemplary (4)  

 

Respondent 107 was categorised at level 4 ɀ exemplary ɀ because her map clearly 

ÐÒÅÓÅÎÔÅÄ ÔÈÅ Ȱ"ÉÇ )ÄÅÁÓȱ ÁÓ ÍÁÉÎ ÈÅÁÄÉÎÇÓ ÁÎÄ ÈÁÄ ÍÕÌÔÉÐÌÅ ÓÕÂÏÒÄÉÎÁÔÅ ÌÅÖÅÌÓȟ ÁÓ ×ÅÌÌ 

as showing multiple links between concepts. 

 

  

  

4×Ï Ȱ"ÉÇ )ÄÅÁÓȱ 
selected correctly  

Sub-ordinate topics 
selected with even finer 
refinements below 
these topics 

Reasons for 
connections given 

Multiple and cross links 
included with reasons 

Categorised as Exemplary - 4 
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Figure 33 Continued : 

Concept map from respondent 111 ɀ Categorised as developing (3)  

 

 

The third concept map selected is from respondent 111 and was categorised at a level 3 

ɀ developing. There is some evidence of selecting main ideas but the connections 

between the ideas were a bit confused or missing. 

 

 

  

3ÅÌÅÃÔÓ Á Ȱ"ÉÇ )ÄÅÁ ÁÓ Á 
starting point  

  

Interconnection of 
concepts given 

  

Initial categorizing but 
altered after discussion 
and re-evaluation 
concepts given 

Two important 
concepts with weak 
connections and 
relationship with other 
concepts not clear. 

Relationship to voltage 
missing. 

Categorised as Developing - 3 
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6.6.3. Category E ɀ Conceptual teaching strategies  

In the TSPCK assessment tool designed by Mavhunga & Rollnick, (2013) and Ndlovu 

(2013) this category was determined to be the most difficult because it brings together 

all the other categories and requires multi-level reasoning. In this TSPCK assessment 

tool this is not the case and it was statistically determined to be only of moderate 

difficulty. A possible reason is that the item was scaffolded, which made it easier for the 

teachers to organise their thinking. Three examples of the type of responses given are 

shown in Figure 34. In this Category the teachers were given a students answers to a 

question about electric circuits. The student gave a mix of correct 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 illustrate the different levels of appraoch. Respondent 

ρπρ ÉÄÅÎÔÉÆÉÅÓ ς ÃÏÎÃÅÐÔÕÁÌ ÇÁÐÓ ÁÎÄ ÄÏÅÓÎȭÔ ÁÒÔÉÃÕÌÁÔÅ Á ÓÔÒÁÔÅÇÙ ÔÏ ÃÏÎÆÒÏÎÔ ÔÈÅÓÅȢ 

Resondent 105 indentifies 5 conceptual gaps and clearly articulates two different 

strategies to confront these. 

Extract fro m Respondent 101 ɀ Categorised as limited (1)

 

Identifies 2 misconceptions  

  

  

Strategy to confront 
misconception not in 
place, simply a re-
phrasing of missing 
terms  

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 ɀ Categorised as exemplary (4)

 

The difference between these two response is the level of awareness of the type 

misconceptions held by students and the number of potential  conceptual strategies each 

Identifies 5 areas of 
misconceptions or 
conceptual gaps   

  

  

  

  

Multiple strategies 
selected 

Use of analogy 

Use of a hands-on 
practical to specifically 
address one of the 
misconceptions 

  

  

Categorised as Exemplary- 4  
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teacher is able to articulate. The purpose of the TSPCK assessment tool is to extract 

different levels of teacher reasoning 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 extract 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 inter-rater 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 determined using the Pearson product-moment 

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<0.01. A correlation 

value lies between -1 and +1 and the more 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 independent variables. If the correlation value 

falls between 0.35 and 0.65 there is some indication of a linear relationship, but its 

predictive value is limited (Creswell, 2012).  
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The calculated Pearson product-moment value is 0.453. This value indicates that there 

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 TSPCK. Mavhunga and Rollinick (2013) proposed that it through 

subject knowledge that teachers are able to reason through the 5 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 linear relationship 

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 to complete 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, 

×ÈÉÃÈ ÍÁÙ ÎÏÔ ÂÅ ÁÎ ÁÃÃÕÒÁÔÅ ÁÓÓÅÓÓÍÅÎÔ ÏÆ ÔÈÅ ÔÅÁÃÈÅÒÓȭ ÁÂÉÌÉÔÙȢ 

 
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 Figure 35. On the x-axis 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 fell into the quadrant low CK high TSPCK.  



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

140 
 

 

Figure 35: Bubble plot showing relative position in relation to CK and TSPCK  

In Quadrant 1 ɀ low CK and high TSPCK there are no plots. In Quadrant 2 ɀ high CK high 

TSPCK there are 6 respondents that fall into this this category, in Quadrant 3 ɀ Low CK 

low TSPCK there are 4 respondents within this category and in Quadrant 4 - high CK low 

TSPCK there are 6 respondents within this category. This relationship follows the 

theoretical framework presented by Mavhunga 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. Parallel misconceptions 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 sub-section 6.6.1. 

evidence was presented of where a teacher holds a misconception and how it 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 demonstrate 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 highest CK 

scores but they did have good CK levels. 

 

6.8. Conclusion  

Both an interpretative and quantitative evidence for validity have been presented. The 

qualitative 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 Cronbach-Alpha (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 statistical 

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 accessible. It is also possible to 

categorise the way teachers transform content knowledge and assign relative ranks to 

this process. The task of seeing and measuring TSPCK, while challenging, has been 

shown to be possible in the interpretive analysis and it is possible to value a value 

ÊÕÄÇÅÍÅÎÔ ÏÆ ȬÇÏÏÄȭ ÏÒ ȬÂÁÄȭ 430#+ ÏÎ ÔÈÅ ÒÅÓÐÏÎÓÅÓȢ  

 

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 process of 

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 between the 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 correlation 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 or not 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 chapter presents an overview of how the project was conducted and discusses findings 

in relation to the research questions. The implications of the study are given, followed by 

recommendations, limitations and a final conclusion. 

 

7.1. Introduction  

The poor performance of South African Mathematics and Physical Science teachers is 

well-documented (Dempster, 2007, Selvaratnam, 2011 and Chrisholm, 2009). The PCK 

research group at the University of Witwatersrand have been investigating the 

possibility of developing TSPCK as a strategy to improve the quality of in-service and 

pre-ÓÅÒÖÉÃÅ ÓÃÉÅÎÃÅ ÔÅÁÃÈÅÒÓȢ )Î ÏÒÄÅÒ ÔÏ ÍÅÁÓÕÒÅ ȬÉÍÐÒÏÖÅÍÅÎÔȭ ÔÈÅÒÅ ÎÅÅÄÓ ÔÏ ÂÅ ÓÏÍÅ 

form of describable and measureable criteria 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 starting 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 involved 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.  Two assessment tools were developed: one 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 covered at this 

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 backbone of any 

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, Mulhall, et al., 2001, 

Pesman & Eryilmaz, 2010, Summers, et al., 1998, Wainwright, 2007 and Tarciso Borges 

& Gilbert, 2010). These common misconceptions, LoughranȭÓ CoRe and the CAPs 

document provided the content starting point for the development of both the CK and 

TSPCK tools.  

 

7.1.1. Methodology Overview  

The Mixed-Method (MM) approach was used to answer the research questions. Both 

quantitative and qualitative processes were used during the development of the two 

assessment tools and in determining the validity and reliability of these tools. There was 

strong emphasis on the processes followed during the development of the two 

assessment tools, making it possible to describe this research as methodological. A 

pragmatic philosophical orientation was adopted in this project. The advantage of using 

a Mixed-Method methodology is that it brings the best attributes of both qualitative and 

quantitative methods to the analysis namely; the measurable certainty of empirical data 

and the expression of the complexity of reasoning that is possible with an 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 the structure of the Mavhunga and Rollnick (2013) 

TSPCK model, which defines the process transforming 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 and re-design. 

Careful attention was given during the design process that the assessment 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 respondents 

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 re-worked 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 varied 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 electric 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 of -2 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 reasonable chance 

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 the confidence rating, to determine 

the type and most prevalent misconceptions and content gaps. These misconceptions 

and content gaps are outlined in sub-section 4.3.3. The key areas where content gaps 

and misconceptions were detected from the CK assessment tool was the effect of adding 

resistors in parallel and the second area was 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 were qualitatively 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 of the 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 there should be appositive 

correlation between the CK and TSPCK scores because the assumption is that without 

content knowledge it is not possible to demonstrate TSPCK. There is a positive 

relationship with the high level TSPCK scores and CK scores. In other words 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 score highly in the TSPCK assessment tool.  

 

The validation of both 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 

questions 

 

7.2. Findings and discussion  

7.2.1. Research question 1  

 

1. What are the most appropriate methods for designin g assessment tools for 

ÍÅÁÓÕÒÉÎÇ ÔÅÁÃÈÅÒÓȭ #ÏÎÔÅÎÔ +ÎÏ×ÌÅÄÇÅ ɉ#+Ɋ ÁÎÄ 4ÏÐÉÃ 3ÐÅÃÉÆÉÃ 0ÅÄÁÇÏÇÉÃÁÌ 

Content Knowledge (TSPCK) in electric circuits? 

 

Claim 1: Valuable research has been done into the core concepts, misconceptions and 

measurement of electric circuit content knowledge, so an assessment tool to measure CK in 

electric circuits can be adapted from the existing assessment tools in the 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 tool.  This meant that the 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.  I found three tests to measure content knowledge of electric circuits 

in the science education literature of which were potentially usable.  This meant there 

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 assessment tool, 

namely the DIRECT (Engelhardt & Beichner, 2004) and the Three-tier 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 multiple-choice items. As there was no 

need to extract deeper levels of thinking, the multiple-choice 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 Three-tier test test, I decided to add a confidence level rating.  This  

allowed me to extract an additional layer of information, pin-pointing 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 of a lack of familiarity with the material and they are 

aware that they have missing knowledge. In some ways the teacher who is aware that 

they have a lack of understanding is easier to remediate than the teacher who holds a 

misconception. Teacher lack of knowledge and teacher-held misconceptions both 

impact TSPCK: a lack of knowledge will mean that the teacher cannot transform 

knowledge for teaching, while a teacher-held misconception means the teacher has 

some knowledge to transform but transforms it conceptually 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 counter-productive. 

 

Claim 2: The Mavhunga and Rollnick model (2013) provides useful categories for the 

design of a TSPCK assessment tool, however within certain categories there are 

assessment challenges that could warrant revisions of some aspects of the items within 

these  categories 

 

The 5 Categories describing 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 design assessment tools in stoichiometry, acids and bases and 

ÃÈÅÍÉÃÁÌ ÂÏÎÄÉÎÇȢ )ÔȭÓ ÁÐÐÒÏÐÒÉÁÔÅÎÅÓÓ ÆÏÒ ÏÔÈÅÒ ÓÃÉÅÎÃÅ ÔÏÐÉÃÓ ÈÁÄ ÁÌÒÅÁÄÙ ÂÅÅÎ 

established. This study formed part of a collective effort to design TSPCK assessment 

tools across multiple science topics 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 within this framework.  

 

The 5 Categories were important to help define the focus when I 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 general, items were able to 

stimulate multifaceted answers that revealed teachersȭ reasoning in just a few 

sentences. As an overall guideline, the categories of the Mavhunga and Rollnick worked 

well and formed and exceptionally useful framework for the assessment tool. Within 

certain categories there were items that posed difficulties. 
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The Category A ɀ Learner prior knowledge and misconceptions -is 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 multiple-choice 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 I 

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 other science 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 was statistically ranked as the most difficult item and this is a deviation from 

the expected pattern. The other item in this category was statistically 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 is particularly 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 attached to the misconception. For example, an 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 power.  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 particularly 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 hieÒÁÒÃÈÉÃÁÌ ÏÒÇÁÎÉÓÁÔÉÏÎ ÁÎÄ ÄÏÎȭÔ ÁÌ×ÁÙÓ ÓÈÏ× 

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 maps to a level 3 or 4 evidenced 

many concepts and showed multiple connections between concepts. Showing this 

amount of complexity is extremely time-consuming. The concept map seemed to extract 

ÔÅÁÃÈÅÒÓȭ ËÎÏ×ÌÅÄÇÅ ÁÂout electric circuits and not 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 the number of interconnection between terms. One of 

the respondents did not attempt to draw a mind-map but gave a very clear description 

and reasoning behind how she would sequence sub-topics within electric circuits. The 

concept map item is placed within Category B ɀ 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. There is not an easy flow from most 

important to a sub-ordinate idea; understanding voltage is equally important to 

understanding current and resistance. 

 

Category C ɀ Ȭ7ÈÁÔ ÉÓ ÄÉÆÆÉÃÕÌÔ ÔÏ ÔÅÁÃÈȩȭ ×ÁÓ ÁÎÓ×ÅÒÅÄ ÃÌÅÁÒÌÙ ÁÎÄ ÙÉÅÌÄÅÄ ÒÅÁÓÏÎÅÄ 

responses in just a few sentences. The insight the respondents showed about the impact 

that the use language has on the teaching of electric circuits was particularly 

noteworthy. Many electric circuit terms are used in everyday language. For example, Ȭ) 
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need to charge my phÏÎÅȭ implies that the phone is somehow filled up with new charges, 

which is the incorrect physics idea. It would 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.  

 

Category D ɀ Analogies and representations was also clearly answered by most of the 

respondents. Teachers are comfortable to given their opinions on what they like and 

ÄÏÎȭÔ ÌÉËÅȟ ×ÈÉÃÈ ÉÓ ×ÈÁÔ ÔÈÉÓ ÃÁÔÅÇÏÒÙ ×ÁÓ ÁÓËÉÎÇȢ /Îly one of the respondents was able 

to articulate where the representations failed, which is one of the discriminating factors 

between exemplary (4) and developing (3)   

 

Category E ɀ Conceptual teaching strategies. According 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 map and the 

question 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 meant that the item 

was quite long and perhaps a bit confusing to read. The question spanned two pages 

and some of the respondents gave the feedback that they did not immediately see which 

were the ÓÔÕÄÅÎÔÓȭ ÁÎÓ×ÅÒs they had to respond to, so they did not really understand 

the question at first. Additionally the sub-topics of movement of charge, energy and 

energy transfer covered in this topic were not ones that posed as much conceptual 

difficulty for the teachers as resistors in parallel, so energy may not be the most 

appropriate sub-topic for this category. The sub-topic of energy conversion should 

possibly be moved to Category A and the conceptually more challenging parallel 

connections to Category E. 
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While there are challenges with certain items within the 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 expected and complies with broader 

theoretical framework of topic specificity of teaching science.  

 

Claim 3: Being able to state that these assessment tools ÁÒÅ ÔÈÅ ȬÍÏÓÔ ÁÐÐÒÏÐÒÉÁÔÅȭ ÍÅÔÈÏÄ 

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 take time 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, self-reflection journal are all potential methods for 

ÍÅÁÓÕÒÉÎÇ ÔÅÁÃÈÅÒÓȭ 430#+ ÙÅÔ Ôhe strength of this assessment format is that it has been 

used across multiple topics so it possible to compare results and observations. While 

completing this assessment tool is time consuming, it is not as time intensive as an 

interview. A compromise has to 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 written responses also mean that there is a permanent 

record of the response which can be analysed further or differently at another time. The 

written response type of assessment tool has both negative and positive aspects. A 

decision has to be made regarding which of these factors overrides the others, which is 

not a simple process. 

 

The TSPCK assessment tool does measure what it was designed to measure, but it is by 

no means exhaustive. There is room for revision within certain categories, for 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 tools met the broad 

requirement of appropriateness, ÂÕÔ ÔÈÅ ÔÅÒÍ ȬÍÏÓÔȭ ÁÐÐÒÏÐÒÉÁÔÅ ÉÓ ÔÏÏ ÓÔÒÏÎÇȢ 

 

7.2.2. Research question 2  

 

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

 

Claim 1: The CK assessment tool was proved to be both valid and reliable for both persons 

and items using quantitative and qualitative arguments. 

 

The CK assessment tool was adapted from pre-existing 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 values of  -2 and 

+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. The average score for the CK assessment tool was 80% 

which is a high average but is also to be expected considering that this sample was 

made up of highly qualified and experienced teachers. The 3 lowest performing 

respondents were all teachers who are not currently 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 that certain 
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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 related 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 inter-changeability 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 pre-existing and validity tests, the 

CK assessment 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 tool for electric circuits has good validity and reliability 

only if both the statistical data and the interpretive evidence are considered together. The 

reliability of the TSPCK assessment tool could be improved with some minor revisions to 

the TSPCK assessment tool.  

 

In keeping with the Mixed-methods 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 of -2 and +2, indicating that a single 

construct was being measured. The Cronbach KR-20 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 results 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 questions were omitted by the teachers. Half the sample did not attempt the 

concept map. The informal feedback I received from some of the respondents was that 

this item was too daunting to attempt within the timeframe available. This meant that 

the categorising for 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 I 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 interpretative 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 processes 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 to the wider 

science research group. The clarity of the rubric allowed for more accurate categorising 

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 that evidenced 

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 population 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 sample size and type of the 

population sample. In order to conclusively show reliability the TSPCK tool 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. One of the suggested revisions 

would be to re-design Category E ɀ Conceptual teaching strategies ɀ 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, in 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 the respondents 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 the how and they would sequence content or their 

reasons for doing so. 

 

The strength of the Mixedɀmethod 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 the ZSTD 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 concerns 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 revision to placement of sub-topics 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. 7ÈÁÔ ÉÓ ÔÈÅ ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÔÅÁÃÈÅÒÓȭ #+ ÁÎÄ 430#+ȩ 

 

Claim 1: CK and TSPCK are distinct knowledge bases. Strong CK in electric circuits 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 assessment 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 population was 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 product-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 being able to transform knowledge into the reasoning required for 

TSPCK. At the upper end, 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 TSPCK 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 the 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 connected but separate skill and 

knowledge base.   

 

Claim 2: The CK and TSPCK knowledge bases, while being distinct from each other, are 

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 incorrect. The 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 misconception 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 correlation between 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 did not hold 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 calculation. The 

respondents with stronger TSPCK did not revert to purely algorithmic explanation but 

focused on inter-relations between concepts and used the algorithmic explanations as 

one part of their explanation. The respondents who exhibited weaker TSPCK reverted to 

ÁÌÇÏÒÉÔÈÍÉÃ ÅØÐÌÁÎÁÔÉÏÎÓ ÁÎÄ ÓÅÌÅÃÔÅÄ ÔÈÅ /ÈÍȭÓ ÌÁ× ÆÏÒÍÕÌÁ ÏÆ  Ὑ   ÁÓ Á Ȭ"ÉÇ )ÄÅÁȭȢ  

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 teachers with lower scores in 

the TSPCK focused on the algorithmic explanations and could not expand on the 

concepts underpinning the mathematical expressions. This 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 over-arching aim of this study was to design a valid and reliable assessment tool to 

ÍÅÁÓÕÒÅ ÔÅÁÃÈÅÒÓȭ 430#+ ÉÎ ÅÌÅÃÔÒÉÃ ÃÉÒÃÕÉÔÓȢ 4ÈÉÓ ÈÁÓ ÂÅen proven to be possible, 

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 I struggled with the concept of PCK and the related concept 

TSPCK. I did not understand what it was because the definitions of PCK and TSPCK are 

×ÈÁÔ ) ×ÏÕÌÄ ÈÁÖÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ ÐÁÒÔ ÏÆ ȬÎÏÒÍÁÌ ÔÅÁÃÈÉÎÇȭ ÁÎÄ ÎÏÔ Á ÄÅÆÉÎÁÂÌÅ ÏÒ Á 

distinct knowledge type. Kind (2009) mentions the difficulty of measuring PCK directly 

ÂÅÃÁÕÓÅ ÉÔ ÉÓ ÔÁÃÉÔ ËÎÏ×ÌÅÄÇÅȟ ÁÎÄ ÔÅÁÃÈÅÒÓ ÄÏ ÎÏÔ ÄÉÒÅÃÔÌÙ ÖÅÒÂÁÌÉÓÅ ÔÈÅÉÒ Ȭ0#+ȭȢ )Ô ÉÓ ÁÎ 

internal and personal construct. The literature review of all the PCK models and 

adaption highlights how difficult it is to define. The switch of terminology between 

authors also made understanding the construct difficult to grasp. For example I did not 

see the terms of content knowledge and subject matter knowledge as particularly 

ÄÉÆÆÅÒÅÎÔ ÂÕÔ 3ÈÕÌÍÁÎ ÕÓÅÄ ÔÈÅ ÔÅÒÍ ȬÓÕÂÊÅÃÔ ÍÁÔÔÅÒ ÃÏÎÔÅÎÔ ËÎÏ×ÌÅÄÇÅȭ ÉÎ ÈÉÓ ρωψφ 

ÐÁÐÅÒȟ ÃÈÁÎÇÅÄ ÔÈÅ ÔÅÒÍ ÔÏ ȬÃÏÎÔÅÎÔ ËÎÏ×ÌÅÄÇÅȭ ÉÎ ÈÉÓ ρωψχ ÐÁÐÅÒ ÂÕÔ both referring to 

science knowledge, then Veal and MakÉÎÓÔÅÒ ÕÓÅÄ ÔÈÅ ÔÅÒÍ ȬÓÕÂÊÅÃÔ ÍÁÔÔÅÒ ËÎÏ×ÌÅÄÇÅȭ 

to refer as a type of knowledge integrated within PCK. And content 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 I could understand that what teachers do is special and 

distinct. I have observed several well-qualified knowledgeable people be quite awful in 

a classroom and just not know how to make content accessible, I have heard the phrase 

ȬÈÅ ÉÓ ÔÏÏ ÓÍÁÒÔ ÔÏ ÔÅÁÃÈȭ on many occasions. The idea that what teachers do to 

knowledge is a distinct and professional skill resonated with me. On a practical level I 

could also understand that how I would teach one topic is different from another topic 

so I could conceptualise the construct of TSPCK in practical terms. 

  

The Consensus model developed at the PCK summit and published in Gess-Newsome 

(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 also useful 

because a teacher may have the knowledge about various strategies but not have the 



 
Gwyneth Zimmerman 8807461/V  
Protocol Number 2013ECE064M 

 

162 
 

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 I had to review the literature for common 

misconceptions, many of which I had encountered in the classroom but had not 

encountered the description of the misconceptions. This exercise was extremely 

valuable for me because it gave me vocabulary for what I was observing and I 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 lÅÎÇÔÈ ÁÎÄ ÅØÔÅÎÔ ÏÆ ,ÏÕÇÈÒÁÎȭÓ #Ï2ÅȭÓ ÆÏÒ ÅÁÃÈ ÔÏÐÉÃ emphasises just 

how much a teacher has to know before delivering material to a class. 

 

Being aware of the depth of knowledge required by a teacher was only the starting 

point; taking the next step to assessing and ranking this knowledge was another new 

level. Conceptualising items for the TSPCK was completely new territory for me. 

Understanding the Mavhunga and Rollnick TSPCK and how it was useful for defining 

and measuring TSPCK was the key component to developing the TSPCK assessment 

tool. 

 

I have taught electric circuits for several years and at various grade levels and had 

almost become mechanistic in my delivery. I had not considered the subtle conceptual 

challenges that learners face when trying to come to grasp with electric circuits. One 

ÒÅÓÐÏÎÄÅÎÔ ÒÅÆÌÅÃÔÅÄ ÏÎ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÓÍÁÌÌ ×ÏÒÄÓ ÌÉËÅȟ ȭonȭȟ ȬÔÈÒÏÕÇÈȭ and ȬÁÃÒÏÓÓȭ 

on student understanding which I had not previously considered. The challenge of the 

everyday language impacting on physics understanding was a new idea to me, for 

ÅØÁÍÐÌÅ Ȭ) ÈÁÖÅ ÒÕÎ ÏÕÔ ÏÆ ÂÁÔÔÅÒÙȭ ÉÓ Á ÃÏÍÍÏÎ ÐÈÒÁÓÅ ÂÕÔ ÃÏÎÃÅÐÔÕÁÌÌÙ ÃÏÍÐÌÅÔÅÌÙ 

wrong.  Conventional teaching wisdom proposes that a teacher should connect the 

content to everyday experiences so a student can relate to it and make a connection to 
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help understanding. I am not sure this is true for electric circuits because the everyday 

experience of electricity and vocabulary around electricity potentially impedes 

understanding. In many other physics topics we define a 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 of electric 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 limitation 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 well-resourced schools, 

which means in terms of the South African 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 itsel f there are certain limitations 

¶ The length and type of responses meant that it demanded a great deal from 

teachers. 

¶ A written response requires effort and may not reveal all the depth of reasoning 

that a teacher uses. 

¶ The item that covered the most prevalent misconception appeared early in the 

TSPCK assessment tool and may have been better placed later in the tool. 

¶ The concept map item was poorly answered and often omitted. This item was 

particularly intimidating for the teachers. 
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¶ 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 reduced for the final 

assessment tool. If I was to design a similar assessment tool, I 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 relied on the 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. I am grateful for 

my colleagues that were able give of their time and expertise. 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 than their written responses. Interviews are also time-

consuming but I wonder whether if some items were answered verbally, a 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 with this is 

that the required depth could also be impacted.  

 

7.5.2. Item revision  

There are 3 items in the TSPCK assessment tool that could potentially be revised. In 

Category A ɀ Learner misconceptions, I would recommend that the item on parallel 

connection be moved 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 concept map in electric circuits makes this a daunting item, so including 

some type of scaffolding may help make this item more accessible. The final suggested 

item for revision is in Category E. I 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 tool on 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 needs to 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 pre-service teachers. The CK assessment 

tool focusses on conceptual knowledge and exposes misconception relatively easily. It is 

essential that misconceptions held by pre-service teachers are remediated before they 

enter the classroom. The TSPCK tool also is a discussion point; however, pre-service 

teachers might not have the exposure to this particular topic. However, written 

responses from respondents are available and could be used as a starting point for 

discussion. Making visible the nature and type of misconceptions that learners hold or 

even the pre-service teachers hold, is useful information and could help a pre-service 

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 in-service and pre-service teachers. 

 

Beyond good content knowledge, knowledge of common misconceptions could be 

extremely useful for teachers to develop more effective conceptual teaching strategies 

ÔÏ ÍÅÄÉÁÔÅ ÓÔÕÄÅÎÔÓȭ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÅÌÅÃÔÒÉÃ ÃÉÒÃÕÉÔÓȢ "ÏÔÈ ÔÈÅ #+ ÁÎÄ 430#+ 

assessment tool could be used as discussion starting points for teacher workshops. 

 

Grayston, (2004) makes the assertion that having 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 developed. These tools provide a means for 

collecting and sharing this type of knowledge that teachers are often unaware they have 

ÁÎÄ ÄÏÎȭÔ ÁÌ×ÁÙÓ ÒÅÃÏÇÎÉÓÅ ÔÈÅ ÖÁÌÕÅ ÏÆ ÔÈÅÉÒ ÁÃÃÕÍÕÌÁÔÅÄ ËÎÏ×ÌÅÄÇÅȢ 4ÈÅ ÃÏÎÓÔÒÕÃÔ ÏÆ 

PCK and TSPCK is potentially an affirming idea 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 validation will 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. 
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The assessment tools, in their current form are still useful and are available 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 the 1st year of teaching to a few years 

later. 

 

The importance of student misconceptions 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 finding with 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 valuable.   

 

 

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 study was to develop and validate assessment 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 of reliability to be reasonably confident 

that if the tools were tested with a larger 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 measure content knowledge and to detect the 

presence of misconceptions within teachers, using a confidence rating scale. The CK tool 

did expose misconceptions in this sample, even though the overall performance was 

good. There was evidence that the misconceptions persisted 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 discriminating 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 re-worked multiple times. The final product was able to 

differentiate well between different levels of TSPCK reasoning and as such is a good 

contribution to the TSPCK community. The TSPCK assessment tool was determined to 

be statistically valid and it can be concluded that it does measure the single construct of 

TSPCK. 

 

The final conclusion is that valid and reliable assessment tools 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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APPENDIX A: FINAL TSPCK ASSESSMENT TOOL 
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APPENDIX B: RUBRIC FOR TSPCK ASSESSMENT TOOL 
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APPENDIX C: FINAL CONTENT KNOWLEDGE ASSESSMENT TOOL 
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