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Abstract

PCK is revered as the type of teacher professional knowledge required to transform subject
matter into a form that is accessible by learners and when considered at a topic specific level,
the knowledge is known as Topic Specific Pedagogical Content Knowledge (TSPCK). Research has
ranked stoichiometry as one of the topic that is difficult to teach and learn due to its abstract
nature. It has been reported that South African High School learners in particular, perform poorly
in questions on this topic in the final national examination. Therefore, this may suggest that the
science teachers are unable to teach stoichiometry in a manner that secures learners’
conceptual understanding, therefore poor quality of TSPCK of teaching the topic. The main
purpose of this study was to examine the relationship between pre-service teacher’s TSPCK in
stoichiometry and the beliefs they hold about teaching science. A mixed (MM) approach was
used. The sample of pre-service teachers who were asked to participate in the research study
was 24, these pre-service teachers have completed an intervention in their fourth year physical
science methodology course on developing TSPCK in stoichiometry. Data comprised primarily of
tools in TSPCK and science teacher beliefs completed at the end of the intervention, which
happened to be the end of the course. Three key findings were made: (i) on completion of the
intervention, pre-service teachers exhibited a functional good quality of TSPCK corresponding to
‘Developing’ according to the rubric used. (ii)The majority of pre-service teachers were found to
hold transitional science teacher beliefs; and these were found to have an independent
relationship with the quality of TSPCK as the professional teacher knowledge. The implication of
this finding to the pre-service teachers is that pre-service teachers may hold teacher beliefs that
are not necessarily corresponding to the quality of their professional knowledge of teaching a
given topic (TSPCK). Secondly, pre-service science teacher’s science teacher beliefs are more
likely to change as they were found to be in a category called transitional, which is not strong in
neither teacher nor learner centered oriented beliefs. Recommendations promote the

development of TSPCK in stoichiometry and other core topics in physical science
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Chapter 1: General introduction to the study

This chapter discusses an overview of the study and its purpose. It further discusses the research
problem, the research questions in which the study seek to answer, the rationale behind the
study. I conclude this chapter by giving an overview of the chapters in this study.

In South African high schools, the teaching and learning of science has been a focus; this is due
to the poor performance and results of the matric exams (DBE, 2012). (DBE,2012). Way back in
the days even prior to Curriculum 2005 the learning of science was believed to be best learn
through direct instruction from the teacher without learner’s engagement in the classroom.
Learners were seen as empty slates that only receive knowledge from the teacher or read
textbooks. However, there have been concerns about learner’s inadequate performance when it
comes to stoichiometry of which it has been associated with teacher’s lack of content knowledge,
poor preparation and inexplicit teaching strategies to enhance learner’s conceptual understanding
(Mavhunga & Rollnick, 2013). Stoichiometry is a topic that is also included in matriculation
examinations; it is included in the section of chemical equilibrium and chemical reaction (DBE,
2010). However, the national report (Departments of Basic Education & Higher Education and
Training, 2011) on learner’s performance on these questions is discouraging as it highlights the

inability to solve stoichiometric problems and understanding of fundamental concepts.

Teachers are said to possess special knowledge for teaching known as Pedagogical content
knowledge (PCK) which is the knowledge required to transform content knowledge for
successful teaching. The concept of PCK has been discussed by Tamir (1988), Grossman,
(1990), Magnusson, Krajcik and Bork (1999) since Shulman (1986) defined it as the

transformations that a teacher makes of the subject matter to make it teachable.



PCK is seen as specific knowledge that a teacher has because of the experience they gained
during their years in the teaching profession. It has been established that PCK is also topic
specific, and therefore making it suitable as a theoretical construct to explore the teaching of the
topic of Stoichiometry that is generally regarded as hard to teach and also difficult to learn (Fach,
de Boer & Parchmann, 2007).

According to Mavhunga and Rollnick (2013) PCK at a topic level has to be conceptualized to
reflect the topic specificity of the construct. Furthermore, since transformation of content
knowledge is a benefit of PCK, at a topic specific level it is benefit derived from the re-
conceptualized version of PCK that reflect topic specific nature. The conceptualized version of
PCK was called Topic Specific PCK abbreviated (TSPCK). According to the authors, for each
topic, the transformation of knowledge for teaching purpose is conceptualized within five
content specific knowledge components. The advantages of this model, is that it allows
“considerations topic by topic with less attention to the full spectrum of knowledge domains
influencing PCK at a generic level” (Mavhunga & Rollnick, 2013). Hence we refer to this type
of PCK as PCK within a topic, different from the generic type or PCK at a discipline level
(Mavhunga & Rollnick, 2013, p. 116). Thus TSPCK is understood as the knowledge required of

a teacher to transform the content of a specific topic (Mavhunga & Rollnick, 2013).

Stoichiometry is a topic taught in the South African High school curriculum from Grade 10 but
more in detail in Grade 12. It is considered as the foundation of chemistry (Potgieter, Rogan &
Howie, 2005). Therefore, it is crucial for students and teachers to have a good understanding of
this topic and most importantly, it is expected that teachers possess strategies for transforming
their content knowledge in this topic to enhance students’ conceptual understanding. Hence, this
study focuses specifically on the development of PCK in Stoichiometry and in revealing the
science teacher’s Beliefs that pre-service teachers hold as they complete an exposure to learning
TSPCK. In this study | want to investigate the relationship between the quality of TSPCK and
types of science teacher Beliefs held pre-service teachers as they leave and graduate out of the B

Ed degree.

The purpose of this research study is to reveal the quality of chemistry pre-service teachers’

TSPCK in stoichiometry and the science teacher Beliefs they hold as they graduate out of a PCK



based programme as beginning teachers. Two major social driving forces are behind the study.
The first is to contribute towards creating a pool of practicing science teachers in the South
African education system that have the competence to pedagogically teach Stoichiometry for the
understanding of learners. Such a competence is a benefit derived from having TSPCK in
Stoichiometry. The second driving force is related to promoting the shared values that
undergirds the nature of science as a discipline. One of these values is a teacher Belief system
that promotes learner centeredness often delivered by enquiry in teaching science. While, the
specific course in which TSPCK was learnt by pre-service teachers, does not have an explicit
focus on science teacher Beliefs, it is important to determine whether such a focus should also be
explicit. Although it has been reported by Mavhunga and Rollnick (2013) that teachers lack of
content knowledge and method of teaching has an influence in their teaching. However, little is
known about relationship between pre-service teacher’s Beliefs and quality of PCK in
stoichiometry. In addition to that, according to (Rollnick,Bennett, Rhemtula, Dharsey, & Ndlovu,
2008) Some teachers tend to spend more time teaching about the calculations rather than
understanding the main content and concepts that learners has to acquire by the end of the lesson
in stoichiometry. Therefore, this could be due to the kinds of Beliefs that science teachers held
influence their teaching. It is very crucial that pre-service teachers possess both content
knowledge and pedagogy to enable learner’s conceptual understanding. Hence this study seeks to
examine the quality of Topic Specific PCK as this could shed light into the kind of teaching

approaches graduates from the PCK based course are likely to exhibit.

The literature on science education promotes learners-centred teacher Beliefs and ways of
teaching (Luft & Roehring (2007). Whereas, another set of literature promote PCK in specific
topic (TSPCK) as key teacher knowledge needed for effective teaching (Mavhunga & Rollnick,
2013). One can then reasonably understand that both these constructs, one talking to teacher
knowledge and one talking to the affective domain are important. However, little is known about
the relationship between the quality of TSPCK and the science teacher Beliefs held by pre-
service teachers. While it may be desired that good quality of TSPCK would guarantee desirable
teacher science Beliefs such as ‘reformative Beliefs (Luft, 2009), it is yet to be understood
whether the one has an influence on the other or vice versa. This is the gap not fully addressed in

the science education literature.



In addition to that, teaching in our current school system employs teachers centred teaching
strategies, where learners are marginalised (Mavhung,2016). It is important to establish the likely
strategies to be used by the PCK prepared pre-service teachers based on their teacher science
Beliefs and how these relate to the quality of PCK. This information is needed to inform the PCK
based teacher preparation course, and determine the critical need for teaching pre-service

teachers both PCK and teacher science Beliefs explicitly.

This research study was thus guided by the following question:
Main Question:

What is the relationship between the quality of PCK in Stoichiometry and the science teacher
beliefs that may be held by physical science pre-service teachers on completion of a TSPCK

based intervention in the chemistry methodology course?
Sub-questions

© What is the quality of PCK in Stoichiometry of chemistry pre-service teachers at
the end of an intervention in the chemistry methodology course?

© What kinds of science teacher beliefs are held by the pre-service teachers at the end
of the intervention?

& What is the nature of the relationship between their quality of PCK in

Stoichiometry and the science teacher beliefs they hold?

The topic (stoichiometry) was selected on the basis that learners consistently fail to grasp the
concept being taught to them and the problems arise due to the abstract nature of chemistry in
which the teachers failed to address (Mitchell & Gunstone, 1984). According to Mavhunga and
Rollnick (2013), pre-service teachers are likely to start their practice with weak PCK in core
topics of science. Furthermore, in light of the prevalence of poorly prepared science teachers has
(Potgieter, Rogan & Howie, 2005) there is a slim chance for beginning science teachers to
hopefully learn sophisticated ways of teaching stoichiometry from mentor teacher in practice, as



the latter currently do not register success. Thus there is a moral obligation for teacher education
programme to address the development of teaching of science topics more explicitly. In
addition, while the efforts dedicated to mitigating the learning of difficult science content in
High schools is applauded, there is danger in producing teachers who have TSPCK in specific
topics but delivers the evidence and the benefit derived from such knowledge in traditional ways
of teaching, This would pose a threat to demising the explorative, learner-centred nature of
science. Thus, the exploration, as in this study, of both TSPCK as the teacher knowledge element

and the teacher science Beliefs as the affective element is very important.

The following outlined chapters are used to report the study:

Chapter one mainly concerned with the research study, introducing the proposed study by
stating and describing the problem of investigation, brief explanation of the purpose of the study

and rationale was explained.

Chapter two focuses on the literature review related to the major themes of this study and the
theoretical framework. The reviewed literature is about PCK, TSPCK, and science teacher’s

beliefs. The chapter ends with misconceptions and difficulties in teaching this topic.

Chapter three described on the methodology and design of the study. It further described the
sample procedure of the study, how issues of ethical consideration were dealt with and research
instruments that were used to gather the data.

Chapter four presented the data found about the quality of TSPCK at the end of the intervention

Chapter five present the data about science teacher’s beliefs and the nature of relationship

between TSPCK and science teacher’s beliefs

Chapter six focus on the findings from the study by answering the research questions,

implications of results and conclusion



This chapter has introduced the research topic, stating the problem and the motive behind this
research and lastly it has explained the research questions that guide the study. Chapter 2 next
presents the literature review of this study



Chapter Two- Literature review

Firstly this chapter provides a definition of PCK and then a review of the literature defining the
construct of Topic Specific Pedagogical Content Knowledge (TSPCK) different from
Pedagogical Content Knowledge (PCK) which is the theoretical framework of this study. Further
discussion on Content Knowledge, defining stoichiometry, alternative conceptions about
stoichiometry and conceptual teaching strategies in teaching stoichiometry is discussed and

science teacher’s Beliefs literature is reviewed.

Poor performance in the subject of Physical science in matric examinations have been linked
with teacher’s poor content knowledge and ineffective teaching methods (Kriek & Grayson,
2009). According to Shulman (1986) having good content knowledge only and pedagogical
strategies is not good enough in making knowledge accessible to the learners. Hence he
identified Pedagogical Content Knowledge (PCK) as the most important knowledge. Ever since
the origin of PCK 30 years ago, there is a growing belief that a good quality PCK can make a
great impact in teaching and making knowledge accessible to all learners with different learning
needs in order to transform their conceptual understanding in most classrooms (Park, Jan, Chen,
& Jung, 2011). For this reason most research has been carried out on the components of PCK. In
addition to that, there has been research proclaiming that the construct of PCK is topic specific
this includes researchers like Mavhunga and Rollnick (2013); Van Driel,Verloop and De vos
(1998) just to name a few. Previous studies have identified misconceptions and learning
difficulties in stoichiometry and the concept of mole Malcolm and Mavhunga (2015); Dahsah
and Coll (2007) ; Mitchell and Gunstone (1984) However, little is known about whether the
quality of PCK in a topic is dependent on the science teacher Beliefs held by pre-service
teachers. This is the gap not fully addressed in the science education literature. This has raised
my interest investigation the pre-service teacher’s knowledge and their Beliefs in teaching

stoichiometry at the end of the intervention



Before I dwell much one should ask, but what is this PCK and where does it base its ideology in
education. Pedagogical Content Knowledge is a construct that arise from Shulman (1986, 1987)
presentations about the discourse of teacher education. Shulman’s work presented the ideology
that teachers not only work with subject matter knowledge on its own capacity but, they work
with subject matter knowledge, such that is it teachable. PCK is a special knowledge that

teachers contain for teaching (Shulman, 1987).

Shulman (1986, 1987) noted that there are different kinds of classifications that make up teachers
professional knowledge and thus, Pedagogical Content Knowledge is one of those
classifications. PCK includes “the most powerful analogies, illustrations, examples, explanations,
and demonstrations such that, the ways of representing and formulating the subject that makes it
comprehensible for others” (Shulman, 1986, p.9). The key idea from Shulman is that teachers
need to contain a firm PCK to be the exceptional teachers, they can be. The interesting fact is
that Shulman presented this idea of PCK generically, meaning he did not specify for which
subject area.

Shulman came to realize that, through his research and from that of his mentor, Schwab that the
heart of what makes good teaching is what teachers know. From the above definitions | can say
that it will be very challenging for a teacher to enhance learners understanding if he/she does not
have a good content knowledge or conceptual understanding of the subject matter they teach,

hence (PCK) is required so that learner’s knowledge is transformed.

Moreover Shulman did not include the two types of knowledge which is curriculum knowledge
and subject matter knowledge under the domain of PCK, although they are crucial in teaching.
According to Shulman (1986) when we talk of subject matter knowledge this is the type of
knowledge that includes the matter such as the amount of knowledge to be covered, as well as
knowing what to teach in relation to the topic being taught or topic covered before in the
previous grade by the learners.

According to Shulman (1986) PCK is not the same for all teachers, meaning that it is unique to

each and every teacher. Further, he explained that PCK improves with experience; it can take

8



years for a teacher to know what to teach and how to teach it. This implies that PCK is
knowledge that beginning and pre-service teachers cannot easily learn from a textbook, or do as
a short course. Van Driel, Verloop, and de Vos (1998), argue that novice teachers and
experienced teachers who have not taught a particular topic before may have little or no PCK in
that specific content area. On the other hand, "successful” teachers in a given content area, by
which we mean those whose teaching in that particular content area promotes student learning,

are likely to have well-developed PCK in that specific content area.

During the learning process in the classroom the teacher should try to understand the way
students think in order to help them construct their understanding and create rich and meaningful
interactions. In addition to that, the teachers should gain adequate PCK in order to be able

scaffold, guide and transform students’ knowledge throughout the lesson.

This idea of Topic Specific Content Knowledge (TSPCK) was influenced by the understanding
that PCK has a topic specific nature as well as the transformation of concepts in the topic dealt
with in (Mavhunga & Rollnick, 2013). TSPCK is a construct that exists as an entity within a
topic and is separate from PCK in a discipline. TSPCK is the ability to transform subject matter
knowledge (SMK) of any topic in from that will be accessible to students; which includes how it
taught as well as the examples used (Mavhunga & Rollnick, 2013). TSPCK is different from
PCK in the sense that if focuses on transformation of content concepts at the level of a topic,
different from the generic PCK which maybe at a domain (chemistry) or subject level (science)
(Veal & MaKinster, 1999). This means in order to teach a topic, it must first be pedagogically
transformed. Similar, in learning TSPCK, there is a need to learn it topic by topic. In Mavhunga
and Rollnick (2013), PCK at a topic level was conceptualized selectively from components of
PCK that are content-specific, and reveal its topic specific nature. The construct was thus called
TSPCK, and defined from a set of five content-specific components listed by Geddis and
Wood (1997) as: (i) the knowledge about prior knowledge of learners; (ii) most important core
concepts to be understood and their relations to prior concepts in the discipline (which they

called curricular saliency); (iii) areas likely to pose potential difficulty for understanding by



learners; (iv) representations specific to the topic; and (v) conceptual teaching strategies for the
topic that take all of the above into consideration.

These components exclude components found in PCK models that are relevant at a discipline
level, such as assessment. Thus, from the perspective of teaching PCK to pre-service teachers
through the topic specific model, it is necessarily to remain alert to the fact that PCK developed
in this manner is exclusively located in the topic given and cannot be claimed for more than that.
This accounts for the use of the term TSPCK, not to be tautological but to distinguish the

situationally of the acquired PCK.

2.4 Model of TSPCK as a theoretical framework in this study.

This model like other models originates from Shulman (1987), that PCK is a construct that
emphasise that knowledge must be transformed in a way that it can be taught. Now, this model
focuses the transformation of the knowledge within a topic-specific pedagogical content
knowledge. Below is a Figure 2.1 that shows the model of Mavhunga (2012) it outlining
different components of TSPCK.

TOPIC SPECIFIC PCK

Transformed
Specific (K
KF

+

TRANSFORMATION

Knowledge components from which
transformation emerges
*  Students' Prior Knowledge
o Ourricular Saliency
*  What is difficult to teach
Representations including
analogies
+  Conceptual Teaching Strategies

'

Pedagogical
Knowdedge

Enowledge
of studants

Teacher and Student oriented centred beliefs

Figure 2.1: TSPCK knowledge domain model (Mavhunga, 2012)
This model Mavhunga (2012) consists of four knowledge domains, knowledge of context,
knowledge of students, subject matter knowledge and pedagogical knowledge. While, this four

knowledge bases might be common to content specific, the transformation of each topic specific

10



PCK is underpinned by five content specific components, namely students prior knowledge,
curricular saliency, what is difficult to teach, representations including analogies and conceptual
teaching strategies. Specifically this model focuses on transformation of specific SMK for it to
be teachable to students.

Mavhunga and Rollnick (2013) identified that there are conceptions and misconception that
students are likely to bring to class or are likely to develop during the teaching and learning
process. In order for a teacher to know about the students prior knowledge or misconception in
science or stoichiometry, it means that he/she has to engage learners in the learning process by
taking them from what they know (everyday knowledge) to what they don’t know (not familiar
with) by so doing that the development of level of the student grows to encompass that

knowledge and the level of potential development shift or move ahead.

The second component of Mavhunga and Rollnick (2013) is curricular saliency which is
regarded as the ability to analyse and organize a topic for purposes of planning for teaching.
When we talk of curricular saliency this include the big ideas about a topic, subordinate concept
and sequencing them. As a teacher one need to be able to re-arrange concepts or topic to be
taught in the curriculum according to grade level of the learners and again know the reasons for
choosing those topic and how they link to one another. By so doing that students understanding

in a topic level will be enhance in a broader sense.

Terminology in science is difficult to teach but as a teacher it is vital that one knows and
understand those concepts in order to enhance students understanding. Mavhunga and Rollnick
(2013) discussed component about what is difficult to teach. As a constructivist science teacher
one need to be able to identify the concepts that are difficult to teach and this includes
conceptions and misconceptions within a topic. In addition to that a teacher has to suggest
strategies on how to handle those difficult concepts. This means that a teacher needs to develop

the teaching strategies that will work and apply in transforming learner’s content.

Furthermore, a teacher must develop knowledge of how to use representation in science, which
includes things like models, diagrams and analogies that relate to learners everyday knowledge.
Lastly is the knowledge on conceptual teaching strategies to be used when teaching. This

component encompasses all the above catergories.it is believed that different learners learn in
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different ways, therefore a teacher need to be able use different teaching strategies to develop

learners understanding of the correct science knowledge.

The special feature of Mavhunga and Rollnick (2013) model is that it is derived under the
theoretical perspective that indicates that PCK can be measured. A teacher’s topic specific PCK
can be measured and be agreed upon, within a particular topic in science. This feature makes this

model

The knowledge domain of the knowledge of context is the only aspect of knowledge that is not
dependent on the topic. This emphasis indicates that a teacher’s PCK in different science topics

is influence by the same or common knowledge of context.

This model emphasise that the Topic Specific PCK has unique knowledge base for each topic
being taught. For each topic, the transformation of knowledge for teaching purpose is
conceptualized within five content specific components. The advantages of this model, is that it
allows “considerations topic by topic with less attention to the full spectrum of knowledge
domains influencing PCK at a generic level. Hence, we refer to this type of PCK as PCK within
a topic, different from the generic type or PCK at a discipline level” (Mavhunga & Rollnick,
2013, p. 116).

This model is canonical, meaning with appropriate topic specific instruments, a teacher’s TSPCK
can be agreed upon. Mavhunga and Rollnick (2013) assert that PCK can be allocated within a
topic. Their model emphasise a special knowledge required to transform the SMK of a topic,
which is within knowledge concepts that are ‘content-specific components’. Subject Matter
Knowledge is a distinct knowledge domain within the conception of this model of TSPCK. The
orientation of the SMK is present through the content specific components of a topic. Hence, this

model is not generic across subjects, but topic specific within the science domain.

Mavhunga and Rollnick (2013) model, reflects practice within SMK topic transformation. The
emphasis of this model is on the applicability of Topic Specific PCK research through practice in
an intervention. Pre-service teachers TSPCK reflected that through adequate practice teachers
can practice and elicit their TSPCK with a specific topic. This model was effectively used to
assess TSPCK of the pre-service teacher such that some level of agreement is made to define the
level of PCK within a specific topic (chemical equilibrium). Some extensive theoretical

12



descriptions are constructed to assess the validity upon the level of TSPCK a teacher thus poses
(Mavhunga & Rollnick, 2013).

The disadvantages of this model dwell from the fact that it can only compensate PCK within a
single topic. That it clearly isolate that a teacher has many TSPCK for each topic, thus different
topics incline a different PCK. The challenge is those teachers need to be taught and made aware
of the complexities of each Topic Specific PCK. Any teachers PCK need not be used inter-
changeably within topics in science discipline. Each topic requires teachers to be trained, such

that they can portray and elicit their TSPCK topic by topic within a discipline.

This model, from evidence implies that there is a reciprocal relationship between Pedagogical
Content Knowledge and pedagogical transformation (content-specific components). This model
gives teachers and researchers the possibility to work with science topics individually with
conceptual understanding of ‘content-specific components’ that each topic is transformed within
for teaching purposes (Mavhunga & Rollnick, 2013). Thus, it implies that teachers need to learn
the PCK of each topic in science and how the transformation of SMK/ content knowledge is
done explicitly with five content specific components that composes content knowledge for
teaching. TSPCK focus on the importance of content knowledge which a teacher can transform
to produce PCK for that particular topic. Thus, a teacher needs to be conscious or knowledgeable
of the transformation of content knowledge through five knowledge components of each topic to
be taught in science.

As much as there has been many researches due to the expanding idea of PCK, many researchers
came up with different models that focus on different aspects. Over the years, researchers have
expanded the concept of PCK with various emphases. With extensive research, for example
Mavhunga (2012) constructed a model that is narrowed to the practical research of teachers and
pre-service teachers PCK topic by topic. However, each model of PCK should be regarded as
vital depending on what the researcher’s value in teacher education for pre-service teachers and

for improving in-service teachers PCK.
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This model originates from the previous work of Cochran, DeRuiter and King (1993); Geddis
and Wood (1997); Rollnick, Bennett, Rhemtula, Dharsey and Ndlovu (2008). Davidowitz and
Rollnick (2011) model developed from research on what constitutes as teacher domains that
inform the construct of PCK, such that the manifestations of teacher knowledge are the products.
However, in this model the idea of teacher Beliefs was introduced as the fundamental
establishment of any teacher’s knowledge base, which has a two way relationship towards the
domains of the teacher knowledge. Thus, this model developed from analysing what is observed
in the classroom, to link with the existing theoretical knowledge bases that construct teachers

PCK. These researchers argue that:

Beliefs can be powerful mechanisms supporting the formation of constructive personal

theories, which in turn inform practice. (Davidowitz & Rollnick, 2011, p. 357)

The focus of the model draws from practice, meaning the model is a result of observable
evidence from a practicing tertiary teacher. Davidowitz and Rollnick (2011) model implies that
PCK of an accomplished teacher needs to be captured and portrayed, so that new teachers can
learn from accomplished teachers, on how they transform subject matter knowledge through

their beliefs which influence how they teach.

The special feature of this model is that PCK of a teacher is different to the next teacher, because
each teacher underlying Beliefs about teaching is influenced by the context and a topic. The
authors assert that “Beliefs can be powerful mechanisms supporting the formation of
constructive personal theories, which in turn inform practice” (Davidowitz & Rollnick, 2011,
p.3). The teacher Beliefs are the base of teacher knowledge domains which influence the teachers
PCK, hence through research these Beliefs can be observed through the classroom actions
through how teacher teaches any topic in any way. The way in which a teacher transforms
subject matter knowledge for teaching, is influenced by the pre-existing Beliefs about knowledge
of subject matter, knowledge of students, general pedagogical knowledge and knowledge of

context.

The manifestations of the teachers PCK indicated representations, curricular saliency,

explanations, interactions with students and topic—specific instructional strategies. These
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manifestations are influenced by the teacher’s particular subject matter knowledge, general

knowledge of pedagogy, students and context.

The disadvantages of Davidowitz and Rollnick (2011) model eliminate knowledge of assessment
as an essential manifestation of teacher knowledge that build up a teacher’s PCK. However, in
the earlier version of the model from Rollnick et al, (2008) is one of the integral observable
evidence of a teacher’s PCK. To some extend this model is topic-specific to organic chemistry,
which the model is derived from a tertiary chemistry experienced teacher. Thus, chances are that
the model might not be effective to elicit the same results in a research in different context and
topic; however the same route can be used to elicit PCK of other experience chemistry teachers

on a different topic.

Davidowitz and Rollnick (2011) model expands on the idea of the influence of teacher Beliefs
and how that form the base of the teachers knowledge. This model implies that each expert
teacher has specific Beliefs that influence how they teach each topic in chemistry, hence it results
it the manifestations such as, the way they use representations, curricular saliency, explanations,
how the teacher interacts with the students and the topic specific teaching strategies. These
manifestations can be obtained through observing the expert teacher during planning of teaching
and teaching. Because Beliefs about how students learnt and what they should learn within a
specific topics is embedded within his/her Beliefs about what constitutes as big ideas and what
are the student’s difficulties on that topic. .

Before Shulman (1989) explained the meaning of Content knowledge (CK) he looked at
different systems like Schwab’s and Bloom. Schwab’s (1987) outlines two types of knowledge:
substantive “which is the concept that form the basis of the content”, Schwab’s (1987), in other
words it deal with factual knowledge and how those kind of knowledge are grouped and
organized together in such a way that they incorporate and those ideas are central and some are
at peripheral. Syntactic “knowledge which is logical structure that comprises the discipline”
Schwab (1987), to make it easier to understand | can put it as the type of knowledge that a
teacher must have in order to establish the validity of something or a claim, for instant the types

15



of examples that a teacher must use in order to make learner understand or believe what is being
said or maybe to pursue them that a particular event did occur. According to Shulman (p8, 1987)
content knowledge refers to the amount and organization of knowledge per se in the mind of the
teacher. In other words one cannot teach what they do not know or understand. Hence a teacher
needs to have good content knowledge, in order to deliver a good lesson and deepen student
conceptual understanding. Shulman (1987) expressed the view that that content knowledge of a
teacher is transformed by his/her PCK so that it can result into more intelligible students. In
addition to that he stated that good PCK relies to some extent on good content knowledge.

Teachers must know and understand the subjects they teach. Teachers must also understand the
nature of knowledge and inquiry in different fields this means that teachers who do not have
these understandings can misrepresent those subjects to their students (Ball & MacDiarmid,
1990). Teachers’ CK is crucial in enhancing students understanding of concept, because if the

teacher’s CK is poor then it means teachers will perpetuate those misconceptions to students.

According to Appleton (1995) teachers who have poor CK generally have low self-confidence
for teaching science, and thus produce low quality lessons. Moreover, teachers with broad and
deep understanding of subject specific knowledge tend to be aware of their learners conceptions
and that helps them to be able to select models or different teaching strategies to enhance
learners understanding. Borko (2004) argues that teachers must have rich and flexible knowledge
of the subject that they teach, understanding the central facts and concepts of the discipline, how
these ideas connect and process used to establish new knowledge and determine the validity of
the claim. It is important for a teacher to have a good CK because when the teachers CK is weak
it makes them look like they do not have experience in addition to that, it results in more teachers
talk than engaging the learner in the learning process. It also affect the teacher negatively when it
comes to teaching broader topics especially those that involve practical work. Hence content

knowledge is crucial for good teaching

Many researchers’ developed various models of PCK, one of the reviews by Jing-Jing (2014)
critically discussed models in terms of their classifications of PCK, thus, each model portrayed
Pedagogical Content Knowledge according to different emphasis on the model to distinguish it
from the rest of the other models. Jing-Jing discussed the Shulman (1986), Tamir (1988),
Grossman, (1990), Magnusson, Krajcik & Borko (1999), Andrew (2001) and Mark (1990), these
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are the main models that Jing-Jing (2014) critically reviewed, however other models such as,
Geddis (1993) were reviewed to evaluate each models’ nature, principle and trends of PCK

components.

However, other models such as, Bishop and Denley (2007), Davidowitz and Rollnick (2011),
Mavhunga (2012); Mavhunga and Rollnick (2013) are other models of PCK that has developed
over research. Each model has a different emphasis hence; each model has developed from the
other existing model, but branched to a different emphasis. Any component in each model

resembles Shulmans (1986, 1987) domain of teacher knowledge.

Stoichiometry is a topic taught in detail in grade 12 in South African high schools. It is
considered as one of the foundation topics of chemistry. Therefore, it is crucial for students and
teachers to have a good understanding of this topic and most importantly, it is expected that
teachers possess strategies for transforming their content knowledge in this topic to enhance
students’ conceptual understanding. Stoichiometry is defined as the study of quantitative aspects
of chemical formulas and reactions, these involves calculations based on chemical formulas and

chemical equations (Silberberg, 2006, p. 90).

In order to transform learner’s conceptual knowledge a teacher need to have an understanding of
their conceptions about the topic at hand. Mitchell and Gunstone (1984) identified that learners
have different conceptions about the topic of stoichiometry and also hold pre-concept about other
topics that are crucial in understanding or solving problem is stoichiometry. Wrong conceptions
about stoichiometry that are held by the learners make them to struggle or unable to work with
stoichiometry calculations. According to Mitchell and Gunstone (1984) there are four different
alternatives pre-concept that impact on learner’s ability to understand the topic of stoichiometry.
They have found that learners in South African context have problem in understanding the fact
that atom are conserved during the process of chemical reaction. In addition to that, in their
research Mitchell and Gunstone (1984) also discovered that learners have difficulties in

differentiating the concepts such as atom, molecule and compound from each other; instead they
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used them interchangeably, which implies that leaners do not know the difference between this
terms. Furthermore, it was also found that learners are able to balance a chemical equation.
However, they are unable to solve problems related to stoichiometry. Furthermore, (Potgieter et
al., 2005; Agung & Schwartz, 2007) found that another alternative conception that learners have
is to distinguish between coefficient when working with chemical formulas. Therefore, this
justifies the inability to solve stoichiometry chemical equations. When it comes to scientific
terminology there seems to be more confusing to the learners. This is evident with the term
‘amount of substance’ and ‘mass of substance’, according to Dahsah and Coll (2007) the learners
misunderstand the two terms and confuse them with one another. Another conception is that
reactants need to be present in stoichiometry ratios represented by balanced chemical equations
and lastly (Potgieter et al., 1996) have found that learners have difficulties in understanding the

concept of limiting reagent.

Different learners have different learning abilities; therefore, it is important for a teacher to be
able to use multiple teaching strategies in order to cater for different learning abilities. This
means that whichever the teaching strategies the teacher decides to use; they should focus on
transforming learner’s knowledge. Most of the learners have been found to be relying on
algorithmic method to solve stoichiometry problems and without having conceptual
understanding of the concept (Dahsah & Coll, 2007). It is important that learners develop a
conceptual understanding of the stoichiometry concept so that they would not experience
troubles in understanding more advance concepts such as acid and base etc. So, as a teacher it is
crucial that the teaching method focus more on the knowledge of students including alternative
conceptions. The reason being that learners hold rooted misconceptions and conceptions as
mentioned above about stoichiometry and they bring that to the classroom of which is

inconsistent with science (Duit & Treagust, 2003).

A great method to transform learner’s conceptual understanding is to teach content from a
familiar or everyday situation, as the learners will be able to relate to it and make meaning from
that. For example, reaction stoichiometry could be taught within the contexts of ore extraction
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and industrial processes such as the Haber process (Evans, Leinhardt, Karabinos, & Yaron,
2006). Another teaching strategy will be to develop proportional reasoning by allowing learners
to logically solve given problems using their own understanding unlike algorithmic approach
Schmidt (1997); (Schmidt & Jignéus,2003). According to (Frazer & Servant, 1986a) it is also
important that teachers come up with strategies that can solve problems like making use of
diagrams or different micro and macroscopic representation, use models, do experiment with the
learners or if the environment does not allow that, they must demonstrate to the learners by so
doing that it will cater for various learning abilities and can help learners in solving
stoichiometry problems by enhancing their conceptual understanding. Another teaching strategy
that was found to be effective in learning stoichiometry by (Georgiadou & Tsaparlis, 2000) was
to do guide discovery learning, where learners are active participants in discovering their own

knowledge, instead of waiting to receive information, like they are empty slate.

According to, Geddis ,Onslow, Beynon and Oesch (1993) teachers need to develop the
awareness that teaching require the transformation of their subject matter knowledge. This means
that when the teachers subject matter knowledge is developed, it also impacts positively to

students understanding.

Although inexperienced teachers have incomplete and superficial levels of TSPCK and they tend
to rely on unmodified subject matter knowledge (most often directly extracted from the text or
curriculum materials) and may not have a coherent framework or perspective from which to
present the information and also tends to make broad pedagogical decisions (such as whether or
not to use cooperative learning) without assessing students' prior knowledge, ability levels, or
learnings strategies. In addition to that studies of Cochran (1991) also indicates that novice
teachers have major concerns about PCK, and they struggle with how to transform and represent
the concepts and ideas in ways that makes sense to the specific students they are teaching.

Stoichiometry is an abstract concept and possesses challenges when teaching and learning it, the
reason being that the processes are occurring on a scale that is difficult to visualize like the

microscopic, the atom scale and molecules.
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According to (Luft & Roehrig, 2007, p47) Beliefs are considered to be propositions that
individual think are true. It is believed that teacher’s Beliefs have huge impact when it comes to
teaching and learning. This means that teachers are not empty slate which just transmit
information to the learners but have personal construct about each and every topic they teach.
Beginning teachers teach based on their everyday experience of the outside world in order to
mould topic teaching and learning (Luft & Roehrig ,2007). This means that they bring their own
understanding and Beliefs of teaching in the classroom of which influence their decision making.

Luft and Roehrig (2007) report that there is a growing body of research on beliefs in science
education, where beliefs linked to the use of enquiry, national reforms, or constructivist practices
in the classroom are being studied. However, Millwood and Sandoval (2006) believe that too
little is known of students’ Beliefs about the epistemological aspects of school science and how
these Beliefs relate to their Beliefs about professional science. Luft and Roehrig (2007) argue
that understanding the Beliefs of science teachers is essential if teacher education programmes
are to support the ongoing development of science teachers. Moreover, Hashweh (1996) asserts
that despite numerous changes that have happened in the curricula of many countries, science
teachers, particularly in developing countries, have remained stuck in traditional practices, and
their Beliefs have not been affected by those curricular shifts. He argues that many studies have
concluded that teachers are positivist in their views of scientific knowledge. These teachers
believe that reality is stable and can be observed and described without interfering with the
phenomena being studied. Hashweh argues teachers do despite the fact that positivism
contradicts the constructivist view of learning and knowledge advocated by recent educational
reforms. Hashweh goes on to say that observations of classroom teaching show that lecturing and
the neglect of students’ ideas are the prominent methods of teaching, in spite of their
contradiction of a constructivist basis of learning and teaching that focuses on the importance of

students’ prior ideas, and the active construction of knowledge by the learner.

Beliefs can be categorised as traditional where students learn facts and concepts by absorbing the
concept of their teachers explanation without them being engaged in the learning process or
constructivist Belief which suggest that learners should construct their own knowledge which
influence interaction with peers (Luft & Roehrig,2007). According to Simmons et al (1999)

20



spoke about teacher centred teaching style which can be seen as traditional, where teacher is seen
as the mediator of knowledge to students. Secondly is conceptual teaching style where we find
that the main content that learners need to know is integrated with the processes instead of
focusing more on teachers or students at the centre and lastly there’s students-centred teaching
style which encourage students interaction, meaning that students are responsible for their own
learning and the teacher is seen as the facilitator unlike in teacher centred learning, so this seen

as the constructive Belief point of view.

Science teacher’s Beliefs play an important role in the classroom as they help in predicting
teacher’s decision and also influence the teacher’s behaviour in certain situations (Luft &
Roehrig,2007). In addition to that, Luft and Roehrig (2007) argued people have different Beliefs
and some of this Beliefs are strongly held than others which resulting in “core” which are Beliefs
that are connected and coherent with one another, in simple terms it will be very difficult for one
to change the core Beliefs of an individual as they are embedded within and “peripheral” Beliefs
which means that unlike the core beliefs they are not connected to others. Furthermore as people
or rather as science teachers we don’t think and see things the same way, this also applies to

Belief which means that Individuals may have competing Belief sets about the same topic

For this study | will be looking specifically on pre-service science teachers Beliefs which
according to Simmons et al. (1999) pre-service science teachers may hold many competing
Beliefs sets which change or “wobble”. From their study they have found that most of their
participants of which are beginning science teachers they “wobbled” between more teacher-
centred and more student-centred Beliefs about what students should be doing in the classroom.
The reason the pre-service science teacher’s Beliefs “wobble” s because their Beliefs as novice
teachers they are not yet connected, not well developed and they are unstable unlike experienced
or practicing teachers. Similarly, Luft and Roehrig (2007) found that science teachers within the
first three years of their teaching they held unstable Beliefs about student-centred versus teacher-

centred learning.

Teacher’s knowledge of teaching a topic is more important in transforming learners
understanding particularly TSPCK. This means that as a teacher one needs to have good content
knowledge in order to deliver a good lesson and deepen student conceptual understanding.
According to Mavhunga and Rollnick (2013), pre-service teachers start their practice with weak
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PCK in the South African context; In particular, there is a prevalence of poorly prepared science
teachers. The above statement basically means that due to lack of teaching experience the pre-
service science teachers display teacher centred teaching strategy rather than learner centred

teaching practice which is inquiry base.

According to Luft and Roehrig (2007) indicated that induction years is a key way to influence
practice towards more student-centred orientations, hence this research will focus on pre-service
teachers so that it can be able to shape or shift their Beliefs and practice at an early age by special

type of knowledge known as TSPCK.

Discussion related to the literature were provided with regards to model of PCK and TSPCK
which is the theoretical framework that guide this study, conceptions and teaching strategies to
teach stoichiometry were explained. The next chapter present the research methodology.
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Chapter Three- Research methodology

This chapter discusses research methodologies, sampling procedure, the process on the research
intervention, data collection instruments used in the study, data analysis to achieve the aims of
the study and their relevance to the study. Finally provide the issues of validity, reliability and

how ethics were dealt with.

There are three components to this research study. The first is the determination of the quality of
Topic Specific PCK, while the second the component is to identify the kinds of Beliefs held by
pre-service science teachers at the end of intervention. Lastly, to explore the nature of

relationship that exists between two constructs.

In order to address the research problem and answer the research questions to the study, a mixed
method (MM) research method was employed. According to Tashakkori and Creswell (2007)
mixed method study means doing research that involves analysing and collecting data by
integrating both qualitative and quantitative approach in one study. This study fall under the
pragmatic paradigm this according to (Onwuegbuzi & Johnson, 2006) is defined as the approach
that draw from both the positivist and constructivist and uses quantitative and qualitative
approach.

The reason for selecting a mixed method approach is that by combining qualitative and
quantitative approach it will provide a better understanding of the nature of the relationship
between a tacit construct such as TSPCK and an affective construct such as science teacher
Beliefs. The benefit of this research approach is that it will give the in-depth understanding of the
pre-service teacher’s development of their TSPCK. In addition to that, it will help in providing
more evidence than using one method of which could be insufficient by itself (Tashakkori &
Creswell,2007).
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According to Creswell (2012) qualitative approach permits an in-depth exploration of a few
individuals. The TSPCK and science teacher Beliefs tools serve as both qualitative and
quantitative tools. In my study both the qualitative and the quantitative have equal weighting as
initial responses were collected from the tool in the form of qualitative thick descriptions which
were later converted for analysis through quantitative means (explained in detail later).
Furthermore, some data were collected in independent qualitative form like interviews and used

to triangulate other data (explained later). So both methods were given equal weighting.

The sample of pre-service teachers who were asked to participate in the research study was 24
physical science (chemistry) methodology class. The study was looking at the data that was
collected but not analyzed a year before my study. The set of pre-service teachers were exposed

to six weeks’ intervention in stoichiometry.

According to Punch (2009, p. 119) a case study is comprising of individuals or a small group
studied in detail using whatever methods and data seem appropriate. A case study is one of the
several methods to carry out research study by seeking to understand social context of human
beings by interpreting actions as an individual group, community or a single event (McMillan &
Schumacher, 2010). The advantage using pre-service science teachers as a case study is that it
gives detailed and clear information regarding the event or setting under investigation (Merriam,
1998). This case study approach enables directed full explorations of interactions (Mavhunga &
Rollnick, 2013) of the issues to be investigated. This will be an appropriate strategy to use in this
study as it will give me the opportunity of focusing on an in-depth exploration (Creswell, 2012)

of the participant pre-service teachers’ Topic Specific PCK.

The sample of 24 pre-service teachers in their final year of study towards a B Ed degree, were
majoring in physical science. This degree would enable them to teach in High schools where the
topic of Stoichiometry is taught. The study was located in the methodology class of physical
science 1V, the pre-service teachers were exposed to an intervention that explicitly discusses
TSPCK in stoichiometry and the competence of how to transform content knowledge in this
topic. For this study, the entire sample was considered for both determining the quality of

TSPCK and science teacher Beliefs. This sample included pre-service teachers from various
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social backgrounds and composed of both genders from various population groups. The sample
was dominantly comprising of female pre-service teachers and only 11 male pre-service teachers

who are male (see the table below 3.1).

Table 3.1: The gender profile of the pre-service teachers in the sample.

pre-service teachers Gender
Jane Female
Gift Male
Newi Female
Mpho Female
ori Female
Kate Female
Abie Male
Muli Male
Vule Male
Kane Male
Xolo Female
Amy Female
Athi Male
Funi Male
Game Male
Zaza Female
Newi Male
Rabe Female
Gale Female
Josh Male
Didi Male
Taki Female
Aggy Female
Kim Female

The participants are now graduates of the Wits school of education. Some are now practicing as
beginning science teachers whereas others are furthering their studies. The main reason for
choosing this group of students is because my study targets the prospective teachers in training

who have been exposed to a PCK based course.

3.4 The treatment
| did not deliver the treatment in person, but established the content of the treatment from

consultation with the class notes, lecturer plan and personal conversations from the lecturer who
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conducted it. It must be noted that, while this treatment is described as a treatment from the
perspective of this study, it is actually the normal content of the course. The description of the
course is public knowledge published in detail as course outline and made available through the
Wits University archives. | now provide the content of the treatment as based from my research.

The pre-service teachers were exposed to 6 weeks intervention program of which lasted for 12
sessions, where a session was an hour long. The purpose of the intervention was to develop pre-
service teachers understanding of stoichiometry from the TSPCK perspective and develop the
competence to transform content knowledge of stoichiometry (Mavhunga 2016). In the
intervention the components of TSPCK were taught one at a time in a sequence given in Table
3.2 below.
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Table 3.2: Description of the intervention of stoichiometry

During first session pre TSPCE tool was administered for data collection
Weels Component Intervention
weak 1 Leamers prior | The first lesson was on the altermatve conceptons and
knowledge misconceptions in feaching stoichiometry. Then they had
te discuss the method in which they can use to cormect
learners misconcephons
weak 2 Curmucular The discussion was on the topic that require the pre-
saliency service teacher understanding of stoichiometry of which
then thev had to identify main big ideas to be taught and
the manner in which it should be taught and lastly to show
how they all relate to one another
week 3 VWhat 15 dufficult | Dunng thiz lesson they had to use their knowledze of
to teach stolchoometry 1n order to 1dennfy topic that are difficult to
teach This was achieved by using or relating it to learners’
concephons and misconcephon about the topic.
week 4 Enowledge of | The lesson was centred on companng different tvpes of
representations representation that are used or can be wused to teach
stolchuometry and also to see 1f the pre-service teachers can
choose the best model for teaching
week 5 Conceptual The lesson was outlming different teaching method to
Teachmg teach stoichiometry. And to see 1f the teachers cam
strategies incorporate varions teaching strategies to enhance learners
conceptual understanding.
week & Dhunng the last session the pre-service teachers were
tamght about Content Representations (Cola)
ast session post TSPCK tool was administered for data collection

3.5 Collection of data

I have access the archives of the course to retrieve data that was submitted in 2015, as sets of test
conducted at the end of intervention. The pre-service science teachers were asked to complete
questionnaire before the intervention and the other set at the end of the intervention. Only the
TSPCK questionnaire was administered as pre and post task, but for the purpose of this study the
focus is on the batch of tests conducted at the end of the intervention, as the purpose of my study
was less on the impact of the intervention but a snapshot of the status at the point of completion.
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Particularly, completed tools related to TSPCK in Stoichiometry and science teacher Beliefs. In
order for me to get an in-depth understanding of teacher’s knowledge and their Beliefs, I
conducted recall face to face interviews with 1 of the participants at Wits school of education.
The candidate was registered for BSc Honors (Science Education) at the institution hence the participant

was met. However, the other participants were not available to participate in the research interview.

According to Opie (2004) interview is a verbal conversation between the interviewer and the
interviewee with the purpose of collecting information for the purpose of the research. This
method was selected because Opie (2004) argues that respondents are encouraged to develop
their own ideas, feelings, insights, expectations or attitudes when interviewed. In other words the
participants are able to say what they think with great richness and spontaneity. In order to get
more information | have used semi-structured interview questions. The aim of the interview is to

expand and clarify provided responses to confirm or refute emerging analysis.

The process for conducting the interview process consisted of a meeting which took between 20
to 30 minutes and included the TSPCK and teachers Beliefs responses along with a series of
additional probing questions. An appointment was made with the participants for the meeting.
During the interview, the audiotape was used and the information was transcribed during the data
analysis. Below is a list of probing question asked during the interview. For full interview

schedule (see appendix 11)

Interview questions:
1. Whatis your understanding about Topic Specific Pedagogical Content Knowledge?
2. How is this understanding different or similar to that you held in your pre-service teacher

programme?

Two questionnaires were used in this study — one for measuring TSPCK, the other for science

teacher’s Beliefs. Both questionnaires can be found in (Appendices 7 and 9).
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3.6.1 Topic Specific PCK (stoichiometry) tool

The first instrument that was used for this study was a questionnaire testing the pre-service
teachers’ TSPCK. The questionnaire was set up to access information on how pre-service
teachers in their final year of study think and reason about the way they teach stoichiometry.
This instrument is based on Mavhunga and Rollnick (2013) model and developed and validated
by Malcolm (2014). The questionnaire consists of five components see Table 3.3 below
illustrates the type of items that were designed for each of the components in the tool. The rubric
used for scoring the quality of the respondents’ TSPCK from this instrument is included in

Appendix 8. The scoring process is outlined in data analysis.

Table 3.3: Types of questions designed for the components of TSPCK in stoichiometry

Component Type of Question

Learner prior knowledge Respondents were asked to comment on a teaching
situation involving misconceptions and another
involving prior knowledge and ask the pre-service
teacher to choose the best response and give valid
reason for their choice

Curricular saliency They were asked to identify big ideas then show the
sequence in which they will teach them, show how all
those big ideas link to one another and lastly they
were asked to identify the topics that require
understanding prior teaching stoichiometry

What makes the topic difficult to understand Pre-service teachers were given concepts and were
asked to identify with reason the concepts that are
difficult to teach to the learners

Representations or models Were asked to comment on content
representation/analogy of stoichiometry, explain
what they like and dislike about each representation.
In addition they were asked to choose one
representation and explain how they will used in a
classroom setting

Conceptual teaching strategies the teachers had to choose the best analogy that
they find useful in classroom setting in order to
enhance learners conceptual understanding

The TSPCK instrument measures the pre-service teacher’s knowledge in stoichiometry. It has
distinguishable headings of five TSPCK components at the top of new page.

The above mentioned components have one or more questions that are testing teacher’s
knowledge of the topic of stoichiometry. In addition to that, participants were provided with

space to write detailed responses.
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The second instrument was Beliefs tool which aimed to measure the pre-service teacher’s kinds
of Beliefs in science. It is a mini task composed of 7 questions that were developed and validated
by (Luft & Roehrig,2007). Beliefs tool was administered to the pre-service teacher’s end of the
intervention. It was set to examine the kinds of Beliefs that are held by the pre-service teachers at

the end of the intervention, regarding their effective stoichiometry teaching and learning.

Table 3.4: Questions used for teacher Beliefs tool

Questions format Areas addressed
1. How do you maximize student This question was more focused on the learning
learning in your classroom? environment of the learners.
2. How do you describe your role as | Focused on the learners knowledge
a teacher?
3. How do you know when your Focused on transforming knowledge

students understand?

4. How do you decide what to teach | Learners and content knowledge
and what not to teach?

5. How do you decide when to move | Method used to assess learners knowledge
on to a new topic in your
classroom?

6. How do students learn science Learning strategies
best?

7. How do you know when learning
is occurring in your classroom?

Just like the TSPCK tool the participants were provided with space for their detailed responses.
The types of questions that were asked were open ended and were clearly stated and

straightforward to the pre-service teacher in order to explore their Beliefs.

Both questionnaires had cover page that was used to capture the details and demography of pre-
service teachers participating in the study. To keep their information private, the cover page of
the questionnaires was used to give each one of the participants a unique code that were written

onto each page of the tool.
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According to Creswell (2003, p.190) when we talk of the process of data analysis it means
making sense from the provided text and image data. In addition to that, it includes the writing

and asking questions about the study as the data being collected.

All questionnaires were given codes then scanned and saved in the drop box where only me and
my supervisors could access them electronically. Both questionnaires were analysed qualitatively

and quantitatively.

In order to assess and rate the participant’s knowledge on the five categories of TSPCK
responses a rubric adapted from Mavhunga and Rollnick (2011) was used. As can be seen in the
Figure 3.1 below, the TSPCK rubric show the criteria that must be meet as well as the rating
scheme. Furthermore, no answer was awarded a zero which means that even a question with no
response was assigned a ‘1°, the lowest score; a question with responses across more than one
category can be scored by looking at a combination of the two answers. The rubric was used as
the guideline to award the level in which the pre-service teacher falls in as well as classifying
them as having either Limited, Basic, Developing and Exemplary Topic Specific PCK. The
description in each criterion was used to justify an award of a specific rating to the pre-service
teacher. The rating of all the pre-service teachers’ responses to the post tool was indicated by a
mark in the relevant column of each row. Each and every row shows a criterion that sowed
progression of TSPCK from basic to exemplary. The rubric consisted of 5 column and rows. The
first column contained the five components of TSPCK and column 2 up to 5 contains the ratings
in brackets of that criteria. Each category was graded using four-point scale which range from 1
which is (limited) to the last one which is 4 (exemplary) and the total scores for the whole
instrument was 20 points. An excerpt from the rubric is shown below in figure 1. The full rubric

can be found in (Appendix 8)
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Limited(1) (2) Basic (3) Developing Exemplary (4)
Leamer ¢ No identification/No | ¢ Identifies misconception or # [dentifiesmisconception or prior | # Identifies misconception or prior
Prior acknowledgement/No prior knowledge knowledge knowledge
Knowledge consideration of ¢ Provides standardized ¢ Provides standardized knowledge | ® Provides standardized knowledge
student prior definition as a means to as definition as definition
knowledge or counteract themisconception | » Expands and re-phrase ¢ Expands and re-phrases
misconceptions ¢ No evidence of drawing on explanation using one other explanation correctly
¢  No attempt to address other TSPCK components. component of TSPCK ¢ Confronts misconceptions/confirms
the misconception. interactively. accurate understanding drawing on
two or more other component of
TSPCK interactively.

After assessing each questionnaire, the raw scores were then entered into the Rasch statistical
model. Rasch statistical model is a software that is used to measure an individual’s performance
in relation to the items and the item difficulty. The Rasch program was used because it changes

the ordinal data it into linear measurements.

The science teacher’s Beliefs was analysed using the Beliefs map rubric by Luft & Ruehrig
(2007). The Beliefs map consists of 5 different categories and they all differ with regards to the
degree of engagement with the questions. The categories in the maps were labelled as follow:
those that are teacher cantered responses were classified as either traditional or instructive
Beliefs and responsive and reformed based were classified as students cantered beliefs in
addition to that the (Luft and Roehrig, 2007) classified the responses that shows primarily
behaviourist and affective students attributes as transitional beliefs. The Beliefs maps were
scaled from 1 to 5 in order to show the pre-service teachers categories as whether they are
teacher or students centred Beliefs. Below is an example of Beliefs map. The remaining maps

can be found in (Appendix 10)
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Figure 3.2: Beliefs Map of Question 1

With regards to the traditional Beliefs it is more focused in the ancient days method of teaching
where the teacher is regarded as the knower or rather the source of knowledge or information and
should transmit it to their learners, learners are seen as passive participants. Secondly, instructive
belief view science as rule or fact, It is more focused on the teacher, as the class instructor who
maintain the students focus in order to avoid class disruption. Thirdly, it is transitional Belief
which represents science as consistent body of knowledge that is connected and has objectives to
be achieved. This Belief is more focused on the teacher/student relationship, instead of being one
sided. The teachers have a good rapport with his or her learners and do what they like or enjoy to
in science and is seen as the guidance or facilitator in their development and understanding skills.
Fourthly, responsive Belief which supports learner’s collaboration, giving positive reinforcement
feedback or knowledge in order to enhance learners conceptual understanding. Learners are
active participants and are involved in making decision of their own learning. Lastly is reformed
based belief which focuses on mediating student knowledge or interactions. The role of the
teacher here is to provide students with experiences in science, which allows the teacher to

understand their knowledge and how they are making sense of science. The teacher’s instruction
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needs to be modified accordingly so that students understand key concepts in science. Luft and
Roehrig (2007) noted that to understand, or elicit the Beliefs of teachers, it is important to make
beliefs “visible”. Fang (1996) has noted the shortcomings of written self-report responses.
Teachers tend to reflect, in their answers, what should be done rather than what is actually done

in their teacher practice.

As defined by Bush (2002) validity can be seen as the extent to which a measurement, or ‘score’,
measures what it was intended to measure. For this study the terms validity and reliability are
used to determine the quality of the two tools that were used. 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 — would similar results be obtained with another, comparable

sample population (Neuman, 2000).

The responses to both assessment tools were analyzed 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).The use of the model of Mavhunga & Rollnick, (2012), that
had been tested and validated with other topics, like electric circuit and particulate nature of matter,

was the starting point of validity.

To validate the assessment of the TSPCK and Science teacher’s Beliefs answers to the
guestionnaires, three other researchers from the same group scored the same questionnaires.
Before the marking commenced all three of us sat together and agreed on the correct answers
to the questions. We all reached a common understanding of coding and analyzing using the
designed rubric and beliefs maps. After agreeing on the rules and procedures for scoring, each

researcher went ahead and scored their individual two questionnaires.

When scoring the questionnaires there were some differences when it comes to marks allocation
by the other researchers and that was resolved by comparing their scores with mine and then took

the average in order to give the student mark for that question.
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In order to increase the reliability of the tools qualitatively, it was crucial to look for evidence in both the
TSPCK and the Beliefs questionnaires for the type of knowledge transformation that pre-service teachers
require for demonstrating TSPCK in stoichiometry. Furthermore, the results or rather scores obtained
from the Beliefs and TSPCK tool were compared in order to see if there’s any relationship that existed

between them.

For the quantitative aspect of this study, the raw scores of the TSPCK tool were analyzed using
the Rasch model, which uses Winsteps software. The advantage of this model is that it converts
the raw data into linear scale. As compare, 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. According to
(Bond and Fox, 2001) this particular scale is called the normalized Rasch and it further allow the
ranking of a person ability based on item difficulty. Rasch model was selected because it
measures the extent to which each single construct is being measured. In this case it is important

to know whether the construct of TSPCK tool is what is actually being measured.

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 ‘persons’ getting the more 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) describes the fit statistic as the difference between a person’s
observed score and the predicted score, statistically calculated, based on the person’s ability. The
Infit indices are a measure of the discrepancies between a person’s expected performance and
observed performance. The Outfit index reflects items that are quite distant from a person’s
ability level and therefore not expected to be achieved (Boone & Rogan, 2005, p. 34). A range
between -2 and +2 is seen as an empirical argument for validity (Bond & Fox, 2001).

The data used in this study was collected in 2015.However, the study involved voluntary
participants from the Wits school of education in their final year of study and were all above
legal age, hence no consent forms were issued to parents. An information letter was handed to
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the pre-service teachers to inform them about the study. Letters were written to the head of
school, head of science division and course coordinators physical science methodology class
EDUC 4143 asking for permission. The consent forms for the pre-service teachers were also
handed out before they were exposed to the intervention. It was made clear in the consent forms
to all pre-service teachers that participation is voluntary and anybody can terminate her/his
participation at any time. | had been granted permission to use the data for my research project
and uphold their ethical requirements, and my protocol number is 2016ECE023M, refer to
Appendix 3.

It is important to maintain the confidentiality and anonymity of the participants, and | have
accomplished this by calling the participants by the codes given to each and every one of them.
This is the protection of informants from the general reading public, though it will not be
possible to ensure the anonymity between the pre-service teachers or to protect the participants’
confidences from one another in the setting whose private information might enable them to
identify them. They attend in the same class or lecture venue, they know each other and they

gave consent so | think that might affect the anonymity.

In this chapter | have described my research design and methodology, | have provided detailed
descriptions of my sample, research analysis, and how | obtained the data. The next chapter four

provides more detail on the findings of the study.
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Chapter Four- The quality of Pre-service teachers’ TSPCK as they leave the
program

In this chapter, 1 will present the findings from my mixed methods analysis of the Topic Specific
PCK in stoichiometry. The data presented are responses from a set of post-intervention TSPCK
tool at the end of intervention. I briefly describe the analysis and present findings on TSPCK
.Furthermore, show validity and reliability of the findings through. I close by summarizing the
findings in relation to the research question investigated

According to Creswell (2003) the process of data analysis is regarded as “making sense out of
text and image data.” (p. 190). Data analysis is a process that includes an ongoing and continual
reflection about the nature of the data being collected. It also involves writing and asking
analytic questions about the study as the data are collected. It is an open-ended process which
requires asking guestions and working to develop an analysis from the information supplied by
the research participants. As part of the process generative themes and categories emerge from
information provided by participants, and it needs to be contextually tailored to the methodology
chosen by the researcher (Creswell, 2003).

In this Chapter, | provide the analysis of data collected about the impact on an intervention that
targeted the development of TSPCK in the topic of stoichiometry. In order to analyze the data
both the qualitative and quantitative research methods were employed. The simultaneous use of
the two research methods laid a foundation to begin to answer the first research questions of this
study, which was: What is the quality of PCK in Stoichiometry of chemistry pre-service teachers

at the end of an intervention in the chemistry methodology course.

In order to determine the quality of pre-service teachers’ TSPCK following an explicit
intervention targeting the development of the competence to pedagogically transform content

knowledge, the completed post-intervention TSPCK tool were scored using a validated TSPCK
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rubric (Mavhunga and Rollnick,2013). The post TSPCK scores were measured as | needed to
know the quality of TSPCK at the end of the intervention and compare it later (see Chapter 6) to
the patterns of the underlying science teacher beliefs.

| analyzed the responses in light of their engagement with the question and then graded each
teacher’s responses that matched a certain criterion according to the TSPCK they presented (see
rubric in Appendix 8).

For establishing reliability of the generated scores | scored the completed tools with peers, one
doctoral student who developed the tool in a previous separate study and one physical science
teacher who has been teaching stoichiometry over 5 years and whose research is also on TSPCK.
We first all reached a common understanding of coding rules and analyzing using the rubric. The
concept of reliability is about the extent to which a procedure produces similar results under the
same conditions Bush (2002). There was mostly agreement across the raters with very few cases
of disagreement which were then resolved by discussion and pointing to evidence. For example,

Table 4.1 below displays the scoring of the responses from three participants

ASSESSOR A ASSESSOR B ASSESSOR C
Aggy Aggy Gift Gift Vule Vule
Learners Prior Knowledge and Misconception | 4 4 4 4 4 4
4 4 4 4 3 4
Curricular Saliency 3 4 3 4 3 4
2 4 3 3 3 4
2 2 2 3 3 3
3 2 3 2 3 2
What makes the topic difficult to understand 2 2 3 2 3 3
Representation 2 3 3 3 3 3
Teaching strategies 2 2 3 3 3 3

An example of how a disagreement was handled is shown below for the scoring of the
component of ‘What is difficult to understand’ in Table 4.1. | awarded a score of 3 in the

category of ‘what makes the topic difficult to understand’’, t0 a pre-service teacher who
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identified topics that she considered difficult to teach. On comparing the scores across the ratters,
the independent raters felt that the teachers should be awarded a 2 (not 3) as the explanation
given was hazy. For example, in explaining why the topic is considered difficult to teach the pre-
service teacher explanation was too abstract and the reasoning was not related to learner’s prior
knowledge or misconceptions. Eventually we made a final agreement on which score to award.
Where differences occurred these were resolved through discussion. An overall rating agreement

of about 89% was obtained, an indication of the reliability of the scoring of the tool.
4.2 TSPCK Scores generated from the rubric at the end of the intervention.

4.2.1 Qualitative generation of scores

The final raw scores that were gathered from the TSPCK post-test using the rubric for each
participating pre-service teacher are presented in Table 4.2 below. The first column displays the
names assigned to each pre-service that participated in this study. The other five columns
represent the five knowledge components of TSPCK under which items in the TSPCK tool were
grouped. Alphabets A to E are used to represent the items in each component. The Table below
only shows the scores of pre-service teachers after the intervention.

Table 4.2:Pre-service teachers TSPCK raw scores

TSPCK items

Prior Curricular | What s representation | Teaching Average Percentage

knowledge & saliency difficult or strategies (individual)

misconceptions easy
Jane
Gift
Newi
Mpho
ori
Kate
Abie
Muli
Vule
Kane
Xolo I
Amy
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Athi
Funi
Game
zaza
Newi
Rabe
Gale
Josh
Didi
Taki 4|
Aggy
Kim
AVERAGE 4 3 3 3 3 3 70
(component)

In order to have a better understanding of the overall quality of TSPCK on the data of each
individual pre-service teacher the avarage scores were calculated per component as can be seen
at the bottom of the table(light blue), and the those of individual pre-service teacher scores were
also avaraged in order to get the overall score per teacher and are represented in (yellow). All
obtained fractional avarage scores were rounded up or down to the nearest whole number,so that

the avarage scores can match with those catergories in the marking rubric.

Although the mathematical avarage was calculated, TSPCK is not the sum of each component,the
criteria requares that all the components interact with one another.The overview of avarage was

used because it gives an overview of the number sense.

The avarage in the table above shows that the pre-service science teacher Taki and Xolo
displayed Exemplary Topic SpecificPCK (rating of 4). From the perspective of the marking
rubric this simply means that the pre-service teachers were able to give effective quality
responses.This implies that their responses only met criterion 4 in the TSPCK rubric, for
example in the case learner prior knowledge item A, in which they (pre-service teachers) were
able to identify the misconception and link it to ;learners prior knowledge,they were also able to
give the strategy which is effective in improving the error and move the learner towards

understanding of the concept.

In addition to that it appears that majority of the pre-service teachers in the remaining four
components: carricular saliency, what makes the topic difficult to teach,representation and
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teaching stratergies, they display Developing PCK (rating of 3). This means that by the end of
intervation the pre-service teachers had good understanding of the above mentioned knowledge
components. When the validation of the scoring process was complete, the raw scores were then
analysed with the Rasch statistical model. This is discussed next.

| used Rasch statistical analysis to convert raw scores from TSPCK tool into probability measures that are
placed on a linear scale with equal interval units. This feature of the Rasch model allows calculation of
the order of item difficulty as experienced by the participants as they engaged with each item (in this
case items are TSPCK components) through a topic. According to Boone & Rogan (2005) the advantages
of using the Rasch person measures rather than the raw scores of persons is that both the low and the
high ends of the scale like the Likert scale in the TSPCK rubric have the greatest margin of error and
Rasch person measure gives a more accurate picture of performance as it converts the raw scores into
measures that also reflects the probability of the persons to answer a particular item correctly. So by
making use of Rasch person measure there is far more important additional analysis possible. In this
study, the added benefit of using Rasch was to calculate validity, reliability and establish a sense of the

item order of difficulty.

The data was analyzed using software (www.Winsteps.com/ministep.htm) in order to determine
the validity and reliability of scores obtained. The Figure 4.1 below reports the reliability
information for the persons of the data set as well as added information concerning the item. The
total number of the respondents was 24.The concept of reliability is about the extent to which a
procedure produces similar results under the same conditions (Bush, 2002). The Rasch model
was used to determine both person and item reliability. Figure 4.1 below in the first block (red)

report person reliability and the second block report (blue) report the item reliability.
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Ferson 24 IHPUT 24 MEASURED INFIT OUTFIT |

|

| TOTAL COUNT MEASURE REALSE IMNSQ 2STD OMNSQ  2STD|
| MEAN 14.5 4.8 -.085% 1.41 1.20 -1 1.02 -1
| P.SD 2.7 .5 2.57 .67 1.12 1.2 79 1

| REAL RMSE  1.56 TRUE SD 2.04 SEPARATION 1.31 | Person RELIABILITY ﬁgi
e [
| Item c INPUT L MEASURED INFIT DUTFIT |
I TOTAL COUNT MEASURE REALSE IMNSQ 2STD OMNSQ  2STD|
| HMEAN 69.4 23.2 .8p .52 .98 .8 1.83 .3
| P.SD 10.1 1.2 1.99 .03 29 f ua

| REAL RMSE .52 TRUE SD 1.92 SEPARATION 3.70 |Item RELIABILITY .931

Output written to C:\lUsersiEzra\DownloadsyZ0OU295US . TXT
CODES= 234

Figure 4.1: Summary reliability statistics of the Rasch analysis of the TSPCK tool

The findings of the summary statistic indicated that person reliability score is 0.63 and person
separation of 1.31 (in the red block), this shows a good level of reliability. While the item
reliability score is 0.93 and item separation of 3.70 respectively (in the blue block) which is also
acceptable. The scores are measured on a scale of 0 to 1, where the values above 0.6 are
generally regarded as acceptable. So, the more closer the person and item scores are close 1, as
can be seen above the more statistically reliable they are.

The whole statistic data provide the argument for validity. The only weakness about this data is
the sample size that is not big enough, even though there’s small sample size the argument for

validity is still credible.

The Rach model was used in order to measure the extent of a single construct and in this case it
was used to measure the TSPCK of stoichiometry. If the conventional range is between (-2) and
(+2) it is considered to be a good fit and an argument for validity .In the Rasch model there’s
two ‘fit’ statistics and this are infit and outfit. Firstly, the infit measures the performance of an
individual in relations to item difficulty. Therefore if there’s a positive correspondence between
the person ability and item difficulty it shows construct validity. On the other hand, the outfit

statistics used to measure the items that are on the outside person’s ability.

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
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this sample group. The measure statistics indicate how difficult the respondents found the test:

the more negative the more difficult the test

TABLE 17.1 TSPCK DATA ZOUZ95wS. TXT Feb 23 2017 23:12
INPUT: 24 Person 5 Item REPORTED: 24 Person 5 Item 3 CATS MINISTEP 2.90.0
Person: REaAL SEP.: 1.31 REL.: .63 ... Item: REAL SEP.: 3.70 REL.: .93
Person STATISTICS: MEASURE ORDER
|[ENTRY  TOTAL TOTAL MODEL | IM 'HI- surerT | PTMEASUR-AL | EXACT MATCH)| |
|[NUMEER SCORE COUNT |MEASURE | 5.E. |MNSQ |Z5TDIWM A Z5TD|CORR. EXP. | OBS¥ EXP%| Person|
------------------------- T T | e L T A . e
| 11 20 5 5.88 1.92] HMI:LI'-'I MEASURE .00 L001100.0 100.0| xolo |
| 22 20 5 5.88 1.92| MAXINUM MERSURE .00 .00|100.0 100.0| Taki |
| 10 17 5 2.05 1.03]1. 39 .THL.22 6 .40 61| 60.0 72.9| Kane |
| 24 13 4 1.22 1.18| .16 J-1.20§ .13 -.4af .93 LF1|100.0 79.3] kIm |
| 1 16 5 ] 1.02[1.51 .BJL. 32 [ .72 67| 60.0 TE.1| Jane |
| 2 16 5 .99 1.02| .15 |-1.6)f .14 }-1.3] .91 .67|100.0 78.1| Giftr |
| 7 16 5 .99 1.02] .15 §-1.6§ .14 §-1.3 .01 LB71100.0 T78.1| Abie |
| 9 16 5 .99 1.02| .15 J-1.6() .14 J-1.3] .91 .67|100.0 7E.1| wule |
| 12 16 5 .99 1.02]1.51 B, 32 6 ] 67| 60.0 78.1| Amy |
| 14 16 5 .99 1.02| .15 J-1.6) .14 J§-1.3] .91 .67|100.0 7&.1| Funi |
| 19 16 5 .99 1.02]1.51 B, 32 [ .72 67| 60.0 7E8.1| Gale |
| B 15 5 .00 .97| .47 | -.&| .40 | -.9] .88 .70| 8BO.0 Ti.5| muli |
| 21 15 5 .00 L97]1.23 61,27 .6 .60 .70 BD.O  T1.5] Didi |
| [ 12 4 -.04 1.07| .70 -. 3 .60 -.4 . B5 73| 75.0 68.7| kate |
| 5 14 5 =. 90 .93]1.29 .7 L. 33 5 .70 70| 60.0 68.2| ori |
| 16 14 5 -. 80 .93 .40 f-1.4Q§ .40 [-1.4 .97 LA0100.0 68.2| Zaza |
| i7 14 5 -. 90 .93 .40 |-1.4) .40 [|-1.4 .97 L701100.0 68,2 Mewi |
| 23 14 5 =, D0 .93 .40 [-1.40 .40 }-1.4 .97 L700100.0 68.2| aAggy |
| 15 13 5 | -1.78 .95|1.22 .6L.46 .90 38 .69 60.0 66.8| came |
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Figure 4.2:The person measure statistic generated by Rasch analysis

The measure scores are mostly positive, which indicates that the respondents found the test
manageable. Only 11 respondents have negative measure scores which indicate that they found
the assessment to be difficult. Since the TPCK tool was administered to the pre-service teachers,
so it would expected that in-service teachers would be able to cope with the level of this test
easily.

As can be seen above, in the first column the items were ranked from the most difficult and show
statistically question 20 was the most difficult. In the (2" red column) the measure statistic that

gives a numerical value to these difficulties is shown.
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The more positive the value the more difficult, negative values indicate easier items. The overall
measure statistic for the items was -0.5 indicating that the teachers who completed the TSPCK

tool found it manageable.

The Rasch analysis allows for a mapping of person against items, shown below in Figure 4.3.
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.
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Figure 4.3: Item-Person Map of the TSPCK assessment tool generated by Rasch analysis
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The item map above shows graphically that the person’s ability is clustered towards the top
(above zero). Whereas, the item measures are seen to be clustered in the middle and towards the
top of difficulty. It is further, evident from the data above that the pre-service teachers has a good
content knowledge in stoichiometry at the end of the intervention and that the TSPCK
assessment tool administered to them was not too difficult to answer. As mentioned above the
Rach model allows the calculations 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.

The Rasch scores above confirm the observation made during the analysis that most of the pre-
service science teachers struggled in with using ‘representations’ or ‘analogies’ .whereas
learners’ ‘prior knowledge’ is the least difficult component of TSPCK. The reason of
representation component to be regarded as difficult could be the fact that pre-service teachers
hardly use models or any representations in practical investigation in the classroom when
teaching learners for conceptual comprehension. Most of the lessons on stoichiometry are more
theoretically taught and only textbooks diagrams or equations are used for explanations. The
ranking of the TSPCK component is different to the one obtained by Mavhunga and Rollnick
(2013).The main different is that in their study with in-service teachers on the topic of chemical
equilibrium they found conceptual teaching strategies to be the most difficult and representation
was ranked equally with curricular saliency. From the item map, it is clear that more than half of
the pre-service teachers did give good quality answers to all the questions asked. Majority of
them were able to answer the questions fully and they did attempt to answer all the questions. To
be precise, the pre-service teachers Taki and Xolo has shown an overall better quality of TSPCK
as measured by the TSPCK tool to all the test items including the test items in the representation

category .

This simply means that the person whose positions is higher above certain items in the linear
scale of the item map have a much higher chance (higher than 50%) to answer that item correctly
and vice versa. For example, Game Josh and everybody higher have a more than 50% chance to

answer item “Learner Prior Knowledge” correctly. However pre-service teacher Athi, Mpho and
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Newi have less than 50% chance to answer the same item correctly. The spread of person
measures and items extend across the length of the scale showing good separation of items and

persons’ measures. This indicates good reliability of both persons and items.

The criteria of the TSPCK rubric refer to interactive use of the one TSPCK component with
others. In the PCK literature (e.g. Park Jang,Chen & Jung, 2011) the interaction of components
of PCK, irrespective of which model is used, is regarded as an indication of the extent of quality
of PCK. This view is demonstrated by Geddis and Wood (1997), who asserted that
transformation of content knowledge is achieved when content specific components like those of
the TSPCK are known and used in interaction to each other. Thus in this study, the extent in
which the TSPCK components are used in the responses provided by the pre-service teachers
indicates episodes of pedagogical transformation of content knowledge, and the extent of
evidence is then graded according to the quality categories in the TSPCK rubric. Below | will
present examples of evidence of cases where pre-service teachers demonstrated interactive use of

TSPCK components thus pedagogical transformation of content knowledge.

The task on the component of Learner Prior Knowledge in the TSPCK tool was that pre-service
teachers were asked to comment on a learner response that contained a misconceptions and

another involving prior knowledge about the mole concept and concentration.

All the given options in this component are conceptually correct, so the focus is to uncover
whether the participants are able to provide the reason behind their precise selection. In addition
to that, both items were designed to find whether the pre-service teachers can have recognized
and acknowledge learner’s misconception and then how the pre-service teacher will respond to

that particular question.

The teacher’s response and reason in this question will vary according to their knowledge and

understanding, the simplest level answer that is expected is for a pre-service teacher to simply
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repeat the correct answer from the question, or if better the teacher would re-phrase what has
been said in the provided options or lastly especially if the knowledge of the teacher is more
developed could possible apply more complex method to pick and justify their option drawing on
the knowledge of TSPCK components. Below is an example of the response that was obtained

from pre-service teacher Xola. The Figure 4.4 is an extract of question.

Choose your response and indicate the reason(s] for your choice in the space below.

provide correct what students
explanation to confront need to know
misconception

My choice is Response __ A

through the use of scientific definitions and mathematical equations (symbolic representation).
The response does not provide learners with the cérrect scientific explanation but instead
reinforces the incorrect definition of the moletdy referring to the ‘amount’ as numhber of moles. |
would therefore prefer response A. Response A provides a fairly good explanation in comparison
to the other responses. Firstly, the correct scientific terminology has been used to create a
conceptual and coherent explanation especially with regard to the mole — the amount of salt
measured in moles. Secondly, other concepts (periodic table, atomic mass number, mass in
grams, amount in moles, ions) have been used and linked to the mole concept in order to provide
one with a good framework as to why the molar mass differs resulting in the difference of molar
concentrations of different substances.

Although Response B pijides the learner with both a scigntific and mathematical explanation

Figure 4.4: An example of a ‘developing’ response for the component of Learner Prior
Knowledge

It is evident that the response from pre-service teacher Xolo in Figure 4.4 above displays the use
of two different TSPCK components. From the above response it can be seen that Xolo was able
to engage fully with the question as she confronted the incorrect statement and further
distinguishes what was done right. Therefore, | believe that this response is more appropriate and
it shows teachers with a PCK that is developing. This describes her as a pre-service teacher with
understanding of the TSPCK component ‘learner’s prior knowledge’. In addition to that, is what
learners need to know? She put the emphasis of scientific conceptual aspect, therefore this
demonstrate her good and understanding of content knowledge in stoichiometry. And this
describes her knowledge of TSPCK component ‘curricular saliency’. So, this gives an idea that

the components are interacting together instead of working in isolation.
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Component B: curricular saliency

Amongst all the components curriculum saliency had more items within one component. It is
consist of 4 items. In this component the pre-service teachers were given a list of main and
subordinate ideas of which they had to identify big ideas then show the sequence in which they
will teach them, then show how all those big ideas link to one another and lastly they were asked
to identify the topic that require understanding prior teaching stoichiometry.

The selection of the concepts that needs to be taught before teaching this topic as required in the
CAPS (Department of Basic Education, 2012) curriculum document and giving the reason why it
IS important to teach stoichiometry was found to be more challenging items in this components
as majority scored level 2 in this two questions which shows that the PCK is basic. The reason
for most of them to be on level 2 is because some participants were unable to provide the main
pre-concepts to be taught in designated topic and their reason for section did not provide logical
link between big ideas and subordinates in such a way that most of them were too general.
Showing how the big ideas link to one another and subordinates concepts is on level 3 which is
(developing) and lastly Identifying big ideas from the list given to them is on level 4(exemplary)

which is the least problematic.

Figure 4.5 below provide a list of the big ideas and the subordinate’s concepts which work as a
point of reference given within item (B1), the topics that are highlighted in yellow are the ones
that are regarded as the main big ideas. The reason | have provided the Figure 4.5 below is that
big ideas are crucial in creating a concept map.
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Theoretical yield is the amount of product that
is formed when a reaction goes to completion
based on the stoichiometry of the reaction.

Molar ratios can be used to determine the
amount of reactants used or the vyield of
product formed.

Molar Mass of an element or coempound
expresses the equivalent relationship between
one mole of a substance and its mass in grams.

Balanced chemical equations provide the
combining ratios of reacting substances and
their products in a chemical reaction.

Stoichiometric calculations combine balanced
chemical equations and the concept of the mole
to calculate the masses of all reactants required
and products formed in a chemical reaction.

Molar Volume of a gaseous substance
expresses the equivalent relationship between
one mole of a gas and its volume of 22,4dm*
and standard temperature and pressure.

Conservation of mass is a chemical law that
allows quantitative relstionships to be
established in chemical reactions.

Dilution is the process of decreasing the
concentration of a solution by addition of
solvent to a solution.

Concentration is a property of a solution and
relates to the number of solute particles per

unit volume. |big idea

The amount of substance in a given mass or
volume can be expressed as a constant amount
of elementary particles.

Limiting reagent is the reactant that used up in

a chemical reaction and d ines the amount
of product formed. |DIg idea

Concentrated solutions have more particles per
unit volume than dilute solutions.

The mele is the S unit for amount of substance
and allows us to connect the macroscopic scale
of matter with the microscopic scale of matter
and can used to help count elementary particles

that make up substances. big idea

The actual yield of product formed depends on
the reagent that limits the amount of the other
reactant that reacts.

Gravimetric and wolumetric  analysis  are
quantitative analysis methods to determine
the amount of substance.

Reaction stoichiometry involves the
determination of molar ratios of the amount of
reactants and products in a chemical reaction
through balanced chemical equations.

Avogadro’s number expresses the equivalent
relationship between one mole of a substance
and the number of entities it contains.
Avogadro’s number has been experimentally
determined to be 6,02 x107 particles

Volume is the amount of space occupied by a
sample and from the wvolume of a gaseous
substance the amount of substance can be

determined.

Mass is the amount of matter contained in a
sample and from the mass of a chemical
substance the amount of substance can be
determined.

Figure 4.5: component B list of big ideas and subordinates ideas of item B1

Under this component in this item Al pre-service teachers provide various responses to the
question. Although in certain responses the pre-service teachers mixed the big ideas with
subordinate’s concept, what I find more fascinating is that most of the participants were able to
select big ideas from the list above and provide the sequence that depict the best order of

teaching them. Figure 4.6 below shows an example of response obtained from one of the

participants.
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Suggested ¢ pts and seq

The mole is the 51 unit for amount of
substance and allows us to connect the
macroscopic scale of matter with the
microscopic scale of matter and can used
to help count elementary particles that
make up substances

Concentration is a property of a solution
and relates to the number of solute
particles per unit volume.

Limiting reagent is the reactant that used
up in a chemical reaction and determines
the amount of product formed.

The definition contains the most fundamental
concepts that would able the teacher to link those
concept with the previous lessons in chemistry
and the ones that need to follow.so it links the
previous knowledge to the future knowledge.so
that there would be a better understanding of the
concept that would be taught. It also mentions
that the mole is the 51 unit. It is wery important
that learners should know that the mole is the SI
unit

The reason why this is the next concept it's
because we have already started introducing the
amount of substance to the learners so the
concentration of the solution is the measure of
how much of amount of substance there is
dissolved in a given volume of the solution. This
concept links to the other one that's why we
followed by it.

Learners must know what happens to the reaction
and what makes it to stop and why. The reactant
in a chemical reaction that limits the amount of
product that can be formed. The reaction will
stop when all of the limiting reactant

Is consumed.
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The response in Figure 4.6 above shows that Thato is aware of big ideas in stoichiometry and
was able to provide different subordinates under each big idea but he did not show the
connection or how they kink to each other. The explanation for the reason for selecting the big
ideas in the order given shows sequence development and a good content knowledge of the
subject. His concept map fall under category 3 which is developing because there is evidence in
his concept map that shows three big ideas but missing connections between them.in addition to
that, he was also able to identify the concepts give a brief explanation of the important of
teaching stoichiometry which has to do with the relevance in industries and scaffolding for other
topics in science such as chemical equilibrium. It was this kind of detailed responses from the
pre-service teachers and able to select big ideas that contributed in majority of them to score
higher and overall score of 3 for this category. Hence this component was ranked the second
least difficult item from the Rasch analysis.

Component C: understanding of what makes topic easy or difficult to understand.

With regard to this component and in relation to the topic of stoichiometry, it is expected that
accomplished teacher will find it easy to teach as compare to the novice teachers. In this
component pre-service teachers were provided with various concepts in stoichiometry in a table
form. From the given concepts, they were asked to select the topics that they think are difficult to

teach and substantiate what makes them difficult to teach.
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CATEGORY C: UNDERSTANDING OF WHAT MAKES TOPIC EASY OR DIFFICULT TO UNDERSTAND

4, What concepts do you find difficult to teach in stoichiometry? Select your choice and
provide reason(s) in the table below.

Concept

v

Why is it difficult for learners to understand?

Amount of
substance/maole

They cannot visualise the concepts.

Molar mass

Can be confused with actual mass

Molar volume

Usually get confused with actual volume

Avogadro’s number

Cannot be easily proven and it is a huge number that cannot be easily
comprehended.

Concentration

It is based on the particles inside matter which cannot be easily seen

Dilution of solutions

MWolar ratios

Usually confused with the number of substances

Stoichiometric

calculations

since it involves integration of various formulae it becomes difficult

Figure 4.7: Extract from respond Jane

The purpose of this component was to find out if whether the teachers are able to identify the
main concepts that are difficult to learn so that they can be able to come up with various teaching
methods which will help learners with different learning ability and deepened their conceptual

understanding of the concepts. Some of the concepts provided on the list includes amount of

mole, molar mass, concentration etc.

Looking at the overall average performance of the teachers in this component, it is evident that
they PCK is still developing, they are on level 3 which means that they were able to provide
related reasons to specific learner’s prior knowledge of which includes their misconceptions.

With that said this shows a growth in understanding of which is referred to professional

knowledge practice by Loughran, Berry & Mulhall (2012).

52




Component D: representations/analogies/models

This component is consisting of 1 semi-open item of which is then divided into 4 questions. Pre-
service teachers were asked to comment on content representations of mass, mole and number of
elementary particles. Based on the given representation they were asked to explain what they like
and dislike about each representation and to further explain how they are going to use the
representation that they like the most in their teaching practice. The types of representations that

were provided include table of items and a flow diagram.

Stoichiometry is regarded as one of the most challenging subject to teach and understand to both
the teachers and the learners Dahsah and Coll (2007). Therefore, it is crucial for the novice
teachers to understand the quantitative aspect of chemical reactions that are involved in the grade
12 curriculum. Hence, teachers should be familiar with different types of representation they
might choose to use in their classrooms. The reason being that different learner’s learner in
different ways, therefore it is the teacher’s responsibility to be able to cater for various learning
abilities in order to enhance learner’s conceptual understanding? Figure 4.8 below is an example

of the representations used.

Looking at the table of raw score the pre-service teachers average is level 3 which means their
knowledge is developing. It is evident in Figure 4.8 below of pre-service teacher Taki. In her
explanation she was able to incorporate multiply teaching tools like microscopic and
macroscopic level by using formulas and periodic table. She was awarded level 3 because she
didn’t not explicitly show the link between the different kinds of representation that relate to the
aspect at hand. Based on her explanation it can be seen that there is growth in her knowledge or
understanding of different representation to be used in practice. On the other hand, some of the
pre-service teachers in the study portrayed poor understanding of various representations as they
did not attempt to answer the question, therefore it can be assumed that they do not know about
them and other reasons given were too generic, which means that they were not displaying
learner’s context. Pre-service teacher Taki did acknowledge that macroscopic and symbolic
should be used, this is suggested by her idea of using diagrams that the learners can link to and
also made use of visual like socks, eggs cartoons and dice in order to assist her learners in

understanding abstract concepts.

53



I would use this representation to introduce the concept of the mole. | would bring the
materials to clasz and azk students £0 Sive the Collective name for the group of each, for
exampie, it | have 2 dize Or two 300K, What do we call this quantity” if | hewa 2 cartons of az=z,
what do | call thiz guantity” Ang .

aiso point out to stucents how t
the zize of the amounts. | would &

will help students recognise the differes Dy using swecgcay
_examples to straighten out thewr logit Fi

descrives 8 number of particies or md guic ack stucents to give an
exampie of what they think € 02x10°25 az 8 i 3f do thiz either by trying to
write out the number in standard form br Dy giving an exampjfe of something of that amount,
for exampie some students may sugzest prain: worid. They can even try 1o write
the numder out or count LD ta it. The scale of|the numbey/is very big which may either
overwheim zome stucents, or De mesningies:! which iz why trying to contextualize

frves them a link Detween the

and will heip them underztanc why the
tead riting actusl amounts of substance without
the mole 2z 2 unit. use of different materials |

| would then extend thiz introguction by defining the ziven number as equivaient to Avogadro’s
constant; and expiain to Ztudents how the moie is a unit for the number of particles. | will
discuss with students how Avogacro’s llumber was determined 30 that they co no

conception that the mole is exacty 6.02x10 ** particles.
use Of fonnulas and penodlc table

A . emnqymnumro'mmnrempnu
beu:.upelets.‘u ons. They will ze¢ that the same ‘amount’ of esch sudance is
prezent but they occupy different space and 250, when weighed; have 2 different mazs. This
inculcates the property pf the mole as an smount which differs from everyday ianguage where
amount can refer to mazs. Next, | will give the students 0.1 modes Of different substances e.z.
carbon, sulphur, iron, calkium oxide. They will note that the amount that can be zeen looks
different. Next, they will esigh each sampie ang ciscover that the masses are different; too.
Then , | will rejate the maskes they found to the periodic tadle. Stucents will realise that there
iz 8 reistion between moist mesz On the periodic table and the mazses they have found. | will
then go on to explain to thein why | chose 0.1mole; and what would happen to the mass if |
nac chozen 1 mole. This extdnzion process will require me to contextuaize mathamaticaily 1o
the students, using formulse'and the periodic table. This is how | will extend the mole concept
o its relstionship to mass. The students will D2 reminged of the mole a3 8 quantity by using
the representation anc iad activity, which they will De reguired to copy down and summarise
respectively, 8nd add their own examples to. | will expact them to expi@ain 1o me how the
0.1moi of CO; reistes to modar mass- this will help them to extend their thinking skills.

Figure 4.8: Example of representation
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Component E: Teaching strategies.

Mavhunga and Rollnick (2013) in their research found that the conceptual teaching strategies
component is the most difficult one because this component bring together the knowledge of the
other components and it require a strategic reasoning. When I look at the participant’s levels,
although their average is 3, it is the case in my finding but it was determined to be minimal. A
possible reason could be that they do not have experience to be able to understand different

teaching methods even though they have good content knowledge.

In this component the pre-service teacher were given two learners response about limiting
reagent of the reaction. From the responses of mix of correct and incorrect answers, the pre-
service teachers were asked to identify learner’s errors and to give the teaching method they will

employ to assist the learners. Below is two extract from pre-service teacher Ori and Taki.
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Figure 4.9: extract from pre-service teacher Ori
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Teacher Ori in the Figure 4.9 above was awarded level 3 which is Developing the reason being
that she did not acknowledge learners prior knowledge, instead of identifying the error and
correct it, she started by defining the concept. In her explanation she mentioned that the limiting
reagent has been identified incorrectly but she does not stipulate more on that. In her teaching
she mentioned the use of model and symbolic representation which involve the math’s
calculations and equations which means that she has used two types of representation to enhance
learner’s conceptual understanding. In the case where the pre-service teacher left it blank they
were awarded with the score of 1, this was done in relation to the categories in the marking

rubric as there was no zero.

On the other hand, looking at Figure 4.10 below of teacher Taki, it is evident that she was able to
identify area of misconception and did provide the examples of which would help the learners
understand the concept around limiting reagent, her lesson is highly learners centered and make

use of different kinds teaching methods to address the concept being considered.
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The students do not fully understand what limiting reagent is. They understand that it is the reactant
that will get used up first and once it is used up; the reaction will not proceed further to form mare

product; however, the way in which they define the quantity which identifies the limiting reagent is
incorrect. In extract 1, the student simply looks at the molar ratios; and decides that the reactant with
the smaller molar ratio is the limiting reagent. In extract two, the student believes that the limiting

reagent is the one with the least mass. There are a number of ways tpdisnel these misconceptions.

identify area of

- — F—— - misconceptiions -
Firstly, | will give the learners a ‘recipe’ to follow, in order to make a Srooc ey wmrregom'e 2 marie|

biscuits, 2 pieces of chocolate, 6 jelly tots and 2 cherries. However, they will not be given exact
amounts but varying amounts of each ingredient. They then have to make up as many full desserts as
they can. They then have to make note of how many complete products could be made, and what was

left over. This will draw an analogy between limiting reagent and excess reagents as they have to
identify which ingredient(s) were limiting reagents and which were in excess. |USe Of analogy

Mext, |will do a demonstration with the learners, using 20g of copper sulphate and 15g of iron. | will
also write the balanced equation on the board. | will then ask learners; which is the limiting reagent; to
which they will say the iron because it has the smaller mass. Some learners will say there is no limiting
reagent because the molar ratios are all the same. 1 will then add the iron to the copper and tell them
to ohserve what they see. What happens is that the copper gets displaced and forms Culs) ; while
Fes0, is formed. There will still be iron left over at the end of the reaction. | will then as students

again, if there is a limiting reagent. At this point, they will realize that iron is left over, so it was actually
in excess. multiple teaching

strategies selected
| will then ask students to work out the amount of each reactant, in MOlEs. Unce they have done so
and compared the amounts, they will see that n for Fe=2.68maoles and for Cus0, n=0.125 moles. They
will realise that the substance with the least "amount’ (here we will recap what the maole is) is the

limiting reagent. | will then ask students to work, from the given equation. They will draw a
representation of what they saw (macroscopic); and then draw a representation of the particles
reacting; indicating what is left over and what gets used this. They will present their findings to their
peers who will have to confirm whether they think that the presenter is correct or incorrect. This
allows for peer assessment and the opportunity for learners to convince each other; thus bringing up
misconceptions and correct conceptions which | can then elaborate on. They will thus realise that
molar ratios do not necessarily indicate the limiting reagent and mass certainly does not.

Lastly, | would present the calculations in a table form which enables learners to quickly work out the
amount of product formed, see the molar ratios and the masses in comparison to the other products
and reactants. This layout will enable students to see the connections; once they have understood the
concepts.

The limiting reagent would be that which; once used up, would cause the reaction to stop since the
products would fully form. The amount of the limiting reagent, in moles, needs to be found and needs
to correspond to the molar ratios of the products.

| think this strategy will work as it is both procedural, requires thinking on behalf of the learners and
covers the procedure in an analytical way. It makes the reasoning behind the calculation clear, which is
beneficial and meaningful to learners. The group ‘snack activity’ and demonstration are important for
learners to gain a concrete conception of limiting reagent. The demonstration allows for an
opportunity to deepen the learners thinking and relate it the sub microscopic and symbaolic arena.
Importantly, | would emphasise the difference between the mass, molar ratio and amount of
substance and contextualise it to limiting reagents. | would also show students using the table how to
calculate the maolar ratios and use the information to find out what limiting reagents could be. This will
help them to see the relationship between the different quantities being used and minimises

ronfliginmn

Figure 4.10: Extract from pre-service teacher Taki
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Teacher Taki score was the highest, scored a 4 which is Exemplary on the TSPCK rubric, based
on his response as can be seen above, he explicitly identify learners error; that they do not fully
understand what limiting reagent is. He further outlined the different strategies that he will use to
correct that misconception, which includes calculating the amount of substance and make use of
ratio from the balance chemical reaction, use of formula and periodic table which is symbolic
representation. In addition to that there’s evidence of him using macroscopic representation
during his lesson where students are required to draw a representation of particles that they saw
during laboratory work.

The main difference between the two pre-service teachers Ori and Taki is their level of
knowledge about different misconceptions that learners have and the excellent teaching
strategies to teach the required concept. Although they both have content knowledge their level
of reasoning is distinct. Therefore, form the above responses it can be concluded that having

good content knowledge does not guarantee the ability to deliver an effective lesson.

Unlike a novice teacher a well accomplished teacher would be able to identify various teaching
methods for a particular concept. As a teacher it is crucial when considering to teach a topic to
consider multiple teaching methods that suit it, know about the context of the learners your
teaching of which includes their misconceptions and the knowledge they bring to classroom,
understand the curriculum in such a way that can be able to link the concepts in that level of
learning and also be able to identify the concepts that learners and you as a teacher will find easy
or difficult to understand. After being able to identify all the components, it is then where a

teacher can select method suitable to tattle learner’s misconceptions that learners are facing with.

Based on the discussion in this chapter about the quality of TSPCK, the data analysis has shown
that the pre-service science teachers were able to transfer learnt pedagogical transformation. In
addition to that, even though the observed evidence did not support the theoretical assumption by
Mavhunga and Rollnick (2013) indicating that conceptual teaching strategy’ component was the
most difficult. In this study the most difficult item was found to be ‘representation component’ of
TSPCK. Therefore, the findings confirm another important aspect that indeed this construct of

TSPCK is topic level. The pre-service teachers overall average which rate level (3) meaning their
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TSPCK is ‘Developing’. It can be said that the pre-service teachers at the end of intervention had

much better understanding of the interaction of the TSPCK component.
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Chapter Five-Measurement and analysis of science teacher beliefs at the
end of the intervention and the relationship between teacher’s
knowledge and Beliefs

The purpose of this chapter is to provide an analysis of the pre-service science teacher’s Beliefs
responses to the instrument in order to determine the quality of their responses in the conception
of stoichiometry. Lastly the relationship between the measured TSPCK and the quality of pre-

service science teacher’s Beliefs in their final year of study is investigated.

5.1 Introduction

“Teachers are expected to play a crucial role in changing schools and classrooms. However, they
are also viewed as major obstacles to change due to their traditional Beliefs.” (Prawat, in
Savasci-Acikalin, 2009:5). Many studies on teacher Beliefs over the past few decades have,
according to Savasci-Acikalan (2009), focused on Beliefs in a variety of contexts such as
constructivism, curriculum, the goals of science education, the nature of science, science,
technology and society, as well as on various reform strands. However, a few number of studies
on Beliefs have sought to understand teacher Beliefs in relation to their topic specific. Mahmood
(2007) opines that Beliefs influence the manner in which the teacher decides on his/her teaching

objectives, plans a lesson and evaluates learning in the classroom.

5.2 Quantitative analysis of pre-service science teacher’s beliefs

Teacher Beliefs represent individual teacher’s ideas about what they think is true and reflect their
own prior experiences with science. Luft and Roehrig (2007) state that “within the last 15 years,
understanding and describing teacher beliefs have become a priority for educational researchers.
These personal constructs can provide an understanding of a teacher’s practice: they can guide
instructional decisions, influence classroom management, and serve as a lens of understanding

for classroom events (Jones and Carter, 2007, p. 38).

The science teachers Beliefs mini tool which is described fully in chapter 3 is composed of seven
questions (see Appendix 9). It was administered to the pre-service teachers as pre and post
intervention but for the purpose of this study I will only focus on the post intervention responses.

The tool was given to the participants in the same session as the TSPCK tool and in similar
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manner. Only 12 of the pre-service teachers returned the tool unlike 24 who completed the
TSPCK tool. The pre-service teachers took about 30 minutes to complete the tool and all were

given distinct codes.

For the evaluation of the science teacher’s Beliefs tool, I used Beliefs maps. Before the marking
commenced me and other two raters sat together and agreed on the correct answers to the
questions, in relation to the description of each category. After agreeing on the rules and
procedures for scoring, each researcher went ahead and scored their individual two

questionnaires.

A modified form of Luft and Roehrig (2007) was administered to the pre-service teachers and it
was analyzed using the Beliefs maps categories. Below is an extract of the questions given to the

pre-service teachers during the intervention.

INDIVIDUAL TASK

Based on the group task and the selection of the Big Ideas, write an essay (4 — 5 pages)

on how you would teach the mole Structure vour essay according to the five categories

of the proposed teaching model. Your essay needs to highlight:

(1) What are your beliefs about teaching chemistry? To help vou complete the ‘teacher
belief tool. 2

(2) What 1s your strategic long term plan in teaching the mole? In other words. what
important concepts do you need to cover before teaching the mole? Explain how
these concepts are used when teaching stoichiometry. (3

(3) What is your tacif plan for teaching the mole? In other words, why is an
understanding of the mole concept important? Think about what topics require an
understanding of stoichiometry and explain which concepts are needed. Why is it
important to learn about stoichiometry? (5)

(4) What 1s your tacif realization in teaching the mole? In other words, which Big Idea
would you start with, and why in helping learners understand the mole concept.
Tustify your selection of this Big Idea with confirmation statements. State which
concepts/sklls and activifies from the CAPS curmnculum you would use in feaclhing
this Big Idea. (5)

(5) What is your application for teaching the mole? In other words, which Big Ideas
would you sequence after teaching the first Big Idea in order to help leamers
understand the application of the mole concept in stoichiometry? Tustify your
selection and sequencing with confirmation statements.
State which concepts/skills and activities from the CAPS curriculum you would use
in feachine these Big Ideas ()

Figure 5.1: pre-service science teacher Beliefs questions

The level of understanding pre-service science teacher’s Beliefs was measured. A questionnaire
with seven questions, targeting their personal views on teaching stoichiometry was used.
Although the pre-service science teachers have been exposed to an intervention and have similar

knowledge, they may teach or deliver their lesson differently. The science teacher Belief tool
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was administered to the participants at the end of the intervention in the same session as the
TSPCK tool. Only twelve (12) pre-service teachers returned the Belief tool. The responses to the

questions were captured as written responses and they were all given different names.

The responses were scored using the belief maps that was developed and validated by (Luft &
Roehrig, 2007). The Belief maps have five different categories Teacher-Centered responses were
identified as “(1) Traditional” or “(2) Instructive” beliefs. “(4) Responsive” and “(5) Reform-
based” answers were identified as student-centered Beliefs, and responses that indicated
primarily behaviorist and affective student attributes were characterized as “(3) Transitional”
(Luft & Roehrig, 2007). Below is a Belief map of question six (6) and the rest of the maps can be
seen in the attached Appendix 10. The total score of the tool was out of 35 which mean that out

of 7 questions, one question weight score of 5.

Below is an extract showing one of the questions in the test items, describing the categories in
the map used to assess pre-service teachers.

Howe do your students learn science
hest?

re:leaming (7-11-04)

Teacher Focused Teacher Focused Sludent Tocued Student Fosused

Traditional:
From the teacher

Reform-basad: By elicitng,

Transitional: By Responsive. By 5 4
encountering and encounteting, and constructing

using proceduress
guidelines

Instructive: By mimicking

the teacher interpretng phenomena theirideas about phenormena

"Byworking
problems we have

“Whenthey have
practiced in class'

NEFSHIE Over what
they learn and how
thev choose to go

ahout lzaring it'

"They are
challenged to
cragate their own

"By daing a
labarator!

understanding to
explain thair
generated data”

"Bytaking
good notes*

scored as 1

*I show tham what

they nead to do, then

they lookido it by
themselves"

“By doing
hands-an
artivifies’

SR scored as 3]

"They watch me do
it, then they practics
it on one enother”

scored as 2

“They all leam
difierently, butthey need
tich expetiences which
allowws each studentto
explare their notions of

the experience and

rmake senseafitina
e wEy

[scored as 4] [scored as 5

"When they interact
with ohe another
asthay try to
explain their
results"

Figure 5.2: pre-service science teacher’s beliefs map

The pre-service teacher’s responses were assessed and matched in relation to the descriptions of
criteria in the beliefs map. The purpose of this tool was to elicit the kinds of beliefs pre-service
teachers hold about teaching stoichiometry. According to Luft and Roehrig (2007) argues that for
one to understand teachers practice, epistemological beliefs have to critical play a role as

teachers will implement strategies according to their Beliefs, as it can be seen on the TBI above
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traditional responses reveal science as based on facts, rules, and methods that are transferable;

Transitional responses represent science as a body of certain knowledge; while Reform-based

responses support science as a dynamic field that is subject to revision.

Below is Table 5.1 for individual pre-service teachers question by question.

The first column shows the codes given to each pre-service teacher. The table consists of seven

questions of which comprises the description of different categories of Beliefs.Q1 to Q7 is used

in order to represent the question number. The total scores of the beliefs tool were 35 marks and

all the scores were converted into percentage in order to see overall performance per question. In

order to have a better understanding of the overall nature of Beliefs of each indvidual teacher the

avarage score was calculated per catergoty as shown at the boom of the table.

Table 5.1: Raw scores of science teacher Beliefs

Questions in science teachers beliefs tool

CODES Q1/5 Q2/5 Q3/5 Q4a/5 Q5/5 Q6/5 Q7/5

Increasing | Perceiving | Knowing Deciding | Deciding | Knowing Knowing | To | %

chances role when what to when when tal

for as science | students are to teach move on | students | learning =

students teacher understandin | and toa learn is 35

to g what not | new topic | science occurring

learn to best in

teach your
classroo
m

Jane 5 4 5 4 5 5 4 32 | 91
Gift 3 4 3 5 5 3 5 30 | 86
Newi 2 2 1 1 1 1 1 9 | 26
Mpho 1 2 1 2 3 2 2 13 | 37
ori 5 4 3 2 4 4 4 26 | 74
Kate 3 3 3 2 1 2 2 16 | 46
Abie 2 2 2 3 1 1 3 14 | 40
Muli 4 3 3 2 2 2 2 18 | 51
Vule 3 3 2 1 2 2 3 16 | 46
Kane 2 5 3 2 3 2 3 20 | 57
Xolo 3 5 5 3 4 2 3 22 | 63
Amy 2 4 3 2 2 2 3 18 | 51
AVERAGE 3 3 3 2 3 2 3
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From the table above it appears that pre-service science teachers experience some difficulties in
some of the beliefs items. The most noticeable challenge in Beliefs is seen with the question
regarding ‘deciding what to teach and what not to teach’ corresponding to question 4 and
question 6 which is ‘Knowing when students learn science best’ respectively. Both questions
were scored level 2 which mean the beliefs is instructive, meaning that the teachers in this
category are still teacher centered and view science as a rule or fact. However, all the pre-service
teachers in the remaining categories fall under level 3 which is ‘Transitional’. Based on the
Beliefs map criteria this simply means that the teachers in this category see science as consistent
and connected. In addition to that, in their classroom they do what students like to do, they guide

them instead of feeding them with information in their development of understanding.

Pre-service teachers because of their lack of experience they bring with them the nature of
learning and how it should be taught. However, Geddis and Wood (1997) argued that the
teachers that have developed PCK they believe that transforming their own understanding of
concept is crucial in teaching. For this research the pre-service teachers were tested on their
content knowledge of teaching stoichiometry.

Beliefs about teaching are already established by the time pre-service teachers enter teacher
training institutions (Epler, 2011). On their part, pre-service teachers already hold beliefs about
teaching and learning — including the Belief that good teaching is highly related to one’s content
knowledge and one’s abilities to pass that knowledge to others, when they enter teacher training
institutions (Feiman-Nemser, 1996). By the same token, student teachers’ beliefs related to
knowledge acquisition develop before their formal entry into the teaching and learning
profession (Cheng, et al., 2009). These observations suggest that knowing pre-service teachers’
Beliefs about knowledge, teaching and learning is important because these Beliefs are crucial in
their own learning and pedagogical understanding, as well as in their teaching methods and

classroom practice (Uzuntiryaki & Boz, 2007).

Given below is an extract of written response of pre-service teacher Xolo for the third question in

the teacher’s beliefs tool.
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3. Describe how you perceive your role as a science teacher?

As a science teacher | firmly believe that my role is to stimulate learners’ interest for the love of science
(change their attitudes and create positive motivation) through meaningful teaching whereby the content
is successfully transformed in an appropriate way (through the five components of TSPCK) to develop
learners’ scientific knowledge and awareness about the nature of things. My role is to not only transcend
knowledge but to also make the content relevant to the learners in a way that has been strategically
planned to awaken and build learners’ abilities to further inquire, question (as | challenge their thinking)
and further contribute to the knowledge of science as science is not ‘complete’ and new discoveries are

made all the time.

Figure 5.3: Extract form pre-service teacher Xolo

The pre-service science teachers were asked to explain what teaching science means to them. It
was asked specifically in order to identify what teaching mean to them. A student centered
respond is observed from pre-service teacher Xolo. She emphasizes on transforming learner’s
conceptual understanding of the concept and relates it to their prior knowledge. Therefore, her
response shows ‘reformed-based’ Belief and for that she was awarded level 5 because she is
constructivist in a manner that she does not feed them with information but rather help the
students make sense of their surrounding in a manner that they can relate to their everyday

experience.

5. Ina school setting. how would you decide what to teach and what not to teach?

I would firstly need to consult my set curriculum from the Department to know what science topics | am
expected to cover as part of the syllabus that has been designed/constructed and approved of according to
the institution. Thereafter, | would need to research the learners’ progression to know what they have

already been taught so that | can identify what still needs to be taught in order for them to understand the

next topic. However prior to this I would need to take the topic(s) that  am expected to teach and identify
the big ideas — that is the main/core concepts that are to be covered and its peripheral concepts so that the
pre-concepts (as mentioned above) can also be identified to see where one would actually start to teach

the actual topic — that is what to teach and what not to teach.

Figure 5.4: Extract from pre-service teacher

In order for a teacher to decide on what to teach and what not teach must really have a good

content knowledge and be aware of the curriculum. The above respond indicates that this pre-
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service teacher’s Belief shows a positive development towards ‘reformed’ based which is level 5.
The reason being that, although there are several things that can make a topic difficult to teach,
she did show the ability to know what’s appropriate for teaching a particular grade level and
misconceptions for learners or conceptual difficulties. Furthermore, she showed the need for
transformation and focus on the learners rather than the teacher-centered method of teaching.
Literature also suggests that pre-service teachers with advanced Beliefs use multiple student
teaching methods including class discussions, peer teaching, collaborative groups, and also high-
order questioning techniques in their science classes and all that is evident in the pre-service
teacher above. On the other hand, pre-service teachers with naive epistemological and
intelligence Beliefs are known to use teacher- centered methods such as lectures, demonstrations

and teacher-led discussions (Epler, 2011) such as pre-service teacher Newi below.

Unlike pre-service teacher Xolo in the Figure 5.3 above a different development in Beliefs is

seen in pre-service teacher Newi below.

4. During a stoichiometry lesson, how would you know when your students understand?

A proper eye contact with the learners will show that the students understand or they are lost. For example, some
students will nod to show that they understand what the teacher is explaining. Some students will display a confused
face to show that they are not following. Proper questioning will also help see how many learners understands;
written or verbal.

In this case, the pre-service teacher response shows a Belief where the teacher depends on
physical appearance (eye contact) in order to know if he’s to move on a knew topic or not. It is
evident that he’s Beliefs did not change even after the intervention; therefore, I assume that it has
become a core Belief of which will now guide him through knowledge acquisition and practice.
The content of his Beliefs reflect traditional related kind of Beliefs which is teacher-centered in a

way that learner’s engagement and prior knowledge is not considered.

The post teacher’s Beliefs score as seen in the Table 5.1 above were converted into category
frequency scores for each and every pre-service teacher who took part. In order to convert all the
scores, they were done by placing the same numerical scores in the category they correspond
with in the teacher’s Beliefs map. For instant all scores of 1 were placed in the traditional
category, all scores of 2 in the instructive category, up to the last category. Each value was
represented by an asterisk (*) in the suitable category. The number of the asterisks in each

category indicates the number of responses to the questions.
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Table 5.2: Pre-service teachers Beliefs profile

Post-test beliefs scores

persons Traditional | Instructional | Transitional | Responsive | Reform-
based

Jane EX 23 Kk kk

Ori * %k %k Kk *

The pre-service teacher’s Beliefs are mostly in one direction (right side of the table) which is
students centered. Most of the pre-service teacher’s responses are located in instructional and
transitional Beliefs. However, it appears that even after the intervention some of pre-service

teachers highlighted in red predominately displayed traditional method of teaching.

5.3 Relationship between pre-service teachers TSPCK and beliefs.

In order to investigate the relationship between pre-service teachers TSPCK and the kinds of
Beliefs the two construct were compared. Some of the participants did not complete the Beliefs
tool, therefore the results below show data of those who completed both tools at the end of the

intervention.

Table 5.3 below shows TSPCK person measures and teacher’s Beliefs scores per person. The
scores were then entered into a scatterplot in order to show the relationships between two

construct.
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Table 5.3: Comparison between categories of TSPCK and Beliefs

TSPCK Beliefs
Jane 1.0 91
Gift 1.0 86
Newi -4.7 26
Mpho -4.7 37
ori -0.9 74
Kate -0.1 46
Abie 1.0 40
Muli -0.0 51
Vule 1.0 46
Kane 2.1 57
Amy 1.0 51

Figure 5.3 below displays a scatterplot where 1st quadrant represents strong TSPCK and Beliefs,
2nd quadrant represents strong TSPCK and weak Beliefs, 3rd quadrant represent weak TSPCK
and Beliefs and the 4th quadrant represent strong Beliefs and weak TSPCK.

Relationship between TSPCK and Beliefs

Strong Beliefs o strong TSPCK &
2 & weak Beliefs
1 TSPCK o o P e o
0 o o)
0 10 20 30 40 50 60 70 80 90 100
1 e

TSPCK

-4 Weak TSPCK &

Beliefs 6} (6] Strong TSPCK &
weak Beliefs

Figure 5.3: TSPCK and Beliefs scatterplot
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Based on the cut of point, as can be seen in the Figure 5.3 above, it indicate that slightly above
half the pre-service teachers out of 12 possessed reasonable high TSPCK and learners-centered
beliefs, five of them are Jane, Gift, Muli , Kane and Amy. So it can be said that pre-service
teachers with learner-centered Beliefs may yield high TSPCK. On the other hand, the other three
pre-service teachers Kate, Abbie and Vule displayed instructive Beliefs and they portrayed weak
TSPCK. Newi and Mpho displayed very low TSPCK and traditional Beliefs this is because they
have weak content knowledge of the topic. Therefore, it can be said that teachers with poor
content knowledge and teacher centered Beliefs may not yield high TSPCK.

Teachers with high TSPCK showed more learner centered Beliefs and those with low TSPCK
showed teacher centered Beliefs. Most of these teachers as can be seen in the Table 5.2 above are

in between instructional and transitional Beliefs.

Pre-service teacher Gift and Jane who’s TSPCK is higher than the rest of the participants held
reformed base Beliefs. Whereas those other teachers who showed relatively high TSPCK most of
them either held instructive or transitional Beliefs but not every pre-service teacher with these
Beliefs portrayed high TSPCK. All in all, the Beliefs held by majority of these pre-service

teachers were between instructive which is teacher-centered and transitional.

The pre-service teacher profiles for TSPCK were prepared in a similar manner as for Belief
profiles above. The scores for each and every participant are placed in numerical order in relation
to the components on the TSPCK rubric. Only those that have completed both tools have been
highlighted in the table below. The generated pre-service teacher TSPCK patterns are shown in

Figure 5.4 below.

Table 5.4: TSPCK pre-service teacher’s profile

persons Limited Basic Developing Exemplary
Takl %k kkkk
XOIO %k kkk
Kane 3%k k %k %k

Able % sk k sk *

VUIe % skk sk *

Funi sk k sk *
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Gale * * %k * %k

Zaza * %k * %k *

At the end of the intervention pre-service teachers predominately displayed a developing and
exemplary level of quality of Topic Specific PCK. In examining Table 5.4 above, it can be seen
that most of the pre-service teachers have developing or has gained TSPCK as highlighted in
yellow. Only three pre-service teachers out of twelve who took part experience no gained in
TSPCK as they portray basic level and are highlighted in red. These are pre-service teacher
Newi, Ori and Kate.

In comparing the pre-service teacher Beliefs profile and their TSPCK profile it can be seen that
some of the pre-service teachers like Gift have displayed more reformed-based Beliefs as well as
the developing/ exemplary quality of Topic Specific PCK. However, the relationship between the
pre-service teacher’s Beliefs and their knowledge of teaching a specific topic is not so smooth
the reason being that there’s pre-service teachers like Vule, Abbie and Mpho who is still holding
the traditional Beliefs but their quality of TSPCK is either developing or Exemplary. Similar to
Xolo and kane they show developing/exemplary TSPCK but have one category that is still
registering instructive Beliefs. Furthermore, there’s pre-service teacher Newi who displayed both
poor TSPCK and Beliefs, this simply means that she retained her teacher-centered method of

teaching and no transformation in content knowledge of stoichiometry.

5.4 summary
The discussion in this chapter about the science teacher’s Beliefs revels that some of the teachers

had challenges in answering some of the questions. Some teachers were found to be holding
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teacher centered Beliefs whereas others are holding students-centered Beliefs. When it comes to
the relationship between the constructs under investigation it was found that Beliefs found in the

presence of PCK are likely to be student-centered vice versa.
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Chapter Six - Discussion of findings, implications of results and

conclusion

The following chapter aim to discuss the overview of how the study was conducted and to discuss
the findings in relation to the questions that guide the study. The implication of the study are
discussed, of which is followed by the recommendation of the future research, reflection of the

study and a final conclusion.

Stoichiometry is regarded as a difficult subject to teach and understand due to its complexity
(Mitchell & Gunstone, 1984).For this reason learners tend to perform poorly in this section and
various literature shows that learners in different countries including South Africa hold quite
number of conceptions and misconceptions about stoichiometry and majority of the learners
struggle to solve stoichiometric problems (DBE,2011;2013;2014).It has been suggested that
teachers are the main source of this misconceptions that learners bring into the classroom of
which add into the misconceptions that learners get from the textbook and their everyday
knowledge. According to (Calik and Ayas, 2005) pre-service teachers do not fully hold good
quality of subject matter knowledge and believe that their existing conceptions are correct,
therefore they may spread those misconceptions to their learners. This suggests the need to
examine the relationship between the quality of PCK in stoichiometry and the science teacher

beliefs of pre-service teachers in their final year of study.

In order to answer the research questions that the study sought to answer a mixed method
approach (MM) was used, and the approach is situated in pragmatism. The data collected was
analyzed and interpreted using both qualitative and quantitative approach. MM was used because
it helped me in understanding better the topic specific nature of PCK. In addition to that, the
designed tool required that both narrative and numeric approaches to be used. The use of mixed
method has helped me to understanding better the relationship between TSPCK and science

teacher’s Beliefs.
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Two instruments were used to collect data in this study. The first instrument was TSPCK
instrument in stoichiometry and was used to determine the quality of TSPCK in pre-service
teachers in their final year of study. The participant’s responses were assessed using a rubric in
order to give scores for each of the five components of TSPCK. The second instrument was the
science teachers’ Beliefs and it was used to measure the kind of Beliefs pre-service teachers hold
in stoichiometry. The responses to science teacher’s Beliefs were scored using Beliefs map. Both
instruments were used to measure the quality pre-service teachers TSPCK and science teacher’s
Beliefs responses and to investigate the relationship that exist between the teacher’s knowledge
and their Beliefs. The Rasch statistic model was used in order to identify the validity and
reliability of the tool used. The following discussing shows the manner in which each question

was answered.

Research question 1

What is the quality of PCK in Stoichiometry of chemistry pre-service teachers at the end of an
intervention in the chemistry methodology course?

The answer to this research question is that there is a significant improvement in the quality of
Topic Specific PCK in pre-service teachers at the end of intervention when they are exposed to
discussions about transformation of Stoichiometry. The pre-service teachers TSPCK was located
in the ‘Developing’ category of the TSPCK rubric (level 3). A ‘Developing’ quality category of
TSPCK found means that pre-service teachers have improved their understanding of knowledge
in TSPCK components that enable them to transform the subject matter knowledge of
stoichiometry. The pre-service teachers are at the level of reasoning about the teaching of the
topic. It therefore reflects improved thoughts on a sequence of aspects related to stoichiometry
concepts, specifically the structuring the topic into its big ideas and provide logical sequence and
how the subordinate’s ideas link to one another, learners’ common misconceptions or learner’s
prior knowledge and expand their explanations using some of the TSPCK components
interactively, identifying areas of difficulty in understanding, representations and analogies, and
conceptual strategies to teaching the topic.
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Research question 2

What kinds of science teacher Beliefs are held by the pre-service teachers at the end of the
intervention?

The answer to this question is that from the data collected the emergent category of Beliefs is
that majority of the pre-service teachers were found to hold ‘Transitional’ Beliefs which is level
3 (see Table 5.1). With this kind of Beliefs according to the science teachers Beliefs maps (Luft
& Roehrig, 2007) since majority of the teachers hold ‘Transitional’ Beliefs they are likely to
have instructive (teacher-centered) or responsive (students-centered) Beliefs. Therefore, it can be
said that pre-service teachers at the end of intervention were found to have mix Beliefs.

Research question 3

What is the nature of the relationship between their quality of PCK in Stoichiometry and the
science teacher Beliefs?

In exploring the third question about the comparison between the science teacher’s knowledge
and their Beliefs has revealed an independent nature of the relationship between the two
constructs. (by independent nature, meant that the two construct do not sorely dependent on one
another). The findings revealed that the relationship between the quality of TSPCK and science
teacher’s Beliefs was independent. Pre-service teachers with a functional “Developing’ quality of
Topic Specific PCK was found to hold both students-centered and teacher-centered science

teacher Beliefs.

e For the pre-service teachers to have a ‘Developing’ TSPCK in their final year of study
implies that at the end of intervention they were able to give effective quality response to
the tool drawing on more than three components of TSPCK interactely rather than
focusing on an individual component.According to Mavhunga (2014) argued that when
the TSPCK component interaction it is a good indicator of the quality of TSPCK in a
topic. This kind of quality of TSPCK I consider functional, as it will enable the pre-
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service teacher to achieve with reasonable probability effective teaching although not yet

exemplary.

The implication of this finding to the pre-service teachers is that PCK can be transferrable
to other topics in science and it will enable them to be able to transform learner’s
conceptual understanding of the concepts. In addition to that, it means that the idea of

influencing the grounds or reasons for a teacher’s decisions is desirable when they have

quality of PCK (Shulman, 1987, p 17).

Pre-service teachers have mix of science teachers Beliefs proves the finding of Luft and
Roerigh (2007) that science teacher’s Beliefs are more likely to change their Beliefs than
those of the in-service teachers. The reason being that most of the pre-service teachers
they have not had many years of teaching experience with individual learners with
different learning abilities and the construction of stoichiometry understanding with
learner. In addition to that Pajares (1992) argue that teachers enter the teaching profession
with their own understanding of how to teach and how students learn and these
experience beliefs play a role on how they teach.

Feiman and Nemser (2001) The implication for school teaching and pre-service teachers
programmes is that they should include rich content in their teaching that nurture students
centered Beliefs, in order for pre-service teachers to have an experience of that as a

learner themselves.

Again, this is not surprising as pre-service science teachers have to deal with the conflict
between their deeply embedded traditional Beliefs and the ideas that advocate reform-
based practices presented in the programme (Karaman & Karaman, 2013). This
notwithstanding, the findings of this study have serious and far-reaching implications for
the B.Ed science programme. One of these is that the B.Ed science programme should
focus on explicitly developing pre-service science teachers’ students-centered Beliefs by
presenting students with opportunities to identify and evaluate their students-centered
bBeliefs about science (Jackson, 2010). Jackson argues that because students are not
afforded these opportunities, they are not aware of the tremendous impact these Beliefs
have on the instructional techniques they use, and they also have difficulty developing
positive Beliefs in implementing student-centered teaching methods (Yilmaz, Tuzun &
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Topcu, 2013). The development of the pre-service teachers’ epistemological Beliefs
during the course of study as being critical for them to be able to apply appropriate
teaching strategies for their learners. The programme should also model a teaching and
learning environment that is consistent with the constructivist approach (Cheng, et al.,
2009). The programme should model reflective thinking and judgment instead of
encouraging passive reception of knowledge from authority figures (Cheng, et al., 2009).
Cheng, et al, caution that the success of the programme in implementing a constructivist
approach in teaching practice depends a great deal on conditions at the placement
schools. They argue that schools which have not bought into this constructivist
philosophy of teaching and learning are not likely to provide the necessary support to the
student teachers placed in their schools, as mentors in schools would be lacking the
necessary skills to support the students.

For the pre-service science teachers to have an independent relationship between quality
of TSPCK and science teachers Beliefs it implies that present of quality of TSPCK does
not necessarily means that a teacher will lean on responsive and reform based kinds of
Beliefs as preferred or holding students centered Beliefs will guarantee one to have
quality of TSPCK. The pre-service teachers that hold students centered Beliefs
(responsive and reformed based) when comparing the teacher’s profiles, they didn’t
really correspond with level 3 (developing) and level 4 (Exemplary) TSPCK. This simply
means that it is possible for pre-service teachers to have good quality of PCK and hold

either students-centered or teacher-centered Beliefs about teaching stoichiometry.

The implications with this findings according to Mavhunga (2012) is that the pre-service
teachers during the lesson they will be able to acknowledge learner’s prior knowledge or
misconceptions about the topic, be organized it terms of the big ideas of that topic and be
able to differentiate what important for the learners to know and what’s not with the use
of representations and conceptual teaching strategies. However, all this will be in the
head of the teacher instead of the learners to acquire their own knowledge. With regards
to the pre-service science teachers is that they can have quality of TSPCK and hold
students centered Beliefs. The implication is that the student centered beliefs are likely to

promote reformed based Belief of which is what is required from the teachers.
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For qualitative trustworthiness and validity | first marked the pre-service teachers’ responses
using an approved TSPCK rubric and Beliefs map. | analyzed the responses in light of their
engagement with the question, then graded each pre-service teachers’ response that matched a
certain criterion according to the TSPCK level they displayed; and the beliefs category the in the
Beliefs maps. Before scoring, two peers to from the same PCK team were asked to rate the pre-
service teachers’ responses from both instruments and they agreed.The peers were given the
TSPCK instrument, with the rubric criteria as well as the rating criteria and Beliefs instrument
with Beliefs maps that show rating of each category. After they had familiarized themselves with
the rubric and Beliefs maps, the criteria for scoring and their expectations were explained., This
was done to check if the rating was consistent with mine, with regard to the similar scores for the
same response or not. The peers consisted of one doctoral student and one physical science
teacher who has experience in teaching stoichiometry in grade 12 and was also doing a Master’s

degree. Both were registered at the University of the Witwatersrand.

Validity and trustworthiness are important issues in the analysis of quantitative data. Validity has
been described in different ways by many researchers. According to Kane (2006), he describes
validity to be a property of proposed interpretations and uses of test scores. Literature indicates
that the process of validating an instrument differs in respect of what aspect of validity is being
assessed. Since there are many ways of validating instruments, for this study; the validity of the
tool is argued based on the principle which requires both interpretive and statistical validity
analysis as arguments. In validation of the TSPCK and Science Teachers’ Beliefs instrument, |
checked if the empirical evidence agrees with theoretical predictions which are outlined in
chapter 2. For the validity argument for TSPCK as a construct, a Rasch statistical model was
used in this study to validate the instrument used and also to obtain estimates of reliability. In
addition, the Rasch model was used to convert raw scores from the TSPCK instrument only into

interval measures of teacher competence. | looked for evidence from the pre-service teachers
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Beliefs profile analysis, placing all similar numerical score values in the corresponding category

on the Belief map that supports only the theoretical implications.

While conducting the research | encounter some challenges. | acknowledge the limitation of my
sample for the study; only few students voluntarily participate. The sample size of 24 on TSPCK
tool and 12 for science teacher’s Beliefs is not enough to gather statistical data on reliability. In
addition to that, this study was limited to testing pre-service teachers reasoning about
transforming learner’s content knowledge in stoichiometry at the end of intervention which
means that they were not actually observed in the classroom teaching. According to Park and
Oliver (2008) argued that teachers PCK can be shown only during the transformation of content
knowledge, in the classroom where the teacher is teaching, reflecting on what is difficult or easy

to learn with that specific group of learners.

Some of the pre-service teachers did not answer all the questions asked, so it was difficult for me
to draw conclusion because | did not know if the students lack knowledge, whether the question
was too difficult or it was because of time management to complete the task. Thus, from this
result it follows that I cannot make a general claim about all pre-service teachers. However, my

study confirms several points made in the literature.

Literature has retrieved that stoichiometry is regarded as one of the challenging topics to teach
(Fach et al., 2007). Furthermore, it was also indicated that, there is poor performance amongst
grade 12 students with regards to the topic (DBE, 2011). Thus, I then suggest that the topic
should be introduced in lower grade in South African high school curriculum, so that the science
students could develop the necessarily understanding of the concept that is crucial in
understanding stoichiometry topic, so that by the time they get to matric level their

understanding of the topic is more comprehensive.

In addition to that teachers are said to hold misconceptions in this topic and they pass that to their
learners, due to poor content knowledge or lack of pedagogy, and there’s lack of qualified

physical science teachers (DBE, 2011). With that said it is recommended that stoichiometry
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should be taught more carefully in order to transform learner’s conceptual understanding and

perhaps introduce more programs to develop teachers understanding in this topic.

The TSPCK tool that was administered to the pre-service teachers has five knowledge
components for transforming learners conceptual understanding in this topic, of which add in the
expansion of PCK of the pre-service teachers. So, | suggest that the tool to be used in the
development programs for teachers cognitive through the different component.

In this study it was found that component majority of the teacher’s difficulties with component
‘representation’ of TSPCK, unlike conceptual teaching strategy which is theoretical the most
difficult component as can have been seen in study by (Mavhunga &
Rollnick,2013);(Ndlovu,2014). It need to be made explicit to the pre-service teachers what
constitute each components in order to improve their competence in the above mentioned
component because by improving the most difficult components it have a positive impact on
their TSPCK. And, it would be fascinating know if my findings in this study is isolated with this
group or it is general finding within this topic and investigate why teachers have found this

component to be the most difficult.

When | look back to the whole study I struggled with the concept of science teacher’s Beliefs. |

did not understand what it is and its importance in teaching.

Beginning of the study, | had no idea of the amount of knowledge I would gain from this
research study. The insight I got from this study is that content is not everything that matters but
the correct conceptual framework that the teacher is working with, guided by appropriate
learning theory, could help him/her to address learner’s misconceptions such that he/she helps

learners reconstruct their knowledge base.

The aim of this study was to examine the relationship between the quality of PCK in
stoichiometry and the Beliefs that science pre-service teachers held at the end of an intervention
in their final year of study. Two instruments were used to collect data. The validity of the
instruments has been confirmed qualitatively and quantitatively. The purpose of the TSPCK tool
was to examine the quality of TSPCK. This was achieved. Different components of TSPCK did
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show varying depth of responses and the TSPCK rubric was used and it was effective in different
components. The second tool was the science teacher’s beliefs, and was designed to detect the

kinds of Beliefs held by the pre-service science teachers in stoichiometry, using Beliefs map.

Overall, however, the researcher is satisfied that the purposes of this research have been

achieved, and that a lot of valuable information and insights have emerged.
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Appendices

Appendix 1: Ethics: Information Letter

university of the Witwatersrand Private Bag 3 Wits 2050 Johannesburg sa t+27 11 7173414 f+27 11 7173259

Masters Student: Ezra Mashamba
Student No.: 482847
482847 @students.wits.ac.za

My name is Ezra Mashamba and | am a fulltime Masters student in the Science Education Division in the School of Education at the
University of the Witwatersrand.

| am doing research on Examining the relationship between teacher science beliefs and the PCK in stoichiometry in final
year pre-service teachers.

My research involves collecting data on the quality of TSPCK in Stoichiometry and teacher science beliefs, then comparing the two
for the emerging patterns. This means that | will be looking at your 2015 completed tools in TSPCK in Stoichiometry and science
teacher beliefs, when you were in your final year and analyze them. In addition there will be completion of the same tools again to
determine the effect of your current activity, either teaching or studying on the pattern emerging from your 2015 data

The reason why | have chosen you is because you participated in the intervention targeting the development of TSPCK in
Stoichiometry. Would you mind if | invite you to participate in my study as describe above. The main objective on this study is to
determine the patterns between the two constructs and ascertain the degree at which learnt TSPCK and science teacher beliefs are
retained after the intervention.

Your name and identity will be kept confidential at all times and in all academic writing about the study. Your individual privacy will
be maintained in all published and written data resulting from the study.

All research data will be destroyed between 3-5 years after completion of the project.

You will not be advantaged or disadvantaged in any way. Your participation is voluntary, so you can withdraw your permission at
any time during this project without any penalty. There are no foreseeable risks in participating and you will not be paid for this
study.

Please let me know if you require any further information.

Thank you very much for your help.

Yours sincerely,

NAME: Ezra Mashamba

ADDRESS: 16 Broadland; Corner Tyrwhitt & Sturdee Avenue; Rosebank

2196
EMAIL: 482847 @students.wits.ac.za
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Appendix 2: Ethics: Informed Consent form

Pre-service Teacher’s Consent Form

Please fill in and return the reply slip below indicating your willingness to be a participant in my
voluntary research project called: Examining the relationship between teacher science beliefs
and the PCK in stoichiometry in final year pre-service teachers at Wits University in the
Science Division (physical science)

I, give my consent for the following:

Permission to review/collect documents/artifacts Circle one
| agree that my completed TSPCK tools in Stoichiometry from 2015 can be
used for this study only. YES/NO

Permission for questionnaire/test
| agree to complete the TSPCK and science teacher beliefs tools for this study. YES/NO

Permission for interview
| agree to be interviewed without audio recording but writing notes during the
interview.

YES/NO

Informed Consent
| understand that:
e My name and information will be kept confidential and safe and that my name and the
name of my school will not be revealed.
¢ | do not have to answer every question and can withdraw from the study at any time.
e | can ask not to be audio taped, photographed and/or videotape
¢ All the data collected during this study will be destroyed within 3 years after completion
of my project.
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Appendix 3: Ethics: Clearance Certificate

Wits School of Education W [ T S

UNIVERSITY

27 5t Andrews Road, Parktown, Johannesburg, 2153 Private Bag 3, Wits 2050, South Africa. Tel: +27 11
T17-3064 Fac +27 11 717-3100 E-mail: enquiriesi@Peduc wits. ac.za Wehsite: www.wits.acza

Date: 17 May 2016

Student Number: 482247
Protocol Number: 2016ECED23M
Dear Ezra Mashamba
Application for Ethics Clearance:

Thank you wery much for your ethics application. The Ethics Committee in Education of the
Faculty of Humanities, acting on behalf of the 5enate, has considered your application for ethics
clearance for your proposal entitled:

Examining the relationship between teacher science beliefs and the PCK in stoichiometry in
final year pre-service teachers

The committee recenthy met and | am pleased to inform you that clearance was granted.

Please use the above protocol number in all correspondence to the relevant research parties
{scheools, parents, leamers etc.) and include it in your research report or project on the title
page.

The Protocol Number above should be submitted to the Graduate Studies in Education
Committee upon submission of your final research report.

All the best with your research project.

Yours sincerely,

MMatel,
Wits School of Education

011717-3416

cc Supervisor - Dr Elizabeth Mavhunga
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Appendix 4: Permission Letter to Head of Science Division

university of the Witwatersrand Private Bag 3 Wits 2050 Johannesburg sa t+27 11 7173414 f+27 11 7173259

Masters Student: Ezra Mashamba
Student No.: 482847
482847 @students.wits.ac.za

11 April 2016
16 Broadland
Corner Tyrwhitt & Sturdee Avenue
Rosebank
2196

A REQUEST FOR PERMISSION TO HEAD OF SCIENCE DIVISION TO CONDUCT RESEARCH
STUDY IN THE SCIENCE EDUCATION DIVISION

Dear Professor Oyoo,

My name is Ezra Ndifhedzo Mashamba, and | am MSc (Science Education) student here at Witwatersrand
University. | am conducting a study that involves examining the relationship between teacher science beliefs and the
Pedagogical Content Knowledge (PCK) in Stoichiometry in final year pre-service teachers. | kindly request your
permission to access the archives of tests from the 2015 final chemistry VI methodology class in your Science
Education division. This particular class has been chosen because of the nature of its content aiming at developing
special teacher knowledge for teaching science called Topic Specific PCK. This project will be conducted under the
supervision of Dr. Elizabeth Mavhunga.

The participants will not be advantaged or disadvantaged in any way. Participation of all students is voluntary as
well as their granting me permission to look into their 2015 completed tests is voluntary. They can withdraw at any
time during this project without any penalty. There are no foreseeable risks in participating and interviewees will not
be paid for this study. However, they may benefit from the reflections they might have on the topic.

I hope this request will be considered favourably.

Yours sincerely
Ezra Ndifthedzo Mashamba

Please provide consent, should | meet the required criteria for research:

Sign Date
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Appendix 5: Permission Letter to course coordinator
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University of the Witwatersrand Private Bag 3 Wits 2050 Johannesburg sa t+27 11 7173414 f+27 11 7173259

Masters Student: Ezra Mashamba
Student No.: 482847

482847 @students.wits.ac.za

11 April 2016
16 Broadland
Corner Tyrwhitt & Sturdee Avenue
Rosebank
2196

A REQUEST FOR PERMISSION TO COURSE COORDINATOR TO CONDUCT RESEARCH
STUDY IN THE PHYSICAL SCIENCE IV METHODOLOGY CLASS

Dear Dr. Mavhunga,

My name is Ezra Ndifhedzo Mashamba, and | am MSc (Science Education) student here at
Witwatersrand University. | am conducting a study that involves examining the relationship between
teacher science beliefs and the Pedagogical Content Knowledge (PCK) in stoichiometry in final year pre-
service teachers. | kindly request your permission to access the archives of tests from the 2015 final
chemistry VI methodology class in your Science Education division. This particular class has been
chosen because of the nature of its content aiming at developing special teacher knowledge for teaching
science called Topic Specific PCK.

The participants will not be advantaged or disadvantaged in any way. Participation of all students is
voluntary as well as their granting me permission to look into their 2015 completed tests is voluntary.
They can withdraw at any time during this project without any penalty. There are no foreseeable risks in
participating and interviewees will not be paid for this study. However, they may benefit from the
reflections they might have on the topic.

I hope this request will be considered favourably.

Yours sincerely
Ezra Ndifhedzo Mashamba

Please provide consent, should I meet the required criteria for research:

Sign Date
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Appendix 6: Permission Letter to Head of school
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University of the Witwatersrand Private Bag 3 Wits 2050 Johannesburg sa t+27 11 7173414 f+27 11 7173259

Masters Student: Ezra Mashamba
Student No.: 482847
482847 @students.wits.ac.za

11 April 2016
16 Broadland
Corner Tyrwhitt & Sturdee Avenue
Rosebank
2196

A REQUEST TO HEAD OF SCHOOL FOR PERMISSION TO CONDUCT RESEARCH
IN SCIENCE DIVISION EDUCATION CAMPUS

Dear Professor Brodie,

My name is Ezra Ndifhedzo Mashamba, and | am MSc (Science Education) student here at
Witwatersrand University. | am conducting a study that involves examining the relationship
between teacher science beliefs and the Pedagogical Content Knowledge (PCK) in stoichiometry
in final year pre-service teachers. I kindly request your permission to access the archives of tests
from the 2015 final chemistry VI methodology class, a course located in your School of
Education. This particular class has been chosen because of the nature of its content aiming at
developing special teacher knowledge for teaching science called Topic Specific PCK. This
project will be conducted under the supervision of Dr. Elizabeth Mavhunga.

The participants will not be advantaged or disadvantaged in any way. Participation of all students
is voluntary as well as their granting me permission to look into their 2015 completed tests is
voluntary. They can withdraw at any time during this project without any penalty. There are no
foreseeable risks in participating and interviewees will not be paid for this study. However, they
may benefit from the reflections they might have on the topic.

I hope this request will be considered favourably.

Yours sincerely
Ezra Ndifhedzo Mashamba

Please provide consent, should | meet the required criteria for research:

Sign Date
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Appendix 7: TSPCK tool in Stoichiometry

DEMOGRAPHIC INFORMATION

CODE:
NAME:
GENDER Male Female
CURRENT SUBJECTS TAUGHT
NUMBER OF YEARS TEACHING SCIENCE
QUALIFICATIONS
Degree / Diploma Where Obtained Main Subjects Year
Have you taught stoichiometry? YES NO
If yes, please indicate the grade and the number of years for each Grade.
Grade Number of years Years (e.g. 2008, 2009)

University of the Witwatersrand | Stoichiometry TSPCK Tool
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| CODE: I

CATEGORY A: LEARNER’S PRIOR KNOWLEDGE

Before starting the section on reaction stoichiometry you give the learners a diagnostic test.
One of the questions in the diagnostic test is reproduced below.

Each cube represents a volume of 22,4 dm?® at STP. In which of the three pairs of cubes, Set A, Set B
orSet C, isthere 1 mole in each cube and in which of the three pairs cannot contain 1 mole in each
cube?

N2 (g) Ha(g) O:(g) Hg (£) SO (g) S (s)

Set A Cubes Set B Cubes Set C cubes

How would you respond verbally to learners who state that all the cubes contain one mole?

Response A | At standard temperature, or 0°C and standard pressure, or 101,3 kPa one mole of any
gas at STP occupies a volume of 22.4dm”. This is called the molar volume but it only
applies to gases at STP. Hence cubes containing nitrogen gas, hydrogen gas, oxygen
gas and sulphur dioxide gas will contain 1 mole. The pair of cubes in Set B contains a
liquid in one cube and the pair of cubes in Set C contains a solid in one cube. So, one
of the Set C pair of cubes and theSet B pair of cubes contain other substances
that are not gases. SoSet B andSet C pairs do not contain one mole in each cube.

Response B | That isincorrect. All three pairs of cubes cannot contain one mole of substance.
One mole of a gaseous substance occupies a volume of 22.4dm> at STP.So only
the cubes of Set A contain one mole. The pairs of cubes in Set B andSet C do not have
cubes that all contain one mole of substance since only one of the substances in the
cubes of Set B and Set C are gaseous substances at STP.

Response C | It isimportant to check the phases of the substance. Molar gas volume only applies to
substances in the gaseous phase. One mole of any gas at STP occupies 22.4dm’. So
the cubes containing nitrogen gas, hydrogen gas, oxygen gas and sulphur dioxide gas
will contain one mole. There are exactly the same number of gas molecules,
approximately 6,02 x 10% particles in these cubes. The other substances in the pairs
of cubes, Hg and S, are not in the gaseous phase. You would need to know the masses
of mercury and sulphur in order to calculate if the cubes with these substances in Set
B and Set C contain one mole of these substances. So, only in Set A is there one mole
of substance in each cube in the set.

Response D | None of the above. | have another response which is

University of the Witwatersrand | Stoichiometry TSPCK Tool
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Choose your response and indicate the reason(s) for your choice in the space below.

My choice is Response

2. After teaching the learners about concentration you give them an exercise to do for
homework. In one question you ask learners the following question.

During a practical lesson you have to make up molar solutions. You are provided with 10 g of
sodium chloride, sodium bromide and sodium iodide. You dissolve each of these saltsin a 100 ml
volumetric flask.

Do these solutions have the same or different molar concentrations? Explain your answer.

How would you respond in writing when giving feedback to the homework exercise to learners who
provide the following answers?
_TL'Q camcartrakien 0 e P Solubleag
Wil ke yve S becayse oy
Aksolve Mhe Sound omcunt ot  sewte
In bwe weler,

TTHE (o~ CENTRATIONS BET B
VOECAUSE Yo  ARE  Drsson tn &
e SHME MAES o THE SACTS
= OO ML oF WLTER
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Response A

The mass of the salts does not mean that the number of particles is the same. The ions
of the different salts have different relative atomic masses and therefore the molar
mass of each salt is different and so the concentration of solutions will be different.
Referring to the periodic table you can, by inspection, see that sodium chloride has a
smaller molar mass than sodium iodide, and would therefore have a greater number of
ions. Therefore the amount of salt, measured in moles, will also be different.
Remember that just because the mass of each salt is the same the amount of salt,
measured in moles will be different. Since concentration is the amount of substance
per unit volume, the concentration of the sodium chloride solution will be greater than
that of the sodium bromide, which would be greater than that of the sodium iodide. If
you add ten grams of the salt to the same volume of solvent you are not adding the
same number of ions for the different salts.

Response B

Concentration mathematically is the number of moles per unit volume. You need to
calculate the number of moles for each of the three salts. This is done by dividing the
mass of the sample by the molar mass of each salt or using the formulan =m /M. You
need to refer to the periodic table to calculate the molar mass of each salt by adding
the atomic mass of each element in the salt. So, firstly calculate the number of moles
of each salt in 10 grams of the salt. Once you have calculated the number of moles of
each substance then use the formula ¢ = n /V to find the concentration of each
solution. The concentration of the solutions will be different.

Response C

You need to understand what concentration is before you answer a question like this.
So you were asked to dissolve three different salts in a given volume of water. Then
you were asked if the concentration of these three solutions was the same or different.
You must remember that concentration mathematically is the number of moles
divided by the volume. So you need to workout how many moles of each salt and
divide this by the volume of water you dissolved the salts in. The concentration of the
three solutions cannot be same even if the mass of these saltsis the same and the salts
are dissolved in the same volume of water.

Response D

None of the above. | have another response which is

Choose your response and indicate the reason(s) for your choice in the space below.

My choice is Response

University of the Witwatersrand | Stoichiometry TSPCK Tool
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CATEGORY B: CURRICULAR SALIENCY

The following questions relate to planning and sequencing of concepts.

What concepts in stoichiometry at Grade 11 do you believe are the main ideas* for
understanding by students at the end of the instruction of this topic?

Choose at least three concepts from the provided list and place them in a sequence that
depicts the best order of teaching. Provide reasons for both your choice and suggested

sequence.

Theoretical yield is the amount of product that
is formed when a reaction goes to completion
based on the stoichiometry of the reaction.

Molar ratios can be used to determine the
amount of reactants used or the yield of
product formed.

Molar Mass of an element or compound
expresses the equivalent relationship between
one mole of a substance and its mass in grams.

Balanced chemical equations provide the
combining ratios of reacting substances and
their products in a chemical reaction.

Stoichiometric calculations combine balanced
chemical equations and the concept of the mole
to calculate the masses of all reactants required
and products formed in a chemical reaction.

Molar Volume of a gaseous substance
expresses the equivalent relationship between
one mole of a gas and its volume of 22,4dm?
and standard temperature and pressure.

Conservation of mass is a chemical law that
allows quantitative relationships to be
established in chemical reactions.

Dilution is the process of decreasing the
concentration of a solution by addition of
solvent to a solution.

Concentration is a property of a solution and
relates to the number of solute particles per
unit volume.

The amount of substance in a given mass or
volume can be expressed as a constant amount
of elementary particles.

Limiting reagent is the reactant that used up in
a chemical reaction and determines the amount
of product formed.

Concentrated solutions have more particles per
unit volume than dilute solutions.

The mole is the SI unit for amount of substance
and allows us to connect the macroscopic scale
of matter with the microscopic scale of matter
and can used to help count elementary particles
that make up substances.

The actual yield of product formed depends on
the reagent that limits the amount of the other
reactant that reacts.

Gravimetric and volumetric analysis are
quantitative analysis methods to determine
the amount of substance.

Reaction stoichiometry involves the
determination of molar ratios of the amount of
reactants and products in a chemical reaction
through balanced chemical equations.

Avogadro’s number expresses the equivalent
relationship between one mole of a substance
and the number of entities it contains.
Avogadro’s number has been experimentally
determined to be 6,02 x10% particles

Volume is the amount of space occupied by a
sample and from the volume of a gaseous
substance the amount of substance can be
determined.

Mass is the amount of matter contained in a
sample and from the mass of a chemical
substance the amount of substance can be
determined.

*Main ideas are statements describing key understanding that must be learnt in a topic.

University of the Witwatersrand | Stoichiometry TSPCK Tool _

96




Suggested concepts and sequence Reasons
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| CODE: |

3.2. Make a map or a diagram showing how these three ideas link to subordinate concepts.
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CODE:

3.3. What topics/concepts must have been covered in chemistry before you can teach
stoichiometry?

List of Topics/Concepts to be taught before Stoichiometry

3.4. Why is it important for learners to learn about stoichiometry? Identify reasons.
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CATEGORY C: UNDERSTANDING OF WHAT MAKES TOPIC EASY OR DIFFICULT TO UNDERSTAND

4. What concepts do you find difficult to teach in stoichiometry? Select your choice and
provide reason(s) in the table below.

Concept v" | Why is it difficult for learners to understand?

Amount of
substance/mole

Molar mass

Molar volume

Avogadro’s number

Concentration

Dilution of solutions

Molar ratios

Stoichiometric
calculations

Limiting reagent

Theoretical yield and
actual yield
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|CODE: | I
CATEGORY D: REPRESENTATIONS/ANALOGIES/MODELS

Below are possible representations for teaching the relationship between mass, mole and

number of elementary particles.

Representation
Kind of Set Number in Set

Items
Socks, dice Pair 2
Eggs, oranges Dozen 12
Bottles, cans Case 24

Brushes, pencils Gross 144
Sheets of paper Ream 500
6,02x10%

Atoms, molecules Mole

Representation 2|

2 mol HF

h
1 mol H, 1 mol F,
20169 38.00g 40.02 g

Divide by
Avogadro's
number

Divide by Divide by
Avogadro's Avogadro's
‘ number

"‘ number .
2 molecules HF

1 molecule H, 1 molecule F,
2.016 amu 38.00 amu 40.02 amu
2HF(g)

H,(g) Fa(9)
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5.1. Complete the table below by providing as many details as possible about each
representation.

Representation | What | like What | do not like
No.
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| CODE: I

5.2. Which representation do you like most?

5.3. How would you use the representation that you like most in a lesson?

University of the Witwatersrand | Stoichiometry TSPCK Tool

103



| CODE: I

CATEGORY E: CONCEPTUAL TEACHING STRATEGIES

Learners are given the following question in the mid year examination.

About 15% of the world's titanium reserves are found in South Africa. The titanium is a
strong, kghtweight comrosion resistant metal. It is used in the construction of rockets,
aircrafts and jet engines. The fitanium is prepared by the reaction of molten
magnesium with titanium(1V)chloride at temperatures of approximately 1 000 °C. The

reaction is represented by the equation below

TiCls(g) + 2Ma(t) — Ti(s) + 2MaCy(t)

In a certain industnal plant 3 540 kg of titanium chloride was reacted with 1 130 kg of
magnesium to produce 894,24 kg of titanium

Source: Department of Education (2007). Grade 11 Chemistry Paper, November Examination

The learners are asked to determine the limiting reagent of the reaction, giving reasons for their
answers. The learners provide the following answers.

Extract 1: Extract 2:

Ticanium (W) chloctele it

Lim b1y receent s b Thin <o the reackant
reackaplc with the (neaon( on. Ao
leasc aumber of moles Baist el

in +he ecfuak lor) W¢,7 5 e

L

Explain how you would assist these learners to move towards the correct answer, explaining what
their errors are and highlighting the strategy you will use.

In your response:

(1) Explain why you think your strategy will work.

(2) Indicate what you consider as important in your strategy.
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THANK YOU. Your assistance is really appreciated in the development of this Instrument.
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Appendix 8: TSPCK rubric
TSPCK RUBRIC — SHOWING COMPONENT INTERACTIONS

Limited(1) (2) Basic [3]) Developing Exemplary (4]
Leamer » Mo identification™o » Ideatifies misconception or prior » Identifies mizconception or prior kmowledge | »  Identifies mizconception or prior knowledge
Prior acimowledgement Mo Imowledge » Provides standardized knowledza as * Provides standardized knowledzs as definition
Enowladze consideration of student prior + Provides standardized definition as a definition »  Expands and re-phrases explanation comractly
Imowledge or misconceptions mean: to counteract the misconception # Expands and re-phrase explanation using one | »  Confronts misconceptions/confirms accurate
* Mo attampt to address tha * Mo evidence of drawing on othar oter component of TSPCE interactively. understanding drawing on two or mors other
misconception. TSPCE components. component of TSPCE interactively.
» Identified concepts are a mix of Biz | # Identifies at least 3 Big [deas # [damtifies at least 3 Big Ideas # [dentifies at least 3 Big Ideas
Ideas and subordinate ideas » Mot all 3 Big ideas subordinate concepts | # Subordinate concaprs correctly idantified for | # Subordinate concepts correctly idantified for all
# Identified pre-concepts are far from identifiad all Big Ideas Big Ideas with explanatory notes
topic # Suggestad zequancing has one or two » Provides logical sequence # Provides logical zequence of all threa Big Idaaz
Curriculum | e Seqoencing no value due to mized illegical placing of Big Ideas. » [dentifies pre-concepts relevant to the topic and with logical reasons
Saliency Concepts # Idemtified pre-concepts are far from the + Feasons given for importance of topic inchede | * [dentifies pre-concepts relevant to the current
# Faeazons given are generic - benafit current tapic rafaranca to concapmal scaffolding sequentizl topic and explanatory notes givea
of education. » Feasoms given for importance of topic development draw on one other TSPCE » Bezzons given for impartance of topic include
exclude concepiuzl considerations and components e.2. what makes topic difficult. conceptual scaffolding with rafarance to othar
show no evidence of drawing on other TSPCE components e.g. Leamer Prior
TEPCE components, Enowladze and what makes topic difficolt
What # Tdantifies broad topics without # [danrifies specific concepts but provides # Tdentifies specific concepts laading to leamer # Tdentifies specific concepts with reazons linking
malkes reazons and specifiing the actual broad generic reasons such as ‘ghetract’. difficulty to specific gate keeping concepts and to TE3PCE
tagic sub-concepts that are problematic. s Fazzons given relate to one other TSPCE components such as prior knowladge and aspacts
difficalt Components. of corricular EEJ:IF_I:I.C\
» Limited to use of only macroscopic | » s of macroscopic representation » U2 of macroscopic representation and use ® Ulze of macroscopic representstion or symbolic
analogies, demas, etc.) (znalogies, demos, etc.) and uze of of sciantific symbolic representation with Tepresentztion with sub-microscopic
Repressmta representation with no explanation scientific symbolic representation explanztory notes linking the two Tepresentztion to enforce & spacific aspect
X of specific links to the concepts without explanatory notes to make the reprasentation to the aspect(s) of the concept | » Explicit link to other componsnts of TSPCE
tions repragentad links to the zspects of the concept being explainad e.g.‘emphaziz of core aspect of CK demonstrated
being explained. *  Use of ahova representztions combination in the representations and learner pricr
with referenca to one other TSPCE knowladze
components ez, leamer prior kmowledge
Teaching # Mo evidence of acknowledgement of +  Ackmowledzes student mizconception: | + Considers confirmation’confrontation of »  Considers student prior knowledge and
Smategiss student prior knowledge and verbally with no comresponding student prior knowladgze andor evidence of confrontation of misconcaptions.
miscanceptions confrontation strategy misconceptions » (Considers at least two aspects related to

Lacks aspacts of curricuham zalisncy
Uze of represantations limited to
macrascopic or symbaolic scieatific
symbolic reprasentation |

# Lacks azpects of curricalom selisncy

#  Tlz2 of macrozcopic snd symbaolic
representations with no linking
explanatory notes

#»  Considers at lazst one aspect related to
curricuhum zaliency e g. sequencing or what
not to discuss yat or emphasis of important
ConCeEpts

#  TUlzes at least two differant levels of
reprasentations to enforce understanding.

curricnlam saliency: sequancing, what not to
dizcuss yet, emphasiz of important concephoal
aspects, ete.

Uzes gither the macroscopic or symbalic
repressntation with sub-microscopic
represantation to enforce understanding and
may show awaraness of leamer difficulty.
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Appendix 9: Science teacher’s beliefs tool

TEACHER BELIEF TOOL - QUESTIONNAIRE

1. How can you increase chances for student learning in your science classroom?

2. Describe how you perceive your role as a science teacher?
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3. Inaschool class, how do you know when your students understand what you are
teaching?

4. In aschool setting, how do you decide what to teach and what not to teach?
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5. How do you decide when to move on to a new topic in your classroom?
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6. How do your students learn science best?

7. How do you know when learning is occurring in your science classroom?
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Appendix 10: Science teacher’s beliefs map

TEACHER SCIENCE BELIEF CODING

Coding Map, extracted from Luft and Roehrig (2007) used to code Question 2 in the modified
Belief tool used in this study:

e How can you increase chances for student learning in your science classroom?

How do you maximize studant lgaming in your
classmoom?

ra: leaming (7-14-04)

Taaitel Fasiiad Teavher Focused

Student Focused Studant Focusad

Tiadlitianal Teacher
priovides information in
a siniciunad
EnronmeEnt

Instructive: Teachar Transitionak Teacher
monilars sudent creates a chassmonn

actions or behaviors environment that
gunng instruction involvas the student

Responsive: Teather
designs tha classmom
ensironment io enable
sludents 1o intaracl with
each ather and their
Ll

Refonmn-bazed: Teachar
depends upan student
responses to design an
enwimanment that allows
for individualized leaming

“Bry canafully “By loaking at

Cagnitive Aftestive -
planning my the sludents's ] [ Bty using small aroup -
lessons” e - Knawing that nod a1l
MEEpOnSes" " i ) it attties in which
By using By building a shudenls learm the
diffarant posiive, sru'jﬂ?ﬂs :n’;ahe:lzre. Same, | hand b hink
“Byusing typas of suppartive el of different wans 10
FowerPaint actifies” ) emiranrment 3 i organize the lesson”
presantations’ “| watch my |
shudents
. ; closely as "By having 3 "By giving "

By amanging the encouraging miationEh & By allowing
tlassraam 50 that gy tharn to do e Edhale 1ib sludents o choose
the students face e g ] HRpbruntivs iy heir own vedicl

: ? lab* thelr cwn shudenls defand thelr AT W
five" 9 to learm by’
hirking outside of ideas in front af
class" their peers*

“luse & tenthook, 3
sty guide, and
wa have it on the
web*

111



For Question 3 in the modified Belief tool:

e Describe how you perceive your role as a science teacher?

How do you describe your role as teacher?

re: knowledge (7-11.04)

I

|

Teacher Focused Teacher Focused
2 Transitional. Focus on
Traditional: Focus Instructive Focus on teacherfstudent
on information providing experiences relationships or student
and structure understanding
r—g pm——
“All knowing *“To provide SN:OM C":ﬂ
sage” materials and s g
opportunities d' "97“ o
for students to evelop a
. oongrappon | - | "R
Deliverer of
Information developing
conceptual
*I maintain understanding
student focus and critical
“Ineedto 1o minimize “Youhave gotto I | thinking skills®
provide management make the students
consistent Issues’ feel comfortable or § | /
routines and they will have a
classroom difficult ime
rules” leaming"

Student Focused

Responsive Focus

on collaboration
between teacher and
student

“To setup my
classroom $0 that
my students can take
charge of fheir own
leamning®

Student Focused

Reform-based Focus on
mediating student prior
knowiedge and the
knowdedge of the discipling

f_lﬁ

*l am a tour guide
who helps students
make sense of their

surroundings ina

manner that is
consistent with
what is known®

H
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For Question 4 in the modified Belief tool:

¢ During your school teaching experience, how did you know when your students were
understanding?

How do you knaw when your students understand?

16 learning (5-29-04)

Teacher Focused

Traditional When
ey receive the
information

in class®

Teasher Focused

Student Focused

Student Facused

"When they can
cleatly defend their
ideas using

ewdence and
@xamples they
eperienced

Reform-based When they can
apply knowledge in a novel
sefting, of construct something
novel that Is réiated 10 the
nowledge

“They can come up witn
QUeSTONS Of commants that
reprecont an understanding of
the topic. Often these
QUEstons use he knowledge
i a new situaton that we have

not experienced in class *

“One of my students

used Wigonomedy to
$0M physics problems”

“When studends can question
and dialogue in manner that

expands their understanding

For example, they can

successiully understand how
# chemical reaction can be

allorad with the modificalion of

eloment”
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For Question 5 in the modified Belief tool:

e In a school setting. how do you decide what to teach and what not to teach?

Inthe school setting, how do you cecide what to teach

and whai notto leach?

re; knowledge (7-11-04)

Teashe locus=d Teacher Focused
Traditional: Instructive:
Dacision guided Decision based
by adopted on teacher focuss
curriculum or direction
cther echool
facior
VST
"YWhat| enjoy
3 and get
Based on axcitod
time’ | abour
“Stictly by “Whal | feal
tomforabie
the book” it
“Lirntted by *H I have the
ne aistict matlensul
curnculum® available
"What
students
need fo
know for nesd
course’
H

is based on studert

Transitional
Decision in which
same madification

Teagback

“Whatl think
e students
will be
intarested in®

“I think of the
ability levels
of my
stadents’

Soodern Fooused

1

Student Mocused

Respensive. Decision
based on student feedback
and other possible factors

“What
misconceplions
students atthis
age have, and
what he
interasts of my
studerts are”

‘Baced enthe
lnowiedge and
Interects of my
stucents and
mys el whan
WEe'TE 1N 1L, we
leam beftar

Decision based upon
studentfocus and
guiding documents

Reforn-based.

(2.9, standards,
research)

“The content
toncepts have
to be cognitively
appropria for
the students
and aligned
with aspects of
the ctandards”
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For Question 6 in the modified Belief tool:

¢ How do you decide when to move on to a new topic in your classroom?

How do you decide when 10 move on 1o a new topic in
your class?

e knowledge (6-29-04)

Teacher Focused Teacher Focused Student Focused Studert Focured

Responsive Dacision
based on sludent feedback Reform-based Detision based
that potentially involves upon an on-going evaluation and
revisiting concepts considers student abilities to
demonstrate in
different ways. May invoive the
modification of lessons,
“When students are
*| can see comfortable with the
matenal to me them doing cw&m: s |
‘When we in their own 20 0 ¥ .
have covered comecty’ writing, and ‘An Informal
the material' discussions’ evaluation of student
N conversation and
“When the their work
“Wnen we "When | feel kids use the throughout the topic
run out of like the ideas in *I move on when there's & lull, By the time | give the
ime* students get class® but ifthey start asking test, it's oo fate *
| ——— it I guestions about the old idea, :
: 1 go back”
“1is not that
g the students “Vnen the students
quizzes once ot bored, are applying the
a8 week to butwe concepts to new
determine covered tin situabons and
what my as many asking questions
students ways as | about the concepts*
know could®
—
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For Question 7 in the modified Belief tool:

¢ How do your students learn science best?

How do your students learn science
best?

e leaming (7-11-04)

|

Tescher Focused

Teaches Focused

I

Student Focused

|

Student Focused

Teadtional " . . Reform-based By eliciting,
Mistructive: By mimicking Transmional by Responsive: By
From the teacher [ e :."w using procedures! encountering and encountering, and constructing
guidelines Intefpreting phenomena their Ideas about phenomena

]

“When they interact

"By working
problems we have “They are “When they have
pracliced in class” challenged to ownership over what
create their own they learn and how
By taking understanding to they choose to go
good notes™ "'l':how:nl:ov:: explain their about leaming I
need to do, then generated data”
they I00KG0 It by
memselves”

“They all leam
differently, but they need
rich experiences which

::-?nmhn?:n:: with one another allows each student to

iton one ancther* s they iy to explore their notions of
opiain thelr the experience and

results® make sense of itina

new way"

For Question 8 in the modified Belief tool:
9.  How do you know when leaming 1s occurring in your science classroom?

How 30 you know when eaming Is occurting in your
tlassroom?

re: leamning (7-11.04)

Teachas Foomad Toaches Focused Student Focured Stedant Facusad
Instiuctive Determnea Responsive: Sudents Reform based Siudents
haugh measures gven Inéeract with their peers or Inmiate cigneficant Ivteractonc
by the teacher. Emphasis HS-Samec iy BRI e Jagie wan one another andlor the
:.o;:n “:“ovmm' :; "'.:"“"’ or teacher about the topic

“Students can
“Tove Cognitwe formutate Shoughtful
Quizes to questions about the
It s s3M quiat 80 If ey “The stucents content
atthe end of | are gettng i are actively
the lesson® gaged in
leaming rather
“When ey Wan passive “Students suek other
can foliow recipients of student’s opinions
the irformation” about the content and
what they hnow about
an igea”
“The students
Mloth:n “Students defend thelr
sbout ok ideas Mrough the use
1ab write-ups of evigence and
= examples”

their graphs,
thelrtests *
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Appendix 11: Interview schedule

1. What do you understand about Topic Specific Pedagogical Content Knowledge

2. How is this understanding different or similar to that you held in your pre-service teacher
programme?

3. You have written ...... [taking from the post test] ....., Now you have written..... [taking

from the third written TSPCK tool after few months of practice].... What informed your
understanding to change

4. What do you belief teaching science is about? How is this view similar or different from
that you held when you were in the pre-service teacher programme?

5. Describe how you perceive your role as a science teacher? How is this view similar or
different from that you held when you were in the pre-service teacher programme?
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