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Abstract

This study contributes to teacher educators” pedagogical content knowledge by drawing on
phenomenography-variation theory to: i) research and describe qualitative differences in
Beginner Teachers’ conceptions of students” understandings of subject content and, ii)
provide evidence of the effectiveness of an instructional strategy that might be adopted by
teacher educators based upon those conceptions (known as ‘Learning Study’). The study
identified nine possible conceptions of students” understanding of the topic of “price” in
economics/business education with each being divided into a structural and a contextual
element. These provide a useful framework for teacher educators to conceptualise
Beginner Teachers’ learning about students” understanding. In addition, Learning Study is
shown to have a statistically significant, medium/large effect on the development of
Beginner Teachers’ knowledge of students” understandings in comparison to a control
group. These results add to the evidence for adopting this approach more widely in
teacher education.
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1. Introduction

If teaching is an intentional act, to teach well, teachers must know how to organise
instruction based on their knowledge of the difference between a good way of
understanding any particular object of learning and a less good way. Shulman (1987)
proposed that good content knowledge is not sufficient for this and that good pedagogical
content knowledge (PCK) is also required. He suggested that PCK consists of two
components: i) knowledge of students” specific learning difficulties and conceptions of
subject phenomena and, ii) knowledge of instructional strategies. Empirical research has
highlighted the importance of Shulman’s components for school students” learning
(Baumert, 2010), and since they are not logically restricted to any particular teaching
context, suggests they could be important in other areas, such as teacher education. It
follows that good teacher educators need a good knowledge of Beginner Teachers’ (BTs")
understanding (of students” understandings) and a good knowledge of instructional
strategies to improve it (Goodwin & Kosnik, 2013).

This study offers a new perspective on these two components of teacher educators’
knowledge by examining them in terms of phenomenography/variation theory (PVT).
Phenomenography is an approach to researching and describing qualitative differences
between the ways in which people understand phenomena (Marton, 2015). It results in
pithy descriptions of more and less sophisticated ways of understanding (referred to as
conceptions) that are assumed to be structurally related (most often in a nested way). PVT
proposes that organising instruction based upon highlighting important differences
between conceptions is a good way of triggering students” conceptual development. This
is most commonly applied to teaching situations in a collaborative approach known as
‘Learning Study’ (Pang & Marton, 2003).

This study applies PVT to the first of Shulman’s knowledge components by identifying and
describing qualitative differences between BTs’ conceptions of students” understanding. It
then addresses Shulman’s second component by examining the extent to which an
approach to instructional design based on BTs’ conceptions (i.e. Learning Study) can
contribute to the development of their understanding.

This application of PVT offers new evidence that contributes to teacher educators” PCK, to
the emerging literature on teacher educators” knowledge (Selmer et al., 2016) and to the
wider debate on PCK, where there have been challenges of definition and measurement
(Kind, 2009). It also extends the small body of existing PVT research that has examined
BTs” knowledge of students’ specific learning difficulties and conceptions of subject related
phenomena (Kellner et al., 2011) or made reference to PCK in general (Nilsson, 2014).
Finally, in providing evidence of the extent of BTs’ conceptual change following their
participation in a Learning Study, this study adds to the larger body of work examining the
effectiveness of PVT in teacher development (Mun & Lo-Fu, 2013).

In order to provide background, the next section briefly examines previous research into
BTs” understanding of students” understanding and its development through the
perspective of PCK literature. Following this the method is described and results are
presented and discussed.



2. Approaches to Beginner Teachers’ knowledge and
phenomenography/variation theory

Teachers’ understandings of students” understanding and their knowledge of instructional
strategies have featured in the overwhelming majority of conceptualisations of PCK
(Depaepe et al., 2013). There have broadly been two approaches to PCK. From one
viewpoint, both of Shulman’s knowledge components are inextricably embedded in the act
of teaching and are a highly dynamic form of knowledge in action (Marks, 1990). Here the
object of learning is mainly co-constructed through the interactions between teacher and
students. An alternative viewpoint emphasises the role that PCK plays in preparing for
teaching (Baumert et al., 2010). Here teachers draw upon a number of different types of
knowledge to develop an intended object of learning in advance of teaching.

What are the implications of these approaches in teacher education? On the one hand,
models of teachers” knowledge that focus on classroom interactions may capture more of
the complexity of teaching, in terms of the interactions between different forms of
knowledge (Petrou & Goulding, 2011). However, this complexity means they run the risk
of only developing ‘elusive descriptions of what PCK entails” (Depaepe et al., 2013, p.23).
This is likely to be less helpful to BTs who may lack the ability to identify the critical
aspects of teaching (Kind, 2009). In addition, a focus on a broadly defined PCK ‘in action’
might result in: i) BTs being left alone in the classroom, where they might fall back on
sterile transmission approaches to teaching (Gess-Newsome, 1999) and, ii) a neglect of the
pre-existing knowledge that teachers may use in the planning of their lessons (Hashweh,
2005).

On one view, statistical tests for PCK offer a way to address these issues. For example,
Krauss et al. (2008) developed test items for mathematics teachers based on three separate
subscales related to Shulman’s two knowledge components and ‘knowledge of task’. Ata
macro level, these tests have contributed to the broad field of teacher education, for
example, through their evidence of the association between PCK and other forms of
knowledge, such as content knowledge (Baumert et al., 2010). However, they do not in
themselves describe qualitative differences between BTs” understandings and their
statistical complexity makes it harder to understand their basis (Hill, Ball & Schilling, 2008).
This means that whilst they may be useful for measuring PCK in some circumstances, they
are more difficult for teacher educators to apply in their day to day interactions with BTs.

There are many different approaches to the development of teachers’ PCK. Depaepe et al.
(2013) provide an extensive set of examples including: collaborative learning, mentoring,
and analysing video-case studies. These approaches are not directly developed from an
explicit conceptualisation of PCK (or its components). For example, ‘mentoring’ may help
develop BTs” knowledge of students” understanding, but it is a generic instructional
strategy that is not necessarily directly derived from the content or structure of BTs’
knowledge. This introduces the possibility of misalignments between what teacher
educators are trying to teach and how they are trying to teach it.



Based on this discussion, what features of an approach to the development of BTs’
knowledge of students” understanding are likely to be significant in teacher education?
Firstly, being able to offer some measure of changes in the quality of BTs” knowledge seems
to be important. Ideally this should balance the need for simplicity in the way changes are
arrived at and described, with the need to reflect the complexity of teaching and learning.
Secondly, to try to capture as many benefits as possible, approaches to teacher knowledge
should draw on both BTs” knowledge in action as well as their knowledge about that action
(Petrou & Goulding, 2011). Thirdly, to keep attention strictly focused on the intended
object of learning (i.e. BTs” conceptions of students understanding), instructional strategies
should be based as clearly as possible in conceptualisations of this object.

Phenomenography/variation theory offers a way of addressing these issues. PVT proposes
that the same phenomenon may be experienced in a small number of qualitatively different
ways (known as conceptions). This is possible because peoples” understanding is revealed
in their awareness of aspects of a phenomenon (Marton & Tsui, 2004). For example, a
skilful guitarist will be aware of different aspects of playing the guitar to a novice. An
awareness of the different tones produced by the way strings are plucked could be one
such aspect. PVT assumes that it is possible to distinguish between more and less powerful
conceptions of a phenomenon on the basis of their structure. The structure is defined by the
number of critical aspects of a phenomenon that a person is aware of and their awareness
of relationships between them. According to PVT, to become aware of a new critical aspect
of a phenomenon, a person should experience the difference between a situation in which it
is present and one in which it is not. Following this, to embed that aspect in a new form of
understanding, all aspects should be varied in order to allow learners to develop a
simultaneous awareness of them all. For the novice guitarist, with all background aspects
held constant, this would mean first, plucking strings in one way and then plucking them
in another and next, varying the way in which strings are plucked along with (perhaps) the
position of the other hand in relation to the neck of the guitar.

The principles of PVT have most often been applied to teacher development in a ‘Learning
Study’ (Marton & Pang, 2003). This approach involves groups of teachers working
intensively on the planning, teaching and review of a small number of lessons. During this
process teachers:

1. Choose an intended focus usually based on important topics or ones that
students find difficult.

2. Ascertain students’ pre-understandings (usually through written pre-tests
and semi-structured interviews).

3. Plan and teach the lesson(s) in which critical features of a target conception
are carefully varied.

4. Assess the learning that has taken place (usually using evidence from a post-

test) and then revise the lesson(s).
5. Report and disseminate results (Pang & Marton, 2003)

Lessons developed in this way have been shown to have significant effects on the depth of
school student’s conceptual understanding (Ming Cheung & Yee Wong, 2014). An



emerging body of evidence suggests that Learning Study also improves teachers” and BTs’
knowledge (Cheng, 2014).

How does the application of PVT in Learning Study help address the three issues raised
above in relation to BTs’ knowledge? Firstly, PVT usually identifies only a small number
of qualitatively different conceptions and describes them parsimoniously (stage 2 above).
This makes them very usable for teacher educators in the formulation of teaching objectives
and in their day to day teaching. The ranking of conceptions also allows for the application
of straightforward statistical analysis to measure changes, for example in a comparison of
conceptions of BTs” conceptions pre and post intervention. Secondly, Learning Study
involves BTs in combining knowledge from outside the classroom (in planning) with
practical experience of teaching in the classroom (stage 3 above). Both forms of knowledge
have PVT as a common theoretical underpinning which along with the reviewing process
(stage 4 above) can help bring both aspects together. Thirdly, in focusing on critical aspects
of a target conception (stage 3 above), a Learning Study lesson is necessarily based upon
evidence of students” understanding. Since PVT offers a well-established research
methodology for gathering this evidence (Akerlind, 2005), a strong alignment between
conceptualisations of students” understanding and instructional strategies to develop that
understanding is more likely.

3. Method

3.1. Research design

The study was designed to answer two questions: i) what are BTs" conceptions of students’
understanding and, ii) how does Learning Study affect the quality of BTs” conceptions. It
followed previous phenomenographic studies in comparing an intervention group, which
experienced Learning Study, and a control group, which did not (Pang & Marton, 2003).
Since BTs were not randomly assigned between the two groups, the research design was
quasi-experimental. Evidence of qualitative differences in BTs” conceptions of students’
conceptions was gathered in pre and post-tests.

The study followed the guidelines for ethical research of the British Educational Research
Association (2011). To minimise potential harm: i) the intervention group worked on
Learning Study at a time in their programme where they would normally have been
completing group planning of lessons, ii) preliminary results were shared with all groups
and, iii) all participants were offered the opportunity to take part in further Learning Study
after this study was completed. All participants consented to being involved in a quasi-
experimental study.

3.2. Context and participants

The sample consisted of BTs seeking teacher accreditation through Post Graduate
Certificate of Education (PGCE) programmes in business and economics. BTs were chosen
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from 8 universities each of which had achieved the same ‘outstanding’ grading in
government inspections. Learning Study was included in the PGCE at two universities -
University A and University B (n=18). BTs at the six other universities comprised a control
group (n=65). The total initial sample comprised 49% of the total number of training
places allocated to Business and Economics trainees in England in 2012/13. The sample size
was constrained by the number of universities with an ‘outstanding” grading and by the
practicalities of collecting evidence from small groups of BTs in geographically dispersed
universities.

3.3. The Learning Study intervention

All BTs from University A and University B were randomly divided into 6 groups of 3 and
each group completed a Learning Study on “price’. This topic was chosen because of its
prominence in both business/economics teaching and previous PVT research (Dahlgren &
Marton, 1978; Davies & Lundholm, 2012).

The arrangement of the Learning Study followed Pang & Marton (2003). Firstly, PVT and
Learning Study were introduced to BTs in two briefing sessions (each two hours long).
Secondly, BTs developed descriptions of conceptions of price based on written evidence
from the students’ they would later teach. This took about 15 hours in total (spread over
three sessions). Thirdly, over the next two weeks, BTs planned lessons around variation in
the critical aspects of their proposed conceptions of price. They were supported by two
experienced teacher educators, one of whom was also an experienced PVT researcher.

Learning Study lessons were presented to school students studying business and
economics, aged 14 — 19, in two comprehensive schools (School 1 and School 2). During
one week, each of the 3 groups from University A taught different lessons in School 1 and
each from University B taught different lessons in School 2. The schools were chosen
because they had a broadly similar student intake and government inspection grading.
Each lesson was taught by one BT and observed by other members of the group. Shortly
after each lesson, students completed a post test (administered by the researcher/teacher
educators). Over half a day (about 5 hours), BTs analysed this evidence for any changes in
the sophistication of students” understandings. In a subsequent session (about 3 hours),
BTs redrafted their lessons in preparation for teaching them again.

3.4. Collection of evidence

Evidence of BTs” understanding of students’ understanding was gathered through written
pre and post-tests (lasting roughly 90 minutes) undertaken at the start and towards the end
of their PGCE. BTs were given a price problem related to the price of coffee. They were
asked to: i) suggest qualitatively different ways in which 14 year-old and 21 year-old
students might answer this problem, ii) rank possible ways of understanding the problem
in terms of sophistication and, iii) explain why they ranked the conceptions in that way.
The use of contrasting age groups was intended to stimulate deeper thinking.

Two versions of the price problem were developed. One set price change in the context of
a single business (a school canteen) and one set it in the context of a market (the



international market for coffee beans). Some previous research on conceptions of price has
presented the problem in the context of the decision by an individual business (Marton and
Pang, 2008) whilst other research (Pang & Marton 2003) has presented price problems in
the context of local markets. This study was designed to allow for the possibility that
conceptions might be framed by whether the problem was set in the context of business
decision-making or market forces. In each university, the BTs were randomly divided into
two groups of approximately equal size and each was given a different price problem.

The reliability of the evidence was tested in semi-structured interviews with 16 randomly
selected BTs, 8 after the pre-test and 8 after the post test. Each interview was conducted by
an experienced researcher and lasted 25 - 35 minutes. To probe BTs’ thinking, BTs were
asked a mix of open and situated questions (Akerlind, 2005). Brief prompts were used such
as ‘Could you tell me a bit more about this phrase you used?’. Wherever possible, the same
BTs that were interviewed at the start of the study were re-interviewed at the end.

3.5. Analysis of evidence

Over 8 months, two researchers worked on drafting and redrafting descriptions of
conceptions. This increased reliability by ensuring that the written evidence from pre and
post tests and interview transcripts was repeatedly looked at with fresh eyes (Akerlind,
2005). The researchers initially focused on grouping aspects of BTs’ thinking that appeared
similar. In order to capture the full range of meaning, this involved working with extracts,
as well as with whole responses. During the analysis researchers maintained a high degree
of openness to possible meanings in the evidence. Researchers would often draft
conceptions away from the written evidence in order maintain a degree of objective
distance (Prosser, 2000). To test draft descriptions of conceptions, researchers repeatedly
switched their focus between the written evidence and emerging descriptions as well as
discussing each other’s drafts.

After about 4 months, researchers began to focus on the relationships between conceptions
as well as on their meaning (Ashworth & Lucas, 2000). The search for structure triggered
further revisions in descriptions of conceptions, which in turn triggered revisions in the
structure. Towards the end of the 8 months and after at least 10 drafting cycles, the scale
and frequency of revisions reduced and a stable set of conceptions emerged. This stability
was tested through analysis of 25 written responses that had been set aside at the start. In
nearly 90% of these, both researchers reached the same conclusions about which
conceptions were being demonstrated.

Finally conceptions were ranked in order to conduct a statistical analysis. This required a
new approach because of the non-linear structure of conceptions (see results section). BT
responses were then categorised on the basis of the most sophisticated conception shown
(Pang & Marton 2003). This allowed a comparison between BTs in the Learning Study
group and control groups. The Wilcoxon signed-rank test was used for part of this
analysis. This test is the non-parametric analogue to the paired samples t-test and gives a
measure of the statistical significance of an outcome being the result of a particular
intervention, as well as the effect size. It does not assume normality in the data and is
appropriate when sample size is relatively small (as here). The effect size was calculated



using the formula: r=Z\n. The interpretation of effect size in this study followed Cohen’s
(2013) guidelines where a ‘large” effect is 20.5, a ‘medium’ effect is 0.3 and a “small” effect

is =0.1.

4. Results

4.1. Beginner Teachers’ conceptions of students’ conceptions

BTs’ conceptions of differences between students’” conceptions of price were inferred from

their ranking of students’ conceptions and their explanations for that ranking. Nine
conceptions of price were identified (see Table 1.0 below), each made up of a general aspect
(Columns A - C) and a subject related/contextual aspect (Rows 1 — 3). These aspects were

found to be qualitatively different and are arranged in order of increasing sophistication in
Table 1.0.

Table 1.0 Beginner Teachers’ conceptions of differences between students’ conceptions

General aspects of BTs’ conceptions

Increasing Sophistication
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In terms of the general aspects, BTs” conceptions varied according to the degree of structure
they contained. At the lowest level (Column A), BTs typically presented a series of
conceptions based on isolated factors that they perceived students would understand




affecting the price of coffee. By contrast, other BTs presented an increase in the
sophistication of students” conceptions of price in terms of a number of factors (Column B).
Finally, some BTs offered a nested set of conceptions, where the less complex was more or
less explicitly integrated into the more complex (Column C). These hierarchies were
similar to those proposed in previous research (Marton & Pang, 2008).

In terms of the contextualised aspects, the lowest conception (Row 1) was expressed by BTs
who set differences in students” understanding of price in a single context. This context
was either everyday consumer experience of price, a business perspective on price or a
market perspective on price. These contexts are similar to previously identified categories
(Durden, 2018a). Rows 2 and 3 focused on shifts between these contexts. Since the type of
conception represented by Row 1 was a logical pre-cursor to those in Rows 2 and 3, it was
interpreted as being a less sophisticated form of understanding. Since a market perspective
is more abstract and distant from everyday experience than a business context, Row 3 was
considered the most sophisticated.

4.2. Evidence of Beginner Teachers’ conceptions of students’ conceptions

The extracts below illustrate the differences between the conceptions. In Extracts 1 and 2,
BT’s proposed that students would only see price in a single context (Row 1). In Extract 1
there is a strong sense of the importance of everyday experience when the BT states "14
year olds have been given a lunch budget for the day and will look at how much they can
receive for that amount’. However it is difficult to discern a clear rationale for the order of
the proposed conceptions. For example, the notion of ‘disposable income” seems to be
emphasised for both the 14 year old (in Conception 1) and the 21 year old (in Conception
3), along with the notion of the price of substitutes (see Conception 2 for both 14 and 21
year olds). However it is not clear why for the 14 year old disposable income is placed
above the price of substitutes and yet for the 21 year old it is placed below it. This sort of
inconsistency is typical of BTs’ responses that fell into Column A.

Extract 1 (Q2) — Conception Al

Proposed ways of student thinking - 14 year olds (in order of decreasing sophistication):
1. Amount of money left over after lunch was paid for

2. Same price as another drink, but providing different options

3. Other products in canteen maybe cheaper way of getting more for your money
Proposed ways of student thinking — 21 year olds:

1. Value for money

2. Costs against other products

3. Disposable income

Rationale:

14 year olds may have been given a lunch budget for the day and will look at how much they
can receive for that amount, providing that the student can get enough food then strategic
pricing may place the 75p drink in that category. With the 21 year olds other aspects of
budgeting may be taken into account, such as travel, car, the need for saving etc.

Extract 2 is taken to illustrate Conception B1 since they refer to multiple factors in the
determination of price and do not clearly indicate a shift in context. Here, lower level



conceptions of price are not imagined as including a consideration of costs, whereas high
level conceptions are based on costs and an understanding of the impact on profit of the
canteen’s status as the single seller of coffee.

Extract 2 (Q2) — Conception Bl

Extract from suggested rationale:

Some students will assume that the school canteen is just there to make money and will
ignore the costs behind production. Some students will be sceptical and assume that the
canteen will take advantage of their position as the sole trader for coffee. Some students will
combine this and reason that the price is based on the canteens position and profit making.

Extracts 3 - 5 illustrate Row 2 of Table 1.0. In Extract 3, the rationale suggests a shift from
experience to a business perspective in the use of the phrase ‘not taking the price at face
value’. The difference between the suggested conceptions for the 14 year old (based largely
on direct experience) and the suggested conceptions for the 21 year old (based largely on
business concepts) supports this interpretation. This conception was classified as
Conception A2 because it is not easy to discern an explicit basis of the differences between
conceptions.

Extract 3 (Q2) — Conception A2

Proposed ways of student thinking - 14 year olds (in order of decreasing sophistication):

1. Most students would price according to the price in their own school canteen

2. Some students would price lower as they have no like of coffee

3. Some students would price lower as they believe students can’t afford 75p

4. Some students may price higher as they are not thinking of consequences to students or
demand

5. Some students would keep price the same as they believe it would require less thought as
the previous owner had it at 75p

Proposed ways of student thinking — 21 year olds:

1. Set price according to demand figures

2. Conduct market research

3.  Set price according to the average price of coffee purchased by the student

Rationale:

The answers to question 1 have been placed as they have because I believe that 14 year old

students would price according to their own experience, setting and surroundings.

Whereas, 21 year old students have more life experience and assuming more academic

knowledge. Therefore, research to them would be crucial as oppose(d) to taking a price at

face value.

Extract 4 refers to a change from one to many factors (Column B). This is implied by the
inclusion of the notion of “profit/breakeven’ as representing a more sophisticated

conception. ‘Breakeven’ combines the ideas of sales, costs and profit, as this BT points out.

Extract 4 (Q1) — Conception B2

Rationale:
A group of 14 year olds may think that a cup of coffee is expensive for example, they may not
have enough money to buy a cup of coffee........... this does not require 14 year olds to think
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too much, it is an observation on pricing. 21 year olds will think more about business terms
for example, sales, costs and profit............ I feel that profit/breakeven is most important as
pupils start thinking why sell cups of coffee.

There was only one BT who exhibited Conception C2. This BT presented a set of
conceptions that were quite tightly nested within each other (particularly in relation to the
21 year olds). However, these were only set in a market context. The use of the terms
‘buyers” and “sellers” and “producers’” and ‘consumers’ is strongly indicative of this. The BT
explains the difference between conceptions in terms of ‘awareness of the coffee market’ or
of some conceptions being “more basic’ than others. However, it was not possible from the
data provided to be sure what these phrases mean. It is not clear whether this BT had a
rationale for differences or whether it was not revealed in this evidence. As a result,
Extract 5 was classified as Conception C2.

Extract 5 (Q1) — Conception C2

Proposed ways of student thinking - 14 year olds (in order of decreasing sophistication):
1. Compromise between producer and consumer

2. Power of buyers over sellers

3. Amount of coffee drunk in the world

4. Price charged by producers

Proposed ways of student thinking — 21 year olds:

1. Compromise between producers and consumers, taking into account external factors
2. Power of buyers as they don’t want to pay too much

3. Incentive by producers to encourage buyers to buy their product.

Rationale:

For 21 year olds there is more awareness of the coffee market and difficulties in trade
between developed and developing parts of the world. This is taken into account at all 3
levels. 2 and 3 are fairly similar but look at the issue from different perspectives. 14 year
olds have less awareness of the coffee market with this only being apparent at the top of the
pyramid. The lower levels are much more basic than lower levels for the 21 year olds.

Extract 6 refers to Row 3 in Table 1.0. It is one of a very small number of examples of
Conception A3 where a shift from a business context to a market context for price is
evident. This is seen in the difference between the conceptions for a 14 year old, which are
mainly business oriented (particularly Conceptions 3 and 4), and those of the 21 year old,
which are market oriented (referring to general features of markets — such as scarcity and
market power). The rationale — whilst in note form — also provides support for this in
focusing on costs and production techniques (business oriented ideas) as being ‘easy to
imagine” with subsidies and regulation (more market oriented ideas) being more complex
because they are not ‘so direct’.

Extract 6 (Q1) — Conception A3

Proposed ways of student thinking — 14 year olds (in order of decreasing sophistication):
1. Transport and farmers costs

2. Weather and product techniques

3. Profit of coffee companies

4. How it is marketed, TV adverts, radio
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Proposed ways of student thinking — 21 year olds:

1. Trade agreements, tariffs, subsidies

2. Demand for product

3.  Scarcity of product

4.  Existence of powerful multi-national companies

Rationale:

Transport and farmers costs are easy to imagine awareness of coffee beans grown abroad —
transport costs. Idea that production technique affect the amount of production. 21 year
olds very aware of multi-national companies and understand they ‘rip off’ farmers. Hardest
concept is how UK subsidies and regulations may affect farmers in the tropics because they
are not direct.

In comparison to Extract 6 above, Extract 7 offers a combination of factors as representing
higher levels of sophistication. It does this in its reference to ‘supply and demand’ for 21
year olds and ‘price elasticity’ for 14 year olds (price elasticity represents a combination of
a change in price in relation to a change in demand). The rationale implies that lower level
conceptions are based on students” experience (at Starbucks) and that high level
conceptions ‘relate back to theory’. Given the use of the terms ‘subsidy’, “price elasticity’
and ‘supply and demand’ this ‘theory” is interpreted as being illustrative of a market
perspective.

Extract 7 (Q2) — Conception B3

Proposed ways of student thinking - 14 year olds (in order of decreasing sophistication):
1. Price elasticity

2. Subsidies

3. Costs

4. Market research

5. Competitors prices

Proposed ways of student thinking — 21 year olds:

1. Supply and demand

2. Price elasticity (higher level)

3. Subsidies

Rationale:

I feel that students would come up with answers that are more practical to them at the
beginning. From their experience as consumers you should be able to relate it back to
theory....... a student is quite likely to notice that a Starbucks coffee is far more than 75p.
From here it will probably be easy to move them on to different costings and subsidies.

The final extract illustrates the highest conception (C3 in Table 1.0). In Extract 8 there is a
shift from students” direct experience of business (represented as something that they
would ‘talk more easily about’) to a market perspective where demand and supply is
highlighted. Conceptions 3, 4 and 5 identified by the BT for 14 year olds seem nested
together in the sense that costs precede a calculation of profits which (if a cost plus model is
assumed) could be said to lead to market price. Then moving to a market perspective in
Conceptions 1 and 2, ‘supply’ is followed by ‘“demand” and then “supply and demand’
(Conception 3 for the 21 year old). Finally Conceptions 2 and 1 for the 21 year old could
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both be seen as macro-economic factors bearing on the operation of supply and demand
(although it is not clear why they are in the order that they are).

Extract 8 (Q1) — Conception C3

Proposed ways of student thinking — 14 year olds (in order of decreasing sophistication):
Demand for coffee up or down

Supply of coffee up or down

Market price

Profit margins

. Production costs

Proposed ways of student thinking — 21 year olds:

1. Inflation

2. State of economy

3. Supply and demand

Rationale:

I feel the younger students would talk more easily about profit margins and costs than
talking about supply and demand and how it affects pricing. The much older students
would talk and include aspects of inflation, the state of the economy alongside supply and
demand when explaining factors affecting the price of coffee. This would be because at 21
you would have a better understanding and knowledge to analyse the external factors
affecting price rather than just talking about profit and other internal factors such as
production costs.

~

SN

4.3. Learning Study and Beginner Teachers’ knowledge

In order to analyse the effects of Learning Study, each BT was categorised according to the
conceptions in Table 1.0, and then each conception was assigned a ranking (Table 2.0).
Rankings were derived from the frequency of each conception. For example, a BT with
Conception C1 would logically also have addressed Conception Bl and Conception Al and
so on. It was assumed that a conception with a higher frequency would attract a lower
ranking.

Table 2.0 — Rankings of BTs’ conceptions (1 is the lowest ranking)

Conceptionin Table1.0 | A1 | A2 | A3 B1 B2 B3 C1 C2 c3

Ranking of conceptions 1 3 5 2 4 5 6 6 6

The above rankings were used to calculate median and mean rankings in both Learning
Study and control groups (Table 3.0).
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Table 3.0 — Median and mean rankings in pre and post-tests

Control group Learning Study group
(n=65) (n=18)
Median ranked conception | Pre 2.00 2.00
Post 2.00 3.50
Mean ranked conception Pre 2.89 2.55
Post 2.60 3.61

These data suggest that Learning Study has a beneficial effect on BTs” knowledge. Whilst
the mean rankings for the control group were broadly similar in both pre and post tests,
those for the Learning Study group rose (by 1.5 for median rankings and 1.06 for mean
rankings). Overall, 56% of BTs increased the sophistication of their conceptions in the
Learning Study group, compared to 32% in the control group. The results of the Wilcoxon
signed-rank test added weight to the positive picture of Learning Study (Table 4.0).

Table 4.0 — Wilcoxon signed-rank test results and effect size

Control group (n=65) Learning Study Group (n=18)
Z score 1.15 2.71
p value 0.25 0.01
Effect size (1) 0.45

For BTs in the control group, this test did not highlight a statistically significant effect of
their PGCE programme on the development of their conceptions of students” conceptions
(p > 0.05). However, for BTs in the Learning Study group, a medium/large, statistically
significant effect (p < 0.05) was discovered for both (r = 0.45).

5. Discussion

Teachers” knowledge of their students’ specific learning difficulties and conceptions of
subject phenomena have been prominent in most conceptualisations of PCK (Depaepe et
al., 2013). This study applies PVT to this form of knowledge and maps out qualitative
differences in a topic that is central to economics and business education. These findings
form a framework for teacher educators’ thinking about BTs” learning about the teaching of
price, by helping them to distinguish between a BT with a sophisticated conception of
students” understanding and a BT with a less sophisticated conception. Two features of
this framework make it easier for teacher educators to apply in the day to day practical
organisation of teacher education. Firstly, the descriptions of conceptions capture the
critical differences between them in a pithy way and secondly, the conceptions are logically
nested within each other. These benefits might also apply to BTs who engage with the
framework. Being able to easily access and understand differences between BTs’
understandings of students” understandings is important. For example, a BT with
Conception Al is unlikely to be able to organise instruction to develop students’ thinking

14



since they do not have an understanding of the different ways in which a student might
understand price or of different context.

This study found that BTs” conceptions of students” understanding consists of two
components, one general (Columns A — C) and one contextual (Rows 1 - 3). These
components varied independently of each other. In other words, it is possible for BTs to
have a sophisticated conception of students” general understanding of price in combination
with a less sophisticated understanding of the context of price, and vice versa. This
suggests that the development of BTs” knowledge relies on increasing the sophistication of
their understanding along both general and contextual dimensions. This finding adds to
previous research on conceptions of price, most of which do not explicitly include the
context in their descriptions of conceptions (and imply that a sophisticated understanding
of price is possible regardless of context (Marton & Pang, 2008). It also supports the
findings suggesting that the sophistication of BTs” understanding will be capped by their
understanding of the context (Taylor & Booth, 2015). In other words, according to the
results here, the best BTs could achieve would be Conception C1 without an awareness of a
change in context. This conclusion is particularly important in teacher education since a BT
whose understanding is restricted to Conception C1 will not know the possible stages in
the development of a students” understanding, and will therefore be less able to design
instructional activities that will help them get to the higher levels.

In this study, ranking conceptions made it possible to develop quantitative measures of
conceptual change. Assuming that BTs” conceptions are stable enough to allow a single
conception to be meaningfully ascribed to a particular individual, findings suggest that BTs
in the control group did not experience a statistically significant increase in the quality of
their understanding during their teacher education programmes. If the results of this
study are reliable, this represents a sobering outcome for the teacher educators at these six
universities, particularly given the centrality of the topic of “price’ in the subject domain
and the strong likelihood that BTs would have had to teach it. By contrast, in the Learning
Study group, BTs experienced a statistically significant medium/large effect on their
conceptual understanding.

What could account for the difference between the control and intervention groups? One
possibility, consistent with PVT, is that the Learning Study process exposed BTs to
variation between their prior understandings and other understandings in a relatively
structured way. Learning Study involves groups of teachers in plan, teach and review
cycles where lessons are based on a phenomenographic analysis of students” conceptions
and teaching activities designed around variation theory. This means that BTs will
experience variation between: i) levels of subject knowledge exhibited by different teachers,
i) different preferred approaches to teaching price and, iii) their own and others
understanding of students” understanding (Wong & Lo, 2008). According to variation
theory, this experience of differences in critical aspects of ways of looking at a phenomenon
is likely to trigger a conceptual shift (Marton & Tsui, 2004). Whilst it is possible that BTs in
the control group may have experienced some of the variation noted above, this variation
may not have taken place in the same structured way as in a Learning Study and therefore
was not ‘activated” to the same extent.
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Although results in this study suggest that Learning Study had a more powerful effect than
other forms of teacher education, this effect may have been limited by a number of factors.
Firstly, the BTs in this study may have only had relatively low levels of content knowledge.
Although BTs had good degree classifications in business and economics, the distinctive
nature of school based knowledge could still mean that their content knowledge was at a
relatively low level. Without a sophisticated understanding themselves, it is difficult to see
how BTs could develop a sophisticated understanding of students” understanding (Deng,
2007). This has been confirmed in a number of studies of PCK (Baumert et al., 2010).
Secondly, BTs in the intervention group may have found it challenging to manage the
variation that they were exposed to. Variation theory proposes that learning occurs
through the careful construction of teaching activities that (initially at least) highlight
variation in a single aspect of difference between conceptions. Since the focus of most
Learning Studies is student learning, it is therefore not a requirement of the approach that
teachers are exposed to variation in the same meticulous way that students are. This opens
up the possibility of teachers being overwhelmed by the experience of ‘too much’ variation,
something that might particularly apply to novice BTs (Durden, 2018b).

There are a number of limitations in this study. Firstly, pre and post tests proved
demanding for many BTs, perhaps because they involved a type of thinking not previously
encountered. This restricted the detail in some BTs” responses and made interpretation
challenging. There was a good alignment between the conceptions revealed in the
interviews and those in the written responses, but this may not have applied to every BT.
Secondly, the grid layout of the findings in Table 1.0 necessitated a new approach to
ranking conceptions. Whilst the statistical approach taken did marry well with a priori
reasoning, this way of establishing final rankings has not previously been used in other
PVT studies.

6. Conclusion

This study contributes to teacher educators” PCK by applying phenomenography/variation
theory to BTs” understandings of students” understandings. It provides new evidence of
the way in which this can be researched and described and suggests that Learning Study is
a good prospect for developing BTs” knowledge. This is likely to be a result of its
systematic focus on students’ understanding, the clear link to instructional design and the
collaborative aspects.
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