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Abstract

The lack of conceptual understanding that results from traditional physics
instruction is a phenomenon that has been well documented by the physics
education community. A commonly suggested explanation for this is that the
emphasis physics curricula place on quantitative problems disincentivises
qualitative understanding and the development of conceptual models. This
action research intervention examines the effect of pedagogies which
emphasise qualitative reasoning on conceptual understanding, attitudes
towards physics and problem-solving confidence. Following a seven-lesson
sequence on electric circuits with a Year 12 class, significant improvements
in conceptual understanding were observed. The prevalence of common
misconceptions decreased, and performance on conceptual questions
increased. No significant change in students’ attitudes or confidence was

observed.

*(Hewitt, 1983, p.311)
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Introduction

How do you turn on a light-bulb using a battery and a wire? This would appear to be a question
students leaving a course on electric circuits should be able to answer. Yet students find this
question, and many other simple qualitative questions about electric circuits, very difficult
(McDermott & Shaffer, 1992a). This is not a problem limited to electric circuits; throughout all of
physics education, students perform poorly on qualitative questions when compared to quantitative
questions, and often possess misconceptions about fundamental concepts (Cohen, Eylon, & Ganiel,
1982; McDermott 1991; Mazur, 1992). If a goal of physics education is to encourage students to
understand the natural world, and not merely to perform algebraic manipulation, this constitutes a

serious problem for the physics education community.

As described in the research review, a proposed cause of this problem is the emphasis physics
curricula place on quantitative problems. Students who study physics quickly learn that they do not
need to understand phenomena, and only need to plug numbers into formulae (Millar & Beh, 1993,
Crouch & Mazur, 2001; McDermott, 2011). This action research intervention investigates the effect
of putting qualitative questions and conceptual understanding at the forefront of the physics
curriculum. Several different pedagogies which emphasise qualitative reasoning, were implemented
during a series of seven lessons on electricity with a single Year 12 class of 11 students. Data was
collected to determine the effect of these pedagogies on students’ conceptual understanding,

attitudes towards physics and problem-solving confidence.
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Literature Review

The first section of this literature review discusses an identified problem in physics education: a
lack of conceptual understanding. The emphasis on quantitative problems in physics classrooms is
addressed as a possible cause of this problem in the second section. The final section considers a

possible solution: emphasising qualitative problems.

The problem — a lack of conceptual understanding

The lack of conceptual understanding that results from traditional physics instruction is a
phenomenon that has been well documented by the physics education community. While students
leave physics courses with the ability to solve typical quantitative problems, researchers find that
the same students hold misconceptions which persist throughout all stages of education
(McDermott 1991; Van Heuvelen, 1991; Mazur, 1992; McDermott & Shaffer, 1992a). The
widespread use of conceptual tests such as the Force Concept Inventory (FCI) (Hestenes, Wells, &
Swackhamer, 1992) and the Determining and Interpreting Resistive Electric Circuit Concepts Test
(DIRECT) (Engelhardt & Beichner, 2004) has raised awareness of the fact that students leave
physics courses with incorrect ideas about the way the world works. If a goal of physics instruction
is to encourage students to understand the world around them, and not just to perform calculations,
then the findings of the physics education community are a cause for great concern which must lead

us to question the way in which physics is taught.

The topic of electric circuits has been studied extensively to determine the misconceptions which
students come to hold, and it is clear that similar misconceptions arise in different education
systems at different levels of experience (Dupin & Johsua, 1987; McDermott & Shaffer, 1992a). In
a study of 15-17 year old students in five European countries, Shipstone et al. (1988) found that
students in different education systems experienced similar problems, which “suggests that there is
an almost 'matural' coherence to the learning difficulties within cognitive structure” (p.315). It
appears that the concepts of electric circuits are difficult for the brain to accept, and that instruction
does not resolve these difficulties adequately. The prevalence of misconceptions about electric
circuits is largely unaffected by instruction (Engelhardt & Beichner, 2004) and in some cases those
who have had experience with electric circuits hold more misconceptions than novices (Goris &

Dyrenfurth, 2013).
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General difficulties with electric circuits concepts

McDemott and Schaffer (1992a) describe three general difficulties students encounter when trying

to understand electric circuits:
a. Failure to distinguish among related concepts

Students often refer to voltage, current, energy and power incorrectly and interchangeably
(McDermott & Schaffer, 1992a; Engelhardt, 1997; Afra, Osta, & Zoubeir, 2009). For example,
students will describe both current and energy as being ‘used up’ around a circuit (Shipstone et al.,
1988; Goris & Dyrenfurth, 2013). Students will also claim that both voltage and current are ‘split’
at junctions in parallel circuits (Millar & Beh, 1993).

b. Lack of concrete experience with real circuits

Students have little or no observational base they can draw upon when forming ideas about how
electric circuits work (McDermott & Schaffer, 1992a). This lack of experience with real circuits
means students find it difficult to relate conceptual ideas to real circuits. Encountering electricity as
a mostly theoretical topic before approaching real circuits also causes students to defend their

misconceptions against sensory experience (Arnold & Millar, 1987).

c. Failure to understand and apply the concept of a complete circuit

While most students quickly learn the definition of a complete circuit, many fail to apply the
concept (McDermott & Schaffer, 1992a). Students tend to reason locally or sequentially, believing
that a change in a circuit only affects where the change occurred or the components ‘after’ the

change, not the entire circuit (Cohen et al., 1982; Shipstone et al., 1988; Engelhardt, 1997).

Specific misconceptions concerning electric circuits

Much research focuses on the specific misconceptions or alternative ideas students have about
electric circuits. Taglidere (2013) summarised this research into 11 key misconceptions, of which

the three most prevalent and persistent are described below:
M2.  The attenuation model

This refers to the idea that current travelling in one direction decreases gradually due to

consumption of current by devices (Dupin & Johsua, 1987; Shipstone et al., 1988; McDermott &
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Schaffer, 1992a; Afra et al., 2009; Tashdere, 2013). This belief that current is ‘used up’ throughout
a circuit is often due to the confusion between energy and current as previously discussed (Millar &

Beh, 1993).

MS8.  The power supply as constant current source

This is the belief that the power supply provides a constant current, not a constant voltage (Dupin &
Johsua, 1987; Shipstone et al., 1988; McDermott & Schaffer, 1992a; Afra et al., 2009; Taslidere,
2013). Current is seen as the primary concept, in that a battery is seen as a producer of current, not a
producer of potential difference (Cohen et al., 1982). This idea is the most persistent misconception,

and is prevalent at all stages of physics education (Engelhardt & Beichner, 2004).

M9.  The parallel circuit misconception

This refers to the idea that a resistor is only an obstacle to current flow. Students assume any
increase in the number of parallel connected resistors results in an increase of the total resistance
(Cohen et al., 1982; McDermott & Schaffer, 1992a; Afra et al. 2009; Tashdere, 2013). Students

tend to focus on the number of resistors, rather than their arrangement.

A possible cause — an overemphasis on quantitative problems

Why do students studying electricity, and physics in general, so often leave with misconceptions?
Hewitt (1983) argues that the lack of conceptual understanding that results from traditional physics
instruction is the result of an overemphasis on quantitative problems. He points to a study in which
only 30% of undergraduate students could answer simple qualitative questions about the brightness
of bulbs, while 65% of the class could answer more complicated mathematical questions involving
Kirchoff’s laws (Arons, 1982). This is one example of a widespread phenomenon in all of physics:
students perform well on quantitative problems, but poorly on qualitative problems (Cohen et al.,
1982; McDermott 1991; Van Heuvelen, 1991; Mazur, 1992). Why is this the case? Surely we
would expect students who understand topics to perform approximately equally on qualitative and
quantitative questions, indeed perhaps worse on quantitative questions due to the mathematical

skills required on top of conceptual understanding.

The reason for this disparity is that quantitative problems are often not a good measure of

conceptual understanding (McDermott & Shaffer, 1992a; Gaigher, Rogan, & Braun, 2007). Indeed,
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several studies have shown that students bypass conceptual understanding altogether when studying
physics, in favour of learning mathematical algorithms (McDermott, 2011). University students
explain they solve problems not by thinking about physics concepts, but instead “by
plugging...values into an equation”; a problem which begins at school (Leonard, Dufresne, &
Mestre, 1996, p.1498; Crouch & Mazur, 2001). A study of 157 15-year-old comprehensive school
students studying electricity found that “few students use a mental model of voltage in approaching
parallel circuit problems but instead attempt to solve problems by mechanical use of the V=IR
equation” (Millar & Beh, 1993, p.351). For example. while high-school students can recall a
mathematical equation for resistors in parallel, some cannot cannot explain why adding resistors in
parallel decreases the total resistance, believing this to be “a mathematical fact” (Cohen et al., 1982,
p.408). It appears students are trained to calculate, not to understand; an attitude reinforced by the

emphasis that physics curricula place on quantitative problems.

By contrast, students are rarely confronted with qualitative problems, and grow to fear qualitative
reasoning due to a lack of experience (McDermott & Shaffer, 1992a; Engelhardt, 1997; Engelhardt
& Beichner, 2004). Students lack a conceptual model for predicting the behaviour of circuits, and
hence resort to formula memorisation. This is a serious problem if we seek to train successful
physicists, as a study comparing the problem-solving strategies of students shows. Those who
answer physics problems faster and more accurately rely on conceptual understanding and mental
models, whereas unsuccessful students rely on memorized algorithms (Larkin, McDermott, Simon,
& Simon, 1980). Students’ answers are devoid of the sketches and diagrams which would indicate
qualitative thinking (Van Heuvelen, 1991) and the reason why is simple — no qualitative thinking is

taking place.

The emphasis on quantitative problems in traditional physics courses not only disincentivises
conceptual understanding, but dissuades people from studying physics at all. The perceived
mathematical difficulty of physics is a key factor which causes many students not to study physics
(Hewitt, 1983; Osbourne, Simon, & Collins, 2003). Furthermore, the longer students study physics,
the less students think about physics in a similar way to experts. Use of the Colorado Learning
Attitudes about Science Survey (CLASS) shows that the longer students study physics, the less
“expert-like” their beliefs become (Redish, Saul, & Steinberg, 1998; Adams et al., 2006; Ding,
2012). The largest disagreement between experts and students is in the “applied conceptual

understanding” category, which includes statements such as “When I solve a physics problem, I
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locate an equation that uses the variables given in the problem and plug in the values.” (Adams
etal.,, 2006, p.12; Ding, 2012) Students, unlike experts, view physics as “just formula based”
(Sangam & Jesiek, 2012, p.8). Given that there is a strong correlation between expert-like views
and further study of physics (Adams et al., 2006), the deterioration of views due to normal

instruction is worrying, and may also be due to an overemphasis on qualitative problems.

A possible solution — emphasising qualitative reasoning

“Facility in solving standard quantitative problems is not an adequate criterion for
functional understanding. Questions that require qualitative reasoning and verbal
explanation are essential for assessing student learning and are an effective strategy for
helping students learn.”

(McDermott, 2001, p.1133)

There is considerable evidence to suggest that the emphasis placed on quantitative problems in
traditional physics instruction is a leading cause of the well-documented lack of conceptual
understanding resulting from instruction. The solution to this problem seems intuitive: to
deemphasise quantitative problems and mathematical skills, and put renewed emphasis on
qualitative problems and conceptual understanding. Students must be encouraged to develop
qualitative thinking skills, to develop conceptual models of physical concepts and to challenge

misconceptions in these conceptual models.

Growth in student’s reasoning ability does not always result from traditional instruction (Arons,
1982; Redish, 1994; McDermott, 2001). Insistence on the importance of qualitative questions and
qualitative reasoning has been shown to encourage students to take this form of learning more
seriously, and force them to consider the relationships between variables in non-mathematical ways.
Crouch and Mazur (2001) modified their traditional lecture-based undergraduate physics course to
deemphasise quantitative problem solving and asked questions designed to uncover reasoning
difficulties. They found performance on both qualitative and quantitative questions increased
dramatically, despite difficulty in convincing students that qualitative questions were relevant. The
relevance of this study to secondary school education is questionable, as students generally
encounter conceptual problems more frequently in secondary school than at undergraduate level.
Nevertheless, making secondary school students solve complex problems requiring qualitative
thinking has been shown to lead to a better conceptual understanding of electric circuits, though this
was in the context of 16 disadvantaged South African schools (Gaigher et al., 2007). In order to

ease the transition towards qualitative thinking, teachers should explicitly teach qualitative
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reasoning skills. Larkin (1981) notes that teachers often only explain their thinking verbally, but
write down equations on the board. By explicitly sharing qualitative thinking in written form with
students, and encouraging students to do the same, increases in conceptual understanding and
explanatory skills have been observed in the context of an undergraduate physics course (Leonard

et al., 1996).

Students often fail to develop a conceptual understanding of phenomena because little time is
devoted to allowing students to develop a conceptual model of such phenomena. A ‘conceptual
model’ refers to the ways in which the student is able to imagine a physics phenomenon
(McDermott & Shaffer, 1992b). McDermott argues that students must be given the opportunity to
engage on a deep intellectual level with physics concepts, and designed the Physics by Inquiry
curriculum to allow students to develop their own conceptual model by which they may reason
qualitatively (McDermott, 1991; McDermott & Shaffer, 1992b). In the electric circuits module,
students spend time with real electric circuits and are encouraged, step-by-step, to visualise how
electric circuits work. Quantitative problems are introduced only after a qualitative foundation is
established (McDermott, 1996). Implementation of Physics by Inquiry, and similar curricula which
emphasise model building such as the ‘rope loop’ model of electricity (DCSF, 2008), has been
found to increase performance on conceptual tests at undergraduate level (see Figure 1)
(McDermott & Shaffer, 1992b; Brewe, Kramer, & O'Brien, 2008). The applicability of this
curricula approach at secondary school level is questionable, as a university laboratory may be a
more suitable location for discussion-based practical activities. However, implementation of
Physics by Inquiry in a study of twelve 14-15 year old students in a Lebanese secondary school was
found to increase performance on DIRECT (Afra et al., 2009). Courses focusing on model-building
have also been shown increase the number of students with expert-like views (McKagan, Perkins,
& Wieman, 2006; Brewe et al.,, 2008; Sahin, 2010; Lindsey, Hsu, Sadaghiani, Taylor, &
Cummings, 2012).
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Figure 1: Comparing different students’ performance on a free response electric circuits test and
DIRECT. Students who are currently studying or have previously studied the Physics by Inquiry (PbI)

curriculum perform significantly better. (Redrawn from McDermott, 2000)

It has been shown that for undergraduate students a combination of real and virtual experimentation
is more effective in developing a conceptual model of electric circuits than real experimentation
alone (Finkelstein et al., 2005; Zacharia, 2007; Farrokhnia & Esmailpour, 2010). Computer
programs like the PhET Circuit Construction Kit were designed to “support students in constructing
a robust conceptual understanding” by reinforcing “cause-and-effect relationships between voltage,
current, resistance and power” (Perkins et al.,, 2006, p.22). While the effect of virtual
experimentation in a secondary school context is largely undocumented, except for one study of
gifted students in a Korean school which found a similar increase in conceptual understanding (Lee,
Shin, & Kim, 2015), there is little reason to believe the advantages of a virtual experimentation
would apply in this context. The ability for students to see electrons in simulations has been
identified as a key advantage of simulations in enabling students to construct a conceptual model

(Zacharia, 2007).

Once a student has constructed a conceptual model by which they may reason qualitatively, there
are likely to be several errors in their model. The term ‘conceptual change instruction’ describes the
processes by which students may alter and correct their conceptual models. Educational theorists
have argued that for conceptual change to take place, students must be shown that their existing
concepts are unsatisfactory, and presented with a different idea with more explanatory power

(Posner, Strike, Hewson, & Gertzog, 1982; Shipstone, 1988; Redish, 1994). Activities should be
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designed in which a common mistake is deliberately exposed, and then a correct interpretation is
arrived at. Implementing this “elicit, confront, resolve” model of conceptual change instruction has
been shown to be an effective means of reducing the prevalence of misconceptions (McDermott &
Shaffer, 1992b, p.1008). This effect has been observed at undergraduate level (Sangnam & Jesiek,
2012; Taghdere, 2013), early secondary school level (Arnold & Millar, 1987) as well as two studies
of 16-18 year old students in European secondary schools which are therefore of particular
relevance to this study (Dilber & Salar, 2014; Kapartzianis & Kriek, 2014). However, some
students, particularly low-achieving students, may view this conceptual conflict as a failure and
experience a loss of confidence (Dreyfus, Jungwirth, & Eliovitch, 1990). Students must be
encouraged to talk in an honest and exploratory fashion for conceptual change instruction to be
effective (Mercer, 1996; Mercer, Dawes, Wegerif, & Sam, 2004; Barnes, 2008). In such an
environment, students may experience an increase in problem-solving confidence (Lindsey et al.,

2012).

“Conceptualization should precede computation... Let’s look at the whole elephant before
we begin to measure its tail”
(Hewitt, 1983, p.311)

Research questions

This report investigates the effect of pedagogies which emphasise qualitative reasoning through
encouraging qualitative problem-solving, developing conceptual models and correcting conceptual
models through conceptual change. The following research questions are addressed in the context

of a Year 12 class studying electricity:

1. Do pedagogies which emphasise qualitative reasoning improve students’ conceptual

understanding of electric circuits?

2. How do pedagogies which emphasise qualitative reasoning affect students’ attitudes towards

physics as a subject?

3. How do pedagogies which emphasise qualitative reasoning affect students’ problem-solving

confidence in physics?
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Teaching Rationale

Context

This study took place in an 11-18 academy of approximately 2000 pupils located in England. The
school serves a diverse catchment area, and was rated ‘Good’ in its most recent OFSTED
inspection. The class studied were the only Year 12 physics class in the school, consisting of 11
students. Students had a range of previous understanding (see Figure 2). The pedagogies described
in this section were implemented during a series of seven lessons covering chapter 10 of the OCR
AS-level syllabus titled ‘Electrical circuits’. The class’ usual teacher had taught the previous two
chapters on electricity, which focused on definitions of current, voltage and resistance and
components such as filament lamps and thermistors. Chapter 10, which the author of this report
taught, focuses on Kirchoff’s laws, combining resistors and other methods of analysing more

complicated circuits.

Predicted A2 Grades of the class

Number of students

Figure 2: Predicted A-Level grades for the class

Pedagogies which emphasise qualitative reasoning

Table 1 (below) shows the pedagogical techniques that were implemented in each lesson of the

7-lesson sequence.
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Pedagogy
Lesson 1. DIRECT | 2. Physics by 3. PhET 4. Conceptual | 5. ‘Solution’
qualitative Inquiry virtual CCK change and ‘strategy’
questions discussion frames
1. Single bulb
circuits / ‘/

2. A model for
electric current

v

3. Combining

AN

resistors

4. Kirchoff’s
laws

5. Analysing
circuits

6. Internal

SN N NS
AN

resistance

7. Potential
dividers

AN NN
AN

Table 1: The pedagogies implemented in each lesson

Repeated reasoning practise on qualitative questions

Students were given two multiple-choice questions at the beginning of each lesson, and were asked
to select an answer and explain their reasoning in writing. The questions were entirely qualitative,
not requiring any mathematics to answer, and were selected from the qualitative iteration of
DIRECT (v1.0, see Figure 3) (Engelhardt, 1997). Students were then asked at the end of the lesson
to answer the same two questions. Giving students an opportunity to change their answers in
response to learning has been shown to be an effective way of encouraging students to assimilate
conceptual ideas into their own conceptual models, however this effect was studied at
undergraduate level where students may be more willing to alter their ideas (Goris & Dyrenfurth,
2013). The questions used in each lesson were relevant to the topic addressed in the lesson, so
students had a chance to re-evaluate their ideas. It was hoped, considering the study of 16

disadvantaged South African schools which placed emphasis on qualitative problem-solving
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(Gaigher et al., 2007), that repeated practise on qualitative questions would encourage students to

take conceptual understanding seriously and develop their reasoning skills.

Compare the resistance of branch 1 with that of branch 2. A branch is a
section of a circuit. Which has the least resistance?

a) Branch 1
b) Branch 2 —WW—IWW— w
c) Neither, they are the same

Branch 1 Branch 2

Figure 3. DIRECT question used for the third lesson of the sequence on the topic of ‘Combining
resistors’. The question is designed to elicit misconception M9.

(redrawn from Engelhardt, 1997, p.189)

Inquiry-based building of conceptual models

During the first two lessons of the seven-lesson sequence, students completed Sections 1 and 2 of
the Electric Circuits module of the Physics by Inquiry (Pbl) curriculum titled “Single bulb circuits”
and “A model for electric current” (McDermott, 1996, p.383). Students begin by attempting to light
a bulb with a battery and a single wire, before moving on to building more complicated circuits,
each intended to develop a particular aspect of their conceptual model of electricity (McDermott &
Shaffer, 1992b). Students are asked to articulate their reasoning verbally in small groups of 2-3, and
are repeatedly instructed to share and discuss ideas with the teacher (McDermott, 2000). By the end
of these lessons, it was hoped that students would have developed a conceptual understanding of
how current flows around a circuit, and how resistors in series and parallel affect this flow. While
this approach has been shown to be effective at undergraduate level (see Figure 1) (McDermott &
Shaffer, 1992b; Brewe et al., 2008), it is largely unknown what effect the Physics by Inquiry
curriculum has at secondary-school level aside from a single small-scale study (Afra et al., 2009).
At the end of these two lessons, students were asked to compare their ideas about current flow with
the ‘rope-loop’ model of electricity (DCSF, 2008), to assess the strengths and weaknesses of their

own understanding of electric circuits.
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Building conceptual models through virtual experimentation

In the third and fourth lessons, students used the Circuit Construction Kit (Perkins et al., 2006) to
investigate the topics of ‘Combining resistors’ and ‘Kirchoff’s laws’. Students worked in groups of
2-3 to construct circuits and measure quantities using on-screen meters. While it seemed likely that
the ability to see electrons moving in a circuit would reinforce the conceptual ideas developed in the
first two lessons, the effect of virtual experimentation has mostly been studied in a university

context (Finkelstein et al., 2005; Zacharia, 2007; Farrokhnia & Esmailpour, 2010).

Conceptual change discussions

At the start of each lesson, excluding the first two lessons, a conceptual change discussion was held
using the model of “elicit, confront, resolve” (McDermott & Shaffer, 1992b, p.1008). This was
conducted using a similar approach to two studies of 16-18 year old students which have been
successful in improving student understanding (Dilber & Salar, 2014; Kapartzianis & Kriek, 2014).
Students were presented with an electric circuit, which had been designed to elicit a specific
misconception, and were asked how the circuit would respond to a change. In a whole class
discussion, students were encouraged to share different ideas and argue what the outcome of the
change would be. Once an agreement was reached among the students, or once it became apparent
no agreement would be reached, the change was made. Students often predicted what would happen
incorrectly, but were then able to produce a correct explanation for the result using ideas discussed
in the first two lessons such as the ‘rope-loop’ model (DCSF, 2008). These conceptual change
discussions were intended to encourage students who still held common misconceptions to alter

their conceptual models (Tashdere, 2013).

Explicit focus on qualitative reasoning

During the fifth, and seventh lessons, typical exam-style quantitative questions were introduced.
When answering these questions, students were given a writing frame to encourage students to
retain and use their conceptual models, and not to resort to formula and algorithm memorization as
many do (Millar & Beh, 1993; McDermott, 2011). This writing frame divided the paper into half,
with the left-hand side titled ‘strategy’ and the right-hand side titled ‘solution’. Students were
encouraged to write down their qualitative thinking about the problem in the ‘strategy’ section, and

to perform any calculations in the ‘solution’ section. The teacher also used this writing frame when
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answering example questions on the board to avoid the issues raised by Larkin (1981). This is the
same approach adopted in a different study which increased conceptual understanding and students’

ability to justify their answers, albeit in an undergraduate context (Leonard et al., 1996).

Methodology

Action Research

The pedagogies described above represent a significant change from the didactic and quantitative-
focused way the class are usually taught. Therefore, this investigation takes the form of action
research. As Wilson describes: “When a teacher intervenes to make changes to their practice and at
the same time systematically collects evidence of the effects of these changes, then they are
engaging in action research” (Wilson, 2009, p.189). Action research is carried out in response to an
identified problem (Taber, 2007). In this case the class appeared to lack a conceptual understanding
of electric circuits, possibly due to the didactic and quantitative way the class were taught. Action
research is usually a cyclical process, with the aim to “arrive at recommendations for good practice
that will tackle a problem” (Denscombe, 2007, p.12). This report describes one revolution of such a
cycle, to explore whether a change in teaching approach would improve the conceptual
understanding in the class and give recommendations for future practice and research which could

inform subsequent cycles of action research.

Due to the collaborative nature of the relationship between teacher and student, “the joint concern
for action and research can cause serious problems” (Robson & McCartan, 2011). The researcher
must ensure that the desire to see an improvement does not cause them to deviate from the
intervention which is to be investigated. Action research studies are rarely featured in research
journals, perhaps due to the reason that “action research is highly contextualised, and reports may
well offer little readily generalised knowledge to inform other practitioners” (Taber, 2007, p.86).

This is a concern for this study, where only one class of 11 students was studied.

Ethics

In accordance with recommendations (Bell, 2010; Robson & McCartan, 2011) all students involved

in the research project, as well as the Head of Physics and the usual classroom teachers, were
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informed what form the intervention would take (fewer quantitative questions, more discussion-
based practical work and qualitative questions). No decisions made regarding pedagogy were
knowingly detrimental to the class’ progress. Students and parents of students were given the
opportunity to opt-out of any interviews or surveys. Students were assured that all data collected
would be treated in accordance with school guidance on data protection, and that all data presented
in the final report would be anonymised. Students were asked for consent before being audio-
recorded during interviews. This research was carried out in line with the British Educational
Research Association (BERA) guidelines for research (BERA, 2011). The Faculty Ethics Form was
completed with approval from the Subject Lecturer. Students were generally excited to try a
different way of learning. Though, as Bell notes, awareness of being part of a research project may

abnormally alter students’ behaviour and attitudes towards what is being studied (Bell, 2010).

Data collection and analysis

The research questions posed do not seek to determine which pedagogies emphasising qualitative
reasoning are most effective, but rather the combined effect of these pedagogies. Hence, the
majority of the data collected focuses on determining students’ conceptual understanding, attitudes
and confidence before and after the lesson sequence. As there was no control group, it is difficult to
be certain the cause of any findings was the pedagogical approach. Focus groups were used as a
secondary data source to attempt to determine which pedagogies had been most effective. The
following data was collected to answer the research questions, and is summarised in Table 2 (at the

end of this section).

CLASS survey

The Colorado Learning Attitudes about Science Survey (CLASS) is a survey which has been used
in several previous studies of students’ attitudes towards physics (Adams et al., 2006). The survey
asks students whether they agree or disagree with 42 statements about physics. These statements
ask not just about how much students like physics, but also their views about what physics is. It is
then possible to compare students’ views with experts, to determine how ‘expert-like’ the students’

views are.

The 42 statements are divided into categories such as ‘Personal interest’ and ‘Conceptual
understanding’. Rather than writing the statements to fit into prescribed categories, which may not
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exist as common patterns of students’ thinking, categories were determined by analysing patterns in
students’ answers to statements (Adams et al., 2004). Consequently, CLASS has been shown to be
a robust and useful tool for determining student’s views about physics, especially when a particular
aspect of students’ attitudes requires attention. While all categories were analysed to attempt to
answer research question 2, some categories proved useful for other research questions, such as

‘Applied Conceptual Understanding’ and ‘Problem Solving Confidence’.

All 11 students completed CLASS both before and after the lesson sequence, so that the change in
views could be measured. The percentage of student views which agreed with experts’ views (the
favourable views) was determined using the CLASS data analysis tool after the lesson sequence.
These percentages were compared with typical data from 397 high-school and university students

(Adams et al., 2006).

EPSE test

In order to determine the prevalence of misconceptions before and after instruction, students were
given a 10-minute test comprised of 10 multiple-choice questions written by the Evidence-based
Practice in Science Education (EPSE) Research Network. These questions “embody insights, and
reflect outcomes, of a body of previous research” in that they are designed as a diagnostic probe to
elicit common misconceptions, and has been used previously with many secondary school groups

(Millar & Hames, 2003, p.2).

From the existing question bank of 50 electric circuit questions, 10 were selected which attempt to
elicit the three misconceptions described above. Each question begins by asking a question about an
electric circuit, and then asks the student to select a box which explains their answer. Using this
explanation, it is possible to determine which misconception caused a student to choose an incorrect
answer to the first section. The final section of each question asks how confident the student is that

their answer is correct.

All 11 students completed the EPSE test before and after the lesson sequence. All tests were marked
after the lesson sequence. If a student answered the first section incorrectly, the explanation section
was used to categorise the mistake as either an M2, M8, M9 or uncategorizable mistake using an
answer key produced by the author of this report. In all cases, it was possible to categorize mistakes

as one of the three misconceptions. It is important that researchers investigating conceptual
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understanding should not ‘teach-to-the-test’, obscuring a lack of conceptual understanding in areas
not covered by the test (Taber, 2007; Robson & McCartan, 2011). However, as elimination of
misconceptions through conceptual change activities was an important teaching goal, addressing the

three misconceptions was unavoidable.

DIRECT questions

The Determining and Interpreting Resistive Electric Circuit Concepts Test (DIRECT) was
developed in response to the desire for a conceptual test like the Force Concept Inventory (FCI) for
the topic of electric circuits (Engelhardt, 1997). Two versions of the test are commonly used: v1.0
which uses qualitative questions, and v1.2 which was updated to include more mathematical
questions in response to the difficulty students had with v1.0. Engelhardt notes that “Version 1.2 is
most appropriate for an emphasis on the quantitative aspects of circuits, whereas 1.0 is more suited
for a qualitative approach.” (Engelhardt & Beichner, 2004, p.110). As quantitative questions have
been shown to be a poor indicator of conceptual understanding, v1.0 was used (Millar & Beh, 1993;
Crouch & Mazur, 2001; McDermott, 2011). The test contains 29 multiple choice questions (see
Figure 3).

While there was not time to administer the full test to the class, the questions from the test were
used both to encourage qualitative reasoning and to assess student understanding. Students
answered two questions at the beginning of each lesson and then answered the same two questions
at the end of the lesson to assess how their understanding had progressed. Students were
encouraged to describe their reasoning below their answer, so it was possible to see how their
reasoning skills had developed. However, comparisons must be made cautiously as it was possible
students may have discussed the question with peers before re-answering the question at the end of
each lesson, though no indication of this was seen. Students were told there would be no positive or
negative consequence to their answers, and that the questions were intended only to provide practise
and evaluate teaching. Students were also asked how confident they were their answers were

correct, using the same scale as the EPSE test.

This test has been used in several other studies, allowing for comparison of results by question with
typical results from 1135 high-school and university students (Engelhardt & Beichner, 2004).
However, as students completed the questions two at a time during a lesson related to the questions,

and not as a full test, comparisons are not completely valid.
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Focus groups

Focus groups with students were used to attain a more detailed picture of how and why students’
conceptual understanding, attitudes and confidence had changed as a result of the lesson sequence.
The CLASS survey was used to select two students whose attitudes towards physics had become
more-expert-like in both the ‘Overall’ and ‘Applied Conceptual Understanding’ categories, as well
as two students whose attitude had become less expert-like in these areas. These two pairs of

students agreed to take part in the two focus groups.

To avoid the potential for bias introduced by asking questions about the effectiveness of the
interviewer’s own teaching (Bell, 2010; Robson & McCartan, 2011), a structured interview format
was used. Students were asked to explain their answers to selected questions on the CLASS survey
and EPSE test, and to explain “if there was any reason why your views changed between the pre-
test and post-test”. The focus groups were audio-recorded and then transcribed. The transcripts were
used only to support judgements suggested by other data, as the small sample-size of the interviews

makes generalisations impossible.

Data source

Research Question CLASS EPSE DIRECT Focus
surveys tests questions groups

1. Do pedagogies which emphasise qualitative

reasoning improve students’ conceptual ‘/ ‘/ ‘/
understanding of electric circuits?

2. How do pedagogies which emphasise
qualitative reasoning affect students’ attitudes ‘/ ‘/
towards physics as a subject?

3. How do pedagogies which emphasise

qualitative reasoning affect students’ problem- ‘/ ‘/ ‘/ ‘/

solving confidence in physics?

Table 2: Data sources used in addressing each research question
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Discussion

Do pedagogies which emphasise qualitative reasoning improve students’ conceptual

understanding of electric circuits?

Prevelance of misconceptions on EPSE tests

T

4

(98}

Pre

Post

Average frequency of
misconception
[\S}
—
i

=
=

M2 M8 M9
Category of misconception

“Figure 4: The average number of incorrect answers given by each student in the EPSE test

due to the three identified misconceptions (see above)

*
Note: comparisons between the prevalence of the three misconceptions should be avoided as there were not an equal
number of opportunities to make mistakes due to each misconception.

Results from the pre- and post- EPSE test indicate a significant decrease in the prevalence of
misconceptions after the lesson sequence (see Figure 4). However, as no control group was used it
is not certain whether similar gains would be observed under typical quantitative instruction. While
the prevalence of misconceptions is not the only indicator of conceptual understanding, several
other studies have focused on the prevalence of misconceptions to determine the effect of
pedagogies on conceptual understanding. Investigations into the effect of qualitative questioning
(Leonard et al., 1996; Crouch & Mazur, 2001), inquiry-based model-building (Afra et al., 2009) and
conceptual change instruction (Taslidere, 2013; Dilber & Salar, 2014) have all found decreases in
the prevalence of misconceptions on similar electric circuits conceptual tests. In one study a control
group was taught using typical quantitative questioning, and the prevalence of misconceptions was
shown to increase (Tashdere, 2013). Indeed, the prevalence of some misconceptions, particularly
MS (the power supply as constant current source), have been shown to be approximately constant at
all stages of physics education (Engelhardt & Beichner, 2004). Therefore, the decrease in
misconceptions on the EPSE tests is a strong indicator that conceptual understanding was improved

by the pedagogies which emphasise qualitative reasoning.
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Another indicator of the improvement in conceptual understanding is the increase in student
performance on DIRECT questions between the beginning and end of each lesson (see Figure 5).
The class typically performed worse than the standard results at the beginning of the lesson, but
performed better at the end of each lesson. While performance on each question increased due to
the lesson, this may be because lessons covered the topic in the corresponding question, so
comparisons with results of other students taking the whole test are not entirely valid. However, an
increase in performance on DIRECT questions has also been observed in similar secondary school
studies on the impact of inquiry-based model-building (Afra et al., 2009) and conceptual change
instruction (Kapartzianis & Kriek, 2014). Comparison with these similar, although small-scale,
studies strengthens the argument that the combination of pedagogies which emphasise qualitative
reasoning caused both the increase in DIRECT question performance and the decrease in the

prevalence of misconceptions on the EPSE test.

Responses to DIRECT questions
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Figure 5: Student responses to DIRECT questions
The percentage of correct responses given by the class is compared with typical results from 1135

high-school and university students answering the same questions (Engelhardt & Beichner, 2004)

Students’ written reasoning on DIRECT questions shows the ways in which students’ reasoning
skills increased due to instruction. Take the question in Figure 3 for example. At the beginning of
lesson 3, three students’ responses were “C. Resistance in circuits is added”, “C. There are the same
number of resistors” and “B. In series resistance adds up and increases whereas in parallel the total

resistance is reduced”. While the last student does give the correct answer, all resort to memorized
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mathematical rules to explain their thinking, as has been observed in studies of students of similar
ages studying electric circuits (Cohen et al., 1982; Millar & Beh, 1993). Two students hold an M9-
type misconception, focusing on the number of resistors, rather than their arrangement (Taslidere,
2013). By the end of the lesson, all three students gave correct answers with appropriate conceptual
reasoning: “B. There is only one pathway for electrons in the first one”, “B. The current had more
ways to flow so resistance is reduced” and “B. The parallel section provides another channel which
decreases the total resistance”. This trend of movement from quantitative to qualitative reasoning
was typical of DIRECT question responses. One student when interviewed described how “At the
start [ was trying to relate it to the equation, but it’s different because the current goes through two
pathways. I thought it was related to the equation but no, it just pulls more current through”
(Student B, Focus group 1). Another said “Before we did the circuits I never actually like looked at
what it is... we never did experiments that actually visualise the circuit. Now when I think about it I
visualise it and try to simplify and work through it” (Student A, Focus group 1). This may suggest
that the emphasis on qualitative reasoning encouraged students to think about conceptual models,
rather than resorting to memorized algorithms which may lead them astray. While qualitative
reasoning improved, failure to distinguish among related concepts was still a common mistake
(McDermott & Schaffer, 1992a). One student was able to answer an EPSE question correctly, but
still made the common mistake of confusing current and voltage (Millar & Beh, 1993). In
interview, they described how in a parallel circuit “The voltage splits here so half the volts go here
and half here” (Student B, Focus group 2). As has been previously documented in an undergraduate
study (Leonard et al., 1996), students were resistant to the use of “strategy” and “solution” writing

frames, which many, but not all, ignored.

There is some evidence to suggest that conceptual change discussions were the most important
factor in improving students’ conceptual understanding. When asked why their answers changed
between pre- and post- EPSE tests, all four students interviewed referred to conceptual change
discussions at the beginning of lessons. The two lessons without conceptual change discussion also
gave the smallest gain in DIRECT question performance (see Figure 5). This suggests that the
“elicit, confront, resolve” model of conceptual change was an effective way of improving
conceptual understanding, as found in two other studies of 16-18 year old students studying electric
circuits (Dilber & Salar, 2014; Kapartzianis & Kriek, 2014). However, conceptual change activities
were not always effective in changing students’ ideas. Students sometimes defended their

misconceptions against sensory evidence, and would deliberately record unobserved results, a
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behaviour which has been observed in a study of younger 11-12 year old students (Arnold & Millar,
1987). For example, one student who believed that the brightness of one bulb must be affected by
the connection of another bulb in parallel repeatedly claimed that the bulb must get slightly dimmer,
but that it is so slight it cannot be seen. Further studies of conceptual change discussions which

determine their isolated effect and produce guidance to avoid potential pitfalls may be beneficial.

How do pedagogies which emphasise qualitative reasoning affect students’ attitudes towards

physics as a subject?

There is little evidence to indicate that student’s attitudes towards physics were significantly
changed as a result of the lesson sequence. No significant shift in overall favourability of students’
views was observed (see Figure 6). Despite the emphasis placed on conceptual understanding, no
significant shift was seen in the ‘Applied Conceptual Understanding’ category. This may be
expected, as the interval between the pre- and post-test was only 4 weeks, a small period of time in

which to change students’ views of a subject they have studied for several years.

Percentage favourability of views in CLASS survey
Pre 30.0 40.0 50.0 60.0 70.0 80.0
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Figure 6: The percentage of favourable views students gave in the CLASS survey

before and after the lesson sequence
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There is some evidence that pedagogies which emphasise qualitative reasoning had a positive effect
on student views, particularly when compared with typical changes in student views. Students’
views about physics usually become less expert-like following instruction, though this has only
been observed at undergraduate level (Redish et al., 1998; Adams et al., 2006; Ding, 2012). No
negative shift in favourability was observed in any category, though this may be due to the short
duration of the lesson sequence. Significant positive shifts were observed in the ‘Personal interest’,
‘Real World Connection’ and ‘Problem Solving General® categories. One student said in interview:

“I had an understanding of how voltage and resistance work, but this year it’s become

clearer as to what it actually is. As opposed to just saying voltage is a push on the current,

it’s how it actually forces a current to go around, how it pushes electrons around. It just

feels like learning more and understanding better. It’s like I can apply it more to real life

than I could before.”
(Student A, Focus group 1)

For this student, an increase in conceptual understanding has made it easier for them to apply
physics to real life, which may explain the positive shift in the ‘Personal interest” and ‘Real World
Connection’ categories. If given more time to investigate pedagogies which emphasise qualitative
reasoning, it would be interesting to see whether a positive shift in overall views would be
observed, as in other studies which “emphasized reasoning development [and] model building”
(McKagan et al., 2006, p.1; Brewe, et al., 2008; Sahin, 2010; Lindsey et al., 2012). However, these
studies were all of undergraduate students, who may encounter these pedagogies less frequently in
lecture-based courses and therefore the introduction of these pedagogies may cause a greater shift in

ViEWS.

Several studies note a correlation between expert-like views and improvement in performance on
conceptual tests, suggesting that those with expert-like views are more likely to improve their
conceptual understanding. (Perkins, Adams, Pollock, Finkelstein, & Wieman, 2004; Sahin, 2010;
Milner-Bolotin, Antimirova, Noack, & Petrov, 2011). However, no significant correlation between
improvement in EPSE test performance and favourability of views on the CLASS survey was

observed.

How do pedagogies which emphasise qualitative reasoning affect students’ problem-solving

confidence in physics?

Unlike another study which implemented the Physics by Inquiry curriculum in an undergraduate
context (Lindsey et al., 2012), no shift was observed in the ‘Problem Solving Confidence’ category
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of the CLASS survey. This disparity may be due to the short duration of the lesson sequence or the
differing experiences of secondary-school and undergraduate students. Students’ confidence in their
answers on EPSE tests and DIRECT questions increased due to instruction (see Figures 7 and 8).
However, as no control group was used, it is difficult to determine whether increases in confidence
were due to pedagogies which emphasise qualitative reasoning, or simply due to more exposure to

the topic of electric circuits.

There is some concern that conceptual change instruction focusing on eliciting misconceptions may
cause a loss of confidence, particularly among low-achieving students. This was observed in a study
of 219 16-year old students in Israeli secondary schools (Dreyfus et al., 1990). However, no
statistically significant correlation between predicted grade and confidence shift was observed on

EPSE, DIRECT or CLASS tests. However, the small sample size of this study may obscure this

effect.
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Figure 7: Average student confidence in EPSE tests before and after the lesson sequence
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Conclusion

There is evidence to suggest that the combined use of pedagogies which emphasise qualitative
reasoning increased students’ conceptual understanding of electric circuits. The prevalence of
common misconceptions was found to decrease significantly between pre- and post-tests, a result
that does not usually arise from typical quantitative instruction (Engelhardt & Beichner, 2004;
Taghdere, 2013). Performance on conceptual DIRECT questions also increased. Pedagogies which
emphasise qualitative reasoning had very little measurable effect on students’ attitudes towards
physics and problem-solving confidence, likely due to the brevity of the study. Positive attitudinal
shifts were observed in the categories of ‘Personal interest’, ‘Real World Connection’ and ‘Problem
Solving General’, and no decrease in ‘Problem Solving Confidence’ was recorded, despite
suggestions that conceptual change activities may results in a loss of confidence (Dreyfus et al.,

1990).

Implications for practice

The use of conceptual change discussions using the model of “elicit, confront, resolve” was
identified by students as a particularly effective method of improving conceptual understanding, as
has been shown by several other studies at undergraduate (McDermott & Shaffer, 1992b, p.1008;
Sangnam & Jesiek, 2012; Taslidere, 2013) and secondary school level (Arnold & Millar, 1987;
Dilber & Salar, 2014; Kapartzianis & Kriek, 2014). This is a method which has been shown to be
effective in eliminating misconceptions not just for electric circuits, but all of science (Posner et al.,

1982; Dreyfus et al., 1990).

The positive effect on conceptual understanding of the use of qualitative questions has been well
established in an undergraduate context (Arons, 1982; Cohen et al., 1982; Crouch & Mazur, 2001;
Gaigher et al., 2007), but few studies have documented this effect in secondary schools. A
transition from quantitative to qualitative explanations for phenomena was observed in students’
work. This study supports the conclusion of another secondary school study that encouraging
students to take qualitative reasoning in physics seriously is likely to lead to increases in conceptual
understanding and reasoning skills (Gaigher et al., 2007). This has increased my determination to

use qualitative questions and teaching strategies to support students in my own teaching.
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Opportunities for future research

The study was severely limited in several facets. Only part of the AS-Level electricity curriculum
was taught using the pedagogies described above, and no control group was used. A long-term
study implementing the described pedagogies with a control group may yield more significant

results.

The lesson sequence had little effect on students’ views about physics, however views did become
more favourable in the ‘Personal Interest’, ‘Real World Connection’ and ‘Problem Solving General’
categories. It would be interesting to see if, in a long-term study, a shift in overall views would be
observed, as in other studies of undergraduate students (McKagan et al., 2006; Sahin, 2010;
Lindsey et al., 2012).

As this study takes the form of action research, which is typically a cyclical process (Denscombe,
2007), another opportunity for further research would be to refine the pedagogical techniques and
observe their effect. Improvements could be made in encouraging the use of ‘strategy’ and
‘solution’ writing frames, as well as overcoming the identified pitfall in conceptual change

activities: students’ denial of sensory evidence (Arnold & Millar, 1987).

References

Adams, W., Perkins, K., Dubson, M., Finkelstein, N., & Wieman, C. (2004, August 4-5). The
Design and Validation of the Colorado Learning Attitudes about Science Survey. Paper
presented at Physics Education Research Conference 2004, Sacramento, California.
Retrieved from:

http://www.compadre.org/Repository/document/ServeFile.cfm?ID=9527&DocID=2789

Adams, W., Perkins, K., Podolefsky, N., Dubson, M., Finkelstein, N., & Wieman, C. (2006). New
instrument for measuring student beliefs about physics and learning physics: The

Colorado Learning Attitudes about Science Survey. Phys. Rev. ST Phys. Educ. Res.,
2(1),010101.

Afra, N., Osta, 1., & Zoubeir, W. (2009). Students’ alternative conceptions about electricity and
effect of inquiry-based teaching strategies. International Journal of Science &

Mathematics Education, 7(1), 103-132.

JoTTER Vol. 9 (2018)

© Callum Farnsworth, 2018
99



Farnsworth, C.

Arnold, M. & Millar, R. (1987) Being constructive: An alternative approach to the teaching of
introductory ideas in electricity. International Journal of Science Education, 9(5), 553-

563.

Arons, A. B. (1982). Phenomenology and logical reasoning in introductory physics courses. Am. J.

Phys., 50, 13-20.

Atasoy, S. & Ergin, S. (2017). The effect of concept cartoon embedded worksheets on grade 9
students’ conceptual understanding of Newton’s Laws of Motion. Research in Science

& Technological Education, 35(1), 58-73.

Bates, S., Galloway, R., Loptson, C., & Slaughter, K. (2011). How attitudes and beliefs about
physics change from high school to faculty. Phys. Rev. ST Phys. Educ. Res., 7 (2),
020114.

Barnes, D. (2008). Exploratory Talk for Learning. In N. Mercer, & S. Hodgkinson (Eds.),
Exploring Talk in School (pp. 1-12). London: Sage.

Bell, J. (2010). Doing your research project.: a guide for first-time researchers in education, health

and social science (5" ed.). Buckingham: Open University Press.

Brewe, E., Kramer, L., & O'Brien, G. (2008). CLASS Shifts in Modeling Instruction. Phys. Rev. ST
Phys. Educ. Res., 5, 013102.

British Educational Research Association (BERA), (2011). Ethical guidelines for educational
research. Retrieved from: https://www.bera.ac.uk/wp-content/uploads/2014/02/BERA-
Ethical-Guidelines-2011.pdf

Cohen, R., Eylon, B., & Ganiel, U. (1983). Potential Difference and Current in Simple Electric
Circuits: A Study of Students’ Concepts. Am. J. Phys., 51(5), 407-412.

Crouch, C. H. & Mazur, E. (2001). Peer Instruction: Ten years of experience and results. Am. J.

Phys., 69 (9), 970-977.

Denscombe, M. (2007). The Good Research Guide for Small-scale Social Research Projects
(3" ed.). Buckingham: Open University Press.

Department for Children, Schools and Families (DCSF). (2008). Science teaching unit: Explaining
how electric circuits work. London: Her Majesty’s Stationary Office (HMSO).

JoTTER Vol. 9 (2018)
© Callum Farnsworth, 2018
100



Emphasising qualitative reasoning in physics lessons

Dilber, R. & Salar, R. (2014, 21st March). Effect of Conceptual Change Instruction on Students’
Understanding of Electricity Concepts. Paper presented at International Conference,
New Perspectives in Science Education, 3rd Edition. Retrieved from
http://conference.pixel-online.net/NPSE/files/npse/ed0003/FP/0158-STM 138-FP-
NPSE3.pdf

Ding, L. (2012, August 1-2). A comparative study of middle school and high school students’ views
about physics and learning physics. Paper presented at Physics Education Research
Conference 2012, Philadelphia, PA. Retrieved from
http://www.compadre.org/Repository/document/ServeFile.cfm?ID=12788&DocID=332
3

Dreyfus, A., Jungwirth, E. & Eliovitch, R. (1990). Applying the “cognitive conflict” strategy for
conceptual change—some implications, difficulties, and problems. Sci. Ed., 74,

555-569.

Dupin, J. J. & Johsua, S. (1987). Conceptions of French Pupils Concerning Electric Circuits:
Structure and Evolution. Journal of Research in Science Teaching, 24(9), 791-806.

Engelhardt, P. (1997). Examining students’ understanding of electrical circuits through multiple-

choice testing and interviews. PhD. Dissertation, North Carolina State University.

Engelhardt, P., & Beichner, J. (2004). Students’ understanding of direct current resistive electrical
circuits. Am. J. Phys., 72, 98-115.

Farrokhnia, M. R. & Esmailpour, A. (2010). A study on the impact of real, virtual and
comprehensive experimenting on students’ conceptual understanding of DC electric

circuits and their skills in undergraduate electricity laboratory. Procedia Social and

Behavioral Sciences 2, 5474-5482.

Finkelstein, N. D., Adams, W. K., Keller, C. J., Kohl, P. B., Perkins, K. K., Podolefsky, N. S., et al.
(2005). When learning about the real world is better done virtually: A study of
substituting computer simulations for laboratory equipment. Phys. Rev. ST Phys. Educ.
Res., 1,010103.

Gaigher, E., Rogan, J. M., & Braun M. W. H. (2007). Exploring the Development of Conceptual
Understanding through Structured Problem solving in Physics. International Journal of

Science Education, 29(9), 1089-1110.

JoTTER Vol. 9 (2018)

© Callum Farnsworth, 2018
101



Farnsworth, C.

Goris, T. & Dyrenfurth, M. (2013, June 23-26). How Electrical Engineering Technology Students
Understand Concepts of Electricity. Paper presented at Engineering Education: Frankly,
We Do Give a D*mn, Atlanta, Georgia. Retrieved from

http://www.asee.org/public/conferences/20/papers/5849/view

Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force concept inventory. Phys. Teach., 30(3),
141-158.

Hewitt, P. G. (1983). Millikan Lecture 1982: The missing essential—a conceptual understanding of
physics. American Journal of Physics, 51, 305-311.

Kapartzianis, A. & Kriek, J. (2014). Conceptual Change Activities Alleviating Misconceptions
About Electric Circuits. Journal of Baltic Science Education, 13(3), 298-315.

Larkin, J. H., McDermott, L., Simon, D. P., & Simon, H. A. (1980). Expert and novice performance
in solving physics problems. Science, 208, 1335-1342.

Larkin, J. (1981) Enriching formal knowledge: A model for learning to solve problems in physics.
In R. Anderson (Ed.), Cognitive Skills and Their Acquisition (pp. 1-20). Hillsdale, NJ:

Erlbaum.

Lee, J., Shin, E., Kim, J. B. (2015). Conceptual Change via Instruction based on PhET Simulation
Visualizing Flow of Electric Charge for Science Gifted Students in Elementary School.
Journal of Korean Elementary Science Education, 34(4), 357-371.

Leonard, W. J., Dufresne R. J., & Mestre, J. P. (1996). Using qualitative problem-solving strategies
to highlight the role of conceptual knowledge in solving problems. Am. J. Phys., 64,
1495-1503.

Lindsey, B., Hsu, L., Sadaghiani, H., Taylor, J., & Cummings, K. (2012). Positive attitudinal shifts
with the Physics by Inquiry curriculum across multiple implementations. Phys. Rev. ST

Phys. Educ. Res., 8(1),010102.

Mazur, E. (1992). Qualitative vs. quantitative thinking: Are we teaching the right thing? Optics and
Photonics News, 2, 38.

McDermott, L. C. (1991). Millikan Lecture 1990: What we teach and what is learned — Closing
the gap. Am. J. Phys., 59, 301-315.

JoTTER Vol. 9 (2018)
© Callum Farnsworth, 2018
102



Emphasising qualitative reasoning in physics lessons

McDermott, L. C. & Shaffer, P. S. (1992a). Research as a guide for curriculum development: An
example from introductory electricity. Part I: Investigation of student understanding.

Am. J. Phys., 60, 994-1003.

McDermott, L. C. & Shaffer, P. S. (1992b). Research as a guide for curriculum development: An

example from introductory electricity. Part II: Design of an instructional strategy. Am. J.

Phys., 60, 1003-1013.

McDermott, L. C. (1996). Physics by Inquiry: An Introduction to Physics and the Physical
Sciences, (Volume 2). New York: Wiley.

McDermott, L. C. (2000). Preparing teachers to teach physics and physical science by inquiry.
Phys. Educ., 35(6), 411-416.

McDermott, L. C. (2001). Oersted Medal Lecture 2001: ‘Physics Education Research—The Key to
Student Learning’. Am. J. Phys., 69, 1127-1137.

McKagan, S., Perkins, K., & Wieman, C. (2006, July 26-27). Reforming a large lecture modern
physics course for engineering majors using a PER-based design. Paper presented at
Physics Education Research Conference 2006, Syracuse, New York. Retrieved from

http://www.compadre.org/Repository/document/ServeFile.cfm?ID=5247&DocID=1779

Mercer, N. (1996). The quality of talk in children’s collaborative activity in the classroom.
Learning and Instruction, 6(4), 359-377.

Mercer, N., Dawes, L., Wegerif, R., Sam, C. (2004). Reasoning as a scientist: ways of helping
children to use language to learn science. British Educational Research Journal, 30(3),

359-378.

Millar, R. & Beh, K. L. (1993). Students’ understanding of voltage in simple parallel electric

circuits. International Journal of Science Education, 15(4), 351-361.

Millar, R. & Hames, V. (2003). Using Diagnostic Assessment to Enhance Teaching and Learning:
A Study of the Impact of Research-informed Teaching Materials on Science Teachers’
Practices. York: Evidence-based Practice in Science Education (EPSE) Research
Network. Retrieved from:
https://www.york.ac.uk/media/educationalstudies/images/curriculumprojects/c21/EPSE

%20P1%20final%?20report.pdf

JoTTER Vol. 9 (2018)
© Callum Farnsworth, 2018
103



Farnsworth, C.

Milner-Bolotin, M., Antimirova, T., Noack, A., & Petrov, A. (2011). Attitudes about science and
conceptual physics learning in university introductory physics courses. Phys. Rev. ST

Phys. Educ. Res., 7(2), 020107.

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the literature

and its implications. International Journal of Science Education, 25(9), 1049-1079.

Perkins, K., Adams, W., Pollock, S., Finkelstein, N., & Wieman, C. (2004, August 4-5). Correlating
Student Beliefs with Student Learning Using the Colorado Learning Attitudes about
Science Survey. Paper presented at Physics Education Research Conference 2004,
Sacramento, California. Retrieved from

http://www.compadre.org/Repository/document/ServeFile.cfm?ID=9532&DocID=2790

Perkins, K., Adams, W., Dubson, M., Finkelstein, N., Reid, S., Wieman, C., et al. (2006). PhET:
Interactive Simulations for Teaching and Learning Physics. The Physics Teacher, 44,

18-23.

Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog, W. A. (1982). Accommodation of a
scientific conception: toward a theory of conceptual change. Science Education, 66,

211-227.

Redish, E. F. (1994). Implications of cognitive studies for teaching physics. Am. J. Phys., 62 (9),
796-803.

Redish, E. F., Saul, J. M., & Steinberg, R. N. (1998). Student expectations in introductory physics.
Am. J. Phys., 66,212-224.

Robson, C. & McCartan, K. (2011). Real World Research, (4th ed.). New York: Wiley.

Sahin, M. (2010). The impact of problem-based learning on engineering students’ beliefs about
physics and conceptual understanding of energy and momentum. European Journal of

Engineering Education, 35(5), 519-537.

Sangam, D. & Jesiek, B. (2012). Conceptual Understanding of Resistive Electric Circuits Among
First year Engineering Students. Retrieved March from

http://www.asee.org/public/conferences/8/papers/4606/view

Shipstone, D. (1988). Pupils' understanding of simple electrical circuits. Some implications for

instruction. Phys, Educ., 23, 92-96.

JoTTER Vol. 9 (2018)

© Callum Farnsworth, 2018
104



Emphasising qualitative reasoning in physics lessons

Shipstone, D. M., Rhoneck C. v., Jung, W., Kérrqvist, C., Dupin J. J., Johsua S., et al. (1988). A
study of students’ understanding of electricity in five European countries. International

Journal of Science Education, 10(3), 303-316.

Taber, K. S. (2007). What Strategies do Educational Researchers Use?. In K. S. Taber (Ed.),

Classroom-based research and evidence-based practice. London: SAGE.

Taghdere, E. (2013). Effect of Conceptual Change Oriented Instruction on Students’ Conceptual
Understanding and Decreasing Their Misconceptions in DC Electric Circuits. Creative

Education, 4(4) 273-282.

Van Heuvelen, A. (1991). Learning to think like a physicist: A review of research-based
instructional strategies. Am. J. Phys., 59(10), 891-897.

Wilson, E. (2009). Action research. In E. Wilson, (Ed.), School-based research. A guide for

education students. London: SAGE.

Zacharia, Z. C. (2007). Comparing and combining real and virtual experimentation: an effort to
enhance students’ conceptual understanding of electric circuits. Journal of Computer

Assisted Learning, 23, 120-132.

JoTTER Vol. 9 (2018)

© Callum Farnsworth, 2018
105



JoTTER Vol. 9 (2018)
Blank Page
106



