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ABSTRACT ARTICLE HISTORY
There exists bias among students that learning organic chemistry Received 16 August 2016
topics requires rote learning. In this paper, we address such bias Accepted 12 April 2017
through an organic chemistry activity designed to promote

argumentation. We investigated how pre-service science teachers A _— .

X . . . rgumentation; chemistry
engage in an argumentation about conformatlor?al analysis. education; higher education;
Analysis of the outcomes concentrated on (a) pre-service teachers’ organic chemistry
understanding of conformations of alkanes (b) the nature of the
pre-service teachers’ discourse; (c) the quality of pre-service
teachers’ argumentation; and (d) pre-service teachers’ spatial
ability. Various measures were used to trace (a) conceptual
understanding through the answers in the writing frames, (b) the
nature of the pre-service teachers’ discourse using two different
codes, (c) the quality of pre-service teachers’ argumentation by
counting the number of episodes with higher-level
argumentation, and (d) spatial ability by Spatial Ability Test. The
results showed that high performing groups had multiple
rebuttals in their argumentation and low performing groups had
problems in evaluating the credibility of evidence. Furthermore,
we observed that spatial abilities play an important role in pre-
service teachers’ engagement in argumentation. The findings help
understanding of how to further enhance pre-service teachers’
conceptual understanding and engagement in argumentation
regarding organic chemistry concepts.

KEYWORDS

Introduction

Contemporary perspectives in science education research advocate that science is not
simply the accumulation of facts. Science requires the construction of theories and
models that provide explanations for how the world may be. Scientific theories and
models are open to challenge and refutation (e.g. Popper, 1959). Furthermore, science
often progresses through dispute, conflict, and argumentation rather than through
general agreement (e.g. Kuhn, 1962/1970). Scientists construct a whole range of arguments
including the validity of knowledge claims.
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Despite such observations, the majority of school science still heavily relies on the out-
comes of scientific inquiry rather than the processes of knowledge construction. The result
is that school science instruction is dominated by ‘facts’ about the world. Although con-
siderable research has been done within science education related to the inclusion of strat-
egies such as argumentation in teaching and learning (Erduran & Jimenez-Aleixandre,
2007; Erduran & Pabuccu, 2015; Jimenez-Aleixandre, Bugallo, & Duschl, 2000; Kelly &
Takao, 2002; Zohar & Nemet, 2002), the use of argumentation in organic chemistry edu-
cation is rather scarce (e.g. Christian & Talanquer, 2012).

Organic chemistry in higher education has developed a reputation for being a ‘killer
course’ with attrition rates at some universities ranging as high as 30-50% (Grove, Hersh-
berger, & Bretz, 2008). Indeed, organic chemistry has historically been considered difficult
(Bradley, Ulrich, Jones, & Jones, 2002) and the reasons for student failures in organic
chemistry are varied. One of the major problems with college students in learning
organic chemistry is that these students strongly rely on a memorisation-oriented
approach to learning (Duffy, 2006; Grove & Bretz, 2010). Moreover, it is well acknowl-
edged in the literature that organic chemistry is a heavily spatial domain (Olimpo,
Kumi, Wroblewskic, & Dixon, 2015). Thus, spatial abilities play an important role in stu-
dents’ performance at organic chemistry (Harle & Towns, 2011). For instance, Pribyl and
Bodner (1987) observed organic chemistry students with high spatial ability had greater
success in organic problem solving.

In this paper, we present a study that utilised argumentation as a strategy to improve
teaching and learning of organic chemistry. We have designed tasks that integrate argu-
mentation in organic chemistry topics and investigated the relationships between pre-
service teachers’ conceptual understanding, spatial ability, and their engagement in the
argumentation process by using the organic chemistry activity. The activity is part of a
set of activities developed by Erduran and Pabuccu (2012) to promote argumentation
in chemistry education through use of stories.

Argumentation in organic chemistry education at tertiary level

The number of argumentation studies at university-level organic chemistry is limited (e.g.
Christian & Talanquer, 2012). For instance, De Arellano and Towns (2014) designed a
study to investigate students’ understanding of alkyl halide reactions in an undergraduate
organic chemistry course. They interviewed 22 undergraduate students, ranging from their
second to fourth year of study. The researchers used a think-aloud protocol with a set of
questions dealing with reactions and mechanisms of alkyl halide molecules. They used
Toulmin’s model of argumentation to analyse the interviews. The researchers found
that the gaps in understanding and incorrect warrants lead students to make mistakes
when answering organic chemistry questions. Erduran and Pabuccu (2015) used an
organic chemistry activity about conformations of alkanes for engaging university stu-
dents in the argumentation process. The participants in this activity were 46 second-
year pre-service science teachers taking an organic chemistry class. For assessing the
quality of argumentation, they focused on the rebuttals in the transcripts. According to
Toulmin, rebuttals could be defined as the exceptional circumstances under which the
claim would not be true (Erduran, Simon, & Osborne, 2004). Although Erduran and
Pabuccu (2015) found 39 rebuttals in the transcripts, many rebuttals occurred because
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the students did not understand the different spatial arrangements that a molecule can
adopt.

Previous research has provided a broad view of the nature of students’ understanding
and the various factors that influence undergraduate and graduate students’ success in
organic chemistry (Graulich, 2015). For example, researchers have observed that students
especially have remarkable difficulties in the abstraction of 3D information from 2D dis-
cipline-specific diagrams (Kumi, Olimpo, Bartlett, & Dixon, 2013). Bodner and Domin
(2000) suggested the two-dimensional (2D) diagrams are the most prevalent form of rep-
resentation in chemistry. Thus, numerous research studies have focused on students’
understanding of 2D diagrams (e.g. Kumi et al., 2013; Olimpo et al., 2015). The use of con-
crete and virtual models has been found to be helpful in improving students” understand-
ing of 2D representations (Olimpo et al., 2015). However, such models are not always
readily available (Kumi et al., 2013). Furthermore, simply viewing a 3D computer
model may not be sufficient to improve students’ understanding of 2D representations
because many students may not understand what they are seeing (Springer, 2014) and
they had problems in correctly interpreting them (Clauss & Nelsen, 2009). Olimpo
etal. (2015) suggested providing examples of molecules depicted in various conformations
and opportunities to practice working with each of these representations of a molecule to
help students who exhibit difficulty in understanding, manipulating, and translating
between various representational forms.

In this study, we developed an organic chemistry activity about conformational analy-
sis of butane because conformational analysis is a key topic in the organic chemistry cur-
riculum and this topic requires understanding of 2D diagrams (e.g. the Dash-Wedge
diagram, and the Newman projection, and the Fischer projection). In other words, it
is a topic that has broad applications in organic chemistry and is not limited to
butane. If students could not understand 2D diagrams, it could be more difficult for
them to deal with more complex issues such as chirality (Pellegrinet & Mata, 2005).
In introductory organic chemistry, students learn how conformations affect the energy
of a molecule (Barrows & Eberlein, 2004). In most textbooks, the Newman projection
is used in combination with graphs to illustrate a molecule’s energetic changes due to
gauche and anti-substituent relationships (Kumi et al, 2013). We also used such
graphs in our activity to illustrate the potential energy relationships among the various
conformations of butane.

Although conformations of the compounds are commonly shown by Newman projec-
tions, students and many professional chemists have difficulties with their use (Bodner &
Domin, 2000). For instance, Bodner and Domin (2000) observed that most students are
more familiar with line structures of molecules than with Newman projections. Thus,
in our activity, we encouraged students to think critically about the meaning and impli-
cations of Newman projections.

A Newman projection is used to identify spatial relationships between various substitu-
ents on adjacent carbons (Newman, 1955). Thus, in addition to sufficient content knowl-
edge (e.g. understand the factors that increase potential energy of conformers), spatial
ability is also important to accomplish our task. Spatial ability is important for students’
understanding of organic chemical concepts like SN2 reactions, chirality, stereochemistry,
and the different methods of representing molecules (Abraham, Varghese, & Tang, 2010).
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The present study is important because it contributes to the relatively limited literature
on argumentation studies in university-level organic chemistry. The implicit goal of the
paper is to encourage researchers and teachers to use argumentation activities in teaching
organic chemistry topics and so weaning students away from rote learning. Moreover, the
activity in this paper is about organic chemistry topics that required the engagement of
spatial abilities (Harle & Towns, 2011). Thus, there is also a unique contribution to the
literature with regards to the role of spatial ability in pre-service teachers’ conceptual
understanding of organic chemistry topics and pre-service teachers’ engagement in the
argumentation process. Specifically, the following questions guided the research:

(1) What is pre-service teachers’ understanding of the conformational analysis of butane?

(2) What is the nature of the pre-service teachers” discourse when they are immersed in
an organic chemistry activity designed to promote argumentation?

(3) What is the quality of pre-service teachers’ argumentation in the context of an organic
chemistry activity?

(4) How does pre-service teachers’ spatial ability relate to their understanding of organic
chemistry concepts and their engagement in argumentation?

Collectively, these questions address how pre-service teachers’ engagement can be pro-
moted in organic chemistry in general and in argumentation about conformational analy-
sis of butane in particular.

Methods
Participants

The participants were second-year pre-service science teachers between the ages of 19 and
21 enrolled in a semester-long organic chemistry course at a public university in Turkey.
The full degree Programme lasts for 4 years. In the first year, pre-service science teachers
are required to take general chemistry, principle physics, and mathematics courses. The
following year courses are the complementary of the previous ones (e.g. organic and
analytical chemistry) and education courses (e.g. educational psychology). They take
some courses such as elements of geology, physiology, and molecular biology plus more
education courses in the third year (e.g. educational statistics, methods of scientific
research). The last year courses are mainly related to education (e.g. school experience,
classroom management). Also in the last year, they should take some elective courses
among the alternatives (Cetin, Kaya, & Geban, 2014).

Eighty-nine pre-service teachers participated in an activity from two classes. Twenty-
one percent of the pre-service teachers were male and 79% were female. The first
author of this paper taught the organic chemistry course. Pre-service teachers had not
previously received formal training in argumentation.

Classroom intervention

An organic chemistry activity was designed taking into account some argumentation strat-
egies. The aim of the activity was to improve pre-service teachers” understanding of the
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conformational analysis of butane. Conformations of alkanes and cycloalkanes had pre-
viously been taught and the pre-service teachers had been exposed to VSEPR theory,
classification of isomers, different methods of representing molecules (e.g. Newman pro-
jections, wedge-and-dash drawings), and various types of strains in different confor-
mations of a molecule.

For the activity, pre-service teachers were asked to get into groups of 3-5. The 22
groups in the study were either all female or all male. Each group was provided one
written frame, which included a discussion question, a graph, evidence statements, and
a table (Appendix). Pre-service teachers had to work together to produce one written
answer in the frame, which involved (a) placing missing formulas on a graph, and (b) con-
structing the best explanation to support their choices. The graph illustrated the potential
energy relationships among the various conformations of butane. Two Newman projec-
tion formulas were correctly placed on the graph (at points E and F), while four others
were missing at points A-D. Pre-service teachers were given five possible formulas and
had to choose which four to correctly place on the graph at these points. One formula,
which was isobutane, was included as a distractor and could be labelled as ‘none’ to indi-
cate not having a corresponding place on the graph.

For producing written justifications of each match, we provided evidence statements
related to types of strains and types of isomers (Appendix) which pre-service teachers
were required to first analyse and then apply to their explanations. Each formula might
require a different number of evidence statements. Some of the evidence statements
were distractors, containing accurate information, yet nothing useful or relevant to
answer the questions. During the activity, audiotape recorders were used to record discus-
sions. The data analysis was done using these audio-recordings so the data were limited to
those who could be clearly heard on the recordings. The pre-service teachers completed
the activity in two 50-min lessons. They could only use materials in the written frame
during the activity.

Data analysis

Data were collected through writing frames, tape recordings of the group discussions, and
the spatial ability tests. The following paragraphs describe each of the analyses in more
detail in relation to the research questions.

RQ1 Investigating pre-service teachers’ understanding of the conformational
analysis of butane

We investigated if pre-service teachers made correct predictions about the placement of
five Newman projection formulas on the graph by scoring answers. Each correct match
was scored as +1 point. The main aim of the activity was to motivate pre-service teachers
to find accurate and plausible evidence and then use such evidence in their explanations.
Thus, an additional +1 point was given for each accurate and plausible evidence and —1
point for each wrong and irrelevant one. Incorrect matching of formula was given a 0 score
and the corresponding explanations were not analysed or scored. The following is an
example of one group’s explanation.
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It (Formula I) has no strain because it is staggered and atoms were not too close to each other.
Also, it has tetrahedral shape and point D has the lowest potential energy (on the graph).

We assigned a score of +5 points as follows:
Correct Placement (+1 pt)

The evidence used in the reasoning:

Formula I is staggered (+1)

Atoms were not too close to each other (+1)

It has tetrahedral shape (+1)

Point D has the lowest potential energy (on the graph) (+1 pt.)

Here is another group’s explanation for Formula II and final calculation of a +1 score:

Two methyl groups close to each other so it has van der Waals strain. Also, the angle is 60°
degrees so there should be an angle strain.

Correct Placement (+1 pt)

Evidence used in the reasoning:
Two methyl groups close to each other (+1)
The angle is 60° degrees (—1)

RQ2 Characterising the nature of the pre-service teachers’ discourse

To determine the nature of the pre-service teachers” discourse, we classified their contri-
bution through two pre-determined codes: (a) ‘Doing school’ and (b) ‘Chemistry
content’ (see Figure 1). These codes were developed and used in other studies
(Jimenez-Aleixandre et al., 2000; Pabuccu & Erduran, 2016). Descriptions and examples
of discourse for each code are provided below. Transcriptions have been translated into
English by one of the authors of the paper. Two authors coded the transcripts indepen-
dently and then compared their codes. The inter-rater reliability for the coding was 85%
(Cohen’s kappa=0.88) and the remaining 15% of variance between the coders was
resolved through discussion.

CODES
include include
Doing Chemistry
School Content
could be could be
Accept Opposition

Figure 1. Concept map for the codes of the study.
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Doing school

The code refers to this concept as the actions and procedural displays, which constitute the
routines and rituals in a school setting (Furberg & Ludvigsen, 2008). Procedural displays
could be defined as the social habits of life in classrooms that are not necessarily initiated
through questions and that often may not bear explicit purpose to students. Jimenez-
Aleixandre et al. (2000) reported the conversational dynamics in the form of argumenta-
tion patterns and epistemic operations students employ while solving a problem in the
classroom. ‘Doing school’ and ‘doing science’ became the frame of reference when they
analysed student discourse within discussion groups. An example of ‘doing school’ code
is provided in Table 1.

Chemistry content

Pabuccu and Erduran (2016) developed this code to investigate how often students accept
or oppose claims about the chemistry content proposed by other group members. Also,
they classified Chemistry content code into two sub-categories as ‘Accept’ and ‘Opposi-
tion” (see Figure 1). Accept was used when pre-service teachers in the groups agree
with the first pre-service teacher’s claim about the chemistry content outright or reinforce
the claim with additional data or warrants. For Opposition, they searched the groups’ tran-
scripts to identify episodes of opposition. Examples of these codes are given in Table 1.

RQ3 Assessing the quality of argumentation

To assess the quality of pre-service teachers’ argumentation, we used an analytical frame-
work that was developed by Erduran et al. (2004), which has been widely used (e.g. Kula-
tunga, Moog, & Lewis, 2013; Simon & Johnson, 2008). This framework presents a
hierarchy of increasing quality of rebuttals applied to a set of five levels of argumentation.
Because Erduran et al. (2004) accepted the presence of a rebuttal as a significant indicator
of quality of argumentation, they assessed the nature of the opposition in terms of the
strength of the rebuttals offered. For instance, when there was opposition between pre-
service teachers but the opposition consisted of only counter-claims that were unrelated,
they considered the transaction as low-level argumentation. However, if the

Table 1. Examples of the codes of the study.
Classroom talk Code

S1: Let's share the evidence statements so each of us can take responsibility for her/his own cards.  Doing School
S2: Now, we should use them in our explanations

S3: How many cards we should use for each explanation?

S1: I think one is enough.

S4: Ok.
S1: Formula | looks like is the most stable one. Chemistry Content
S2: It seems so Accept

S1:...so it should be placed at point D.

S3:... lowest potential energy

S4: yes, it is staggered and molecules are far from each other, so a point D for it.

S1: There should be Van Der Waals Strain at Formula Il Chemistry Content
S2: No, it has not. Opposition

S1: Of course it is. Methyl groups close to each other.

S2: Ok.
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argumentation had a rebuttal, which was in direct reference to data, warrants, or backings
offered by the opponent, they considered it as higher-level argumentation. They also dif-
ferentiated three levels of higher-level argumentation: arguments with a weak or incom-
plete rebuttal; arguments with a clear rebuttal; and arguments with multiple rebuttals.
In our study, for the quality of the argumentation, we just focused on the higher-level

argumentation that we extracted from the cases of ‘Opposition” as previously described.

The following excerpt is an example of low-level argumentation. The episode only con-

tains an oppositional response that simply rejects the proposal with a counter-claim.

S1:
S2:
S1:

The following excerpt is an example of one higher-level argumentation. Here, there is a
rebuttal, which directly opposes the components of the initial claim. Also, at the end of the
discussion, S1 changed her mind and the pre-service teachers figured out that Formula V

(the molecule represented by) Formula III is eclipsed.
No. It is staggered.
but..it is ...

does not having a corresponding place on the graph.

S1:
S2:

S3:
S1:
S4:

Here is another higher-level argumentation, which presents an extended argument with

Formula V should be placed at Place B.

No, No. Look here. Two methyl groups attached to a common carbon so it is not n-
butane.

Isobutane.

Actually, it looks like different from the others. Yes, I see now.

So, there is no place for it on the graph.

more than one rebuttal.

S1:
S2:
S1:
S2:
S1:
S3:
S2:

S1:
S3:

S1:

S2:

S4:
S2:

S1:

Also, there is an angle strain here (Formula II).

No there is not.

But there is ... .look at the angle between methyl groups, 60° degree.

So, it has van der Waals strain.

Ok but it should have an angle strain too.

Could you define the angle strain please?

Angle strain only occurs when bond angle is smaller than 109.5° degrees. So, there is no
angle strain here.

It occurs when atoms are close to each other.

The evidence statement says, ‘Destabilization due to distortion of a bond angle from its
optimum value ... in the case of alkanes the ideal value is 109.5°’

Look at the angle between the methyl groups. It is 60° so it is smaller than 109.5°.
Right?

Yes, it is 60°..so there is van der Waals strain because the groups are too close to each
other ... .. but still there is no angle strain.

Why not?

Look the groups here. They are separated equally from each other like these [she uses
pencils to show the groups] ... like the corners of a tetrahedron ... with 109.5° bond
angle because it is butane. If it was cyclobutane or cyclopropane, for example, it
should have an angle strain.

Thus, no angle strain here.
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RQ4 Examination of pre-service teachers’ spatial ability

The Spatial Ability Test (SAT) developed by Ekstrorn, French, and Harman (1976) was
utilised to score the quality of pre-service teachers’ spatial ability. SAT is a paper pencil
test, composed of sub-tests to measure pre-service teachers’ spatial orientation ability
(SOA) and spatial visualisation ability (SVA). We used Card Rotation Test (CRT) and
Cube Comparison Test (CCT) to examine pre-service teachers’ SOA; and Paper Folding
Test (PFT) and Surface Development Test (SDT) to examine pre-service teachers’ visual-
isation ability (SVA).

CRT measures the ability to see differences between shapes and consists of true-false
items. Each choice of ‘true’ is one point. CCT is also composed of true-false items, but
relates to whether the given cubes with various markings (i.e. letters, shapes, etc.) are the
same. Each question includes 8 items and one point is given to each true item. PFT requires
participants to answer multiple-choice items based on accurately visualising folding and
unfolding pieces of paper. In the evaluation of the test, each choice of ‘true’ is one point.
SDT demands participants to visualise various geometric shapes from folded paper.
There are five answers to match in each question and one point is given to each ‘true” answer.

The number of questions and reliability coefficients (KR-21) for each test is given in
Table 2. We calculated scores of the SAT by the summation of the sub-tests of SAT.

Results

In this section, the results of the study are presented in terms of the research questions.
Table 3 and Table 4 present the total scores of the groups’ written frames. To examine
the reasons behind the tremendous differences between the scores of high performing
and low performing groups, we compared the research questions of the study only for
these four groups.

Table 2. Reliability coefficients, number of questions and durations.

Ability Tests Reliability Number of questions Duration (min)
SVA PFT 0.80 20 12

SDT 0.74 60 6
SOA CRT 0.81 160 6

ccT 0.79 42 6

Table 3. Written report analysis for the groups of the first classroom.

Groups 1 2 3 4 5 6 7 8 9 10 11

Prediction 3 2 3 3 3 2 2 3 3 3 5

Evidence 1 0 1 4 1 3 3 10
-1 - -2 -1 -1 -1 -1 -1

Total 4 3 1 3 6 2 5 4 6 5 15

Table 4. Written report analysis for the groups of the second classroom.

Groups 12 13 14 15 16 17 18 19 20 21 22
Prediction 1 5 3 0 1 5 0 5 3 3 5
Evidence 0 12 3 0 1 4 0 2 4 3 7

Total 1 17 6 0 2 7 0 6 6 6 12
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RQ1 What is pre-service teachers’ understanding of the conformational analysis
of butane?

The total scores of each group’s written frames were calculated (see Tables 3 and 4). Then,
the 4 groups were chosen from a larger subset of 22 groups by using a 2-step process. First,
all groups were ordered from high to low based on their scores from the written frames (21
points possible, Maximum = 17, Minimum = 0, Mean = 5.32, Standard Deviation = 4.42).
Then, two groups from each classroom were chosen from the high and low succeeding
groups. At this stage, the authors reviewed the audio-recordings multiple times to
ensure these cases were not exceptions or outliers.

To answer the questions appropriately, pre-service teachers should (a) make correct
predictions about the placement of five Newman projection formulas on the graph and
then (b) construct their best explanation to support their predictions. For producing
written justifications of each placement, we provided evidence statements related to
types of strains and types of isomers (Appendix). The task was also intended to motivate
pre-service teachers by engaging in evidence statements written on cards. They would have
to find accurate and plausible evidence, analyse the evidence statements and then use it in
their own explanations.

In the activity, only 23% of the groups correctly placed all missing formulas on the graph.
The percentages of the correct placement for each formula were as follows: Formula I
(73%); Formula II (52%); Formula III (52%), Formula IV (61%), and Formula V (39%).
It seems that the pre-service teachers had the most difficulty in placing Formula V on
the graph. A potential reason for this is that Formula V was included as a distractor and
should be labelled as ‘none’ to indicate not having a corresponding place on the graph.
Thus, to label Formula V as none, the pre-service teachers needed to comprehend the
difference between stereoisomers and structural isomers. Here it seems that providing
rote information (three evidence statements in Appendix) for both stereoisomers and
structural isomers to the pre-service teachers did not guarantee that they could use this
information properly. Furthermore, they should understand how Newman projection for-
mulas are used to illustrate conformational isomers. They could see that two methyl groups
attached to a common carbon at Formula V; so it is not n-butane.

Our data also indicated that making a match on the graph did not always come along
with plausible evidence used in the descriptions provided by participants. In total, we
found 12 inappropriate uses of evidence in groups’ explanations to justify their correct pla-
cements (see Table 5). Indeed, the main difference between the scores of high and low per-
forming groups basically depends on the pre-service teachers’ ability to evaluate the
credibility of evidence. For instance, Group 3 (low performing group) made three
correct predictions and Group 11 (high performing group) made five correct predictions
during the activity (see Table 3). However, the scores for these two groups are, respectively,
1 and 15. The main differences between the scores were based on providing enough and

Table 5. Frequency of inappropriate evidence for different topics.

Topic Number of evidence
Angle Strain 9
Eclipsed/Staggered 2

Isomer 1
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plausible evidence in groups’ justifications. For instance, both Group 3 and Group 11 pre-
service teachers correctly placed Formula II on the graph. However, to justify their place-
ment, Group 3 used an inappropriate evidence that stated that the bond angles in Formula
IT are lower than 109.5°. Thus, they used the evidence statements for an angle strain (see
Appendix) and decided that Formula II should have an angle strain. Group 3 pre-service
teachers had difficulty in determining angle strain; even the definition for the angle strain
was given in the written frame. That was mainly because they confused bond angle with
dihedral angle. This misconception could result because the pre-service teachers mem-
orised the definition of the bond angle and dihedral angle. Thus, they had superficial
knowledge about angle strain and van der Waals strain. Moreover, probably Group 3
pre-service teachers could not see that all conformations of butane have tetrahedral
shape so there is no distortion of a bond angle from its optimum value for the confor-
mations of butane. In contrast to Group 3, Group 11 pre-service teachers used correct evi-
dence to justify their predictions, which was the conformations of butane should have
tetrahedral shape with bond angle of 109.5°.

RQ2 What is the nature of the pre-service teachers’ discourse when they are
immersed in organic chemistry activity designed to promote argumentation?

The nature of the pre-service teachers’ discourse was analysed by the frequency within
each group of initiating various codes. If a stretch of a discourse remained within one
code, that entire stretch was counted only once for that code, even if there were multiple
turns. As soon as the discourse switched to a new code, the ensuing new segment was
counted as one for that new code. Besides, all groups appeared at ease during their inter-
actions and were highly engaged in the activity. Table 6 shows the percentages of two
codes (‘Doing school’ and ‘Chemistry content’) out of the total number of codes for
four selected groups. In terms of the data at Table 6, the percentages of ‘Doing school’
codes for the groups were similar, except Group 11 (%36). Thus, we can state that both
high and low performing groups spent remarkable time focusing on doing the activity
(‘Doing school’). Other studies have reported similar results with student dialogues
during argumentation predominantly bearing references to school culture (e.g. Jimenez-
Aleixandre et al., 2000; Pabuccu & Erduran, 2016).

According to Table 6, Group 11 had the highest percentage (64%) for ‘Chemistry
content’ code so we can say that Group 11 pre-service teachers were more eager to talk
about the conformation analysis of butane than the other three groups. Then, we concen-
trated on how the participants argued with each other during the activity related to two
sub-categories of ‘Chemistry content’ code; ‘Accept’ and ‘Opposition’. For ‘Opposition’,
we searched the transcripts to find the episodes when pre-service teachers contradicted
each other, and for ‘Accept’, we searched for the episodes when pre-service teachers

Table 6. Percentages of the codes of the study.

Low performing High performing
Codes/Groups G3 G18 G11 G13
Doing school 52 50 36 46

Chemistry content 48 50 64 54
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either supported the first speaker’s claim using other data or warrants or when they simply
agreed with the claim outright. Figure 2 presents ‘Accept’ and ‘Opposition’ codes for four
groups. As it is seen in Figure 2, all four groups had higher percentages for the ‘Accept’
code than that for the ‘Opposition’ code.

It means that pre-service teachers usually tend to accept the first claim instead of oppos-
ing it, during the activity. This is probably because they could have fear of expressing their
opinions (Nussbaum & Jacobson, 2004) or pretend to agree most of the time due to social
or other reasons (Kim, 2009). Moreover, the pre-service teachers were not used to oppos-
ing any unjustified claims made by their teacher or classmates in the science classroom.

RQ3 What is the quality of pre-service teachers’ argumentation in the context of
organic chemistry?

Table 7 illustrates the percentage of oppositional episodes with low-level and higher-level
argumentation. For instance, Table 7 presents that only 25% of Group 3 argumentation
was labelled as higher-level argumentation with a weak rebuttal. Indeed, low performing
groups infrequently provided rebuttals as part of their arguments.

As seen in Table 7, the highest percentages for higher-level argumentation were
observed for the high performing groups, Group 11 (86%) and Group 13 (83%). Also,
Table 7 presents the percentages for higher-level argumentation in three sublevels: argu-
ments with a weak rebuttal, arguments with a clear rebuttal, and arguments with multiple
rebuttals. For example, 14% of the higher-level argumentation of Group 11 had a weak
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Figure 2. Percentage of the ‘accept’ and ‘opposition’ codes.

Table 7. Percentages of low-level and higher-level argumentation.

Low performing High performing

Argumentation G3 G18 G11 G13
Higher-level

with multiple rebuttals - - 43 17

with a clear rebuttal - 25 29 33

with a weak rebuttal 25 25 14 33

Low-level 75 50 14 17
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rebuttal, 29% had a clear rebuttal, and 43% had multiple rebuttals in their argumentations.
Table 7 shows that low performing groups could not produce multiple rebuttals. We chose
the presence of a rebuttal as a significant indicator of the quality of argumentation in line
with previous studies (Erduran et al., 2004; Erduran & Pabuccu, 2015). Pre-service teachers
need to fully engage with their and others’ evidence and justification to be able to refute
others’ claims with evidence. Thus, we assumed that high performing groups in terms of
rebuttals were more engaged in the argumentation process than the low performing ones.

In total, there were 14 rebuttals in the transcripts of selected groups for this activity.
These rebuttals were about: the angle strains (3 instances); Newman projection formulas
(3 instances); eclipsed/staggered conformations (5 instances); and the structural isomer of
n-butane (3 instances). During the higher-level argumentation, the pre-service teachers
interact and help each other to understand (a) how Newman projection formulas are
used to illustrate conformational isomer, (b) when eclipsed or staggered conformations
occur, (c) why the conformations of butane should have tetrahedral shape with bond
angle of 109.5° and (d) the difference between stereoisomers and structural isomers.
We observed that all the higher-level argumentation ended with arriving at a consensus
with the correct answer.

RQ4 How does pre-service teachers’ spatial ability relate to their conceptual
understanding of organic chemistry concepts and their engagement in
argumentation?

At the first lesson of the organic chemistry course, 89 pre-service teachers utilised the sub-
tests of the SAT. The score of the SAT is obtained by the summation of these tests. Then,
we compared SAT scores of low performing and high performing groups. Table 8 presents
the means and maximum and minimum values of SAT scores with respect to the low per-
forming and high performing groups of the study. Pre-service teachers SAT scores indi-
cated that there was no significant difference between these four groups and so the pre-
service teachers had roughly similar spatial ability. This result is interesting not only in
terms of subject knowledge but also in terms of the spatial ability being important to
accomplish the task. The reason for this finding could be that conceptual understanding
was monitored through group responses to the writing frames (i.e. pre-service teachers
had to work together to produce one written answer in the frame). Thus, how pre-
service teachers engaged in the argumentation process was effective for group score
from the written frames. For instance, when we looked at groups’ argumentation, we
found that pre-service teachers resolved all inaccurate claims by engaging in higher-
level argumentation. Besides, many rebuttals occurred because the pre-service teachers
did not understand the different spatial arrangements that a molecule can adopt. Thus,
we assumed that spatial abilities play an important role to promote pre-service teachers’
argumentation.

Table 8. Means, maximum, and minimum values of SAT scores.
Groups n Min. Max. Mean

Low performing 8 166 225 198.68
High performing 9 163 236 195.32
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Conclusions and discussion

It is widely held that designing learning environments to engage pre-service teachers in
evidence-based reasoning in relation to scientific issues is one of the goals of science edu-
cation. Often such issues emerge in complex situations, for instance, that demand the
ability to evaluate the credibility of evidence using a set of criteria such as accuracy and
plausibility of the evidence (Erduran & Pabuccu, 2012). Our approach in the design of
an organic chemistry activity was to motivate pre-service teachers to consider and evaluate
evidence and to generate justifications for their positions. More specifically, here we
reported a study that focused on the design and evaluation of a task that supports the
use of argumentation in an organic chemistry context.

In the study reported in this paper, the main difference between the scores of high and
low performing groups was based on pre-service teachers’ ability to evaluate the credibility
of evidence. Thus, we suggest that evaluating evidence is an important ability for pre-
service teachers. Moreover, we provided evidence statements related to types of strains
and types of isomers (see Appendix). In this way, we aimed to investigate what would
happen if pre-service teachers were provided with some rote information and then
asked to analyse and apply this information. Our data indicated that providing rote infor-
mation to the pre-service teachers did not guarantee that they could use them properly.
Indeed, we observed that pre-service teachers usually had difficulty in understanding
(a) how Newman projection formulas are used to illustrate conformational isomers; (b)
how some factors increase potential energy of conformers; and (c) how structural
isomers differ from stereoisomers.

Another significant finding is that high performing groups had multiple rebuttals in
their argumentation. Many studies in the literature have reported that pre-service teachers
often supported their claims with data and warrants but rarely offered rebuttals (Pabuccu
& Erduran, 2016; Simon, Osborne, & Erduran, 2003). Argumentation with multiple rebut-
tals was rarely observed in students’ discussions even when students were given instruc-
tion about the argumentation process (Erduran et al., 2004). The fact that our organic
chemistry activity managed to engage pre-service teachers to make multiple rebuttals is
encouraging. Moreover, our data indicated that higher-level argumentation let pre-
service teachers interact with each other and all of them ended up with changing at
least one student’s mind (or misconception) and helping that student understand the
organic chemistry topic they were discussing. The argumentation strategies embedded
in the task encourage peer learning that extended beyond argumentation and had influ-
ence on conceptual understanding.

Since it was challenging for pre-service teachers to understand varying spatial arrange-
ments and graphic representations of the molecules, it was not surprising that they
devoted much time discussing them and often used rebuttals. Indeed, most of the time
they tried to understand the spatial arrangements of the molecules together. Thus, we
assumed that pre-service teachers’ spatial ability was an effective factor in promoting
their argumentation in organic chemistry.

We did not find a significant difference between the groups’ SAT scores so we assumed
that both low and high performing pre-service teachers had similar quality of spatial
ability. However, the main differences between these two groups was that high performing
groups had higher-level argumentation, which enabled the improvement of each other’s
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understanding about the different spatial arrangements butane can adopt. Thus, during
the higher-level argumentation, we assumed pre-service teachers help each other to under-
stand different spatial arrangements of atoms relative to rotations about bonds. Hence,
even though there were no significant SAT score differences, engagement in the task facili-
tated conceptual understanding of the conformational analysis of butane through peer
support and discussion.

Although in our previous studies, we observed some group members (e.g. high school
students) trying to dominate the group discussion, in this study, we did not come across
this situation. This could be due to the mature age of the pre-service teachers (19-21 years
old) and more experiences with group discussions. The participants tried to answer the
questions together. The collaborative spirit of the groups may help explain why the
SAT scores were similar, indicating a similar level of ability and skill.

Low performing and high performing groups spent similar time on talking about how
they should do the activity (Doing school). Moreover, many pre-service teachers were
more willing to support each other, instead of opposing. Although we did not find
any differences, we believe that if we can move the pre-service teachers away from the
procedural displays in the activity (Doing school), they could spend more time to talk
about organic chemistry topics (Chemistry content). For instance, Jimenez-Aleixandre
and her colleagues (2000) defined ‘doing school’ as a major obstacle to ‘talking
science’ in the science classes. Thus, if the influence of the school culture in the pro-
duction of arguments diminishes, students could focus on providing scientific justifica-
tions for what they believe in instead of fulfilling the task of ‘writing why' (Jimenez-
Aleixandre et al., 2000). Moreover, the more time pre-service teachers spent discussing
about science, the more chance of opposing each other. If pre-service teachers were
encouraged to oppose the others’ claims with evidence, they can produce more high-
level argumentations.

The activity we present in this paper is critical in providing pre-service teachers
with experiences in argumentation including substantiating claims and refuting
others’ claims with evidence. The engagement in such aspects of argumentation
shifts the nature of the learners’ experience of organic chemistry that is typically
passive and based on rote learning. In this study, the participants already had been
introduced to the organic chemistry content; so the engagement in the argumentation
task serves as a way to consolidate what they had already learned and contribute to
what they might have misunderstood. In future studies, the role of the content knowl-
edge in relation to the argumentation process can be explored further. For example,
we do not know if the organic chemistry concepts can be introduced afresh using the
argumentation framework given that the learners are provided with the content
knowledge in the task components. Allowing the learners, be it pre-service teachers
or secondary students, to engage in the learning of the subject knowledge through
argumentation could potentially prove fruitful particularly given the amount of
peer learning that such carefully designed activities enable in group discussions.
Overall the paper contributes to the research literature on argumentation in
science education and paves the way for further investigations in how traditional
content that is based heavily on memorisation can be revitalised for more motivating,
engaging, and active learning.
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Appendix - The written frame (from Erduran & Pabuccu, 2012)

Question. The graph below shows the changes that arise from rotation about C2-C3 bond of butane.
Here are the two Newman projection formulas for the conformations of butane. The other four
Newman projection formulas for the conformations of butane at point A, B, C, and D were
erased on the following graph.

Potential
Energy (kj)

-
A B C D E F

H CH3
CH3
CH3 H
CH H H H
H H H

Five different Newman projection formulas are presented below. Look at them and try to estimate
the erased Newman projection formulas on the graph (Figure A1). Complete the following table by
constructing the best explanation for the question. You can use the following evidence statements to
name the strain(s) at the formulas but you will need to specify why you selected the card(s) to be
used in your explanation. You do not need to use all evidence statements and also you can use one
card more than once.

CHa 3 CH3

Evidence Statements

Torsional strain: Destabilization due to the repulsion between pairs of bonds caused by the electrostatic repulsion of the
electrons in the bonds. Thus, it comes from eclipsed bonds on adjacent atoms.

Van der Waals strain: Destabilization due to the repulsion between the electron clouds of atoms or groups. This occurs
when atoms or groups are too close to each other due to the electrostatic repulsion of the electrons.

Angle Strain: Destabilization due to distortion of a bond angle from its optimum value caused by the electrostatic
repulsion of the electrons in the bonds; in the case of alkanes the ideal value is 109.5°.

In structural isomers, the atoms and functional groups are joined together in different ways.

In stereoisomers, the bond structure is the same, but the geometrical positioning of atoms and functional groups in space
differs.

Isobutane is more energetically stable than n-butane.
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