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Educating science teachers in the 21st century: Implications for pre-service teacher education 
 
Abstract 
This study examines the verbal interactions among a group of pre-service teachers as they engaged 
in scientific discussions in a medicinal chemistry course. These discussions were part of the course 
that encompassed an explicit instruction of scientific argumentation structures as well as an applied 
component, whereby the pre-service teachers learned the content of medicinal chemistry through 
cases developed using the strategy of competing theories. By adopting a case study approach using 
sociocultural framework of learning, we examined the interactions between the pre-service teachers 
using video data. We describe 12 possible forms of interactions during discussions ─ (1) seeking 
clarification, (2) figuring out loud, (3) sharing information,  (4) agreement, (5)  asking questions, (6) 
providing explanations, (7) raising strategic and procedural issues, (8) stating claims, (9)  
disagreement, (10) sharing perspectives, (11) offering alternatives, and (12)  persuasion. The pre-
service teachers engaged in figuring out aloud and seeking clarifications frequently, and used 
persuasion least in their discussions. To clarify their ideas and thoughts, pre-service teachers 
commonly rebut their counterparts and used warrants to support their own assertions. A similar 
pattern was also observed when figuring their thoughts out loud. Our findings suggest that pre-service 
teachers were able to carry out rebuttals in the argumentation process. However, the quality and 
function of their rebuttals can be improved by deepening their understanding of the subject matter 
knowledge and the science argumentation structure. Implications are discussed.  
 
Keywords: Pre-service science teachers, discussions, interactions, argumentation 
 
Introduction  
The preparation of informed science learners in schools is largely dependent on the knowledge and 
competencies of science teachers. Further, science learning in schools is located within the larger 
society and hence changes in societal demands will eventually shape educational policy changes. In 
this age of rapid advancements in science and technology, science teaching and learning is also 
expected to change so that learners of science will learn in tandem with new ideas of science. The 
reliance on traditional forms of passively transmitting content of science to students can no longer 
serve the demands of the 21st century learners.  Rather, science teaching and learning need to shift 
from merely focusing on the acquisition of scientific content to equipping learners with the 
competencies to critique and evaluate scientific knowledge (Ford & Foreman, 2006; Ford, 2015). 
Meaningful science learning should empower and enable learners of science to apply scientific 
knowledge to understand the world around them better and hence be able to participate more 
responsibly in improving lives (OECD, 2006). This hence presents the case for a focus on equipping 
pre-service science teachers with the necessary skills to facilitate scientific discussions among the 
school students. Students’ experiences with science in the classrooms will shape their perception of 
the relevance of science (Zhai, Jocz, & Tan, 2014). Therefore, it is important to examine how teachers 
model and engage students in scrutinizing and questioning the scientific content they are learning so 
that students are initiated and are familiar with evaluating evidences, one of the key traits of a future-
ready individual.  

The discipline of science is characterized by the evaluation of knowledge claims that are supported 
by available evidences. As such, one of the key attributes of a scientist is the ability to discern relevant 
and orthodoxy evidence from those that are irrelevant and outdated, and use these evidences to 
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construct coherent arguments (Osborne, 2010). Translating this characteristic practice of science into 
science teaching in schools means that a learner of science must also be able to construct plausible 
and relevant arguments from available evidences in learning science concepts. This has important 
implications for science teacher educators as there is now a need to equip pre-service teachers with 
skills, knowledge and strategies to teach their prospective students in schools how to make sense of 
evidences and how to construct coherent arguments and at the same time, learn the contents of science 
(Newton, Driver, & Osborne, 1999).  
 
The nature of science and paradigm shift in science teacher education asserts that argumentation 
should be central in science education. Yet, in reality, the opportunity for students to engage in 
argumentation discourse is unevenly adopted in science classroom practices (Duschl & Osborne, 
2002; Roth, et al., 2006). Thus, we argue that if cultivating students’ involvement in the practice of 
argumentation is a goal to achieve, then the current culture of science classrooms, which is largely 
dominated by didactic monologues from the teacher, must be altered. Current researches indicate that 
the teacher plays a fundamental role in any reform effort because curriculum implementation and 
classroom instruction are often shaped by them (Bybee, 1993; Lotter, Harwood, & Bonner, 2007; 
Sampson & Blanchard, 2012). As such, one of the key platforms to advocate and promote this kind 
of curricular and pedagogical reform is through initial teacher education programs.  
 
To facilitate the change process, we need to understand what pre-service teachers know about 
scientific argumentation and how they go about learning science content using argumentation 
pedagogy. Current research mostly focused on revealing the impacts of argumentation practices on 
pre- and in-service teachers as well as their views of the use of argumentation (Kaya, 2013; Sampson 
& Blanchard, 2012). As early as the late 1990s, researchers such as Newton et al. (1999) were already 
arguing that argumentation should form part of the pedagogical repertoire of science teachers and 
hence their knowledge in this area should be developed. McNeil and Knight (2013), in their study of 
teachers’ pedagogical content knowledge in argumentation highlighted that in-service teachers faced 
challenges with understanding the structural and dialogic characteristics of argumentation. They also 
struggled with designing tasks that are argumentation-centric. As such, research into the development 
of argumentation skills is important not only for students learning science in schools, but also for 
teachers, both in-service as well as pre-service, engaged in teaching science. 
 
In this paper, we address the forms of social interaction within a group of pre-service teachers as they 
engage in scientific argumentation to learn the content of science. The ability to construct, support, 
and substantiate claims with valid evidences, as well as the ability to communicate their claims and 
negotiate their stance among peers is one of the key competences that future-ready learners (in this 
case pre-service teachers) need to possess. After all, the 21st century learners are characterised by 
individuals who (1) can use tools interactively, (2) enjoy interacting in heterogeneous groups, and (3) 
prefer to act autonomously (Ananiadou & Claro, 2009). These characteristics of 21st century learners, 
particularly the usage of tools interactively and preference to interact in heterogeneous groups, are 
modalities that scientific argumentation take in the science classroom. As such, there exist a 
dialectical relationship between 21st century learners and argumentation skills ─ being able to use 
tools interactively to obtain evidences and applying it to persuade others with differing views creates 
a space that in turn supports diversity of views and hence warrants more argumentation.  
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Making use of medicinal chemistry as the scientific content, we explore pre-service science teachers’ 
experiences as they try to learn the subject matter knowledge when presented with competing theories 
about the mechanisms of drug delivery and action. In this research, we argue for a place for science 
subject matter to be learned through discussions and critical evaluation of available evidences rather 
than transmitted in a didactic manner so as to familiarize pre-service teachers with the affordances 
of a 21st century science classroom. We focused on examining the pre-service teachers’ interactions 
as they engage in discussions with their peers. The research question that guides this study is:  

1) What are the forms of social interaction that pre-service teachers engaged in as they learn the 
knowledge of medicinal chemistry using the strategy of competing theories? 

 
Theoretical Background 
Argumentation and Science Learning in the 21st Century  
In the Next Generation Science Standards (NGSS, 2013), there is a renewed emphasis on the 
practices of science that will enable students to be competent and informed consumers of scientific 
and technological advances. Besides exploration and experimentation, practicing science as inquiry 
requires learners of science to reflect upon the notion of science as argument and explanation. In 
advocating concepts that cuts across different disciplines, it is fundamental that learners are familiar 
and competent with what counts as evidence and how the evidences from across different disciplines 
of science and engineering can be integrated to produce convincing and coherent explanations and 
arguments. The call is aligned with the premise of 21st century learning where the learners need to 
develop core academic subject knowledge, higher-order thinking skills and learning dispositions to 
thrive in the fast-changing world (MOE, 2010; Partnership for 21st Century Learning, 2016). OECD 
Program for International Student Assessment (PISA) characterized scientific literacy to include the 
capacity to draw evidence-based conclusions to answer scientific questions (OECD, 2007). As such, 
priority is given to evidence and the critical evaluation to the inquiry (Zembal-Saul, Munford, 
Crawford, Friedrichsen, & Land, 2002). For learners of science, engagement in the process of data 
collection, sense making of the data and subsequently constructing explanations with the intentions 
of explaining the scientific phenomenon understudy is crucial for learning both the subject matter of 
science as well as the processes of science.  
 
In spite of the popularity and relevance of scientific argumentation for the 21st century learner, the 
idea of argumentation and what it means in the school science classroom, however, is still a diffused 
concept. In the research literature, it is sometimes used interchangeably with scientific explanation. 
In an attempt to tighten the usage of these two important terms in science education, Osborne and 
Patterson (2011) clearly highlighted that scientific explanation and argumentation have different 
goals. Scientific explanation is intended for learners of science to “engage in the construction of 
knowledge”, whereas the practice of scientific argumentation is meant for learners of science to 
“engage in the critical evaluation of claims to knowledge” (Osborne & Patterson, 2011, p.637). This 
distinction suggests that in order to engage in argumentation, learners of science need to be familiar 
with scientific explanations and the appraisal of the evidences that are used to construct the 
knowledge. Taking this perspective, we argue that it is possible to engage students in examining 
established knowledge claims presented in textbooks and determine if the evidences presented are 
meaningful. By engaging in this process of critical evaluation of knowledge claims, students are then 
able to construct the knowledge that they were examining.  
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To frame our discussion on the process of engaging learners in critical evaluation of knowledge 
claims, we view learning from a sociocultural stance. From a sociocultural perspective, learning and 
doing science relies primarily on social interactions that are mediated by activities that learners 
engaged in collectively (Vygotsky & Cole, 1978; Wertsch, 1991). This is different from learning that 
is derived from relying solely on mental operations and the verbal or written product of an individual 
(Sadler, 2006). According to Newton et al. (1999), in sociocultural learning, learners articulate 
reasons for supporting a particular conceptual understanding and attempt to justify their views, while 
others challenge, express doubts and present alternatives so that a clearer conceptual understanding 
will emerge. This view on learning in classrooms also recognizes that an important way in which 
novices are introduced to a community of knowledge is through engaging in discourses of relevant 
tasks (Driver, Asoko, Leach, Mortimer, & Scott, 1994). Similarly, we hypothesize that by being 
engaged in scientific discussions, pre-service teachers will be socialized into a critical perspective on 
science as a way of knowing. This implied that argumentation is a form of discourse that needs to be 
appropriated by the pre-service teachers and explicitly taught through suitable instruction, task 
structuring and modelling (Osborne, Erduran, & Simon, 2004a). As such, in this study, we integrated 
the approaches that encompassed both the explicit instruction of the structure of argumentation as 
well as promote the learning of argumentation through pre-service teachers using them in their sense 
making processes in learning the subject matter knowledge of medicinal chemistry.      

 
Argumentation and Pre-service Teacher Education 
One of the primary goals of science education across different social contexts and grade levels (from 
elementary schools to pre-service teacher education) is the acquisition and improvement of science 
content knowledge (Kim & Tan, 2011). While the development of argumentation pedagogy asserts 
promising results on students’ conceptual understanding (e.g., Eskin & Ogan-Bekiroglu, 2013; 
Venville & Dawson, 2010; von Aufschnaiter, Erduran, Osborne, & Simon, 2008; Zohar & Nemet, 
2002), the potential of how argumentation intervention among pre-service teachers impact their 
learning of subject matter knowledge (Aydeniz, Pabuccu, Cetin, & Kaya, 2012; Cetin, 2013; Kaya, 
2013), as well as their learning process via scientific argumentation approach (Kim, Anthony, & 
Blades, 2014; Kim & Hand, 2015; Ozdem, Ertepinar, Cakiroglu, & Erduran, 2013) still need to be 
further examined. For instance, Kaya (2013) conducted a study to examine the impact of 
argumentation practices on pre-service teachers’ understanding of chemical equilibrium with 
experimental and control group design. By applying similar research design, another study 
investigating on the effects of argumentation-based chemistry lessons on pre-service teachers’ 
conceptual understanding and their argumentation quality was conducted by Cetin (2013). Findings 
from both studies asserted that argumentative-based intervention lead to significantly better 
acquisition of related scientific concepts and positively impacted the structure and complexity of pre-
service teachers’ argumentation. Although existing literature  showed convincing results in terms of 
the development of conceptual understanding as well as quality of argumentation, they revealed little 
about the processes that the pre-service teachers undergone to acquire the scientific concepts. One of 
the key limitations of adopting a quantitative approach on a large scale with pre-service teachers is 
that it is difficult to explore the nuances of the discussion process that might influence learning 
outcomes.  
 
The positive effects of argumentation on the development of conceptual understanding is dependent 
on several factors, one of which is the level of content knowledge and prior experiences that pre-
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service teachers have to engage in argumentation. There is a dialectical relationship between 
argumentation and content knowledge ─ participants’ science subject matter knowledge may affect 
the quality of argumentation which might in turn affect the depth of understanding of subject matter 
knowledge (e.g., von Aufschnaiter et al., 2008; Sadler & Fowler, 2006). For instance, von 
Aufschnaiter et al. (2008) documented two groups of eighth grade students (groups of four) for their 
argumentative discussion and derived a schema from Toulmin’s framework to evaluate the quality 
of their argumentation. In addition, students’ development and use of scientific knowledge was traced. 
These two complementary analysis of student discourse showed that students not only relied on their 
prior experiences and knowledge when engaging in argumentation, such activity also enabled 
students to consolidate their existing knowledge and elaborate their science understanding at 
relatively high levels of abstraction.  
 
Besides content knowledge and prior experiences, the interactions and discussions among the 
students in an argumentation task also shaped their learning experiences. Several pioneering work 
investigating dialogic interactions among pre- and in-service teachers as they were involved in 
argumentation delineated how their discursive patterns could have impact on the productiveness of 
argumentation (Kim et al., 2014; Kim & Hand, 2015; McNeill & Pimentel, 2010). Without a 
framework or set of rules provided, Kim and colleagues (2014) adopted a case study to examine pre-
service teachers’ argumentation schemes and discursive patterns in Canada. Results indicated that 
the dialogue patterns of inquiry and deliberation with more frequencies of consequences brought 
suggestive solutions to the problem; whereas group of participants with schemes of commitment and 
bias on the topic, had led them towards unsuccessful persuasion and even disputational forms of 
argumentation.  
 
Knowing that content knowledge, prior experiences and discursive patterns are factors that shape 
pre-service teachers’ learning through argumentation, it is now fundamental to establish how pre-
service teachers harness their content knowledge and initial ideas of dialogue to interact with their 
peers in learning. The research literature on argumentation among pre-service teachers revealed that 
pre-service teachers are generally able to (1) construct claims and ground their arguments with 
evidence (Zembal-Saul et al., 2002), (2) incorporate argumentation principles in their lessons after 
learning about argumentation strategies (Erduran, Ardac, & Guzel, 2006), and (3) appreciate the 
importance of argumentation as a fundamental means to develop conceptual understanding in science.  
Despite these findings, our knowledge of the interactions and processes between pre-service teachers 
as they engage in argumentation to learn science subject matter knowledge remains weak. The most 
comprehensive discussion on social interactions during argumentation stems from the work of Nam 
and Chen (2017). By focusing on a group of pre-service teachers’ argumentation about science and 
society issues, they examined the discussion from the perspectives of social negotiation and epistemic 
understanding. The forms of social negotiation that they described include: (1) clarify, (2) support, 
(3) challenge, (4) recognize, (5) propose, (6) defend, (7) reject and (8) respond. They also determined 
the epistemic understanding of the arguments as a measure of the quality of arguments. Based on 
Nam and Chen’s work, we expanded the different forms of social negotiation described to include 
those interactions that might not be directly related to the cognitive dimension of argumentation, but 
serves a more social communicative function to enable and enhance group dialogue. We argue that 
understanding of the argumentative learning process will offer better insights in designing 
argumentation-centric strategies and curriculum that encourage more meaningful learning to take 
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place. In the context of this study, pre-service teachers were involved in constructing and evaluating 
claims from competing theories based on evidence they searched from a repertoire of sources that 
included traditional sources of knowledge (e.g., lecture notes, textbooks), unbounded online sources, 
as well as from data collected from laboratory investigations, and scientific research papers. They 
were then tasked to justify the claims of the competing theories by critically evaluating the evidence, 
to decide if an explainable relationship exists between the claims and the choice of the evidence. In 
this study, knowledge claims included assertions which were made from observations or other data 
(such as measurements) collected from the intended investigation. In other words, the observations 
and other data forms the corpus of evidence from which claims were made. Justifications are 
“explicitly rationale indicating the how/why a particular piece of evidence is appropriate for 
supporting the claim to which it is linked” (Zembal-Saul et al., 2002).    
 
Methods  
Context  
This study was carried out with a group of fourth year undergraduate pre-service teachers enrolled in 
the Bachelor of Science (Education) program at one of the leading universities in Asia. The 
participants consisted of eight pre-service teachers who enrolled for the medicinal chemistry course. 
Of the participants three were males and all were Chinese. All the participants were chemistry majors 
and came from a science background previously.  
 
Medicinal chemistry is a course offered to pre-service teachers specializing in chemistry for their 
degree program. The total duration of the course is 39 hours and the pre-service teachers met twice 
a week for a total of five hours. The course introduces an understanding about drug design and the 
molecular mechanisms by which drugs act in the body. Currently, medicinal chemistry is a course 
that is taught mainly through lectures, tutorials and laboratory sessions whereby the subject matter is 
presented in a predominantly transmissive manner. Consequently, we have little knowledge of how 
pre-service teachers make sense of their laboratory practical reports and how they evaluate the 
evidences obtained from their laboratory sessions. We also have little understanding of the processes 
that pre-service teachers used to reason and justify the concepts they learned through lectures. 
Understanding how pre-service teachers make claims and select meaningful evidences is important 
for us to understand the nature of their argumentative discussion and how they make sense of 
scientific knowledge. Further, with the emphasis of developing 21st century skills in k-12 science 
curriculum in Singapore schools, these pre-service teachers need to be proficient in leading students’ 
discussions about scientific knowledge and persuade others to believe the claims and evidences that 
they present. These argumentation skills are sorely missing in the current pre-service teacher 
programs. As such, we specifically focus on the processes and resources that they used as they ‘talk’ 
the content of medicinal chemistry ‘into being’ ─ we examined the different strategies related to talk 
that pre-service teachers used to articulate and share, what they know, what they need to know, what 
they need to clarify, with their peers and in the process, learn the scientific content and solve the 
problems presented to them.   
 
Design of Study 
Guided by the belief that learning is a socially constructed activity, opportunities were deliberately 
created for the pre-service teachers to interact with each other, with the lecturer (the second author), 
as well as with the learning materials provided. As all interactions were facilitated by linguistic 
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resources that may be spoken or written, we video-recorded all face-to-face sessions for analysis. 
Further, social interactions are generally accomplished through the use of verbal resources and hence, 
the talk that the pre-service teachers are engaged in were used for analysis to review the intent of 
interaction and the interaction patterns. To understand how pre-service teachers learn about 
argumentation as well as medicinal chemistry, a qualitative case study approach was adopted. A case 
study approach entails “direct observation of the events being studied and interviews of the persons 
involved in the events” (Yin, 2003, p.8) to enable us to understand in-depth the intricate interactions 
between the pre-service teachers as they learn medicinal chemistry through making sense of the 
competing theories presented. All participants were viewed as a collective group and not as individual 
cases (pre-service teachers per se) as we are interested in examining learning of science 
argumentation as well as subject matter content as an interpersonal social co-construction activity 
rather than intrapersonal mental learning process.       
 
The three phases of this study were “development”, “intervention” and “wrap up” as indicated in 
Figure 1. During “development phase”, the argumentative tasks were developed using the framework 
suggested by Osborne, Erduran, and Simon (2004b) in their IDEAS package. The materials 
developed must provide opportunities for the learners (1) to engage in scientific reasoning; (2) to 
explore and ask questions such as “how do we know?”; and (3) to allow for small group discussion 
to take place. The strategy of competing theories was used in the design of the tasks. We argue that 
a scientific phenomenon can be explained by different theories provided plausible evidence or data 
are available. Science is about warranted beliefs in which the best arguments may not always be 
completely confirmed by the evidence available, but has to make as much sense as possible when 
compared to other theories. The “intervention phase” was characterized by the introduction of 
argumentation to the pre-service teachers and their engagement with the task. Finally, the “wrap up 
phase” involved discussions about the experiences of argumentation and deliberations of how the 
process of argumentation ought to look like. Hence the way the argumentation curriculum was 
framed is likened to what Carragenetto (2010) described as immersion-oriented intervention whereby 
the pre-service teachers learnt through experiencing argumentation personally.  
 
__________________________________________ 
Insert Figure 1 here 
__________________________________________ 
 
Among several theoretical frameworks promoted for argumentation, Toulmin’s (1958) Argument 
Pattern was believed to best scaffold participants with a nuanced and complete structure for talking 
about science and for understanding the epistemic nature of the science discipline. His original model 
consisted six essential elements of arguments that interacted and depended on each other to form a 
logical argument. First, the “claim” is the assertion that one hopes to put forth in an argument. 
Particularly in the science realm, the validity of a claim depends on “data” used. In order to link 
evidence to claim, a “warrant” helps us to draw connections between them by explaining the rationale 
and assumptions behind. Similar to the evidence, the “backing” provides support for the warrant by 
indicating why our warrant is a rational assumption. According to Toulmin, a “rebuttal” is necessary 
to include in an argument to demonstrate the consideration of the opposite views to original 
perspective. Finally, a “qualifier” sets the boundary and the limits of the claim, thereby making it 
less susceptible to further rebuttals. To sum up, the claim, evidence and warrant are the primary 
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components of the model, whereas the backing, rebuttal and qualifier function to support the primary 
ones. In considering the practical features in an argumentative discussion, a simplified version of 
Toulmin’s framework that consisted of the essential argument schemes such as claim, data/evidence 
and warrant/reason was used as a basis in guiding the participants to structure and organize the flow 
of their argument. On top of that, counter-argument and rebuttal was included to require the 
participants to anticipate and consider possible challenges to their claim.  Figure 2 is an illustration 
of a resource that was used to teach the pre-service teachers argumentative features in stage two of 
the research design. In short, we used the Toulmin’s framework in the planning of the argumentative 
tasks and also to teach the pre-service teachers the structure of an argument. This portion emphases 
the nature of scientific argumentation.   
 
_________________________________________ 
Insert figure 2 here 
_________________________________________ 
 
The six argumentative tasks were designed to focus on different key concepts of medicinal chemistry. 
These concepts were ‘size of drug targets’, ‘organisation of protein structure’, ‘protein folding’, 
‘enzyme-substrate interactions’, ‘receptors as drug targets’ and ‘apoptosis or necrosis’. The 
discussions for the first five tasks were carried out in classroom settings, whereas the last one was 
carried out in a laboratory. Figure 3 is an example of a task (protein folding) that was presented. In 
this example, the pre-service teachers were asked to determine the most likely location of the three 
polypeptide sequences on a protein structure. They had to discern the evidences that were available 
to construct an argument to convince their peers of the location of the sequences. The concepts picked 
for these tasks were based on current knowledge about the topics in areas where scientists were 
engaged in active debates or where evidences presented were questionable. The tasks were designed 
by the second author, a practicing chemist who also taught the course. We also deliberately designed 
the tasks such that the pre-service teachers had to present their ideas (claims, data) to their partners 
so that a dialogue will actually take place. In this manner, the social component of learning through 
interaction with language resource as well as peers was fulfilled. This is the emphasis on the argument 
activity.  
 
______________________________________________ 
Insert figure 3 here 
_______________________________________________ 
 
After a session of explicit instruction of simplified Toulmin model, the six intervention sessions 
involved a short lecture on the topic of the day followed by students getting into groups to work on 
the topic-related argumentation task. In each session, the pre-service teachers were given 15 minutes 
to discuss the task. During the discussions, they were given opportunities to brainstorm, ask questions, 
search for evidences online or use their notes to develop a claim, craft an argument, as well as counter 
argue or rebut their original claims in dyad. In guiding the pre-service teachers to accomplish the 
tasks, worksheets that included basic introduction of each topic and researchable questions that the 
pre-service teachers needed to work through were distributed. Additionally, the worksheets also 
provided a writing stem to scaffold the pre-service teachers to state their claim, look for data or 
evidence, organize reasoning to support, as well as to think of counter-argument and rebuttal. For 



9 
 

each of the task, the “wrap up” was characterized by demonstrating suggested answers with the 
prescribed argumentative structure during the subsequent lecture.  
 
Data Collection and Analysis 
By adopting a case study perspective, all the pre-service teachers within the medicinal chemistry 
class were viewed as a collective group and hence data collected from the class formed a single case. 
Since learning was viewed as a social activity and the process of science argumentation was the focus 
in the present study, classroom observation was adopted to reveal how the pre-service teachers 
interacted with each other using language in their argumentative discussion. Videos of the pre-service 
teachers engaged in discussions within their pairs were transcribed and thematised coding was carried 
out for the different forms of interaction. Rather than applying a prescribed framework to analyse the 
data, we adopted open coding and axial coding as suggested by Glaser and Strauss (quoted in Flick, 
2006). Our intentions differed from the original aim suggested by Glaser and Strauss of generating a 
grounded theory. Rather, we adopted this analytical coding method to search for integrated themes 
among the interactions between the pre-service teachers so that we can better understand the 
processes that they engage in as they ‘argue’ with each other to make sense of the tasks. In the first 
round of coding (open coding), we looked through all the transcripts to search for episodes with the 
various interaction functions. This coding was grounded in nature as we allowed the various 
interaction patterns to emerge from the data. Once these episodes were identified, we analysed the 
episodes in-depth to determine how the pre-service teachers accomplished each of the themes ─ how 
they interact with each other to state their claims, to present data, state warrants or rebut. The second 
level of coding involves the use of prescribed codes from the Toulmin framework (see figure 4). We 
then proceeded to code all the transcripts to determine how prevalent these interactions were. The 
unit of analysis is a single utterance. Two coders coded the transcripts independently and the 
reliability was checked and discussed to achieve consensus of 0.95. The frequency of each code was 
calculated and compared.   
____________________________________________ 
Insert figure 4 here  
____________________________________________ 
 
Excerpt 1 shows how coding of the categories were done using the transcripts of classroom talk 
between the students. Each turn of talk is coded as an instance of categories when they surface. Each 
turn of talk was examined in relation to the previous turn of talk and the next turn of talk to establish 
the function of the utterance.  
 
Excerpt 1: Tertiary or quaternary? (Pseudonyms are used) 
 
Line  Turn  Content  Theme Code 
1 Mike:  I think is tertiary (structure). Stating 

claims 
Claim  

2 Pete:  Ok, let’s go with tertiary. 
 

Agreement  Claim  

3 Mike: Forming triple helix or super helix as they 
connect together (quotes from the reference 
books)… how does it involve?  

Sharing 
information  
Figuring out 
aloud 

Data  
 
Warrant  
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4 Pete: Erm, that’s the secondary structure.  
 

Clarification  Warrant  

5  Mike:  But there are three polypeptide unfold 
chains… 

Figuring out 
aloud 

Warrant  

6 Pete:  But ultimately it’s not depends on the R 
groups. 

Clarification  Warrant  

7 Mike: So is whether these three chains interact with 
one another? 

Clarification  Warrant  

8 Pete:  So do they interact? Figuring out 
aloud 

Warrant  

9 Mike: Is also about the R groups also, right? Clarification  Warrant  
      
 
Results  
From thematic coding of the classroom videos, we surfaced 12 key forms of social interactions among 
the four pairs of pre-service teachers as they work through the tasks. These interactions are described 
based on their function and characteristics and are (1) seeking clarification, (2) figuring out loud, (3) 
sharing information,  (4) agreement, (5)  asking questions, (6) providing explanations, (7)  raising 
strategic and procedural issues, (8) stating claims, (9)  disagreement, (10) sharing perspectives, (11) 
offering alternatives, and (12)  persuasion. Table 1 below explains the characteristics and the purpose 
of each form of interaction while table 2 indicates the prevalence of each form of interaction among 
the pre-service teachers as they work through the six tasks presented to them over the entire course.  
_________________________________________ 
Insert table 1 here 
_________________________________________ 
 
_________________________________________ 
Insert table 2 here 
_________________________________________ 
 
The pre-service teachers shuttled between the different forms of interactions throughout the 
discussion periods with clarification and figuring out being the dominant forms of interactions. While 
they also shared information, and provided explanations, they were largely trying to clarify the 
information that they had read or heard and trying to connect the new information to what they know 
by voicing their thoughts out loud in the shared discussion space. The forms of interaction 
characterized showed that discussion is a busy period with multiple forms of interaction taking place 
as the pre-service teachers try to make sense of the task. As illustrated in excerpt 1, the pre-service 
teachers shuttled between: stating claims – agreement – sharing information – figuring it out loud – 
clarification – figuring it out loud – clarification, in order to make sense of the structure of the 
molecule given. This seemingly random sequence of interaction (that is dynamic and hence not 
predictable) is logical since sharing of information stimulates thinking which lead the peers trying to 
figure out the new information presented. Similar to the eight forms of social negotiation described 
by Nam and Chen (2017) to attain epistemic understanding of an argument, the pre-service teachers 
in this study interacted in similar manner by seeking clarification, challenging (disagreement), and 
proposing (stating claims and sharing perspectives). Additionally, the pre-service teachers in this 
study also interacted with one another by speaking and sharing their thoughts out loud (figuring out 
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loud). This form of interaction was not described in Nam and Chen’s study. We observed that the 
key difference between the forms of interactions described here and the social negotiation described 
by Nam and Chen lies in the purpose of the interactions. The social negotiations described by Nam 
and Chen were focused and targeted specifically at the involvement of the pre-service teachers in the 
act of argumentation. In our study, we noticed that the dialogues of the pre-service teachers consisted 
of both social and cognitive elements of argumentation. It was difficult to tease out the social 
functions from those that were more targeted at the epistemic understanding of argumentation. Both 
functions were clearly of equal importance. In short, argumentation cannot be achieved in the absence 
of social and tactical talk that may not be directly related to it being either a claim, data, warrant or 
rebuttal. Hence, the characterization of interactions such as ‘figuring out loud’, ‘raising strategic and 
procedural issues’ and ‘persuasion’ are important to provide insights into what authentic 
conversations in argumentation looks like.  
 Next, we sought to understand the reasons for higher frequencies of instances of figuring out 
loud and clarification when compared with persuasion. Excerpt 2 shows an exchange between the 
pre-service teachers as they tried to make sense of their observation of the colours in the test-tubes 
to conclude if apoptosis has taken place. As Arthur tried to convince John that there were indeed two 
colours observed, it was evident that he was uncertain of his own answers from the use of terms such 
as “we just say…”, “ok?” and “So the answer is…either or?” Subsequently, John expressed his 
doubts aloud in line 3 as he tried to figure out what Arthur said. This short exchange revealed that a 
lack of confidence in mastery of subject matter knowledge can potentially increase tentativeness and 
the inability to persuade others.   
 
Excerpt 2: What colour? (Pseudonyms used) 
Line  Turn  Content  Theme Code 
1 John:  …why are there two colours in the third tube? 

 
Question Data 

2 Arthur: Aiya, we just say two colours lah... by some 
cells, then rebuttal right, then we say that the 
cells can undergo both modes, ok? 
 
So, the answer is…either or?  
 

Persuasion Data 

3 John: Emm… 
 

Figuring it 
out loud 

 

4 Arthur: Oh, I know, I know, I know… Persuasion  
5  John:  How to link this two? The lecture theories?  Question  

 
 Finally, we related the interactions to Toulmin Argument Pattern. Figure 5 shows the 
frequency with which the different forms of interaction relate to Toulmin Argument Pattern of (1) 
claim, (2) data, (3) warrant, and (4) rebuttal. It can be seen that in order to seek clarification, the pre-
service teachers used different means such as proposing a claim, using data, providing warrants and 
rebutting ideas presented by their peers. For instance, one pre-service teacher wanted to clarify 
whether he ought to be making observations of the dye colour or the change in colour of the cells. 
Hence, he used his observation as a form of data to clarify – “See what? Green cell or observed? 
Green dye, dye... green coloured cells observed?” Similarly, rebuttals were also used in clarification 
as can be seen from this utterance – “No, actually they are all different... like they are really different 
stages?”  
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 The two examples illustrated how data and rebuttals were used to seek clarification. The 
interactions among the pre-service teachers also reveal how data and rebuttals could be used in raising 
questions and disagreeing with one another. It is hence evident that the different forms of interactions 
are intricately interwoven and these pre-service teachers used them tacitly as their discussions 
unfolded. For instance, in sharing information, the pre-service teachers used claims, data and 
warrants but do not engage in rebuttals. An example of stating a claim to share information with each 
other is – “Early apoptosis, the cell membrane will be intact and will be stained green...” In 
disagreeing with one another, they did this mainly in the form of rebuttals – “No, is dying, undergoing 
apoptosis.” We also observed that the rebuttals used for disagreement varied with some providing a 
specific scientific reason while others are brief without stating the reason for disagreeing. This varied 
and dynamic way in which Toulmin argument pattern was used to orchestrate different forms of 
social interactions demonstrated the multiple ways through which pre-service teachers engaged each 
other to establish the links between claims, data, rebuttals and warrants. Although it can be seen from 
figure 5 that the level of warrants used were generally higher as compared with data, claims and 
rebuttals, some of the accuracy and appropriateness of the warrants used were questionable. For 
example, some of the warrants were inferential rather than specific in nature: “is green because is 
dying, is not shown as green... means you don't see at the second picture, means that it's a normal 
cell.” while some were vague analogy: “like you get murdered and then you commit suicide.” 
 
_____________________________________________________________________ 
Insert figure 5 here – Graph of how interactions relate to Toulmin framework 
_____________________________________________________________________ 
 
In general, our results showed that the pre-service teachers interacted through a variety of ways and 
used different modes to ensure that they connect with the task, resources available, with their partners 
and with their own ideas. These interactions with one another and also the resources provided for 
them are likened to Vygotsky’s ideas (Vygotsky & Cole, 1978; Wertsch, 1991) as mediated by the 
learners interacting with different forms of resources. Analysis of the data here shown that the 
interactions with the resources (notes, online information and peers) are diverse and dynamic, that is 
the pre-service teachers can agree with the information, seek more information, share more 
information before they learn the scientific content.   
 
Discussion 
 
The aim of this research is to establish the interaction rituals that pre-service teachers engage in as 
they actualize the act of argumentation to learn scientific content in medicinal chemistry, hence the 
focus of the research question identified. Establishing the characteristics and function of every 
utterance that sustains and promotes argumentation (claim, data, warrant and rebuttal) as well as 
maintains social dynamics enables researchers to better understand and analyse what is going on 
during the learning process using argumentation. Different forms of interactions serve different 
purposes in argumentative discussion and when this knowledge is applied together with knowledge 
from the research literature (role of content knowledge in productive argumentation, space for 
dialogue to encourage talk), we are able to better understand the patterns of interactions that emerge. 
For example, among this group of pre-service teachers, forms of social negotiations go beyond that 
of cognitive formulation to that of task completion through tactical talk that does not directly relate 
to the structure of argument.  
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The different forms of interactions seen here within an argumentation discussion is dynamic and is 
likely to be influenced by factors such as the nature of the task, the personalities of the participants 
in the discussion, how knowledgeable the participants are, and also the resources (such as time and 
reading materials) that are made available. In the specific case of this study, we observe the influence 
of subject matter knowledge and their familiarity with the structure of argumentation in shaping the 
interactions that took place within an argumentation discussion. With the characterization of the 
possible forms of interaction that can take place within an argumentation discussion, it is now 
possible to apply these categories to examine argumentation in different contexts (such as between 
students with sound subject matter knowledge) and a comparison can be made. Sufficient prior 
knowledge in the topic is necessary for pre-service teachers to engage more productively and 
meaningfully in argumentations (Cetin, Dogan, & Kutluca, 2014). With sufficient prior knowledge, 
their interactions can be shifted from thinking out loud and clarifying to one that is based more on 
explanations as well as persuasion. We hypothesize that more instances of disagreement in relation 
to rebuttals will probably be observed if familiarity with the prior knowledge is higher. The need for 
sufficient prior knowledge is supported by previous research where there is significant improvement 
to subject matter conceptual understanding and better engagement in argumentation when 
participants were armed with prior content knowledge (Cross, Taasoobshirazi, Hendricks, & Hickey, 
2008; von Aufschnaiter et al., 2008). The importance of preceding subject matter knowledge applied 
as well even for short period intervention (Venville & Dawson, 2010; Zohar & Nemet, 2002). 
Although some researchers (Constantinou & Zacharia, 2003) emphasize engaging students in 
argumentation for them to learn the needed content, from the interaction rituals that revealed, our 
findings echoed Cross et al.’s (2008) assertion that learning both argumentation skills and content 
knowledge simultaneously may be overwhelming. In other words, any attempt to develop students’ 
knowledge through argumentation must be related to students’ prior knowledge.  
 
In addition, findings from research conducted by Eskin and Ogan-Bekiroglu (2013) suggested 
another possible explanation that the explicit teaching and practice of argumentation skills reinforced 
students’ understanding of science, as well as promoted conceptual learning. This proposition is in 
accordance with Zohar and Nemet (2002), in which they claimed that content knowledge alone is not 
sufficient and needs to be complemented by argumentative skills. A number of studies examined the 
relationship between the quality of students’ argumentation and content knowledge (von 
Aufschnaiter et al., 2008; Jimenez-Aleixandre & Pereiro-Munoz, 2002) revealed similar findings. As 
the pre-service teachers can neither argue in the absence of knowledge nor argumentative skills. 
Therefore, besides preceding knowledge of a subject matter, we proposed that ample scaffolding of 
argumentation will enable students to apply their knowledge to a practical context, leads to a more 
secure understanding of pre-existing concepts, and also allows students to attend to new ideas that 
extends their existing knowledge and possibly eliminates misconceptions. Hence, we claimed that 
adequate prior knowledge and skills of argumentation must go hand-in-hand for successful 
implementation of argumentation centric curriculum.      
 
Conclusions and implications 
The first contribution of this study is the characterization of the social interactions to include figuring 
out loud, raising strategic and procedural issues, and persuasion when pre-service teachers are 
engaged in argumentation discussions. While earlier studies among pre-service teachers delved into 
strategies to promote argumentation and also their perceptions and ideas about argumentation, we 
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complement the existing literature by expanding Nam and Chen’s (2017) forms of social negotiation 
during the process of argumentation among pre-service teachers. The turn-by-turn microanalysis of 
classroom talk in this study allowed for an in-depth understanding of what actually takes place in the 
learning process. This is important since science and science learning are social enterprises and how 
individuals engage with each other and with the knowledge of science in a shared space is knowledge 
that will enrich our ideas about science learning. Understanding these interactions allows for more 
targeted interventions to lead unproductive discussions to one that is more persuasive and 
explanation-based. It also allows pre-service teachers and teacher educators to share a common 
language to discuss ways of improving group argumentation. For example, if students engage in a 
discussion are unable to provide any rebuttals or unproductive rebuttals, teachers who are aware of 
the different forms of interactions will be able to advise the students to ask more questions or to 
disagree with what was presented and to state reasons for disagreement. For the students to 
understand the teacher’s advice, both parties would need to know the characteristics and functions of 
the interaction. Further, mapping out the possible types of interactions within an argumentation 
discussion provides a research tool to allow researchers examining discussion between different 
profiles of learners to be able to make comparisons between interactions among different types of 
learners.  
  
Secondly, based on our assumption that pre-service teachers need to experience and learn what 
scientific argumentation is before they are able to create a space to teach students argumentation, we 
argue that in order for pre-service science teacher education to move in tandem with the demands of 
21st century education, they need to be given more opportunities to engage in discussion that will 
require them to persuade their peers, offer alternative perspectives that is substantiated by evidences. 
In short, pre-service teachers need to be exposed to immersion-oriented intervention of 
argumentation learning for them to teach science using argumentation approach. The engagements 
in persuasion and negotiation with peers align with the learning preferences of 21st century learners 
as they enjoy interacting in heterogeneous groups and acting autonomously (Ananiadou & Claro, 
2009). As observed from the interactions enacted among the pre-service teachers, the prominence of 
interactions such as figuring out loud and clarifying can potentially lead to frustration in the learning 
process as it can be perceived as unproductive if not handled properly. But if students learn to build 
onto the ideas presented during clarification, they will be able to shape the argumentation in a more 
productive manner for learning. All in all, although the learning skills (critical thinking, 
communication and collaboration particularly) required for 21st century are internationally 
recognized and significantly promulgated in the education policy documents, integration of 
argumentative pedagogy in the initial teacher education is still in its infant stage. Our work has 
contributed to this area through the development of an argumentative-centric curriculum package for 
medicinal chemistry course at the undergraduate level and presenting the types of interaction, 
particularly those related to fulfil a social function, that might possibly be enacted when pre-service 
teachers are exposed to argumentative-centric materials. Future work is required to develop and 
enhance the quality of argumentative-centric curriculum across different majors (e.g., physics, 
biology) and levels (e.g., pre- and in-service) of science teacher education. 
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