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ABSTRACT
Argumentation has been a prominent concern in science education
research and a common goal in science curriculum in many
countries over the past decade. With reference to this goal, policy
documents burden responsibilities on science teachers, such as
involving students in dialogues and being guides in students’
spoken or written argumentation. Consequently, teachers’
pedagogical practices regarding argumentation gain importance
due to their impact on how they incorporate this practice into
their classrooms. In this study, therefore, we investigated the
instructional strategies adopted by science teachers for their
argumentation-based science teaching. Participants were one
elementary science teacher, two chemistry teachers, and four
graduate students, who have a background in science education.
The study took place during a graduate course, which was aimed
at developing science teachers’ theory and pedagogy of
argumentation. Data sources included the participants’ video-
recorded classroom practices, audio-recorded reflections, post-
interviews, and participants’ written materials. The findings
revealed three typologies of instructional strategies towards
argumentation. They are named as Basic Instructional Strategies
for Argumentation, Meta-level Instructional Strategies for
Argumentation, and Meta-strategic Instructional Strategies for
Argumentation. In conclusion, the study provided a detailed
coding framework for the exploration of science teachers’
instructional practices while they are implementing
argumentation-based lessons.
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Introduction

Argumentation has been an indispensable part of science education in schools over the
past decade (Erduran & Jimenez-Aleixandre, 2012; Erduran, Ozdem, & Park, 2015; Lee,
Wu, & Tsai, 2009; Science Teacher Education Advanced Methods [S-TEAM], 2010). As
a result, the reform and policy documents on science education called for students to
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practise argumentation in science classrooms, especially in elementary grades (e.g. Com-
mission & Eurydice, 2012; Ministry of National Education in Turkey [MNE], 2013;
National Research Council [NRC], 2012). The rationale was that student engagement in
scientific argumentation enhances their conceptual, epistemological, and methodological
understanding about science (Sampson & Blanchard, 2012), and it supports students’
enculturation into the practices of science (Dawson & Venville, 2010; Jiménez-Aleixandre
& Erduran, 2008).

This focus on argumentation has consequently prompted research that aims to
promote argumentative practices in the science classrooms (Bybee, 2011; Driver,
Newton, & Osborne, 2000; Duschl & Osborne, 2002; Jiménez-Aleixandre & Erduran,
2008; NRC, 2012). As part of this effort, science teachers are provided with professional
development opportunities to improve their pedagogical knowledge in the context of
teaching argumentation. For example, research has been devoted to developing instruc-
tional strategies (Duschl, Ellenbogen, & Erduran, 1999; Kuhn & Reiser, 2006; Osborne,
Erduran, & Simon, 2004) or teaching materials including technology-enhanced learning
tools (Bell & Linn, 2000; Clark & Sampson, 2007; Sandoval & Reiser, 2004) and to design-
ing professional development workshops for the development and practice of instructional
strategies (Simon, Erduran, & Osborne, 2006; Simon & Johnson, 2008; Simon, Richardson,
Howell-Richardson, Christodolou, & Osborne, 2009); the argumentation theory is thus
gradually introduced into teacher education programmes (Tümay, 2008). Despite these
contributions, the science teachers still consider argumentation as a challenging practice
(Jiménez-Aleixandre, 2008; Simon et al., 2006; Zohar, 2008). For instance, recent research
has shown that teachers struggle with distinguishing the structural components and the
dialogic nature of argumentation during classroom discussions, and they have difficulty
in posing the appropriate questions to help the students engage in argumentation
(McNeill & Knight, 2013).

Given the above, it is important for teachers to know the pedagogical strategies related
to integrating argumentation in the classroom; the relevant research and the policy docu-
ments, however, differ on what teachers really need to know about the pedagogy of argu-
mentation and which instructional strategies increase argumentation in science classes
(Evagorou & Dillon, 2011). Some scholars have focused on the instances in which the tea-
cher’s contribution enabled and supported oral argumentation about scientific (Jiménez-
Aleixandre & Erduran, 2008; Simon et al., 2006) and socio-scientific issues (Dawson &
Venville, 2010; Evagorou & Dillon, 2011), while some others have investigated the ways
through which teachers have analysed students’ written argumentation (McNeill &
Knight, 2013; Sadler, 2006). Other research has investigated teachers’ questioning strat-
egies in supporting classroom discourse with a particular focus on scientific argumenta-
tion (Martin & Hand, 2009; McNeill & Pimentel, 2010). Yet, a comprehensive
framework on the pedagogical strategies that result in argumentation at different
quality levels has not been provided.

In this study, therefore, we extend the research mentioned above to consider the
instructional strategies that the teachers can adopt for their argumentation-based
science teaching. Providing a comprehensive list of pedagogical strategies is important
because teachers and researchers may initiate, support, and leverage argumentation in
science classrooms by means of these instructional strategies. Studies regarding teachers’
role in argumentation have suggested that science teachers need to have a range of
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appropriate pedagogical strategies and materials as well as pedagogical knowledge on
argumentation in order to integrate argumentation in their science teaching (Duschl &
Osborne, 2002; Osborne et al., 2004; Zohar, 2008).

Informed by the research on teachers’ role in argumentation in science education, we
worked with science teachers and graduate students who will be the future teacher educa-
tors to investigate the instructional strategies used for and in argumentation by science
teachers. In this study, we focus on videos of classes in which argumentation strategies
were used and the lesson plans prepared by science teachers. We ask the research question:
what are the instructional strategies specific to argumentation that teachers make use of
when they plan and implement classroom practices related to argumentation during a
graduate course?

Theoretical framework

Argumentation as a goal of science education

Argumentation is a kind of discourse through which arguments are individually and col-
laboratively constructed and evaluated in light of empirical or theoretical evidence,
alternative views, justifications, and rebuttals (Jiménez-Aleixandre & Erduran, 2008;
Kuhn, 1993). An argument refers to the content or substance of the argumentation
(Osborne, Erduran, & Simon, 2004). In Toulmin’s (1958) definition, an argument is com-
prised of the elements of claim, data, warrants, and supporting evidence. In this structural
definition of arguments, claim is an answer to a scientific question; evidence might be
measurements and observations in relation to the claim; and warrants or justifications
serve as the link between claims and evidence to clarify why that specific evidence supports
a claim (Toulmin, 1958). These pieces are considered as components of an argument. To
engage in argumentation, students should be able to bring together these components in a
meaningful way, to debate with and persuade peers and to critique other arguments in
ways similar to the way scientists engage in academic debates (Driver, Newton, &
Osborne, 2000; McNeill et al., 2016).

The constructivist views of science education emphasise that argumentation is a social
constructivist learning practice (Driver et al., 2000; Jiménez-Aleixandre, 2008; Newton,
Driver, & Osborne, 1999; Walker & Sampson, 2013). For example, Jiménez-Aleixandre
(2008) argues that argumentative environments are constructivist because of their empha-
sis on the evaluation of knowledge claims. Similarly, Osborne (2005) claims that argumen-
tation leads to significant gains in students’ epistemological understanding about science
in such a way that students develop not only a conceptual understanding of science but
also an understanding of how scientific knowledge is constructed. As an example, Kim
and Song (2006) reported that during argumentation, middle school students, who were
performing open-ended inquiry tasks, showed improvement in their interpretation and
methods of experiments. Sampson, Grooms, and Walker (2009) found that Argument
Driven Inquiry (ADI) enabled students to gain scientific literacy and allowed them ‘to
develop scientific habits of mind, provide evidence for explanations, and think critically
about suggested alternatives’ (p. 47).

In addition to the above, there are several factors that have an influence on students’
dialogues and the arguments they constructed. The context, for example, which includes
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the social dialogical opportunities and the learning environment allowing space for argu-
mentation, the contextualisation of the subject matter and the instructional strategies that
teachers employ are among these factors (Kolsto & Ratcliffe, 2008; Simonneaux, 2008). As
Berland and Hammer (2012) state, the incorporation of argumentation into science
lessons requires the organisation of a relevant teaching and learning context. However,
most of the teachers lack pedagogical content knowledge (PCK) and the necessary
resources to design argumentation-based lessons and mediate the learning environment
for argumentation (Duschl, 2008; Osborne et al., 2004). This leads to argumentation
being considered as a challenging practice for many science teachers (Jiménez-Aleixandre,
2008; Simon et al., 2006; Zohar, 2008). Thus, the challenges that teachers face should be
acknowledged and teachers should be informed about argumentation and assisted in
improving their pedagogy of argumentation.

Teachers’ PCK for argumentation in science education

Teachers’ PCK is described by Shulman (1986) as the knowledge of instructional strategies
and representations, and the knowledge of student conceptions. PCK in terms of knowl-
edge of instructional strategies refers to ‘the ways of representing and formulating the
subject that make it comprehensible to others’ (Shulman, 1986, p. 9). Several researchers
argue that this definition of PCK for science covers the PCK for disciplinary strategies as
well, such as scientific inquiry and argumentation (Davis & Krajcik, 2005; Knight-Bardsley
&McNeill, 2016; Osborne, 2014). In this study, we also focused on teachers’ PCK for argu-
mentation in terms of knowledge of instructional strategies to support students in this
authentic disciplinary practice of science.

In particular, teachers are encouraged to develop appropriate PCK in order to
promote students’ argumentation (Osborne et al., 2004). The research around teachers’
practices for scientific argumentation (Evagorou & Dillon, 2011; McNeill & Krajcik,
2008; Osborne et al., 2004) provides an understanding of the instructional strategies
that are used by science teachers. For example, the studies by Simon et al. (2006) and
Jiménez-Aleixandre and Erduran (2008) focused on cases in which the teacher’s contri-
bution enabled and supported oral argumentation in elementary schools. Teachers who
value talking and listening to others tend to give privilege to modelling and exemplifica-
tion, position themselves within an argument, and justify their position using evidence,
construct and evaluate an argument along with counterarguments and debate, and
reflect upon the argumentation as a way of knowing. In a study by Patronis, Potari,
and Spiliotopoulou (1999), researchers reported that teachers’ intervention and evalu-
ation of students’ arguments through questioning may offer opportunities for students
to become more involved in the issue of debate and to validate their previous arguments
in a more integrated and detailed way. An autobiographical study by Mork (2005)
revealed a typology of a teacher’s role in the management of argumentative role-play
debates. As a result, the researcher identified various interventions that teachers can
employ in argumentative activities. For example, challenging the validity of information,
extending the range of debate, keeping the debate on track and alive, promoting stu-
dents’ involvement, and focusing on debate techniques are the interventions found in
the typology (Mork, 2005). McNeill and Pimentel (2010) observed that the ‘teacher’s
use of open questions appeared to encourage students to construct and justify their
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claims using both their scientific and everyday knowledge’ (p. 225). They further
reported that the teacher’s explicit connections to previous students’ comments see-
mingly encouraged students to think about alternative views and reflect on the thinking
process (McNeill & Pimentel, 2010). A longitudinal case study by Martin and Hand
(2009) also found similar results regarding questioning strategies. The researchers
found that the teacher’s use of open questions had a positive impact on students’ partici-
pation such that students provided evidence for claims and offered rebuttals during
argumentation. Yet, there are more to this set of strategies.

There are strategies supported by research findings that are crucial to metacognition in
the form of either meta-strategic or metacognitive awareness (Garcia-Mila & Andersen,
2008). For example, Kuhn and Udell (2003) proposed that for the use of argumentation
strategies to increase, there is a need for consistent practice and development of the associ-
ated skills as well as an enhanced meta-level consciousness of task goals. Zohar (2008) also
highlighted the aspect of epistemological meta-knowing and suggested the use of oral con-
tributions by the teacher for promoting argumentation, as well as the use of writing probes
to focus on the need to explain how we know, what we know, and why one knows, to
justify arguments with evidence and reasoning, or to think about alternative viewpoints
and evaluate them. Regarding teachers’ oral contribution or written probes, the researcher
proposed that the ‘how’ component of meta-strategic knowledge regarding argumentation
can be made explicit through emphasising the way sound argumentation should be carried
out in a science classroom (Zohar, 2008).

The studies, in sum, illustrate that science teachers’ roles in argumentation involve
modelling and guiding inquiry (Jiménez-Aleixandre, 2008), encouraging students to
justify their positions with evidence (Simon et al., 2006), asking open-ended questions
to elicit justifications (Jiménez-Aleixandre & Pereiro-Munoz, 2005; Simon et al.,
2006), challenging ideas by emphasising their weaknesses or inconsistencies (Mork,
2005), proposing criteria for the construction and evaluation of arguments in the
form of prompts (Osborne et al., 2004) or written rubric (Sampson & Clark, 2008;
Sandoval & Reiser, 2004), revealing epistemic goals in the contributions they made
(Simon et al., 2006), and encouraging students’ reflection on the changes in their own
views as a result of argumentation and on the reasons associated with these changes
(Jiménez-Aleixandre, 2008). As regards the development of teaching strategies, the
research evidence shows that professional development opportunities can support tea-
chers in their successful enactment of instructional strategies aiming towards a specific
learning goal in their classrooms (Jeanpierre, Oberhauser, & Freeman, 2005). This
research has provided a vision of how instructional strategies for argumentation can
take place in science classrooms. Yet, a comprehensive framework that also covers
meta-strategic or high-level pedagogical strategies supporting or leveraging the quality
of argumentation has not been provided. Therefore, building on the prior research, in
this study, we conducted a more detailed and comprehensive investigation of these
instructional strategies.

Methodology

This section presents the participants, briefly sets the context for research, and then elab-
orates on research design.
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Participants

Participants of this research were one elementary science teacher, two chemistry tea-
chers, and four graduate students. Two of the teachers were teaching at private
schools, whereas the other was teaching at a private education institution. At the time
of the research, teachers had professional experiences ranging from 4 to 11 years.
Three participants were pursuing Master’s degrees in science education, whereas four
of them were pursuing a PhD in science or chemistry education. Only one participant,
Mesut, had prior knowledge in argumentation, as he wrote his master’s dissertation on
this particular topic. They were at the same time graduate students in science education.
Thus, one can assume that the group would be above the level of a randomly selected
group of science teachers, as they have higher their level of curiosity, enthusiasm for con-
tinuous professional development, and motivation in learning and practising innovative
pedagogies. The teachers were equipped with the theoretical background of argumenta-
tion in science education and they were experienced in constructing argumentation, as
they had already participated in argumentation sessions during the graduate course.
They have advanced level of understanding argumentation in science education, and
thus they are expected to employ more strategies to promote argumentation than a
teacher who has no experience or theoretical knowledge in argumentation. The aim
of this research was to explore the instructional strategies that lead to argumentation
in science classes; therefore, we conducted in-depth observation of teachers’ practices.
We did not analyse the extent to which teachers incorporate known strategies in their
classrooms because the studies investigating the instructional strategies (e.g. Mork
2005; Simon et al. 2006) did not state which of these strategies are effective and create
an improvement in argumentation in science classrooms.

The context of the study

This study was carried out in a public university in Turkey. There are two academic terms
in Turkey: spring term and fall term. The courses of Graduate programmes at Faculty of
Education are open to those who have at least a bachelor’s degree from an education pro-
gramme or a science programme. The graduate course, during which this study took place,
was also available for in-service teachers. It was an elective course. The aim of the course
was to develop science teachers’ theory and pedagogy of argumentation. The participant
teachers planned three argumentation-based science lessons and implemented two of
them in their respective schools. The data of this study are generated through the work
done by the teachers during this process.

The schools where the participants practised their teaching were diverse in terms of the
age of the students, the school setting (public–private or elementary school, high school, or
private exam preparation centre), and the number of students in class. For instance,
Birhan implemented her lesson at an elementary school. Seher performed her practices
at a private education institution where she was teaching chemistry to high school stu-
dents. Asya performed her lessons in a high school. The other four participants were
not employed as teachers, so they practised the classes at public elementary schools or
private institutions after getting the necessary consent and permission from head of the
school. However, the diversity in relation to ethnicity, gender, and socio-economic
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status was not considered in this study. The language of instruction is Turkish at schools
and all students were able to speak and understand Turkish very well.

The topics of lessons and details of the classes are presented in Table 1.
During their teaching practices, the participants video-recorded their teaching using a

camera. A week after their implementation, they brought these video-records to the gradu-
ate course for self-reflection and evaluation. As a part of the graduate course, teachers and
researchers exchanged views and provided feedback to one another as they were watching
the videos.

Research design

We conducted a qualitative study in order to describe and interpret the meaning of an
experience from the researchers’ and the participants’ perspectives (Creswell, 2013;
Merriam, 2002). The approach to the writing of the study was multiple case study
because our purpose was to explore and describe the shift in the participants’ views of
their teaching practices and their associated learning throughout the graduate course
(Creswell, 2013; Merriam, 2002). Data sources included the participants’ video-recorded
classroom practices, audio-recorded reflections on their classroom practices, semi-struc-
tured interviews with the participants, participants’ written materials, such as their argu-
mentation-based lesson plans, their self-reflection papers, and the worksheets they
collected from the students.

Classroom practices and lesson plans were analysed by Interpretive Content Analysis
(ICA). ICA was proposed as an alternative to classical content analysis, as it offers
better quality of coding and assessment of the coding quality (Ahuvia, 2001). In ICA, gen-
erated codes are not considered to be isolated parts from the rest of the text; this is because
ICA takes context fully into account and it is not restricted by coding rules. ICA was pre-
ferred because the analysis focused on understanding the instructional strategies used by
teachers. In other words, the focus was on identifying the interactions of the teachers
which resulted in argumentation or its justification rather than the use of language as

Table 1. The details of teaching contexts of the participants.
1st lesson 2nd lesson 3rd lesson

Participant School Timea Topic Grade Time Topic Grade Topic Grade

Ahmet PESb 38.05 Heat transfer 6th 34.16 Sound transfer 6th Environment 7th
Hale PES 40.52 Absorption of

light
7th 33.50 Solar system 7th Cell division and

heredity
8th

Birhan PrES 53.58 Water cycle 5th 15.02 Mass and
weight

6th Chemical
reactions

7th

Mesut PES 37.48 Velocity 6th 42.54 Force 6th Electric circuits 6th
Asya PHS 31.02 Solution of

gases
10th 29.34 Solubility of

gases
10th The effect of

concentration
on solubility

11th

Seher EPC 39.34 Rate of
chemical
reactions

11th 32.07 Equilibrium in
chemical
reactions

11th Radioactivity 11th

Mahmut EPC 47.46 Modification
mutation

8th 46.44 Particle nature
of matter

6th Evolution 12th

aTime shows the duration of the course given by the teacher.
bPES: public elementary school, PrES: private elementary school, PHS: public high school, EPC: private exam preparation
centre.

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 7



in discourse analysis. Therefore, as in latent content analysis, meanings were important
rather than the structure. Also, teachers were not observed in their classrooms so there
was no intervention by the researchers to teachers’ in-classroom practices. Therefore,
content analysis, as an example of unobtrusive research, which studies social behaviour
without affecting it (Babbie, 2007) was appropriate for the data analysis.

In this study, ICA was employed in multiple cycles. In the first round, each transcript of
teaching practice for each participant was coded. During the analysis, the coding cat-
egories were derived from the literature and mainly from the studies of Simon et al.
(2006) and Mork (2005) as in constant-comparative method. When a different code
emerged during analysis, earlier analyses were reviewed. The categories regarding meta-
strategic knowledge were derived in comparison with the study of Zohar (2008). After
each coding of a transcript, two researchers came together and discussed the reason
and validity until they reached an agreement. The coding unit was a chunk of the tran-
script, which illustrates some kind of teacher move attempting to initiate, sustain, or
advance the argumentation during the lesson. In other words, wherever a teacher’s oral
contribution to discourse reflected an explicit or implicit goal for the achievement of argu-
mentation in the classroom, it was highlighted and coded (an example of an analysis can
be found in appendix). In order to overcome the difficulties associated with the trust-
worthiness of the data, specifically in conducting ICA, we explicated the theory that
guided this study, explained the method for coding, included example scripts to illustrate
the coding, openly wrote the codes, provided justification for the codes, and lastly, we
formed a thick description of our understanding of argumentation.

In the analysis, the presence or the number of a code or category does not imply
whether the teaching was effective or not. Besides, making comparisons was difficult
between teachers or different courses of the same teacher due to the variety in contexts.
Therefore, we were not able to argue that an improvement or any change happened.
Rather, the aim was to demonstrate the instructional strategies that the teachers utilised
in their teaching to promote argumentation. Nevertheless, as Simon et al. (2006), we
argued that the presence of a code demonstrates that the teachers were attempting to
teach the associated processes to facilitate students’ argumentation. For instance, the
presence of a code such as ‘encouraged counterargument’ indicates that the teacher
thought that this process is an important one in students’ argumentation and should
be promoted. In the following section, all codes and categories and how they were
derived from the transcripts of teachers’ teaching practices as well as lesson plans
were provided.

Findings

This section presents the codes and categories emerged from the analysis of the partici-
pants’ lesson plans and teaching practices.

Codes and categories for instructional strategies

Three categories of instructional strategies in relation to argumentation came up in
this study. These are (i) Basic instructional strategies for argumentation (B-ISA), (ii)
Meta-level instructional strategies for argumentation (ML-ISA), and (iii) meta-
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strategic instructional strategies for argumentation (MS- ISA). We now explain each
of these categories and the relevant codes emerging from these three main
categories.

1. Basic instructional strategies for argumentation. B-ISA covers the instructional strat-
egies that are apparent in the participants’ teaching practices and lesson plans for initiating
or promoting argumentation. The codes that emerged in this category were compared
with the ones in the studies of Simon et al. (2006) and Mork (2005), and they were
grouped in the same or similar categories (Table 2). However, the codes and categories
constructed in this study are more refined to represent certain nuances between basic

Table 2. Codes and categories for basic instructional strategies used by the participants.
Categories-
argumentation process

Instructional strategies derived from the
literature

Instructional strategies used by the participants in
this study

Challenge the
correctness

Rephrase and address question to other
group

Asking for further arguments

Asks for elaboration Clarification of an argument/claim(s) by questioning
and/or rephrasing

Clarification of counter positions for further
argumentation by questioning and/or rephrasing

Clarification of justification/a rebuttal by questioning
and rephrasing

Constructing
arguments

Uses writing frame or written work/
prepares presentations/gives roles

Constructing a problem/a case for argumentation
Drawing a writing framework to construct an
argument

Providing instructions for an activity
The role of the students

Counter arguing/
debating

Encourages debate Questioning for further arguments/ claims
Questioning to elicit arguments
Initiating argumentation

Encourages anticipating
counterargument

Encouraging counterarguments

Evaluating arguments Process – using evidence Encouraging the use of data/observation/
information as evidence

Extending range of
topic

Asks for elaboration Expanding a claim

Involve more students Address question to individual or group Asking for an argument
Justifying with
evidence

Checks evidence Appealing to evidence

Prompts justification Asking for justification
Plays devil’s advocate Playing devil’s advocate

Proposing (a) claim(s)/counter-claim/alternative
claim(s)

Proposing a counterargument/alternative
arguments

Proposing an alternative justification/a counter
evidence/a rebuttal

Provides evidence Providing evidence as experimental data/figures/
pictures/graphs/scientific information/statements

Positioning Values different positions Drawing attention to position/counter position/
dilemma

Guiding students to alternative arguments
Encouraging the consideration of alternative/
opposite ideas

Encourages ideas Encouraging more arguments
Reflecting on argument
process

Asks about mind-change Asking for mind-change

Talking and listening Encourages discussion Encouraging argumentation
Encourages listening Encouraging listening

The role of the teacher

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 9



ISA and meta-level ISA. This code includes 10 strategies employed by teachers to help stu-
dents develop and construct their argumentation. These strategies are explained in detail
with drawing examples from teaching practices.

(a) Challenge the accuracy. Mork (2005) developed a typology of teacher interventions
where she focused on teachers’ role in relation to the management and teacher interven-
tions in argumentation activities. She identified six main factors prompting teacher inter-
ventions and some sort of teacher actions that each reason prompts. For example, the
accuracy of content due to the misuse of concepts or wrong combination of information
might be a reason for a teacher to challenge the accuracy of information by rephrasing and
addressing question to other groups or by asking for elaboration.

Similarly, in this study, the teachers asked for further arguments and attempted to
clarify argument or the components of argument, such as claim, counter positions, justifi-
cation or rebuttal by questioning and rephrasing. For example, Asya, in her second lesson,
asked students to choose among three coke bottles (one taken right out of fridge and not
opened, second sits in the room temperature for two days and not opened, and third sits in
the room temperature for five days but it is opened) based on their understanding of solu-
bility of gases. At some point, she realised that the students’ arguments did not go any
further and the groups’ combination of evidence cards was not correct. Therefore, Asya
rephrased and addressed question to other groups in order to create an opportunity for
challenging the accuracy:

Teacher: Why do you choose 3rd option when you compare 2nd and 3rd? Both sit in the
same room, so their temperature is the same.

Student: No, we chose both of them.
Teacher: You chose both?
Student: Yes.
Teacher: Ok, I understand. Well, is there anyone who sees the difference between 2nd and

3rd?

(b) Constructing arguments. Teachers use writing frameworks or written work, prepare
presentations, or give roles as a way to ask students to construct their arguments on a work-
sheet, or to construct arguments that commensurate with their roles in a role play (Simon
et al., 2006).

In this study, the teachers encouraged students to construct arguments in a variety of
ways. They constructed a problem or a case for argumentation, developed a writing frame-
work to construct an argument, provided instructions for an activity in order to promote
construction of arguments, or described the role of students in constructing an argumenta-
tion in their lesson plans. For instance, Ahmet provided students with a figure in his first
lesson plan and promoted students’ own construction of arguments regarding the heat
transfer. The students were asked to make a decision regarding which floor of an apart-
ment would be suitable to live in winter. He also prepared a writing framework to guide
students in constructing arguments (Figure 1).

(c) Counter arguing/debating. The teachers encouraged counter arguing and debat-
ing by questioning for further arguments/claims, eliciting arguments, initiating argu-
mentation or encouraging students to anticipate counterarguments. For example,
Mahmut, in his first lesson, encouraged debate by directing questions for further
argumentation;
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Student: I want to talk about speed in relation to your question. The definition of speed
might be, according to what you said, in a definite…

Teacher: Time interval?
Student: Time interval, travelling on a certain road as fast as possible, how to say, with the

highest speed or something.
Teacher: Then, according to the explanation our friend just made, who wins the race if car

A, B and C keep their speed constant, in the fourth part?

(d) Evaluating arguments. Evidence component of argumentation is used to evaluate
the process. For example, Seher clarified her goal regarding the use of data/observation/
information as evidence in her second lesson. During an argumentation activity on the
chemical reactions, she encouraged students to use the graphs provided in a worksheet
to support their arguments.

Student1: I will make another explanation. Now the concentration will increase, it will be
stronger and it would take more heat.

Student2: The third graph.
Teacher: OK, we need to make an explanation based on graphs, this is the first one.

(e) Extending the range of topics. Mork (2005) indicated that during argumentation,
teachers may realise that too few sub-topics are covered or there is incomplete infor-
mation. In such cases, they need to extend the range of topics by pursuing parts of stu-
dents’ utterances, asking for elaboration, reintroducing or introducing sub-topics.
Likewise, the teachers in this study extended the range of topics by expanding a claim.
For example, in her first teaching practice, Birhan expanded a claim on the topic of con-
densation proposed by students;

Student: Teacher, the water will evaporate and then water vapour will stick to the stretch
film. There, it will form a cloud. [CLAIM 1]

Teacher: Then, you expect rain. [CLAIM 1 EXPANDED]
Student: Then, there will be rain. [CLAIM1.2]

(f) Involve more students. In some cases, very few students may be involved in argu-
mentation. Teachers may address the question to another student or a group in order to
involve more students into argumentation (Mork, 2005). For example, in his second teach-
ing practice, Mahmut asked the other groups’ opinions regarding the competing theories
he provided;

Student: We don’t agree with sentence 1 because
Teacher: Yes, the one you agree is important for me.

Figure 1. The writing framework used by one of the teachers to encourage students’ constructing
arguments.
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Student: Then, we don’t agree with any of the sentences. [CLAIM]
Teacher: You don’t agree with any of them. [REPHRASING] What other groups think of

this?

(g) Justifying with evidence. Simon et al. (2006) indicated that teachers often attempted
to enhance the process of justification. For example, appealing to evidence code in this
typology refers to the dialogue when teachers question the validity or relevance of the evi-
dence that the students used. For instance, Ahmet, in his first teaching practice, asked stu-
dents to use evidence cards to support their arguments. The topic of argumentation was
the transfer of heat. He provided the students with an activity, which required them to use
their knowledge on the transfer of heat to decide which floor (1st, 2nd, or 3rd) of the given
three apartments (Apartment A, B, and C) would be most suitable to live in winter. In the
following script, Ahmet questioned the evidences of the students to check whether they
have a base:

Teacher: 7, 8 and 10 (referring to evidence cards). How do these support your arguments?
[QUESTIONING]

Student: We thought convection would be more useful for us. Here it generally mentions
convection. For example, heat goes from the warm to the cold matter. In the con-
vection, warm air and cold air takes each other’s place and the heat may be trans-
ferred from hot weather to cold weather. [ARGUMENT]

Teacher: How is it related to the apartment example? [QUESTIONING]
Student: Because there is convection in the apartment. Eight says that sun gives heat by

radiation. Sun gives heat by radiation here too. Ten says warm air rises up.
This is convection, so it supports. [ARGUMENT]

Teacher: Well, for A-2 you say supported by ten. When we look at the shape of the apart-
ment, where is the warmed air? [QUESTIONING]

Student: Here (shows by finger)

To encourage argumentation, all teachers tended to provide experimental data/figures/
pictures/graphs/scientific information/statements in their lesson plans and teaching prac-
tices. Teachers also prompted justification when they wanted students to provide justifica-
tion for their claims. As Simon et al. (2006) argued, these prompts are often in the form of
probes such as ‘why?’ or ‘how do you know?’ To illustrate, an example from Mahmut’s
teaching practice is provided. Mahmut provided statements to evoke thinking;

Teacher: What does student A say?
Student: A says that if a man has a big body, his offspring have a big body, too.
Student: It is somehow correct. [CLAIM]
Teacher: How is it?
Student: For example, if my parents are tall, there is 95% chance of my being tall.

[WARRANT]

Teachers also played devil’s advocate to stimulate further justification of arguments in
several ways. For example, they proposed (a) claim(s)/counter-claim/alternative claim(s);
a counterargument/alternative arguments; or an alternative justification/counter evidence/
a rebuttal.

(h) Positioning. There may be different positions on a subject that might lead one to
evaluate his/her claims in consideration of multiple views. Therefore, teachers would
need to encourage alternative ideas so that students could recognise that there were
choices (Simon et al., 2006).
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In this study, the teachers demonstrated that they value different positions in their
actions such as drawing attention to position/counter position/dilemma, guiding students
to alternative arguments, and encouraging the consideration of alternative/opposite ideas.
For example, in her second teaching practice, Asya encouraged students to consider
alternative positions;

Teacher: Which evidence cards did you use?
Student: As the temperature increases, the movement and speed of water molecules

increase. This makes harder to keep gas molecules inside. [JUSTIFICATION]
Teacher: Well, did you use this one only? (yes) Did you use the second one? (no) Why not?

(i) Reflecting on argument process. Simon et al. (2006) indicated that teachers gave
importance to encourage students to reflect on the process of argumentation by asking
them if they experienced any change of ideas as a result of argumentation. The implicit
message is that it is legitimate to change ideas or positions if you decide that an opposing
argument is stronger. For instance, Mahmut asked students if they changed their mind
about the concepts of element and molecule;

Student: In our group, the part after ‘because’ was not appropriate, so we changed that.
Teacher: What did you change?
Student: In the 4th item, we changed the part after ‘because’.
Teacher: What was your answer and how did you change it?
Student: Initially, we came to a conclusion that the atoms composing the methane mol-

ecule are different. However, now we say that atoms are in different sizes.

(j) Talking and listening. Argumentation is only possible when students are able to
work in groups, listening to each other and articulating their own ideas (Simon et al.,
2006). Therefore, teachers need to familiarise students to working discursively in
groups and encourage listening. Hale, for example, reminded students to listen to each
other several times;

Teacher: Ok, we are listening to the first group. Let’s see what they think. It is a very inter-
esting question. I guess there will be interesting answers. Everybody, please listen
to your friend.

The teachers encouraged discussion, and specifically argumentation in students’ inter-
action. For instance, Ahmet, in his first lesson, encouraged argumentation among students
by asking them to listen to each other so that they can articulate their own ideas;

Teacher: Well, in the remaining time, let’s evaluate the groups. For example, what do the
groups who do not agree with other groups say about their ideas? For example,
2nd group chose B-2, and 1st group chose A-2. What does the group who chose A-
2 say about the items told by the other group who chose B-2?

2. Meta-level instructional strategies for argumentation. ML-ISA covers the instruc-
tional strategies in the participants’ teaching practices and lesson plans for argumentation
but requires higher order thinking. In other words, teachers need to think and plan imple-
menting these strategies. For example, ‘evaluating arguments’ is an instructional strategy
that was generated in the process of teachers’ evaluation of the use of evidence in argumen-
tation. However, this study draws attention to the fact that ‘evaluating arguments’ can be
an instructional strategy that could be generated in the category of B-ISA and also of ML-
ISA. In other words, teachers may evaluate the use of evidence as a general argumentative
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practice as the argumentation proceeds or they may demonstrate an intentional planning
and acting to evaluate the use of evidence depending on the context. Thus, the codes and
categories corresponding to the ones by Simon et al. (2006) and Mork (2005) were refined
in a number of different ways considering the nuances in teachers’ practices (Table 3).

The researchers can differentiate whether an act is a meta-level or it is not in context.
This decision requires teachers’ prior knowledge and strategies regarding argumentation
as well as the common teaching practices. For example, a teacher’s move such as stating
explicitly the objectives of the lesson might be a regular practice. In such a case, this act
could not be evaluated as a meta-level instructional strategy. However, in contrast to
the regular teaching practices, if teacher intentionally plans and calls the objectives in
the classroom for that specific class, then this act is considered as a meta-level action.
Now, we present three codes to illustrate ML-ISA.

(a) Evaluating arguments. Simon et al. (2006) categorised teacher utterances as evalu-
ating arguments

when teachers had clear goals focusing on the evaluation of arguments and when they asked
students to make judgements about exemplary arguments. In doing so, they either empha-
sized that having evidence is important or they focused on the nature of the evidence. (p. 251)

In this study, the category was extended to include teachers’ instructional practices that
clearly target the objectives of the lesson such as developing a rubric as assessment criteria,
developing an assessment strategy for an argumentation lesson, or drawing an evaluation
framework for justification.

For example, in her third lesson plan, Asya set clear goals regarding the evaluation of
students’ argumentation. She adapted an assessment strategy to evaluate students’ posters:

Remember, as you critique the work of others, you have to decide if their conclusions are valid
or acceptable based on the quality of their explanation and how well they are able to support
their ideas. In other words, you need to determine whether their arguments are persuasive and
convincing. To do this, ask yourself following questions and write down your answers:

(1) Is their explanation sufficient (does it explain everything it needs to) and coherent
(does it have any contradictions)?

Table 3. Codes and categories for meta-level instructional strategies used by the participants.
Categories of argumentation
processes

Instructional strategies derived from
the literature

Instructional strategies used by the participants
in this study

Evaluating arguments Evaluates arguments Developing a rubric as assessment criteria
Developing an assessment strategy for an
argumentation lesson

Drawing an evaluation framework for
justification

Setting expectations Setting expectations for students’ learning
about argumentation

Setting expectations for the quality of
argumentation

Focus on debate technique Drawing rules Drawing rules for a teaching method/strategy
Knowing meaning of
argument

Choosing/naming a specific strategy Choosing a specific strategy to implement
argumentation

Naming a specific strategy to implement
argumentation

Identifying objectives/purpose Defining the objectives of a specific strategy
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(2) Are their variables correct?
(3) Did they use genuine evidence (did they organise their data in a way that it shows a

trend over time, a relationship between variables, or a difference between groups)
and did they use enough evidence to support their ideas (did they use more than
one piece of evidence and were all their ideas supported by evidence)?

(4) Is their evidence of high quality? In other words, is their evidence valid (did they use
appropriate methods to gather the data) and reliable (did they attempt to reduce error
in their measurements or observations)?

(5) Is there any counterevidence that does not support their explanation?
(6) How well does their explanation fit with other theories and laws that are used in

science to explain or describe how the world works?
(7) Is their reasoning adequate (did they explain why the evidence was used and why it

supports the explanation) and appropriate (rational and sound)?

Teachers may have different standards in their minds to assess quality of students’
argumentation or students’ learning during argumentation. In this study, these standards
were evident in their lesson plans and these were coded as setting expectations.

(b) Focusing on debate technique. Turn-taking in debates is a significant task that tea-
chers need to manage, as students may not be used to the debate techniques. In this study,
the teachers drew rules for teaching method argumentation or an associated strategy to
familiarise students with the argumentation skills. For example, in his first argumentation
teaching practice, Mahmut set rules regarding the argumentation process as follows;

Teacher: There is no superior answer here; everyone has his/her own opinion. Everyone
will defend their own ideas. In your groups, we talked about your personal
opinions on the issue. Now, I will distribute clue cards to you.…When everyone
is ready to talk about his/her own opinion on the clue card, you will choose a
spokesman to tell us your idea in your group.

(c) Knowing meaning of argument. Simon et al. (2006) indicated that teachers may
make attempts to support students’ understanding of what argument means. In this
study, teachers’ ISA in relation to knowing meaning of argument was also considered
to be a meta-level knowledge of argumentation. For example, choosing and/or naming a
specific strategy in relation to argumentation, or identifying objectives and/or purpose in
relation to argumentation in their teaching practices or lesson plans require teachers’
knowledge of argumentation as a way of learning science. Therefore, these attempts
were coded as meta-level instructional strategy for argumentation. For instance,
Mahmut explicitly called a specific strategy to implement argumentation in his first teach-
ing practice;

Teacher: We call this concept cartoon, which is a strategy used for science education. It
asks that whether there is any effect of physical training on the offspring.

3. Meta-strategic instructional strategies for argumentation. Zohar (2008) defines meta-
strategic knowledge as “general knowledge about the cognitive procedures that are being
manipulated. It consists of following abilities: making generalizations and drawing rules
regarding a thinking strategy; naming the thinking strategy; explaining when, why and
how such a thinking strategy should be used, when it should not be used; what are the
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disadvantages of not using appropriate strategies, and what task characteristics call for the
use of the strategy” (Zohar, 2008, p. 254).

In this study, cognitive procedures that are closely related to argumentation were
identified as constructing arguments, coordinating evidence, backing a claim, and provid-
ing justification (Table 4), all of which refer to the research of Zohar (2006, 2008, 2012).
Three codes of meta-strategic instructional strategies for argumentation are presented
below:

(a) Drawing rules for a thinking strategy. Zohar (2006) indicated that specific thinking
strategies can be fostered in a specific lesson by means of purposefully designed learning
activities. In this study, the teachers purposefully designed argumentation activities, and in
some occasions, they explained students the general elements of this thinking activity. For
example, in his second lesson, Mahmut addressed a specific thinking pattern to construct
arguments repeatedly so that students could formulate the generalisations and rules;

Teacher: Did you have a discussion? What was your discussion based on? Did you have a
disagreement?

Student: Do you mean different point of views?
Teacher: Yes. Did you have any different viewpoints?
Student: We agreed on the answers.
Student: We had different ideas but we agreed on
Teacher: What were they?
Student: For example, I think that the molecule is composed of two types of atoms. My

friend, on the other hand, thinks that the molecule is composed of more than
one type of atom. I mean, he thinks that there are not only two types of atoms
but more.

Teacher: Do you mean that there are three types of atoms? Well, how did you convince
your friend?

Student: I said, the purple atoms are one type and the yellow atom is a different type.
Teacher: So, you said that there are two types of atoms, not more than two. You used their

colour as evidence.

(b) Modelling thinking strategy. Zohar (2006) proposed that teachers’ meta-strategic
knowledge may lead them to develop effective pedagogical tools for teaching higher
order thinking. In this study, the teaching practices of some teachers reflect such model-
ling of higher order thinking skills such as constructing arguments, coordinating evidence,
and providing justification.

For example, Mesut, in his first argumentation lesson,modelled constructing arguments;

Teacher: Here, in the second part, there are three friends, statements and some claims
related to the observations of the three buddies who went to race. You will try
to show whether claims are right or wrong. If it is right, why is it right? If it is
wrong, why is it wrong?…Hasan, for example, agrees with Can’s claim. He will

Table 4. Codes and categories for meta-strategic instructional strategies used by the participants.
Categories of argumentation processes as reflected in teachers’
contributions

Instructional strategies used by the participants in
this study

Drawing rules for a thinking strategy Constructing arguments
Modelling the thinking strategy Constructing arguments

Coordinating evidence
Providing justification

Naming the thinking strategy Constructing arguments
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say that “I agree with Can’s claim because of this or that” or “this also supports
my claim because….”. First, we will do this in groups and then we will discuss
altogether.

(c) Naming the thinking strategy. In teaching of higher order thinking skills, such as
constructing arguments, coordinating evidence and providing justification, teachers
should demonstrate the knowledge of the thinking strategies explicitly during teaching.
They should also be able to explain when, why, and how to use these thinking strategies
in the process of argumentation and problem-solving (Zohar, 2006). In this study, there
were cases where the teachers name the thinking strategies in their either lesson plans
or teaching practices.

For instance, Mesut wrote following thinking strategies that he aimed to foster in his
lesson;

All lessons are argumentation based. Therefore, the design of the lessons contain critical
thinking processes such as generating arguments, counter arguments, rebuttals, justifications
and etc. regarding given knowledge claims.

So far, we have presented the categories and codes emerged from our analysis and
explained how each of them contributed to developing argumentation skills of students.
In the next section, we further scrutinise what these findings tell us about argumentation
in science education and make suggestions for further research.

Discussion and conclusion

This study builds on argumentation in science education research by focusing on the
instructional strategies for initiating and sustaining argumentation in science classrooms.
The instructional strategies derived from the teachers’ classroom practices and lesson
plans were diverse. For example, there were strategies already listed in science education
literature to promote argumentation. Some of these strategies aim to assess whether stu-
dents integrate empirical evidence to support their claims (McNeill & Pimentel, 2010); to
encourage students to elaborate their arguments by means of employing more evidences
and considering alternative viewpoints (Simon et al., 2006); to design argumentative
learning tasks by using specific instructional strategies, such as constructing open-
ended, ill-structured cases, or questions that foster the multiple viewpoints (Berland &
Hammer, 2012; Berland & McNeill, 2010; Berland & Reiser, 2009); to set a classroom
environment where students listen to their peers, argue, and question ideas in a persua-
sive discourse (McNeill & Knight, 2013), and to model argumentation when the students
had difficulty to justify their claims by providing arguments or counterarguments
(McNeill, 2009).

The teachers in this research, on the other hand, developed a meta-level understanding
of argumentation through a graduate course, which was supported with meta-level discus-
sions with experts and other graduate students. Therefore, they used and developed
instructional strategies referred as meta-level or meta-strategic, which are significant in
teaching how to think. For example, teachers modelled how to construct arguments
and counterarguments and to provide evidence. They discussed the general characteristics
of sound argumentation, such as the components of an argument, the nature of evidence,
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when, why, and how to coordinate evidence and provide justification. These strategies are
important to provide students with an awareness of the meta-level knowledge pertaining
to the role of argumentation in constructing scientific knowledge (Zohar, 2008).

This research also provided a detailed coding framework to explore science teachers’
instructional practices as they implemented argumentation-based lessons. The coding fra-
mework may guide further research to understand the elements of argumentation that the
teachers have difficulty in integrating to their teaching and in promoting students’ argu-
mentation. Furthermore, the instructional strategies coded in teachers’ practice may be
helpful for researchers to identify the skills or competencies prioritised by teachers
during argumentation. This might also be helpful for professional developers or teacher
educators in the process of designing content of a professional development course/pro-
gramme. For example, teachers may not emphasise alternative ideas in students’ argumen-
tation because they may have difficulty in managing different viewpoints, or they may
have a positivistic approach to scientific knowledge, which assumes the existence of a
truth. They may simply be ignorant of the multiple viewpoints and focus on the expected
responses. This can be drawn from the data generated through the coding of teachers’
instruction. In such a case, the professional developers might assist teachers developing
these aspects of the argumentation.

Over all, this study has several limitations. First, our participants were limited with
only seven science teachers and these teachers were unique in terms of their demo-
graphic characteristics. They were graduate students, and they have a background in
different disciplines of science. Therefore, the researchers may wonder whether these
instructional strategies are applicable in other settings. We explicated the characteristics
of the group as well as the research process in detail so that the readers may have an idea
how comparable these teachers are with other cases. Further research can conduct this
study with different teacher groups to find out if similar or different patterns of instruc-
tional strategies will come up. The second limitation is that regardless of the variety or
the large number of data sources, it is difficult to understand teachers’ intention in carry-
ing out a particular action during the coding. Therefore, we suggest that the researchers
can conduct further interviews with teachers to clarify the aims of their action. In this
research, we did not attempt to explore students’ argumentation or their experiences
regarding argumentation in response to teachers’ instructional practices. Therefore,
further research can look into the effects of the instructional strategies on students’
outcomes.

To conclude, this study contributes to an understanding of in-service science teachers’
facilitation of argumentation practices, particularly through the use of instructional strat-
egies, identified as basic instructional strategies for argumentation, ML-ISA, and meta-
strategic instructional strategies for argumentation.
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Appendix. Examples of data analysis

Figure A2. Lesson plan analysis.
Note: *GPK refers to General Pedagogical Knowledge.

Figure A1. Teaching practice analysis.
Note: *GPK refers to General Pedagogical Knowledge.
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