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Abstract

The purpose of this study is to investigate how teachers use different types of discourse to support dialogic
argumentation. Dialogic argumentation is a collaborative process in which students construct arguments together and
examine arguments presented by their peers. Science teachers can use argumentation as a vehicle to help students
gain a working understanding of science content and the nature of science and its practices. Whole-class closing
discussions from video-recorded lessons are analyzed to study the discourse used to support argumentation by two
physics teachers in lower secondary schools. Analysis of discourse includes coding of communicative approach at the
episode level and coding of teacher roles of questioning at the level of speaking turns. Student argumentation is also
assessed on the basis of dialogicity and complexity of arguments. Findings characterize different ways of orchestrating
argumentative discussions. Authoritative episodes were characterized by the presence of the dispenser role, with
teachers retaining ownership over ideas and classroom activities to emphasize the correctness of a justification.
Dialogic episodes of classroom interaction showed openness to student perspectives, but teachers’ use of questioning
roles revealed different ways of orchestrating argumentative discussions. The moderator role granted ownership of
ideas to students to either pursue a single student’s argument in more depth or to directly contrast opposing
Jjustifications. Less commonly used were the roles of coach and participant, which teachers used to elicit student
Jjustifications in more depth or support students in examining the arguments of their peers. Examination of discourse
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using multiple frameworks revealed differences in teachers’ values and the impact of the use of teacher questioning
roles on student contributions to argumentative discussions.’
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kel

Science teachers should make it a central aim to foster student argumentation skills (Mercer, 2009;
Osborne, 2010), as emphasized in the national curricula (Finnish National Agency for Education, 2016;
NGSS Lead States, 2013). Although student argumentation is supported by many factors, including task
design, curriculum, and cultural factors (Asterhan & Schwarz, 2016, Berland & McNeill, 2010), teacher
questioning strategies play a critical role in this process (Simon, Erduran, & Osborne, 2006). Facilitating
opportunities for learners to engage with argumentation practices requires teachers to use diverse forms
of discourse, including dialogic discourse. By describing discourse used in science lessons, this research
seeks to clarify how teachers can support or hinder dialogic argumentation using teacher roles of
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questioning (Chen, Hand, & Norton-Meier, 2017) and their communicative approaches (Mortimer & Scott,
2003).

According to some studies, argumentation skills are vital for forming a deep understanding of
science content and learning about the nature of science (Osborne, 2010). Rather than acquiring isolated
fragments of scientific knowledge, learners should interact with the process of scientific argumentation and
move through the steps of inquiry, gathering data, and constructing and negotiating arguments (Chen &
Steenhoek, 2014). When students listen to their peers and critically evaluate how other arguments compare
with their own ideas, it offers “a means for improving the quality of the student experience, the depth of
student thinking, and the learning of science itself” (Osborne, 2010, p. 466). Engaging in these practices
mirrors, to some extent, the practices of the scientific community and allows for the essential experience of
students to authentically contribute with their own unique voice to a community of practice, as highlighted
by Matusov and von Duyke (2010) in their discussion of internally persuasive discourse. In this way,
argumentation is not an isolated goal but rather serves as a “vehicle to drive students in the whole process
of inquiry” (Chen, Hand, & Park, 2016, p. 280). Whereas argumentation is an essential part of scientific
communication, there is still a call for highlighting the social aspect and the role of interaction in facilitating
non-disputatious and constructive participation in educational dialogue (Mercer et al., 2009).

Accordingly, in this study, we explore how argumentation and related interactions can be enriched
through dialogicity. In general, dialogicity refers to the mutual consideration of different voices, views, and
ideas (Bakhtin, 1986). When drawing specifically on dialogic argumentation, Nielsen (2013) describes this
as “a specialized way of arguing in which the participants not just defend their own claims, but also engage
constructively with the argumentation of their peers” (Nielsen, 2013, p. 373). Structurally, an argument
consists of a claim and evidence, reasoning, or data that supports the claim. Dialogic argumentation,
however, specifically addresses the language processes in which students examine and present claims
and evidence. Importantly, it focuses on the interaction furthering critical thinking and reasoning (Lehesvuori
et al., 2017). Dialogic argumentation then requires not only the implicit or explicit presentation of the
structural elements of an argument but also that students engage with each other’s ideas and examine the
reasoning brought up by their peers.

Dialogic argumentation relates to the broader social construction of knowledge (Vygotsky, 1978),
as the relationships between claims and evidence are discussed, examined, and modified on the social
interpsychological plane, then internalized on the intrapsychological plane. However, whereas the social
construction of knowledge approaches the learning process in general, dialogic argumentation specifically
addresses the extent to which the reasoning leading to claims is made clear and the extent to which
participants respond to others’ justifications. An example may illustrate this best: the social construction of
knowledge could include the social sharing and comparison of knowledge, building to a broader shared
understanding. Within that knowledge may lie implicit understandings or justifications that are not clearly
stated. Dialogic argumentation, however, entails specifically the social aspect of examining not only what
is known but how that knowledge relates to a conclusion or justification of a claim (Hahkiéniemi et al., 2022).

Promoting dialogic interactions in classrooms has been described as a prerequisite to developing
argumentation (Berland & McNeill, 2010, Lehesvuori et al., 2017, McNeill & Pimentel, 2010). However,
pedagogical approaches facilitating dialogic interactions are difficult for teachers to master, as they require
“the ‘know-how’ of being able to engage students in dialogic interactions” (Scott, Mortimer, & Aguiar, 2006,
p. 624). At the core lies a tension: teachers must implement communicative approaches that give students
a chance to ideate and explore but also scaffold students in the meaning making processes (Ford &
Forman, 2015; Mortimer & Scott, 2003). The orchestration of questioning routines that are open to a wide
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range of potential student responses presents a challenge to teachers due to the unpredictable nature of
student responses. This, in turn, may even lead teachers to discourage over-enthusiastic intellectual
engagement as a means of limiting the scope of discussion (Kennedy, 2005). These challenges highlight
the need to further understand how teachers orchestrate dialogic discussions in which they grant partial
ownership of ideas or activities to their students.

Teacher questioning and orchestration of discussions should not be considered the only factors
that influence student argumentation. Students’ questions are also seen to have a clear impact on the
thinking processes of their peers (Chin and Osborne, 2008), and the quality of questions formulated by
students was linked to productive oral argumentation. The nature of the initial question driving a line of
inquiry was shown to play a part in orchestrating the type of dialogic argumentation that followed (Chin and
Osborne, 2010). Basic information questions presented by students (which include both factual and
procedural questions) do little to stimulate further discussion or critical analysis. In contrast, wonderment
questions include comprehension, prediction, anomaly detection, application, and planning or strategy
questions (Chin, Brown, & Bruce, 2002). These wonderment questions were seen to “stimulate students
to generate explanations and propose solutions to problems” (Chin et al., 2002, p. 540). While the questions
generated by students undoubtedly have an effect on the nature of argumentative discussions, the focus
of this study, however, remains on examining the teacher’s questioning role.

Mercer (2008) calls for analyses of classroom interactions which include a temporal element to
supply better ways of analyzing classroom interactions as a continuing, social mode of thinking. In relation,
Chen et al. (2017) advocate for research on appropriate contexts and sequences for teachers to use
different roles of questioning. This requires reaching a deeper understanding of how teachers use
authoritative and dialogic communicative approaches (Scott et al., 2006). The focus on promoting dialogic
interaction is rationalized by continuously prevailing authoritativeness in science classrooms, often
characterized by transmission modes of teaching and little allowance for alternative viewpoints and
extended dialogue (Mercer et al., 2009; Lehesvuori et al., 2018). The aim of this study is to build an
understanding of how teachers can orchestrate classroom interactions in science and support dialogic
argumentation in whole-class discussions.

Literature
Dialogic interactions in science

The term dialogic has been widely used in the field of research on classroom interaction. For example,
definitions of dialogic pedagogy (Matusov, 2009), dialogic communicative approach (Scott, 2006), and
dialogic space (Wegerif, 2010) draw on Bakhtin’s (1986) idea of equal consideration of different voices and
ideas. In slight contrast, Alexander (2006) highlights the purposefulness and cumulativeness of joint
construction of knowledge in descriptions of and principles for dialogic teaching. In this study, these two
aspects are considered equally important, on one hand by highlighting the importance of equal
consideration of different voices (dialogue with authenticity) and on the other hand by highlighting the
importance of purposeful discussion of subject content (dialogue with purpose). Enabling student
exploration of ideas and reasoning is considered to be an essential part of the meaningful learning of
science (Barreto et al., 2021).

Although the nature of science is fundamentally dialogic (Ford and Forman, 2015), teacher-
centered authoritative approaches dominate science teaching (Hiltunen et al., 2016; Lehesvuori, Viiri,
Rasku-Puttonen, Moate, & Helaakoski, 2013; Osborne, 2010). Teachers who view themselves as experts
in the learning community maintain ownership over learning activities (Donnelly et al., 2014), stifling dialogic
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argumentation. Teachers frequently hold to a direct transmission model of knowledge transfer (Scott et al.,
2006), especially when encountering less familiar content areas (Nurkka, Makynen, Viiri, Savinainen, &
Nieminen, 2012) and when attempting to convey correctness or emphasize the scientific perspective
(Lehesvuori, Ramnarain, & Viiri, 2018).

Due in part to overly dominating teacher-directed and authoritative interactions, McNeill and
Pimentel (2010) observe that students view the goal of science as simply getting the right answer rather
than a process of persuasion. Likewise, Watson, Swain, and McRobbie (2004) found that students construct
arguments with low frequency and of low quality. Even if dialogic interactions are emphasized, it remains
a challenge to ensure that students are authentically engaging and not performing a sterile “procedural
display” (Bloome, Puro, & Theodorou, 1989, as cited in Ford & Forman, 2015, p. 150).

Although dialogicity is also about a shared and collective endeavor between teachers and students
(Alexander, 2006), the decision to pursue dialogue remains in the control of teachers (Mercer, 2009).
Students have little motivation to share their ideas if the teacher actively exercises power as the subject
authority (Davies, Kiemer, & Meissel, 2017). In order to promote critical thinking and reasoning, teachers
must grant their students “constrained intellectual authority” (Ford & Forman, 2015, p. 146). Ford and
Forman (2015) discuss a paradox in which “instruction must be constraining and directive in some sense,
but also provide opportunities for students to develop a deep understanding of scientific concepts and
investigations” (p. 144). Science itself as a practice is fundamentally dialogic, so to implement this
“constrained intellectual authority,” a science teacher must take some ownership of whole-class discussion
but also let the students practice the skills of listening and responding to other ideas in a dialogic setting.

Teacher orchestration of whole-class discussion

The interaction in science classrooms has been shown to follow a traditional triadic Initiation-Response-
Follow-up (IRF) pattern (Lemke, 1990; Sinclair & Coulthard, 1975). When a teacher's follow-up turn is more
probing by nature, the IRF structure may evolve into an extended IRPRP-pattern? (Scott et al., 2006).
Whereas the dominance of the IRF-pattern implies prevailing authoritativeness, extended dialogues are
potentially linked to dialogic interaction. A teacher initiation turn, i.e., often a question, is essential when
opening up the space for student thinking (Chin, 2007). Flexibility in questioning routines is essential when
the goal of teacher questioning is not simply to evaluate what students know but rather when the goal is to
build upon student ideas to construct joint understanding and stimulate productive thinking (Chin, 2007).

Teacher orchestration of whole-class discussions has been studied from a variety of perspectives,
including question types (McNeill & Pimentel, 2010), communicative approaches (Scott et al., 2006), and
pedagogical practices (Simon et al., 2006). Chin (2007) describes the functions of teacher questions,
emphasizing the role of revoicing student ideas to make connections between student ideas. Chin
described teachers using questions in a very purposeful way to weave together student ideas and bridge
the gap between a student’s knowledge and the questions posed in classroom discussion. Teacher
questioning is situated by Chin in four main categories: a) Socratic questioning, b) verbal jigsaw, c) semantic
tapestry, and d) framing. The purpose of Socratic questioning is to guide students' thinking using a series
of questions. Verbal jigsaw helps students to understand the relationships between specific scientific
terminology and how they can be used in relation to one another. Semantic tapestry serves to integrate
concepts to create an overall conceptual understanding of the connections between topics, and framing is
used to clarify “the relationship between a question and the information that it addresses” (Chin, 2007, p.
823). Other studies classify teacher talk using over a dozen types of teacher talk (Soysal, 2018; Vrikki,

2 An IRPRP-pattern would take the form of Initiation-Response-Prompt-Response-Prompt and may continue for several turns.
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Wheatley, Howe, Hennessy, & Mercer, 2019). Specifically, Soysal (2018) describes teacher discursive
moves such as probing, challenging, prompting, and affirming. These are used to track long-term trends
and are linked to different stages of argument-based inquiry. Scott (1998) also categorizes teacher
discursive moves, labeling them as “forms of pedagogical intervention” (p. 56) based on the major strands
of the teaching narrative: developing scientific knowledge, supporting student meaning making, and
maintaining the narrative.

In this study, we approach the concepts of teacher discursive moves and teacher questioning using
two frameworks that succinctly capture two essential properties of teacher-student interaction in a whole-
class discussion. First, the communicative approaches framework can be applied to classify the resulting
discourse along two dimensions, as shown in Figure 1. Within the vertical dimension, an authoritative
communicative approach is restricted to a single point of view, while a dialogic communicative approach
values multiple perspectives. In the horizontal dimension, interactive or noninteractive talk refers to how
many speakers participate in the discourse. Combining the two dimensions creates four communicative
approaches: authoritative/noninteractive, authoritative/interactive, dialogic/noninteractive, and
dialogic/interactive (Mortimer & Scott, 2003). Shifts in the communicative approach imply a shift in teaching
purpose (Lehesvuori et al., 2013). Scott and Ametller (2007) describe cycles in which teachers use a
dialogic communicative approach to open up topics, allowing students to make connections to prior
knowledge of a topic, followed by an authoritative communicative approach to close down the discussion,
acting as a seed for further dialogue.

Dialogic
'y
Dialogic/ Dialogic/
Moninteractive Interactive
Noninteractive « » Interactive

Authoritative/ Authoritative/
Moninteractive Interactive

L J
Authoritative

Figure 1. Four classes of communicative approach (Scott et al., 2006, p. 611)

Defining the dominant communicative approach of an episode of talk requires firstly interpreting if
the teacher considers a range of ideas (dialogic) or focuses on a singular perspective (authoritative). For
the second dimension, the framework describes talk that includes multiple participants (interactive) or only
a single participant (noninteractive) (Mortimer & Scott, 2003). Although this framework creates 4 distinct
categories, it must also be recognized that both the dialogic and interactive components exist along a
continuum (symbolized by the arrowheads in Figure 1), that is, some episodes may include more strong
dialogic elements than others, and the amount of interaction can vary from completely noninteractive, to
slightly interactive, to a high level of interaction with frequent exchanges between students and the teacher.
However, the communicative approaches framework alone does not offer a detailed picture of how a whole-
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class discussion unfolds on a turn-by-turn basis. Instead, the intention of the framework is to analyze whole
episodes of classroom talk.

In order to bring a greater level of detail to individual speaking turns, this study also utilizes the
teacher roles of questioning framework (Chen et al., 2017), which categorizes teacher utterances into four
categories, as seen in Figure 2. These categories approach the concept of dialogic talk from a different
perspective than the communicative approach framework. Specifically, in the teacher roles of questioning
framework, a distinction is made between the ownership of ideas and the ownership of classroom activities.
This recognizes that although discourse may include students’ ideas, students may not necessarily have
ownership over the classroom activity. For instance, a teacher may recognize students’ ideas but dictate
who may speak and when, in which case the student has ownership of the ideas, but the teacher has more
ownership of the activity. As shown in Figure 2, ownership of ideas and ownership of the activity are plotted
in separate dimensions, creating four teacher roles of questioning. Within each role, several sub-categories
are identified, which correspond to some degree with teacher discursive moves (Scott, 1998; Soysal, 2018).
This framework orients these discursive moves along 2 independent axes. The name of the framework
seems to suggest that only teacher questions are analyzed, but the framework is used by Chen et al. (2017)
to describe a variety of teacher utterances used within a questioning routine or whole-class discussion, so
in reality, the framework applies to other statements made by a teacher, not just questions.

The Ownership of
Activities (student)

A

Coach Participant

-challenge -exchange

-elicit -encourage
The Ownership of o The Ownership of
Ideas (teacher) Ideas (student)

Dispenser Moderator

-lecture -recognize

~direct -compare

-integrate

A\

The Ownership of
Activities (teacher)

Figure 2. Framework for teacher questioning roles (Chen et al., 2017, p. 384). Subcategories are combined to create
four roles, arranged by ownership of ideas and activity.

The most teacher-centered teacher role is the dispenser, in which the teacher retains ownership of
ideas and activities by presenting information (utterance coded as ‘lecture’) or directing ideas and activities
(‘direct’). The most student-centered teacher role is participant, which grants ownership of ideas and
activities to students. In the participant role, the teacher and students can openly share ideas (‘exchange’),
or the teacher may encourage students’ ideas (‘encourage’). The other two roles exhibit more of a shared
sense of ownership. In the moderator role, the teacher ‘recognizes,” ‘compares,” and ‘integrates’ student
ideas into the whole-class discussion. Importantly, the teacher refrains from acting as an authority on the
subject matter and allows students’ ideas to take precedence. Conversely, when the teacher is in the coach
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role, students have ownership over turn-taking norms and the flow of whole-class discussions, but the
teacher challenges students’ reasoning (‘challenge’) and works to make student reasoning more explicit
(‘elicit’). To further clarify these categories, Table 1 includes specific examples analyzed in this text to

illustrate each code in more detail.

Table 1
Teacher questioning roles (Chen et al., 2017)
Teacher Description Example

questioning role
and subcategory

Dispenser

-lecture -An exposition of a given -Now of course we could consider this fact card
subject intended to present F, because it says the same as G, but in different
information and conceptual words, that there is no horizontal section of the
relationships graph.

-direct -Any response or -There aren’t [any places on the graph], or it
instruction used to lead the  doesn’t look like it. But there should be how
direction of students’ ideas  many of them, Emilia?
and activities -What did Card G say? Read that one again.

Moderator

-recognize -Any response used to -[pointing at graph, after statement shared by
identify students’ ideas or student] These should be parallel.
arguments

-compare -Any response used to -And then you, Jenna, had that same [card] G,
examine ideas or that the other groups had used quite a bit. It
arguments in order to note  says that the temperature doesn’t change.
similarities and differences  -Okay, now we have two different opinions.

Leevi can start, then Jesse follows.

-integrate -Any response used to -The boys claim that this graph is wrong. It
synthesize or incorporate doesn’t show the situation where water is heated
students’ ideas as a whole  from ice to steam. Does fact card G support the

boys’ claim?

Coach

-challenge -Any response used to -But are they the correct temperatures?
critique students’ ideas or -[But] it’s right here, 100 degrees.
arguments

-elicit -Any response used to -So two phase changes. How do you know the
make students’ implicit temperatures, are there cards that help with
ideas more explicit that?

Participant

-exchange -Any response used to -Well that makes two of us who are unsure, then!
share ideas with students

-encourage -Any response used to -Okay, those were good comments! How should

inspire students’ ideas

that go?

Note. Descriptions of categories are definitions presented by Chen et al., 2017 (pp. 399-401). Examples are taken
directly from the transcript presented in this manuscript, except for the examples for the role of participant, which are
selected from Johanna episodes 1 and 2, which were not included in this manuscript.
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Similarities can also be seen between the teacher roles of questioning framework and teacher
questioning strategies®, as described by Chin (2007). A question-based prelude may fit into the role of
dispenser or moderator, depending on how the teacher controls the activity. Socratic questioning strategies
such as pumping and reflective toss align to some extent with the role of moderator, as might a verbal
jigsaw. A constructive challenge could likely fit into the role of coach, and the semantic tapestry strategy
of focusing and zooming may fit into the role of participant and moderator. However, in all of these cases
it would depend on the context of the question and how it is used. Attributing the ownership of activities
and ideas in the teacher roles of questioning framework relies on looking back at the historical aspect of
talk (Mercer, 2008) throughout the thread of a discussion.

The communicative approaches framework and teacher roles of questioning framework were
chosen due to their ability to describe a wide range of discourse. They are versatile because they rely on
two independent dimensions to produce the categories of talk instead of selecting from a list of nominal
categories. In both frameworks used in this study, the dimensions span from one extreme to another and
could theoretically include any content-related classroom discussion. Moreover, each framework depicts a
continuum of control between students and teachers, aligning with the reality of classroom interactions, as
ownership and control of ideas or activities are shared between students and teachers. Chen et al. (2017)
discuss the “tension between ownership of both ideas and activities” (p. 395), presenting discourse as a
negotiation between parties rather than recognizing only separate, dichotomous types of communication.
The models can complement each other in analysis, as the communicative approaches framework offers a
broader, episode-level view of classroom discourse, while the teacher roles of questioning gives a more
detailed picture of individual speaking turns. Specifically, using the teacher roles of questioning framework
to consider how the ownership of classroom activities is shared between the teacher and students may
offer clarification into the specific “moves” that teachers use to gather and steer student ideas in whole-
class discussions. In turn, this may reflect how teachers grant students “constrained intellectual authority”
previously discussed by Ford and Forman (2015).

Figure 3 shows a theoretical visualization of how these two frameworks could interact in episodes
of whole-class discussion. The episodes in Figure 3 represent theoretical examples and are not tied to the
analysis of data. In these theoretical examples, the communicative approach moves from
authoritative/interactive in Episode A to dialogic/interactive in Episodes B and C. Within each episode, the
dominant teacher roles of questioning are circled, and arrows represent shifts between different teacher
roles of questioning. In Episode A, a teacher uses the roles of dispenser and coach in an
authoritative/interactive episode. Episodes B and C show a teacher primarily using the role of moderator
in dialogic/interactive episodes but include some shifts between the other three roles. These theoretical
examples show how episodes of talk could be classified from the perspective of two independent
frameworks, with the communicative approach framework offering a holistic episode-level overview, and
the teacher roles of questioning showing how ownership of ideas and the activity shift back and forth
between the teacher and students within these episodes.

3 Chin (2007) describes four holistic questioning-based approaches: Socratic questioning, verbal jigsaw, semantic tapestry, and
framing (p. 823). Within each approach are more specific strategies. The strategies referenced here include (a) question-based
prelude: posing a question to frame a topic of discussion, (b) pumping: asking students to share more about their ideas, (c) reflective
toss: following up a student statement with a reflective question, (d) verbal jigsaw (includes two strategies: verbal cloze and association
of key words and phrases): co-constructing statements with students when using new terminology, (e) constructive challenge:
questions intended to guide students in addressing misconceptions, and (f) focusing and zooming: guiding students to think at both
the smaller, microscopic scale and the larger, macroscopic scale.
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Example Episode A: Authoritative/interactive

The Ownership of
Activities (student)

4

Participant
The Ownership of m The Ownership of
Ideas (teacher) Ideas (student)
Dispenser Moderator

v
The Ownership of
Activities (teacher)

Example Episode B: Dialogic/interactive
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Example Episode C: Dialogic/interactive
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Figure 3. Visualization of types of discourse present in theoretical episodes of whole-class discussion from the
perspective of communicative approach (Scott et al., 2006) and teacher roles of questioning (Chen et al., 2017).
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Student contributions in argumentative discussion

This study focuses not only on the ways that teachers contribute to whole-class discussion, but
also analyzes the arguments created by students. One way to analyze logical components of
argumentation could be to use Toulmin’s argument pattern, which breaks arguments down into claims,
warrants, data, rebuttals, and/or backing (Toulmin, 1958, in Osborne, Erduran, & Simon, 2004). For
example, Chin and Osborne (2010) created an analytical framework to assess the quality of oral
argumentation between students. However, methodologies that rely on deconstructing arguments into
these elements often lack in transparency. As Nielsen (2013) observes, “what tend to remain invisible are
the numerous decisions the analysts must make to match specific pieces of data to the Toulminian codes,
as well as the negotiations among coders over different possible applications of the model” (Lunsford, 2002,
in Nielsen, 2013, p. 384).

As an alternative, this study uses a coding scheme developed by Hahkiéniemi et al. (2022). This
coding analyzes if students back up claims using justifying moves, divided into describing support (DS) and
articulating reasoning (AR), as shown in Table 2. This analysis does not require identifying specific
components of arguments but instead compares arguments with predefined criteria for AR based on the
type of reasoning used. Thus, this coding scheme places higher value on arguments where students
transparently articulate reasoning. However, it does not attend to dialectical features and thus is not used
to assess the dialogicity of argumentation sequences.

Finally, in order to assess if student argumentation qualifies as dialogic argumentation, we
examined if students engaged with other students’ justifications by using actions like challenging,
elaborating, questioning, or any other responses that directly refer to the justifications or evidence
presented by other students. As this study focuses more on the actions of the teacher, we did not produce
codes to examine the dialogic elements of student argumentation separately, as described by Hahkioniemi
et al., 2022 as “dialogic moves.”

Table 2 Coding of student argumentation using justifying moves (Hahkiéniemi et al., 2022)
Justifying move Description

Articulating Student explicitly explains why a claim can be concluded from what is
reasoning (AR) known. In other words, a student explains the line of reasoning leading
to a claim, making the reasoning visible.

Describing Student presents facts, calculations, observations, figures, etc. to
support (DS) support the claim without articulating reasoning. The support must be
related to the content of the lesson.

Research questions

As demonstrated in our review of literature, previous studies have focused on describing
communicative approaches used by teachers (e.g., Scott, Mortimer, & Aguiar, 2006), teacher questioning
roles (e.g., Chen et al., 2017), the quality of students’ written questions and oral arguments in small groups
(Chin & Osborne, 2010), the functions of teacher questions in scaffolding student thinking (Chin, 2007), and
different types of student dialogic and justifying moves (Hahkioniemi et al., 2022). This study focuses more
specifically on a multi-layered analysis of communicative approaches, teacher questioning roles, and
student dialogic argumentation. We aim to characterize different ways of orchestrating discussions and to
examine how teacher questioning roles impact students’ contributions to discussions. A critical theme in
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our analysis borrows from the teacher questioning roles framework (Chen et al., 2017), specifically
examining how ownership of ideas and activities can shift from the teacher to students. Accordingly, the
guiding research questions for this paper are:

1. How can teacher roles of questioning and communicative approaches be used to characterize
different ways of orchestrating argumentative whole-class discussions?

2. How does the use of different teacher questioning roles affect students’ contributions to
argumentative discussions?

Research Methods
Context

This study is part of a broader research project targeting dialogic argumentation for learning. The
project includes a 2-year professional development program focusing on dialogicity and argumentation
practices for math and physics teachers in Finnish lower secondary schools (see Lehesvuori et al., 2017).
Researchers work alongside teachers to design lessons promoting argumentation. After lessons are
implemented, researchers and teachers discuss and reflect on video recordings from the lessons. For this
study, two teachers, Maria and Johanna, were selected because both employed a base level of dialogicity.
Specifically, observations from lessons with these teachers showed that classroom discussion in their
lessons more frequently exhibited a mutual consideration of multiple ideas without direct evaluative
feedback. In this way, these two teachers were sometimes “open” to a range of ideas, drawing a contrast
to other teachers who participated in the professional development program, who rarely strayed away from
a more traditional IRF pattern (Lemke, 1990). Both teachers teach the same age group in the same region,
and classes were similar in terms of size and gender ratio (13-15 students, 62—67% boys). Thus, the
educational context in each class is comparable.

Data Collection

Participating teachers implemented the lessons, which were video recorded and transcribed. Both
students’ and teachers’ names have been replaced with pseudonyms. For data collection, a researcher
positioned at the rear of the room recorded each lesson with a handheld video camera, and teachers wore
a lapel microphone. Stationary video cameras with internal microphones were also positioned at student
workstations.

The lesson selected for this study lasted for one class period and included an argumentation task
using fact cards. Student groups were given a temperature/time graph and discussed if it correctly
represented ice being heated and turning into steam. For reference, the fact cards and graphs used in the
lesson are included in Appendix A. Students worked in small groups, prepared written arguments, and
participated in a teacher-orchestrated whole-class discussion. Only the whole-class discussions are
analyzed. In these discussions, teachers were advised to encourage students to share the reasoning that
they had included in their written arguments. The argumentation task presented in this lesson (using fact
cards to evaluate the accuracy of graphs) is an adaptation of a similar task presented by Chin and Osborne
(2010) in their research on the quality of students’ written arguments. Whereas Chin and Osborne focus
on students’ written arguments, the questions that students generate, and the quality of oral arguments in
small groups, this study uses a similar task but analyzes the role of the teacher in supporting these
discussions in a whole-class setting.
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Data Analysts

At first, open notes from videos were made to become familiar with the data. The communicative
approaches framework (Mortimer & Scott, 2003) was then used to code whole-class discussion at an
episode level. Each video was transcribed with all speakers identified, but to protect the anonymity of
participants, pseudonyms have been assigned to them in the transcripts. All coding was done by the
primary researcher. The transcript was utilized as the primary data source. Video data were used to gain
context of speaking turns. Episodes of whole-class discussion were defined by the topic of discussion,
e.g., discussing if Graph 4 is correct. For each episode, the dominant communicative approach was
assessed by determining if the talk included multiple speakers (interactivity) and if the teacher was open to
and non-evaluative of student ideas (dialogicity).

The teacher roles of questioning framework (Chen et al., 2017) was used to analyze teacher talk.
All verbal utterances were included, as even direct statements may elicit a response. An utterance is
defined as a “unique idea contributing to the discussion” (Chen et al., 2017, p. 382). Thus, one turn can
contain multiple utterances, for example, if there is a clear transition from one idea to a new topic, or a
single utterance can span across multiple turns in the case of a speaker completing the thought of another.
However, the majority (94%) of speaking turns contained only one utterance, so the term turn is substituted
for utterance to improve the readability of the transcript. Disciplinary measures taken by the teacher and
talk unrelated to the scientific discussion were coded as irrelevant, for example, discussing at what time the
class ends or correcting a misbehaving student. Each relevant utterance was coded as a subcategory of
the framework and subsequently combined into the four teacher roles of questioning.

The teacher roles of questioning framework was adapted to account for moments when teachers
intentionally give students space to speak. Although these instances lacked a teacher utterance to code,
the teacher’s decision not to speak can be more significant than the decision to speak. Deliberate teacher
silence implies that students have ownership of both the ideas and the activity. To address this, any time
students took a minimum of four speaking turns without teacher input, a new sub-category of the participant
role was created, labeled wait. Several of these episodes included longer pauses in which students waited
for teacher input, but the teacher allowed student discussion to continue without adding their own input.

The final stage of coding assessed student argumentation. All student utterances were considered
as a contribution to the whole-class discussion and analyzed to determine if they constructed arguments
during these utterances. Any arguments created by students in this lesson were coded, making no
distinction between arguments that were presented on their own or those that were produced as a challenge
to another student’s claim, that is, a counter-argument. All of the arguments presented in the analysis of
this study related directly to the science content of the lessons, but this framework could also be used for a
variety of other arguments. When students constructed arguments, these instances were analyzed to
identify if students offered a justifying move. Justifying moves were coded as AR or DS, using criteria
presented in Table 2. In addition, it was examined whether students addressed the justifications presented
by their classmates or merely presented their own isolated reasoning with no reference to arguments
presented by their peers. In order to aid in this assessment, a visual representation of the whole-class
discussion was used, including arrows to signify when a speaking turn responds to or refers back to a
previous speaking turn.

In order to portray discourse in greater detail, teacher roles of questioning and student
argumentation are superimposed in a graphical representation (see Figure 4 below and Figures 8-11 in the
Findings section), similar to Hiltunen et al. (2016) and Lehesvuori et al. (2013). The dominant
communicative approach in each episode is noted. Arrows highlight the development of student
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argumentation sequences and portray the individual speaking turns as part of a chain of communication
(Scott, Mortimer, & Aguiar, 2006). Arrows show when a speaking turn refers to or responds to any previous
turn. The arrows point backward to illustrate how discourse unfolds in response to preceding turns. The
transcript for these episodes is included in quotations alongside the graphical representation to illustrate
the progression of the discussion. Due to space limitations, the transcript is edited for readability. For
example, a few sentences have been summarized by phrases written in parentheses, and stutters and most
false starts have been edited.

Key:
Teacher Roles of Questioning: D: Dispenser M: Moderator C: Coach P: Participant
Student Justifying Moves: N: None DS: Describing Support  AR: Articulating Reasoning

Teacher Role Student Arg.

DM C P N DS AR
1. Teacher: (introduces task) Now A N ——

everyone listen towhat the group -4
has to say, and then you can

comment on the group's answer. , \

2. Group 1, graph 1, did you . jame N----- 3. Niklas: Incorrect.
choose correct or incorrect? ®

4. It'sincorrect. And what kind of '\ b= 9. Niklas: Umm.
arnmiimante? Yain ran sven raard < .

Figure 4. Extract from visual representation used to illustrate teacher roles of questioning and student justifying moves.

Reliability

To assess reliability, a second researcher also coded teacher roles of questioning using a sample
consisting of approximately 20% of the data. Inter-rater agreement was measured using Cohen’s kappa.
Substantial agreement was found for a set of 33 teacher utterances, k = .684, with 79% agreement,
interpreted using criteria discussed by Landis and Koch (1977).

A third researcher also coded student argumentation to assess reliability. Almost perfect
agreement (97 %) was found for a set of 192 student turns (k = .882) in determining whether or not a student
turn included a justifying move (includes both DS and AR). Designating turns as DS or AR involved deeper
interpretations of discourse. Of the 27 turns coded as justifying moves, moderate agreement was found in
designating turns as DS or AR (k = .516), with 82% agreement. After comparison, researchers negotiated
all disagreements.

Findings
Overview of the whole-class discussions

The whole-class discussion from Maria’s lesson lasted 11 minutes and was divided into five
episodes based on topics of discussion. In each episode, Maria asked student groups if their graph was
correct, and groups supported their claim. Maria closed the lesson with a summary of the discussion.
Johanna’s whole-class discussion lasted 25 minutes and consisted of nine episodes. During the first eight
episodes, Johanna guided students to focus on supporting arguments from student groups, breaking the
discussion into smaller pieces. Johanna also closed the lesson by summarizing the main points.

Figures 5 and 6 show each teacher’s use of communicative approaches throughout the entire
discussion. In the graphs, the most teacher-centered communicative approach is positioned at the bottom
of the vertical axis, and the most student-centered communicative approach is positioned at the top of the
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vertical axis. The other two categories of communicative approach are placed in between, but it should be
noted that there is no clear basis for the ranking of these other two, that is, the graph is not intended to
convey that a dialogic/noninteractive approach should be considered to be “ranked more highly” than
authoritative/interactive.

Although both teachers were directed to have the same lesson objectives, Maria used an
authoritative communicative approach more often than Johanna did. As shown in Figure 5, dialogicity was
present in the middle of the discussion, but Maria opened and closed with sequences of authoritative talk
by asking closed questions and reformulating student contributions. As shown in Figure 6, Johanna used
a dialogic/interactive communicative approach for the first eight episodes and closed with an
authoritative/noninteractive communicative approach. Both teachers used some amount of
dialogic/interactive communicative approach to encourage students to share their ideas and engage in
critical discussions with other groups. Both teachers also used an authoritative/noninteractive
communicative approach to emphasize the scientific perspective when closing the discussion.

Dialogic / Interactive

Dialogic / Noninteractive

Authoritative / Interactive

Communicative approach

Authoritative / Noninteractive

1 2 3 4 5
Episode
Figure 5. The dominant communicative approach used by Maria during episodes of whole-class discussion. The

vertical sorting of communicative approaches is not intended to signify that they are ranked quantitatively and is used
only to visualize shifts between communicative approaches.

Dialogic / Interactive

Dialogic / Noninteractive

Authoritative / Interactive

Communicative approach

Authoritative / Noninteractive

1 2 3 4 5 6 7 8 9
Episode
Figure 6. The dominant communicative approach used by Johanna during episodes of whole-class discussion. The

vertical sorting of communicative approaches is not intended to signify that they are ranked quantitatively and is used
only to visualize shifts between communicative approaches.
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Shifting the focus to teacher roles of questioning, all four roles were observed at some point in both
lessons. This is represented in Figure 7, which shows the frequency of questioning roles used by each
teacher during dialogic or authoritative episodes. The dispenser role dominates authoritative episodes but
is rare in dialogic episodes. In dialogic episodes, the moderator role was most common for both teachers,
accounting for over half of teacher utterances. The use of the coach and participant roles varied slightly
between teachers. In dialogic episodes, Maria used the coach and participant roles sparingly, combining
to approximately 15% of teacher utterances (n = 34). In slight contrast, the coach and participant roles
accounted for over 30% of teacher utterances (n = 100) in dialogic episodes in Johanna'’s lesson.

100 %
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?‘_, 75 % \\ Participant
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m d
F 50%
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> | Moderator
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©
T 0% : {5 .
Maria: Maria: Johanna: Johanna:
authoritative  dialogic episodes authoritative dialogic episodes

episodes episodes

Figure 7. Relative frequency of teacher roles of questioning, grouped by teacher and communicative approach. Data
labels indicate the number of utterances within categories.

Figure 7 also shows how the teachers used roles of questioning in conjunction with communicative
approaches. In this study, authoritative episodes are characterized by the dispenser role, while dialogic
episodes include all roles. This implies that while staying within the bounds of a single communicative
approach, a teacher can use a variety of roles of questioning to serve different functions. This is exemplified
later in this text in Figure 11, where Johanna utilizes four roles within a dialogic/interactive episode.

From these general observations of the lessons, we can see that a variety of teacher questioning
roles can be used within both dialogic and authoritative episodes. Simply describing an episode as
authoritative or dialogic does not provide sufficient nuance to describe the types of questioning routines
that a teacher may be using. Similarly, depicting the frequency of teacher questioning roles tells very little
about how these roles were used and how these may have impacted students’ contributions.

Episode-level analysis

For further analysis of discourse, we examined individual episodes of classroom discussion with a
greater level of detail, utilizing the teacher roles of questioning framework (Chen et al., 2017), presented in
Figure 2 and Table 1, and the coding of student argumentation using justifying moves (Hahkioniemi et al.,
2022), previously presented in Table 2. Overall, this study revealed some instances of students sharing
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Articulating Reasoning (AR), but more often, students o
The following episodes of discussion in Figures 8-11 are
different roles of questioning to support student argum

Nieminen, Jouni Viiri

nly provided Describing Support (DS) for claims.
used as examples to examine how teachers used
entation and dialogic aspects of argumentation.

These episodes were selected to highlight different aspects of how teacher questioning roles could be used
in argumentative discussions. In each graph, teacher roles of questioning were plotted along the left, and
student argumentation was plotted along the right. Quotations were included for turns contributing to the
content-related discussion. For reference, see the fact cards and graphs used in the lesson in Appendix

A. In order to focus on the content-related ideas, some
but the content and purpose of the speaking turns re
instances when a turn refers back to or responds to a prev
was noted for each episode.

speaking turns have been rephrased for brevity,
main true to the transcript. Arrows highlighted
ious turn. The dominant communicative approach

Key:
Teacher Roles of Questioning: D: Dispenser M: M

Student Justifying Moves: N: None

DS: Describing Support

oderator C: Coach P: Participant

AR: Articulating Reasoning

Teacher Role

Student Arg.

choose correct or incorrect?

4. lt's incorrect. And what kind of
arguments? You can even read,
Niklas, what it says there.

7. Everyone else dig out fact card
G. Look at what the card says and
compare to the graph.

9 & 11. (clarifies that the graphs
may be incorrect & calls on Niklas)

13. So in this space there should
be 2 phase changes. But this
graph is however a straight line.

14. Yes and how did your last part
go?

16. If the temperature doesn't
change, then changes won't occur.
Ah so it must be heated, to get
phase changes, yes yes.

17. What did card G say? Read
that one again.

19. During the time of a phase
change, the temperature doesn't
change. Are there places on this
graph, where the temperature of
the substance isn't changing?

21. There aren't. Or it doesn't look
like it. Butthere should be how
many of them? Emilia?

23. Ok did you have any others?

25. Does everyone agree that this
graph is incorrect?

- ®
B, -~ .-—-"l

DM C P N DS A
1. Teacher: (introduces task) Now : : ) . . . )
everyone listen towhat the group -4
has to say, and then you can
comment on the group's answer. ’ \
2. Group 1, graph 1, did you . W---- | 3. Niklas: Incorrect. |

.| 5. Niklas: Umm.

6. Niklas: We chose fact card G.

8. Emilia: Was it definitely water
in all of these?

10. Emilia: Okay.

12. Niklas: We need 3 different
phases of matter, and water
boils at 100°. Before we get to
that point it requires 2 phase
changes, but if the temperature
doesn't change, then changes
won't occur.

15. Niklas: [reads] If the
temperature doesn't change,
then changes won't occur.

18. Niklas: [reads] During the
time of phase changes, the
temperature doesn't change.

20. Niklas: No.

22. Emilia: Two.

24. Niklas: No.

26. Sara: Yes.

@ Teacher Turn

M Student Turn |

Figure 8. Maria episode 1 demonstrates an authoritative/interactive communicative approach. Arrows indicate

instances in which turns refer to or respond to previous turns.
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The first episode (Figure 8) from Maria’s lesson was coded as authoritative/interactive, exemplified
by teacher turns emphasizing the teacher’s ideas interspersed with limited student responses. Maria used
the moderator role (turn 4) to invite Niklas to verbally present his group’s argument (turns 6 and 12).
Although she retained control of turn-taking, Maria supported student argumentation at first by showing
explicit interest in students’ ideas in the moderator role. However, Maria’s use of the dispenser role to
follow up on Niklas’s argument did not support further development of the argument. In turns 13 and 16,
Maria substantially reworded and transformed ideas presented by Niklas in turns 12 and 15. In these turns,
Maria added new information and presented the argument as her own without approval from Niklas.
Specifically, Niklas made no reference to the graph itself and stated that a change in temperature was
required for a (phase) change. Maria corrected that statement by restating that heating, or the addition of
energy, is required for a phase change to occur. Due to our observation that the teacher was taking
ownership of the ideas by focusing specifically on this additional information and controlling the questioning
routine, these turns have been coded as dispenser. In turns 19 and 21, Maria used closed questioning to
present the relevance of Fact Card G in support of the claim that the graph was incorrect. By the time other
students were invited to evaluate the argument (turn 25), the teacher had taken ownership of the claim that
the graph was incorrect, shutting down divergent thinking. In this context, turn 25 was just a rhetorical
device to close the discussion.

In summary, this episode showed a mostly authoritative/interactive communicative approach with
an emphasis on confirming one justification. At the beginning of the episode, we saw an invitation for
student ideas as the teacher used the role of moderator, but then upon recognizing the elements of a correct
answer, the teacher took ownership of the ideas with the role of dispenser to emphasize this correctness.
Although Niklas constructed a well-supported argument, Maria used the dispenser role to focus on clarifying
the scientific perspective rather than prompting dialogic argumentation. Instead of immediately bringing
this claim forward to the rest of the class for it to be further evaluated, justified, or challenged, the teacher
focused on confirming one specific justification. Prompting dialogic argumentation, in this case, would not
have been limited only to finding students who disagree with this claim. It could also have included finding
students who agreed but found other ways of justifying their claims. In this way, the teacher could have
allowed students to directly compare their arguments with Niklas’s argument, drawing out argumentation
that is more dialogic in nature.

In episode 3 of Maria’s discussion (Figure 9), Maria used a dialogic/interactive approach to explore
Jenna’s group’s arguments. Although there is not a high level of student-student dialogic interaction
present, the teacher was frequently non-evaluative of Jenna’s statements. Therefore, this episode, on the
whole, was considered somewhat dialogic and coded accordingly. Following Maria’s invitation (turn 71),
Jenna shared AR (turns 72-74). These turns were coded as AR because Jenna explicitly stated the
reasoning leading from her observations to her claim. In turns 73 and 75, Maria used the coach role to
elicit a further element of Jenna’'s argument. However, Jenna’'s response did not match Maria’s
expectations, so Maria used the dispenser role (turns 77 and 81) to make the point. In turns 80 and 82,
Jenna was no longer constructing her own argument but instead was filling in the blanks of Maria’s
questioning routine. In these turns (77 and 81), Maria took control of the ideas, as well as the activity of
the questioning routine, matching with the role of dispenser. These turns also illustrate the challenges in
coding the teacher roles of questioning. Superficially, it may seem that this exchange would fit the role of
moderator (specifically the subcategory of recognize - refer to Table 1), as it has the surface-level features
of asking for student input. However, upon further consideration, it was our interpretation that Maria was
not recognizing a student’s idea, but rather Maria was the one who had recognized that there is indeed
another fact card that could have been used to support this claim. Upon recognizing this, Maria prompted
a student to read this fact card aloud for the class. This case may also reflect that true ownership of the
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activity or idea is never solely possessed by one party or another and that the reality of classroom discourse
is that there is a degree of shared ownership, reflected by the continuum represented in both Figures 1 and
2.

Key:
Teacher Roles of Questioning: D: Dispenser M: Moderator C: Coach P: Participant
Student Justifying Moves: N: None DS: Describing Support  AR: Articulating Reasoning
Teacher Role Student Arg.
65. Teacher: No disagreements. _ DM C P N DS AR
Then number 3. Otto. i@+t 1 111 66. Otto: Yes?
67. Correct, incorrect? -] M- | 68 Otto: Correct.
69. Correct. - ® & .| 70. Otto: Yes.
71. The first graph you claim is - @ 3 72. Jenna: Well we had card
correct. Why? R G, it says that at 0° ice melts,
“~d. and there's that line where

the temp stays constant. And

- then at 100° it starts to boil,
and there's also that line, so
the temperature doesn't

| change there, so the phase

% | changes from liquid to gas.

Y| 74. Jenna: Yes, and you can
see the temp on the graph.

T4 76. Jenna: Well | think so.

73. So two phase changes. How do
you know the temperatures, are there |-
cards that help with that?

75. But are they the correct
temperatures? Because for them -
for example the temperatures didn't .
match with water. I

77. Are there fact cards that say the
temperatures for water are 0 and 100?

78. Niklas: Aren't there? There are.
79. Julia: There are.
80. Jenna: Yes.

81. Tell us the letters of the cards I'
83. Aand B. Let's look at A and B. Yes.

84. And then you, Jenna, had that same :
G, that the other groups had used quite |, R
a bit. It saysthat the temperature X
doesn't change. Any other cards?

86. E.

82. Jenna: A &B.

| 85. Jenna: We had E. |

\“*l 87. Jenna: Yes. |

88. Let's see, that hasn't been used yet. |

Here's E. How does it relate to this? N 89. Jenna: Because on the

graph there's the line going
from 0 to 100, and that's the

90. This interval. _ | [rising section.
92. Yes, any more? I S N '~| 91. Jenna: Yeah.
94. B. Well it was this that we just  |__L-- 1~] 93. Jenna: B.
talked about, that water boils at 100°. | | || | T~ BE-----4_ 95 Otto: Yes.
96. Does anyone disagree? Is graph | ____
3 correct? Do the cards support it? - 97. Anton: Mmhmm.
98. Anton agrees, Julia agrees. |--|» ----- L —
@ Teacher Turn M Student Turn

Figure 9. Maria episode 3 demonstrates a dialogic/interactive communicative approach. Arrows indicate instances in
which turns refer to or respond to previous turns.

In turn 84, Maria returned to the moderator role, which supported Jenna in sharing more arguments.
Maria’s question at the end of the episode in turn 96 was again more of a token gesture, as she moved on
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after receiving brief confirmation from students without waiting for further input. Similar to the first episode
from Maria’s lesson (Figure 8), the teacher engaged mainly with one student. Although this episode
contained AR, indicating a higher level of argumentation, no other students further elaborated on or
challenged Jenna'’s idea, revealing a low level of dialogicity between students in relation to the justifications
or evidence used in Jenna’s argument. Thus, this episode showed student argumentation but did not show
a good example of dialogic argumentation because it was mostly one student constructing and justifying
their claims. This serves to illustrate how student argumentation can occur in the broader context of a
dialogic episode, but the argumentation itself may be more monologic rather than dialogic.

In this episode, Maria supported precise arguments using the roles of moderator and coach but
shifted to the dispenser role and focused on having only one student participate in the discussion. The
episode as a whole was considered dialogic because the teacher was mostly non-evaluative of the
students’ claims and used probing questioning in the role of moderator and coach to further open up a
student’s argumentation. This episode showed the teacher pursuing a deeper justification of a claim of an
individual. By using a dialogic communicative approach in a purposeful manner, Maria invited student ideas
and, more specifically, used the roles of moderator and coach to make these ideas more explicit. The
teacher did not immediately confirm these ideas but remained neutral. This helped to elicit reasoning and
supported the student in sharing their justifications. In summary, in this episode, we saw the roles of
moderator and coach being used to help support one student to further justify their claims and share
justifications with the class.

Figure 10 illustrates episode 4 of Johanna’s lesson featuring a dialogic/interactive communicative
approach. In this specific episode, Johanna avoided the dispenser role altogether and employed the
moderator role frequently, directing turns from one student to another. The first instance of argumentation
(turns 121-124) was supported by the teacher’s open invitation to share (turn 120) and neutral tone when
echoing Elias’s ideas (turn 123). Leevi then shared a related claim with DS in turns 128, 136, and 138,
partly supported by the teacher’s use of the coach role. In turn 127, Johanna used the coach role to draw
Elias’s claim into question, inviting critical evaluation of the claim. This turn was coded as “coach”, as the
teacher’s contribution was used to make Elias’s implicit idea more explicit, exemplifying the “elicit” category
of the coach role (refer to Table 1). In turn 137, Johanna used the coach role again to challenge Leevi's
idea, prompting further DS. In turn 147, Johanna used the moderator role to draw out two contrasting
student ideas. In Figure 10 we can visually see how Johanna created links between two students’
statements. By juxtaposing opposing claims, Johanna created an opportunity for students to engage
directly with each other's arguments, supporting dialogic argumentation through the examination of a
counterargument. Throughout the episode, Johanna refrained from taking a stance in relation to any
arguments, which may have encouraged more students to participate. Johanna frequently referred back
to previous turns, creating an interconnected chain of argumentation and explicitly presenting links between
student ideas. Students primarily maintained ownership of the ideas presented in this discussion, but
Johanna inserted clarifying questions and corrections alongside the students to further connect their ideas.
Johanna'’s use of the pronoun “we” in turn 127 (Figure 10) may indeed signify co-ownership of the ideas
and frames this discussion as a joint venture in argumentation constructed by multiple participants. By
combining multiple individual arguments together, Johanna was able to enrich the argumentation of the
students by requiring them to further inspect the links between their claims and evidence. Adding this
additional purposeful dialogic component onto their argumentation process created a genuine opportunity
for students to exercise critical thinking and practice further explicating their arguments.
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Key:
M: Moderator C: Coach P: Participant
DS: Describing Support  AR: Articulating Reasoning

Student Arg.
N DS AR {

Teacher Roles of Questioning: D: Dispenser
Student Justifying Moves: N: None

Teacher Role
DM C P

L. @

117. Teacher: What 118. Joona: He's whispering.

does Aleksithink?

1 1 1 T

120. Would we find
any other fact cards?
This got left a bit open.

.....

| .| 119. Aleksi | don't know.

121. Elias: That wasn't correct because of the

| fact that there at 80 degrees is this horizontal dip.

129. G and H.

122. Elias: Yeah and then that last line going
123.”Tr|1ese should be . _1{ up,itisnt like the same as the other uphill
parallel. oy L —T n- segment - they aren't parallel, so-

125. Are there any fact | ."“'\ 124. Elias: The last rising segment rises less
cards, to back this up? T=~<L_ - steeply.

127. (Restates Elias's L4 | ) 2

claim) Can we find a - /-" """ 125 Josk Wi

fact card tr_\at would | [TT7" S J - s 128. Leevi: Matias used G and H to explain.
support this? [

131. Does G hold up?
Can it support, that the
claim is wrong?

___.>/Z" | _--1 130. Leevi: Yeah.
@ .| 132. Leevi: In my opinion (G) doesn't support it.

134. Leevi: Right.

136. Leevi: Because, when it changes from ice

(Reads card G)
133. The boys' claim.

135. Why not?

137. It's right here; 100°.

139. But could it- so, the
boys claim that this graph
iswrong. It doesn't show
the situation where water
is heated from ice to
steam. Does fact card G
support the boys' claim?

141. No, because?
145. Supports what?

to water it supports it, that the graph could be
correct, but what happens during the time
when it's heated to 100°, it doesn't show at all,
does it continue as a horizontal line or not.

138. Leevi: Yeah, but the line ends there.
140. Leevi: No.
142/143. (overlapping) Jesse: But — Leevi: So-
144. Jesse: in my opinion, G supports it.

146. Jesse: That, that the graph is wrong.
- 148. Leevi: {(Reads Card G) So in all of
the spots when the phase should change

.*| there is either a straight line, or there
’ isn't. Orit doesn't show it at all.

-4 149. Joel: Huh?

150. Leevi: Like, | don't see any spot
where the phase should change, but the
temperature keeps increasing nonetheless
all the same during that moment.

~.| 152. Jesse: | think that G supports it, because
firstly where that first horizontal line goes, it's
about 4°, then that upper horizontal segment is
about 78°. Soin my opinion it supports it
because the ingredient we are heating, its
phases don't change in those spots.

Figure 10. Johanna's episode 4 demonstrates a dialogic/interactive communicative approach. Arrows indicate
instances in which turns refer to or respond to previous turns. Note: Turn 153, which features a brief confirmation from
Leevi, is omitted to limit the size of the image.

147. Okay, now we have
two different opinions.
Leevi can start, then
Jesse follow:.

151. What does Jesse say? r

@ Teacher Turn M student Turn

This episode drew some similarities to Maria’s episode 3 (Figure 9), in the sense that both teachers
used the role of moderator to make student claims more explicit, and both episodes would be considered
dialogic/interactive. However, in this episode, the moderator role was used to interanimate multiple student
ideas rather than focusing on one justification of the claim. The moderator role was characterized by
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teacher control of the activity, and in this case, we saw Johanna acting as an expert moderator by
intentionally piecing together multiple contrasting student ideas. This created an opportunity for more
dialogue between students and supported multiple students to contribute to dialogic argumentation.

Key:
Teacher Roles of Questioning: D: Dispenser M: Moderator C: Coach P: Participant
Student Justifying Moves: N: None DS: Describing Support AR: Articulating Reasoning

Teacher Role Student Arg.
D M C P NDSAR

! 9P ——— : _'_, 89. Jesse: Matias, you talk.
88. Teacher: Would the group s R o - :
members like to share about this? [ | ,{ 91. Matias: Right.
90. You've come to this . ¥ '," 93. Matias: Well, it was like during
conclusion, that this doesn't 2 \ W phase changes the temperature doesn't
represent a situation, where ’ .' change, and there at zero degrees it
water is heated from ice to /v { could be correct, but what would be
steam, because - ® | happening there at 80?7 Like what
e ;| phase change would be happening
92 Why? T | fhere?
]
; __| 94. Samuel: There isn't necessarily a
';' phase change happening there.
Teacher: {(waits) s L e L M. | 95 Matias: Sure, but why would the

97. Samuel: What if they don't heat it
--"| anymore?

temperature suddenly stop changing?
./-'\l 96. Samuel: If they stop -
|

98. Jesse: Samuel, here's a card that
Ao says that the device used to warm the
B | water, for example a water kettle, works
X 7Y using a constant power output, in other
] words for the entire time it uses the

N same amount of energy for heating. So
::Ss'ev;{_z (;Tlnbzisnsgurzattzztby --@® / \, it heats it evenly the whole time.
the same device. \\‘ 99. Samuel: And what if it's not being
B | done using a kettle?
102. So it would support, what B
would fact card C sz‘;pon? .. / | 101. Leevi: And Samuel, there it says
Y @ | for example a water kettle, so in
104. Yes, so would it now be \ general, the devic_e heating the
supporting that the graph is correct .‘ substance heats it constantly.
i ? N >
or Incorrect: : @ / | 103. Leevi: It supports that the
. : | temperature wouldn't suddenly stop at
106. Ok, let's see if there are other .
fact cards, that would support that ™ - 80°. What would be there? So that the
the graph is incorrect, or cards that |, D phase would change.
would support that it is correct. . ‘1 105. Leevi: That the graph is incorrect.
@ Teacher Turn Ml Student Turn |

Figure 11. Johanna's episode 3 demonstrates a dialogic/interactive communicative approach. Arrows indicate
instances in which turns refer to or respond to previous turns.
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Figure 11, showing a portion of episode 3 of Johanna'’s lesson, depicts how the participant role can
support students in engaging with each other's arguments. After Matias presented DS in support of his
claim in turn 93, the teacher played the role of a silent participant, allowing students to carry the
conversation for six turns. This unrehearsed argumentation included DS and a high level of student-student
dialogicity, representing dialogic argumentation. In Figure 11, this unbroken chain of student-student
discussion is represented by the arrows, which stay for several turns on the side of the students. Of note,
the moderator role seems to have been required to initiate this sequence, but the participant role allowed it
to continue. Johanna used the dispenser role (turn 100) to limit the scope of the discussion, but the students
quickly regained ownership of the discussion. Johanna then used a 10-second period of wait time before
asking a question (turn 102), giving students ample time to respond directly to each other and allowing
students to retain ownership of the activity.

Of all of the episodes analyzed in these lessons, this episode (Johanna episode 3) showed perhaps
the best example of students directly engaging each other in dialogic argumentation. Many structural
elements of arguments were presented, including claims, evidence, and rebuttals. More importantly,
students were engaged in critical assessment of the claims and evidence presented by their peers.
Students in the class were motivated and willing to critique their classmates in a constructive manner, but
the teacher also played a role in supporting this. In this episode, Johanna maintained a dialogic/interactive
communicative approach and used the participant role to allow students to carry on the discussion without
the need for further evaluation or direction from the teacher. As the teacher remained more of a passive
participant in this episode, we can characterize some moments in this episode as examples of dialogue
with authenticity, given the lack of explicit direction from the teacher at times. The absence of teacher
evaluation or explicit teacher orchestration of this discussion gave ownership of the ideas and activity to
the students. The students, in turn, used the opportunity to listen to each other and challenge the arguments
presented by their peers.

Discussion

The first research question explores how the teacher roles of questioning and communicative
approaches can be used to characterize different ways of orchestrating argumentative whole-class
discussions. At the episode level, this analysis revealed some similarities to cycles of opening up and
closing down classroom talk, as discussed by Scott and Ametller (2007). This is exemplified by episode-
level analysis of Maria’s lesson, which showed a period of opening up from authoritative/interactive talk to
dialogic/interactive talk, followed by a period of closing down to authoritative/interactive and
authoritative/noninteractive talk (see Figure 5). Similarly, Johanna used dialogic/interactive talk for the
majority of the lesson and also closed down the lesson with authoritative/noninteractive talk. Transitions
between types of communicative approach aligned with changes in teaching purpose (Lehesvuori et al.,
2013), as dialogic discussions served argumentation-related objectives while closing explanations clarified
content-related objectives.

By analyzing these episodes with multiple lenses, we were able to characterize some episodes as
more clearly authoritative, featuring the role of dispenser, in which the teacher maintained ownership over
classroom ideas and activities (e.g., Maria Episode 1, Figure 8). Using these frameworks also enabled us
to characterize a variety of dialogic episodes. These included Maria Episode 3 (Figure 9), showing a
dialogic episode in which the teacher used the moderator and coach roles primarily to pursue one
justification in more depth, and Johanna Episode 4 (Figure 10), in which the teacher used the moderator
role to bring together multiple opposing viewpoints to support dialogic argumentation. In both of these
episodes, we have characterized the teacher using dialogue with a clear and sometimes limited purpose.
In contrast, we have characterized Johanna Episode 3 (Figure 11) to represent dialogue with greater

Dialogic Pedagogy: An International Online Journal | http://dpj.pitt.edu Al10
DOI: 10.5195/dpj.2023.547 | Vol. 11 No. 3 (2023)



Analyzing science teachers’ support of dialogic argumentation
Jonathan Kilpela, Jenna Hiltunen, Markus Hahkiéniemi, Kaisa Jokiranta, Sami Lehesvuori, Pasi
Nieminen, Jouni Viiri

authenticity, as Johanna used the role of participant to remain passive and allow a chain of student-student
dialogic argumentation to develop. These different ‘flavors’ of dialogicity, in turn, supported different kinds
of student-student interaction and argumentation. The interaction between the communicative approach
and teacher roles of questioning in these episodes is also generalized below in Figures 12-13. These
visualizations show the dominant teacher roles of questioning (circled), as well as movement from one role
to another, represented by arrows between quadrants.

Maria Episode 1: Authoritativefnteractive
Confirming a justification
T™he Ownershp of
Actrires ;adtM
L]

Maria Episode 3: Dialogic/interactive
Pursuing deeper justification of a claim

The Ownership of
Activities (student)

Coach Participanmt

Coach Participant

The Ownenshep of P ™e Owrerihp o
Beas (teacher) o3t (student

The Ownership of
Ideas (teacher)

The Ownership of
Ideas (student)

The Owsersivp of
Actrotres Yeacher)

The Ownership of

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
: Activities (teacher)

Figure 12. Communicative approach and teacher roles of questioning present in Maria Episodes 1 and 3.

Johanna Episode 4: Dialogic/interactive Johanna Epssode 3. Dialogic/interactive
Conltrasting opposing viewpoints Giving space for students to respond
The Ownershep of The Dwmershep of
Actrates (studont R s
. .
Coach Partcipant Comch P arte pane
The Ownershep of & \ > The Ownershvp o ™ Oweervvg o o % o The weerysp o
Keas (lmacher Keas (vtudont S e b SRR
Dipeomer e e Mot r atow
v .
The Owrershp of e Dwrerwng o
Allrtes (Toacher A e tea N

Figure 13. Communicative approach and teacher roles of questioning present in Johanna Episodes 4 and 3.

Analysis using the teacher roles of questioning framework revealed that teachers played multiple
roles but used the moderator role most to orchestrate discussions. Teachers may see the moderator role
as the safer alternative to the roles of coach or participant, which both entrust students with ownership of
the activity. Thus, as also reported by Chen et al. (2017), the roles of coach and participant were less
common than moderator. During authoritative episodes, teachers primarily used the dispenser role, but
episodes included some dialogic moments supported by the moderator role.

The second research question focuses on how different roles of teacher questioning can affect
students’ contributions to argumentative discussions. Specifically, our main focus was on dialogic
argumentation formulated by students and the questioning roles used by the teacher to support this. This
study illustrated how teachers can support argumentation by using roles besides that of the authoritative
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voice in the classroom (McNeill & Pimentel, 2010). The most authoritative dispenser role did very little to
support students in elaborating on their justifications or engaging with one another’s arguments, in fact, it
stifled this (e.g., Maria episode 1, Figure 8). The moderator role allowed ideas to be shared and supported
a basic level of student argumentation, in which students presented their claims and offered some
justification (e.g., Maria episode 3, Figure 9).

In episodes that featured dialogic argumentation with students responding directly to elements of
other students’ oral arguments, teachers used the moderator role to allow students to make connections
between their claims and the ideas of others and supported them in defending their ideas or scrutinizing
the claims of others (e.g., turns 148-150 in Johanna episode 4, Figure 10). This created opportunities for
dialogic argumentation, as opposed to a single student explaining their justification in isolation. When
teachers used the role of coach to bring students’ ideas up for scrutiny, students frequently responded by
providing more evidence for their claims. Students also may have used the teacher’s critique of a
classmate’s idea as an invitation for further exploration, but our analysis presented here cannot directly
support that claim. Although uncommonly used in these episodes, the role of participant allowed students
to engage freely with each other’s ideas (Johanna, episode 3, Figure 11). As discussed by Davies et al.
(2017), students have low motivation to share ideas if the teacher exercises power as the subject authority.
In a study of the quality of students’ oral arguments in small groups (Chin and Osborne, 2010), there were
some moments when teachers intervened in students’ small-group discussions, resulting in an oppressive
effect on the quality of arguments created by students, as the students began simply responding to teacher
questions and no longer carrying on their own discussion. Thus, students may lack some motivation to
critically evaluate or respond to each other's arguments if the teacher controls the activity. By giving
students ownership of the ideas and the classroom activity in the participant role, the onus is put on them
to carry the discussion rather than simply filling gaps in a teacher’s rhetorical sequence. Although we have
very limited examples of the use of the participant role in this study, we observed it being used to allow
dialogic argumentation to continue once a strand of discussion has already begun. However, this demands
that students readily engage in discussion, requiring a classroom culture in which student-student
interactions are encouraged (McNeill & Pimentel, 2010).

In summary, within authoritative episodes, the dispenser role was used to clarify and communicate
the scientific perspective. The moderator role was also present in authoritative episodes but used in a
limited amount and followed up by the dispenser role. This was interpreted to hinder dialogic
argumentation. In dialogic episodes, the other three teacher questioning roles were used more frequently
to encourage students to elaborate, compare, and continue challenging each other’s ideas, which
supported dialogic argumentation. However, due to a limited data set, generalizations should not extend
beyond describing discourse in the episodes analyzed in this study. Specifically, the minimal occurrence
of the role of participant leads to further questions of how teachers might use this questioning role in other
settings other than whole-class discussions.

Analysis of discourse in this study also supplies insight into teachers’ values, which in turn, affected
student argumentation and dialogicity. Maria used questioning roles that frequently rephrased student
contributions to create precise explanations, reflecting values of correctness. Johanna used questioning
roles that allowed for the tension of uncertainty to build, placing value on student contributions and critical
thinking. Due to her use of the dispenser role, students in Maria’s class may have viewed the goal of
discussing to be getting the right answer, as noted by McNeill and Pimentel (2010). Maria’s rigid
questioning routines placed high value on correctness, while Johanna’s balance between dialogue with
authenticity and dialogue with purpose placed value on sharing reasoning. Student argumentation reflected
this foundational difference in values, as argumentation strands from Maria’s lesson involved only a single
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student sharing a refined argument, while Johanna'’s lesson included up to four students engaged in dialogic
argumentation.

Our multi-layered analysis enabled broad interpretations of the whole-class discussion as a whole
while also revealing the effects of individual speaking turns. Firstly, we characterized the overall
communicative approach of episodes within the discussion. This allowed us to see the flow of the
discussion as a whole and highlighted the overall differences between the two teachers. Using the teacher
roles of questioning framework revealed that even within episodes that had the same communicative
approach, the ownership of ideas and the activity traded between the students and teacher to varying
degrees. This allowed us to further characterize episodes on the basis of questioning roles. For example,
both Maria Episode 3 and Johanna Episode 3 were categorized as dialogic/interactive, but Maria
predominantly used dialogue with more of a clear purpose (Alexander, 2006), shifting mostly between
moderator and dispenser, while students in Johanna'’s class were afforded a greater opportunity to follow
up on each other’s claims. Specifically, Johanna's use of the role of participant may serve as a useful
indicator to characterize moments of dialogue with more authenticity and equal consideration of ideas
(Bakhtin, 1986). Analyzing the justifying moves that students used in their arguments further revealed that
individual turns by the teacher sometimes further supported individual students in explicitly sharing the
reasoning leading to a justification. Lastly, considering student justifications in the context of other student
turns showed how teacher roles of questioning could support students in challenging or elaborating on
justifications that had already been shared, revealing some instances of dialogic argumentation.

A major limitation of this study is a small set of data, limited to only 2 whole-class discussions from
2 teachers. The teacher roles of questioning framework could specifically be utilized further with a greater
variety of lessons, including lessons where the teacher works alongside students in practical learning tasks
or student investigations rather than analyzing whole-class discussions only. In our data set, the teachers
frequently maintained ownership of the activity in whole-class discussions, and the roles of coach and
participant were quite rare. However, it seems likely that teachers would use the roles of coach and
participant more frequently when supporting students in individual tasks or group work when students
inherently possess more ownership of the activity. These more informal exchanges could provide
opportunities to analyze further how ownership of the activity is negotiated between students and teachers,
and its effect on dialogic argumentation.
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Appendix A. Graphs and fact cards used in the lesson activity
Graphs analyged by students:
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Statements written on fact cards:

Fact Card A: At a temperature of 0 °C, the solid structure of ice breaks down and ice melts into
water.

Fact Card B: At a temperature of 100 °C, the bonds between water molecules are broken, and
water boils into steam.

Fact Card C: The device used to warm water, for example, a water kettle, works using a constant
power output, in other words, for the entire time, it uses the same amount of energy for heating.

Dialogic Pedagogy: An International Online Journal | http://dpj.pitt.edu All7
DOI: 10.5195/dpj.2023.547 | Vol. 11 No. 3 (2023)



Analyzing science teachers’ support of dialogic argumentation
Jonathan Kilpela, Jenna Hiltunen, Markus Hahkiéniemi, Kaisa Jokiranta, Sami Lehesvuori, Pasi
Nieminen, Jouni Viiri

e Fact Card D: Energy is required in order to break the bonds between molecules.
e Fact Card E: If there is a rising section on a graph, the temperature of the substance increases.

e Fact Card F: If there is a horizontal section on a graph, the temperature of the substance does not
change.

e Fact Card G: During the time of a phase change, the temperature does not change.

e Fact Card H: When the bonds between molecules are formed or broken, the thermal energy is not
left over to change the temperature.

e Fact Card I: During the time of a phase change, the bonds between molecules are broken or are
formed.

e Fact Card J: When a substance is heated, its molecules begin to move faster.
e Fact Card J*: The density of water is greatest when water is at a temperature of 4°C.
e Fact Card K: The boiling point of water is 78 °C.

*The lesson materials supplied to teachers accidentally included two fact cards labeled “J.”
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