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Constraints and affordances for the implementation of dialogic

argumentation in science classrooms

Abstract

The last decades have witnessed a growth of research demonstrating the efficacy of dialogic
argumentation in supporting student learning in science. Following such documented
potentialities, a call for the implementation of argumentation in science classrooms has been
advanced in local and global reform-minded documents. However, we continue to find
substantial evidence that teachers rarely allow for the incoming of dialogic pedagogy into their
classrooms, and instead maintain the incumbent pedagogy of teacher-centered instruction. In
two distinct and complementary empirical studies, this dissertation set out to investigate why it
is so difficult - and what would it take - to dislodge the dominant teacher-centered pedagogy
and modes of interaction for the incoming of dialogic argumentation. | attend to this puzzle by
drawing on insights and concepts derived from the field of sociology of organizations, which
is concerned with the systematic study of organizations as situated within broader social
institutions that shape their practices, expectations, and norms.

The first empirical study (in Chapter 2) focuses on implementation constraints. It seeks
to understand why dialogic argumentation has not been adopted as a legitimate means of
instruction by science teachers. To answer this question, this qualitative case study looks inside
schools and science classrooms to examine the mutually constitutive relationships between
macro-level phenomena, such as the taken-for- granted institutional mandates that teachers and
schools call upon to maintain their legitimacy in society, and micro-level routinized teacher—
student classroom interactions. Integrating ethnography with the analysis of classroom
interactions, | seek to capture the social structuring that informs instruction and classroom
interactions. Based on an inductive analysis of observations, interviews with teachers, and
documents, three types of macro-level institutional logics that mediate against the
implementation of dialogic argumentation emerged. These included the logics of (a)
accountability, (b) tracking, and (c) the profession. These logics give rise to instructional
practices that run counter to the pursuit of dialogic argumentation. Classroom observations were
analyzed to examine how these logics are conveyed through institutionally bounded interactions
between teachers and students. Shaped by these institutional logics, instruction in classrooms

is narrowed to mostly direct instruction of terminology and absolute facts, and is stratified into



various status levels according to classroom tracking. | argue that teachers may resist dialogic
argumentation primarily because it violates the fundamental rules, norms, and practices that
grant them individual and organizational legitimacy. This contextualization of teacher—student
interactions as motivated by institutional logics may explain in greater detail the absence of
dialogic argumentation from science classrooms.

The second empirical study (in Chapter 3) focuses on implementation affordances.
Recognizing that instructional practices that can be perceived by teachers as potentially
threatening appropriate organizational conduct may encounter resistance, an extracurricular
environment was established to: (a) afford teachers opportunities to experiment with dialogic
argumentation while being liberated from some of the constraints of schooling, and (b) find
ways to carry out this practice in ways that are broadly consistent with the elements deemed
valuable inside schools, thereby, potentially improving the chances of its adoption by teachers.
This study focuses on socioscientific argumentation, with which students' engagement is
required in order to meet the challenges of the modern world. Classroom interactions emerging
from this pedagogy may be at odds with how schools and teachers are accustomed to defining
quality learning, thus creating tension and potentially undermining implementation. The
literature suggests that argumentative talk that diverges from science knowledge and
rationalistic patterns of reasoning toward subjective claims, as well as instances of unproductive
argumentation, are at the root of these tensions. Enactments of teacher-led and peer-led
socioscientific argumentation in an extracurricular environment were examined using two
analytical frameworks related to the content and form, respectively, of the students’ arguments.

I explore, qualitatively, how enactments of socioscientific argumentation in this
environment could be more harmonious, and more easily integrated with contemporary
schooling practices. The findings show that in teacher-led argumentation, the students relied on
science knowledge more prominently when teachers extended their elicitation of responses with
follow-up interrogative questioning. In peer-led argumentation, talk tended to collapse into
confrontational disagreement or uncritical agreement, obscuring instances in which students
relied on science knowledge. To expand from the extracurricular environment more
permanently into schools, | discuss the significance of teachers' use of productive talk moves
toward integrating socioscientific argumentation as a core instructional practice.

A unified discussion (in Chapter 4) seeks accumulativeness and integration among the
findings from both studies to formulate an institutionally sensitive response that could

potentially advance the implementation of dialogic argumentation. This response account for



the perceived legitimacy of dialogic argumentation, for the knowledge and competency needed
from teachers to carry dialogic activities in productive ways, and for the interactional
mechanisms that can sustainably mediate instruction in science classrooms towards dialogic

argumentation and away teacher-centered pedagogy.
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CHAPTER 1. Overview of the entire study

1 Setting the problem

1.1 The state of dialogic argumentation in science education

Relating to the notion that to truly understand science requires an induction of students to the

epistemologies, norms, and dispositions of scientists, teachers have been increasingly called to
engage their students with authentic scientific practices. Since it is through argumentation that
scientists communicate and disseminate their work to peers and advance knowledge by
scrutinizing theories and weighing alternative explanations (Newton, Driver, & Osborne,
1999), argumentation is identified as a core epistemic practice of science (Bricker & Bell, 2008)
and is central to the discourse of scientists (Driver, Newton, & Osborne, 2000). On the level of
policy, policymakers and recent reform documents, such as the Next Generation Science
Standards (NGSS, 2013), and the National Research Council (NRC, 2012), highlight the
concept of argumentation as a core practice in science education. In Israel, the inclusion of
argumentation was also represented as a key goal of science teaching in national educational
policy documents (Israeli Ministry of Education, 2009) as well as had a curricular response
(Israeli Ministry of Education, 2018).

On the level of student learning, the last two decades have witnessed a growth of
research demonstrating the efficacy of dialogic argumentation in supporting student learning in
science (Bencze, Pouliot, et al., 2020; Driver et al., 2000; Gonzalez-Howard & McNeill, 2020;
Lowell, Cherbow, & McNeill, 2022; Macagno, Mayweg-Paus, & Kuhn, 2015; Nussbaum,
2020; Pimentel & McNeill, 2013; Ryu & Sandoval, 2012; Sadler & Donnelly, 2006; Simon,
Erduran, & Osborne, 2006; Zohar & Nemet, 2002). In these studies, the descriptions of
students’ learning outcomes are largely tied to two central imperatives for what school systems
need to produce and the effectiveness of dialogic argumentation in realizing these imperatives.

First is the educational imperative. This imperative is governed by the theoretical notion
that engagement with argumentation can advance a better understanding and appreciation of
the epistemologies, norms, and values that organize scientific conduct (Edelson et al., 2021;
McNeill, Gonzélez-Howard, Katsh-Singer, & Loper, 2017; Miller, Manz, Russ, Stroupe, &
Berland, 2018). Beyond the theoretical arguments, empirical studies have shown that dialogic

argumentation can contribute to improved students’ epistemic understanding of science, which
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is consequential to the presentation of science ideas as open for scrutiny instead as final-form
facts (Kuhn, 2010; Nussbaum, 2020; Ryu & Sandoval, 2012; Sandoval, Enyedy, Redman, &
Xiao, 2019). As well, as students are required to formulate and share their understandings on
science phenomena with peers, dialogic argumentation also emulate the collaborative
communal efforts of scientists, thus enculturing students to the habits of mind and norms of talk
of science (Driver et al., 2000; McNeill & Berland, 2017).

Second is the democratic imperative. This imperative is governed by the notion that
students, as members of the public at large, need to be able to act as concerned and active
citizens living in democratic societies (Bencze, Pouliot, et al., 2020; Bencze, Sperling, & Carter,
2012). This imperative could not have come into existence at a more pertinent time as crises
seem to have entered the world more prominently and permanently, forcing students to face
problems such as climate change, depleting natural resources, and potential mass biodiversity
loss. Guided by this imperative, students are tasked with navigating this world and, if they can,
offer solutions to make it a better place (Zafrani & Yarden, 2017). Schools and teachers need
to do their part in helping them to do so (R. Cohen, Zafrani, & Yarden, 2020).

In this imperative, knowledge and competency in argumentation are considered as
prerequisites for scientifically informed negotiation and resolution of issues that relate to real-
world social implications of science (Rundgren, Eriksson, & Rundgren, 2016; Sadler &
Donnelly, 2006), termed in the science education literature as socioscientific issues (SSI)
(Driver et al., 2000; Zeidler, Sadler, Simmons, & Howes, 2005). Studies following this field of
inquiry showed that students' engagement in activities that include argumentation in the context
of SSI can lead to critical and scientifically informed reflection on such issues (Furberg &
Silseth, 2021; Sadler & Donnelly, 2006; Venville & Dawson, 2010).

Schools and teachers, therefore, have the educational justifications and — some might
even say the democratic obligation (Bencze, Pouliot, et al., 2020; Klopfer & Aikenhead, 2022;
Teo, 2019) - to provide their students with opportunities to engage with dialogic argumentation.
However, research in science education considers progress on both imperatives to be mediocre
at best. Teachers rarely allow for the incoming of dialogic pedagogy into their classrooms, and
instead maintain the incumbent pedagogy of teacher-centered instruction (Henderson, McNeill,
Gonzélez-Howard, Close, & Evans, 2018; Katsh-Singer, McNeill, & Loper, 2016; Knight-
Bradsley & McNeill, 2016; McNeill, Lowenhaupt, & Katsh-Singer, 2018; Osborne, 2013;
Osborne, Simon, Christodoulou, Howell-Richardson, & Richardson, 2013; Segal, Snell, &
Lefstein, 2017; Zohar & Alboher Agmon, 2017).
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1.2 From teacher-centered instruction to dialogic argumentation

Having both the justifications and perhaps obligations to do so, why is dialogic argumentation
not habitually and prominently employed in science classrooms? This dissertation suggests that
this is because advancing these imperatives, meritorious as they may be, is not considered a
legitimate part of the activity of schools. That is because dialogic argumentation may diverge
from teachers’ normal way of operating and conflicts with the norms, prevailing practices, and
commonly shared meaning about the work of teaching.

For instance, to create a culture in which dialog conducive learning and teaching could
thrive, the educational and democratic imperatives assign new roles to students as science
learners. Contrasted with traditional science education, in which students are viewed as passive
participants and which emphasize memorization and repetition of science facts (Driver et al.,
2000), dialogic argumentation demands sustained involvement with open-ended problems and
aims to engage students as active participants in collaborative construction and critique of
science knowledge claims (Berland & Reiser, 2011; Erduran & Jiménez-Aleixandre, 2008;
lordanou, 2016; Sandoval et al., 2019).

The roles which teachers need to fill in the classroom also should undergo a fundamental
shift, as they are required to leave behind the longstanding view of themselves as transmitters
of knowledge (P. H. Scott, Mortimer, & Aguiar, 2006), and to function instead as facilitators
of argumentative interactions through posing open-ended questions, challenging students’
ideas, and helping them navigate the process of collaborative knowledge construction (McNeill
& Pimentel, 2010). Dialogic argumentation, thus, requires teachers to teach science in ways
that are dramatically different from how their instruction is currently conducted, thus asking
them to push against work tradition and normative practices.

The adoption of these new roles also carries fundamental consequences to how
interactions between teachers and students, and amongst students, are managed and conducted
in the classroom. The dominant interactional pattern of traditional classrooms typically follow
the teacher-centered initiate-response-evaluation (IRE) structure (Cazden & Beck, 2003;
Lemke, 1990; Mehan, 1979). In this transmissional pattern, learning is achieved when students
participate as individuals to offer an uncritical resolution of closed-ended problems posed by
their teachers (Poole, 1992). Deeply entwined with traditional schooling, the IRE structure
ensures that students' contributions do not divert from "correct” science content, as well as
minimize threats to the orderly management of the lesson (P. H. Scott et al., 2006). However,

it may hold little capacity to endorse students' epistemic agency and to bring forth opportunities
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for collaborative knowledge construction (Miller et al., 2018; Sandoval, Kawasaki, & Clark,
2021).

The practice of dialogic argumentation, on the other hand, emphasizes the social nature
of learning and endorses a view of knowledge that is created in the context of collaborative
interactions with diverse others by asking students to build and negotiate understandings about
science ideas (Berland & Hammer, 2012; McNeill & Berland, 2017). In this way, both the
educational and democratic imperatives draw upon social interactions and relationships to
support science learning.

Moreover, affording the widest range of opportunities for all to engage with such
processes is at the heart of these innovative reforms. From an equity oriented stance, these
documents require that not just the most meritorious, but all students receive an opportunity to
engage in dialogic argumentation (NGSS, 2013; NRC, 2012). To create a forward momentum
with formal demands for pedagogical change not in idiosyncrasy, but across diverse school
organizations, reform efforts include innovative curriculum frameworks (Edelson et al., 2021),
and teachers’ professional development (TPD) courses (Wilkinson et al., 2017), set to advance
the implementation of learning by engagement with authentic dialogic argumentation. Thus,
these reform documents not only depart from how schools traditionally organize instruction and
interactions in the classroom, but also depart in the definition of the target audience that will
get access to these new ways of learning. However, inside a schooling system that is often
tracked (Hodge, 2019), the goals of dialogic argumentation have been mostly realized in high-
track classrooms with the most meritorious students (Katsh-Singer et al., 2016; Snell &
Lefstein, 2018).

Therefore, the change towards dialogic argumentation is ambitious in its nature and
qualitative intentions, in that it requires dramatic divergence from contemporary teacher-
centered practices. However, it is also ambitious in its scope and quantitative intentions, in that
it represents an attempt at large-scale and field-wide implementation.

Realizing these qualitative and quantitative aspirations “on the ground”, where it
actually matters, appears to be a daunting task. Teachers are the ones tasked with translating
reform mandates into changes in learning within schools. However, while showing
potentialities to transform performance on the level of students learning, and while being
explicitly endorsed on the policy level, dialogic argumentation still struggles to penetrate and
settle in the intermediate level of classroom practice (Henderson et al., 2018; Nielsen, 2012b;

Teo, 2019), where it can be merged into the core of professional practice of teaching. Instead,
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many schools and teachers still ascribe to the notion of teaching as transmission, where much
of science instruction and classroom interactions follow prevailing teacher-centered pedagogy
that include students learning to a set of predetermined facts and processes from their teacher
and the type of interactions that are facilitated in science classrooms usually follows an IRE
pattern (Gonzalez-Howard & McNeill, 2020; Teo, 2019).

But what is it, exactly, that creates a culture of schooling so foreign to the practice of
dialogic argumentation, that formal demands for its implementation appear to bounce off the
school walls? Why does dialogic pedagogy can be easily ignored, while teacher-centered
pedagogy seems like a fundamental feature of science education? Studies that can answer these
questions and that explore how to move down the hierarchy from the level of reform mandates
into the level of classroom practice, where it can affect the level of student learning, are
surprisingly sparse (Burch, 2007). Consequently, what happens in between formal demands for
pedagogical change and observed responses by schools and teachers is not fully understood
(Bridwell-Mitchell, 2013, 2015; Everitt, 2017).

What is known is the outcome. A considerable gap exists between the empirical findings
that elucidate the many potentialities that dialogic argumentation holds for learning, and reform
aspirations that build on these potentialities on one side, and how infrequently this pedagogy is
actually exercised in science classrooms on the other side. To date, research considers progress
on this front to be partial at best (Gonzalez-Howard & McNeill, 2020; Henderson et al., 2018;
Knight-Bradsley & McNeill, 2016; McNeill, Marco-Bujosa, Gonzalez-Howard, & Loper,
2018; Osborne et al., 2019; Sandoval et al., 2019; Wilkinson et al., 2017).

What we lack knowledge on is the process of educational maintenance (Bridwell-
Mitchell, 2015), in which teacher-centered, transmission instruction remains to be the dominant
practice. Knowledge on this process can be used as a potential lever for change. Aiming to
bridge the hole at the heart of science education reform, and to make headway with the
implementation of dialogic argumentation, this study explores the murky conditions under
which dialogic argumentation can be marginalized, deflected, and ignored in the schooling

system, or be more readily accepted and accommodated by science education teachers.

2 The overarching question: learning from the status quo and finding ways to

break out of its cycle

It appears that changes in pedagogical practice have not kept pace with prescriptions, despite

being grounded in intense intellectual (i.e., the conceptualization, exploration, and
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measurement of the effect of dialogic argumentation on learning) and financial investments
(i.e., reform mandates and ensuing field level efforts). A tension persists between performance
expectations set for teachers and schools by reform-minded pedagogical ideals “out there”, and
how they perform “on the ground”, where learning actually occurs. This persisting tension
presents a puzzle to those working in the field of science education, and is what essentially

prompted the overarching question of this dissertation:

Why don’t more schools, and the teachers who work in them, seek to incorporate dialogic
argumentation more prominently into their science classrooms, and what can be done to
help them to do so?

There is a degree of correspondence between the two parts of this question. As the
chapters to come will show, the ability to answer the latter part of the question that deals with
potential levers for change and affordances for the implementation of dialogic argumentation,
may rest on the effectiveness of answering the former that deals with understanding the
pervasive constraints to implementation that maintain instructional status quo. Hence, this
dissertation offers an exploration in two distinct, yet complementary empirical studies that

address the two parts of the overarching question.

3 Scope and organization of the dissertation: an exploration in two studies

To explain the maintenance of teacher-centered instruction and encourage the advancement of
dialogic argumentation in science classrooms, both studies draw on insights and concepts
derived from the field of sociology of organizations. Sociological studies of organizations hold
an immense contribution to our understanding of educational organizations and their behavior
(Bingham & Burch, 2019; Burch, 2007; J. W. Meyer & Rowan, 1977). This field fundamentally
attends to the systematic study of organizations as situated within broader social institutions
that shape their ideologies, responsibilities, expectations, and actions (DiMaggio & Powell,
1983; Everitt, 2017).

Orientation to the forces that shape the day-to-day work of teachers and schools, and
the ways in which teachers make sense of them, may help to create a more nuanced
understanding of classroom realities necessary for the advancement of dialogic argumentation.
Yet, insights derived from this field are largely absent from literature concerned with defining
the work of educational organizations, namely teaching and learning (Everitt, 2017; B. L.
Johnson & Owens, 2005). The untapped potential is vast. Juxtaposing these seemingly separate

lines of research and transporting concepts and frameworks from the sociology of organizations
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into the field of science education may hold the potential to generate new and important insights
regarding the implementation of dialogic argumentation. Both studies also share similarity in
their reliance on a research tradition concerned with classroom interactions as indicators of
learning and classroom culture. The primary theoretical purpose of studies belonging to this
tradition is to reveal the sequential organization of talk in classrooms, and how this organization
is dependent upon the particular setting in which the talk occurred (Cazden & Beck, 2003;
Edwards & Westgate, 1994).

To not persist the false hope that research combined with policy can alone fix problems
of practice, both studies that comprise this dissertation are united by the following conceptual
proposition: the ways in which schools are arranged as organizations serve to regulate which
instructional practices can be advocated, and which cannot. Instructional practices that offer
solutions that are consistent with the interests and internal missions of schools are elevated,
while those that are viewed as external or as undermining the schools’ ability to achieve their
missions, are likely to be marginalized, diluted, or ignored altogether (Bingham & Burch, 2019;
Bridwell-Mitchell, 2015; Coburn, 2004). This process works independent of the technical merit
of new practices (J. W. Meyer & Rowan, 1977; Yurkofsky, 2021). Implied in this proposition
is the argument that the absence of dialogic argumentation may be consequential to it being
interpreted inside schools as falling outside a justifiable basis for implementation. The opposite
side of this argument claims that if dialogic argumentation can be received by teachers and
schools as more aligned with their mission statements, they are more likely to respond with
more substantive modes of implementation.

To illustrate how this process unfolds, this dissertation proceeds in two tracks: in
Chapter 2 I look inside schools to examine how, in the pursuit of organizational legitimacy, the
practice of dialogic argumentation is systematically separated from the core activities of
schools. The study in this chapter is titled: “Dialog-constraining institutional logics and their
interactional manifestation in the science classroom” (Zafrani & Yarden, 2022a). It details the
misfit between traditional schooling culture and teachers' practices, and classroom discourse
that supports argumentation. In this chapter I draw on insights from the new institutional theory
of organizations to explicate the mechanisms by means of which teacher-centered instruction
is imbued with value and taken-for-grandness, while the practice of dialogic argumentation is
interpreted as illegitimate at work.

To implement dialogic argumentation, then, teachers must alter taken-for-granted

practices; however, because of that goal, implementation requests are likely to provoke
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contestation and resistance. To address this conundrum, the study depicted in Chapter 3 is set
in an extracurricular environment shielded from organizational conflicts and tensions, in which
teachers and students could participate in dialogic argumentation in ways that otherwise may
be disapproved inside schools. This study is titled: “The potential for reconciling pedagogical
tradition and innovation: the case of socioscientific argumentation” (Zafrani & Yarden,
2022b). Recognizing that successful implementation requires a greater integration of dialogic
pedagogies beyond the extracurricular setting, this study identifies conditions for the integration
of dialogic argumentation into the culture of schooling as a core instructional practice. To do
so, it examines how dialogic argumentation on SSI can be enacted not in conflict, but in ways
that cohere with- and produce outputs valued by the internal standards of contemporary
schooling. This state, | argue, represents a critical juncture on the path toward successful
implementation as it could potentially improve the acceptability of dialogic argumentation by
teachers.

Together, these two chapters provide a framework for discussing the constraints (i.e.,
how schools’ organizational behavior exclude dialogic argumentation from the feasible set of
proposed instructional practices), as well as the affordances for successful implementation of
dialogic argumentation. | conclude with Chapter 4, which weaves the two studies together to

discuss the theoretical and practical implications of this dissertation’s empirical analysis.

4 Research contexts and key concepts

Both of the studies were conducted as part of a larger research project, termed DIALOGOS.
This inter-university project examines efforts to help teachers change their discourse practices
towards a more dialogic pedagogy and to promote argumentation in schools. Since the problem
of teacher-dominated classroom talk is not unique to science classrooms (Cazden & Beck,
2003), the project bears an interdisciplinary focus. Therefore, the phenomena under study is
examined across focal disciplines in schools that include: mathematics, science, and language
arts. Both studies detail efforts and findings only for the science discipline.

While within each chapter | describe in detail the research contexts and theoretical
concepts brought to bear upon each of the studies, a summary here is in order. The following
paragraphs, then, functions as a kind of orientation to the more focused treatments in the studies

themselves.
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4.1 Research context Chapter 2

The study in this chapter explicitly draws on insights and concepts from the new institutional
theory to depict the mutually reinforcing relationship between two levels of organizational
conduct: the macro-level institutional forces operating on educational organizations, and the
micro-level learning interactions taking place in the science classroom. It looks across these
levels to better understand factors constraining the implementation of dialogic argumentation.
My aim in this study is, then, to explore the reciprocal relationships between macro-level
institutional logics and micro-level routinized teacher—student interactions, and to examine how
such social structuring may impede dialogic argumentation.

This study was conducted in-situ, centering on an attempt towards a pedagogical change
inside schools and classrooms and which was aligned with the formal science curriculum. This
study is based on data collected during the academic year of 2018/19. Two lower-secondary
schools were the sites of investigation in this study. Both schools provide 7" -12" grades non-
vocational education and are in the center of Israel in a town of approximately 23,000 residents
from communities of above-average socioeconomic background. The focal participants were
eight science teachers who agreed to participate in a 60 hours TPD course. The TPD course was
composed of two strands: Strand A (20 hours) was generic and introduced teachers from all
disciplines to basic tenets of argumentative and collaborative talk with the purpose of making
the theoretical underpinning of dialogic teaching explicit. Strand B (40 hours) was disciplinary
and focused on tenets of argumentation particularly relevant to the teaching of each discipline.

| served as one of the instructors in the disciplinary strand of the course for science teachers.
4.2 Key concepts for Chapter 2

4.2.1 Dialogic argumentation

Since the concept of argumentation involves several and diverse meanings in the educational
literature, it is important to first clarify how it is framed in this study. The emphasis on dialogic
practice, where student-to-student talk is seen as collective, supportive, and constructive has
influenced this study. That is, rather than viewing argumentation as the rhetoric art of proposing
logically valid and well-structured arguments supported by evidence (Erduran, Simon, &
Osborne, 2004), argumentation is framed as a dialogic process or a social activity in which
individuals construct arguments through interactions with others who hold differing views
(Berland & Reiser, 2011; Gonzalez-Howard & McNeill, 2020).
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The dialogic focus emphasizes the collaborative dimension of science instruction by
focusing on how students who have different positions about phenomena make sense of it and
how they work to convince their peers of their position and try to arrive to an agreement
(Alexander, 2008), which therefore promote both the construction and critique of said ideas
(Kuhn, 2010). The dialogic aspect of argumentation, therefore, sees knowledge as an entity
which is co-constructed by a cohort of individuals who work as a collective, where different
opinions should be treated as alternatives worthy of exploration rather than as competitors to
be eliminated (Michaels, O’Connor, & Resnick, 2008).

Advancing the notion of argumentation in its dialogic form has received extensive
research focus in recent years which resulted in multiple theoretical justifications and empirical
data on learning processes affected by this practice. Under these efforts, empirical studies
showed that learning activities in which learners interact with peers in constructive dialogs were
associated with better learning outcomes associated with students’ conceptual understandings
of science (Venville & Dawson, 2010; Zohar & Nemet, 2002). In addition, argumentative talk
stands in contrast to the naive conceptualization of science as the accumulation of uncontested
and absolute knowledge, instead of presenting scientific knowledge as socially and discursively
constructed (Driver et al., 2000). It is, therefore, argued for supporting students' development
of more accurate conceptions of the epistemological foundations of science (Berland, Russ, &
West, 2020; lordanou, 2016; Macagno et al., 2015; Ryu & Sandoval, 2012). As well, from an
equity perspective, scientific argumentation holds the potential of offering a more inclusive
approach to science education. By providing space for individuals' perspectives that are not
traditionally represented in the science classroom, argumentation paves a path for all students
to participate in science (Furberg & Silseth, 2021; Katsh-Singer et al., 2016; Snell & Lefstein,
2018; Yerrick & Ridgeway, 2017). For these reasons, argumentation has come to be advocated

as both the means and the goal of science education (Berland & Reiser, 2009; Kuhn, 2010).

4.2.2 The new institutional theory

Early theorists of institutions viewed organizations as closed, self-contained, systems that
develop practices and structures to pursue organizational efficiency (H.-D. Meyer & Rowan,
2012; Weber, 1947). New institutionalists, on the other hand, present a conceptual shift toward
viewing organizations as open systems who interact with their environment. A hallmark of this
theoretical thought is its emphasis on structures and practices that persist despite their deviation

from organizational efficiency. Rather than on efficiency, new institutionalists argue,

15



Chapter 1

organizations develop practices, norms, and values based on social legitimacy or
appropriateness (J. W. Meyer & Rowan, 1977). The secureness of legitimacy, in turn, ensures
organizations that resources valuable for their survival will be granted by important
stakeholders in their environment (DiMaggio & Powell, 1983). These scripts for how
organizations in a given institutional field should and ought to operate become taken-for-
granted as objective and abiding; they become entrenched as the way these organizations act
(Zilber, 2016).

The adherence to institutional scripts for organizational structuring and action is
observed, for example, in organizations that belong to the fields of law (McPherson & Sauder,
2013), health (Heinze & Weber, 2016; Reay & Hinings, 2009), corporations (Sonenshein,
2016), hi-tech (Zilber, 2007), and education (H.-D. Meyer & Rowan, 2012). Although varying
in context and focus, these studies articulate how social legitimacy and compatibility act as
mechanisms for stability and rationalize behavior for organizations who operate in these fields.

The means by which organizations can be legitimated is conformation to pervasive
social ideas about how they and their members should act (R. Scott, 2013). Thus, from a new
institutionalist perspective, the key constraint for schools is the need to maintain and
communicate their legitimacy to their environment. Organizations can achieve legitimacy by
conforming and complying to macro-level ideas about how they and their members should act
(Reay & Hinings, 2009; Zilber, 2016). These behavior organizing ideas are defined as
institutional logics, a concept within the new institutional theory that describes a set of taken-
for-granted master principles that shape practices, provide missions, and underpin what is
deemed as legitimate behavior (Reay & Jones, 2016; Thornton & Ocasio, 2008). Multiple logics
may coexist in the same setting (Colaner, 2016), and research attention is mostly focused on
how logics, in the aggregate, guide organizational behavior (Reay & Hinings, 2009).

Institutional logics, then, shape the actions of organizations, and of the individuals who
work in them, by defining both the content and the meaning of legitimate organizational
conduct. Through an institutional analysis we can, therefore, identify the constraints under
which schools operate, and which reformers may confront when they attempt to modify or
replace deeply entrenched organizational practices. Focusing on institutional logics may,
therefore, be useful to analyze the deep-seated conceptualizations regarding teaching that

maintain teacher-centered instruction and constrain the shift towards dialogic argumentation.

16



Chapter 1

4.2 .3 Institutional talk

Emerging within the academic context of sociology, the study of talk as institutionalized sought
to extend the reach of sociology to studies of verbal interactions (Berger & Luckmann, 1966;
Sarangi & Roberts, 2008). Studies of institutional talk argue that through interactional routines
in work related settings, existing institutional understandings are maintained and reproduced
(Heritage, 2005). Though it represents a relatively minor branch of the new institutional theory,
where scholars are mostly preoccupied with articulating macro-level social forces, in recent
years the interactional level began to receive more attention (Cornelissen, Durand, Fiss,
Lammers, & Vaara, 2015).

The articulation of institutional logics can be used to discern the relationship between
the interactional and institutional levels. Macro-level institutional logics not only prescribe
what constitutes taken-for-granted organizational missions, but also prescribe legitimate means
and practices by which these missions could be achieved (Thornton & Ocasio, 2008). Such
practices endure, partly, because of their capacity to fulfill widely shared ideas about how
organizations should operate (Bridwell-Mitchell, 2013). Therefore, institutional logics do not
only exist “out there” at the macro-level, but take tangible realization “on the ground” by
enactments of standard procedures, habitual actions and routines that signal the legitimacy of
organizations (Binder, 2007). This means that organizational activities both shape, and are
shaped by, institutional logics in reproductive ways.

Inside schools, verbal interactions between teachers and students at the micro-level of
classroom instruction are the main practice by which the educational project is achieved
(Cazden & Beck, 2003; Lemke, 1990). Interactional practices, then, reflect the legitimacy of
the school organization; to the degree to which micro-level interactional structures of learning
activities cohere with the prescriptions of macro-level institutional logics, they may be more
readily accepted by teachers as the taken-for-granted ways of teaching. In light of the above,
classroom interactions can be analyzed not only for their role in learning, but also for shaping
and reflecting institutional understandings (Arminen, 2017).

To gauge the dynamics of institutional and interactional levels, this study attends to a
conversational construct that most studies would describe as “traditional”: the IRE pattern
(Cazden & Beck, 2003; Lemke, 1990; Mehan, 1979). This pattern of talk is often the habitual
interactional practice in schools and had been previously framed as a form of institutional talk
(Heritage, 2005; Sarangi & Roberts, 2008; Seedhouse, 2004). IRE impose mostly teacher-

controlled classroom interactions and afford little student-to-student interactions, and can
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present science as a set of final form ideas (Pimentel & McNeill, 2013). It can, therefore, be
inauthentic and divorced from both the epistemologies and communal culture of science.

Framing IRE as a form of institutional talk means that it evolved over time under the
influence of the institutional order, and that it is organized to facilitate the accomplishment of
the core activities and goals of the institution in which it occurs (Drew & Heritage, 1992; Poole,
1992; Seedhouse, 1996). Since the goals and activities of organizations are rationalized by
institutional logics (Zilber, 2016), the properties of IRE depend upon not only on the goals and
activities it is used to serve inside schools, but also upon the larger ideas by which these
activities are informed. The study of institutional talk, then, is focused on the ways in which
macro-level institutional understandings become observable in the micro-level patterning of
IRE (See Appendix A for data that illustrate forms of institutional talk that is additional to the
data in Chapter 2).

4.4 Research context for Chapter 3

A common finding in organizational studies is that exposure to demands and prescriptions that
are external to institutional scripts, is a source of tension and conflict for organizations (Binder,
2007; Sonenshein, 2016). For educational researchers, one interesting conceptual puzzle that
emerges from this finding is how school organizations with limited resources and very
dominant institutionalized practices can become more pluralistic in their instruction (Bingham
& Burch, 2019) and incorporate practices that are not always compatible with institutional
mandates (Bridwell-Mitchell, 2013).

The study in Chapter 3 raises the following proposition to address this puzzle:
innovative practices that are antagonistic to schooling mandates, may be perceived by
organizational actors as threatening appropriate conduct (Heinze & Weber, 2016; Malhotra,
Zietsma, Morris, & Smets, 2021). In schools, this means teachers may address demands to
implement an innovative pedagogical practice that deviates from the socially acceptable
templates for schooling to the extent that this pedagogy is aligned with the interests and
missions of their schools. Born out of this proposition is the question whether teachers can find
ways to integrate dialogic argumentation into their teaching in ways that correspond with what
constitutes valued and appropriate instruction in their schools. Reporting a case study focused
on enactments of SSI argumentation in an extra-curricular environment, the aim of the study in
Chapter 3 is to explore how teachers may enact SSI argumentation, not in conflict, but in pursuit

of outcomes valued when judged according to the standards of contemporary schools.
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The study in Chapter 3 takes place in an extra-organizational and extra-curricular
context of “Climax days”, during which students came to a site outside of their schools for a
full school day to debate unresolved, open-ended, questions that pertain to issues with societal
significance that are enmeshed with science, mathematics, and philosophy. This study is based
on data collected during the academic year of 2019/20. The participants in this study were six
7th grade science teachers who teach in high-track classrooms and their students (n=130) from
four lower-secondary schools that serve students from a city with high socioeconomic status.

A 60 hours TPD course was designed to not only expose teachers to the underlying
principles of dialogic pedagogy, but also to prepare them towards the management of climax
days. Each climax day was composed of three parts, each of two academic hours. The first and
second parts of the day are dedicated to disciplinary modules, and the third to an
interdisciplinary module.

The DIALOGOS research team developed the lesson plans for each discipline as well
as the interdisciplinary lesson plan (see Appendix B for all science lesson plans). Five climax
days were planned and carried out, with the fifth day conducted online due to COVID-19
pandemic restrictions, in which students were asked to learn about and negotiate the issues of:
(1) genetic passports and encryption, (2) urbanization and ecological conservation, (3)
mandatory vaccination, (4) human genetic modifications, and (5) fake news. The first and third
climax days were selected for fine-grained analysis in this part of the study (see Appendix B
for all 2019/20 science lesson plans).

We continued to work with these schools in the subsequent years, though data collected
from this period is beyond the scope of this dissertation. In the academic year of 2020/21, we
continued the format of climax days with the same cohort of students (who were by then in the
8" grade). However, the structure of climax days changed to be fully interdisciplinary, with
disciplinary lesson plans delivered during school time. We maintained this structure for the
academic year of 2021/22, but this time access to climax days was extended to high-track
students across all grades of the lower-secondary schools (71"-9"). Across this period of
research, four additional climax days were developed to include: (6) Re-opening schools in
times of COVID-19, (7) Ethics in sports, (8) Equitable distribution of resources, and (9) Climate
change (see Appendix C for all 2020/21 and 2021/22 science lesson plans).
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4.5 Key concepts for Chapter 3

4.5.1 SSI argumentation

The basic assumption of underlying much of the advocacy for SSI argumentation, a sub practice
of dialogic argumentation that centers on societal dilemmas enmeshed with science (Sadler &
Donnelly, 2006), is that it allows students to actively use scientific knowledge in solving
multifaceted societal problems (Bencze, Pouliot, et al., 2020). As negotiating such issues
involves understanding the content of an issue, requires the use of evidence-based reasoning,
and provides a context for understanding scientific information through a moral and ethical
prism, it can provide opportunities for critical inquiry. In such an inquiry, students engage in
collaborative and open deliberation about science ideas and knowledge (Nielsen, 2012b), and
make up for a fertile ground for enactments of dialogic argumentation (Sadler & Donnelly,
2006).

This advocacy for SSI argumentation, then, is rooted in the notion that it can enable
students to collaboratively formalize positions and defend them against competing claims,
which was documented to exert positive educational effects in students’ conceptual
understanding of science (Bathgate, Crowell, Schunn, Cannady, & Dorph, 2015), informed
decision making (Evagorou, Jimenez-Aleixandre, & Osborne, 2012), and improved moral
character (Zeidler & Sadler, 2007). For these reasons, schools and teachers bear the

responsibility to provide their students with opportunities to engage with SSI argumentation.

4.5.2 Socioscientific reasoning

SSI lie at the intersection between scientific and social problems and do not have clear-cut
solutions (Kolstg, 2001). Consistent with these qualities, when negotiating SSls students can
make connections between their subjective intuitions, emotions and personal experiences in
ways that are not confined to the realm of objective science knowledge (Rundgren et al., 2016;
Zeidler & Sadler, 2007). However, in science classrooms, reliance on objective forms of
knowledge, termed in the literature as rationalistic reasoning (Sadler & Zeidler, 2005), may be
considered as more fitting and desired than reliance on subjective knowledge (van Der Zande,
Brekelmans, Vermunt, & Waarlo, 2009). However, previous studies made explicit the
difficulties students may encounter when asked to negotiate SSI in ways that are informed by
science, such as in using scientific evidence (Tidemand & Nielsen, 2017) and in drawing on

science concepts pertaining to the issue under discussion (Dawson & Venville, 2013). As a
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result, "superficial” and less scientific argumentation may prevail in classroom discussions on
SSI (Dawson & Venville, 2013), potentially inducing conflicts and distancing it from being
accepted as a core instructional practice.

The more fundamental the change in classroom talk from its habitual form, the more it
will conflict with the standards of contemporary education and with teachers’ long standing
beliefs about teaching and learning (Wilkinson et al., 2017). This may bring to rise virulent
resistance to implementation demands (Kilinc, Demiral, & Kartal, 2017). In addition, the
success of past educational reforms have been arguably consistent with the values of the
teachers who were tasked with their implementation (D. K. Cohen & Mehta, 2017). Therefore,
a full accounting of implementation efforts needs to be accountable not only to the intention of
educational reformers but also for consistency with the contemporary standards of the
educational field. Hence, emphasizing students’ reliance on rationalistic reasoning may be

needed for the advancement of SSI argumentation in classroom realities.

4.5.3 Organizational free spaces

A common and major challenge for the advancement of organizational change is that the logic
by which the change is motivated and the logics that define habitual organizational conduct
may be founded on the bases of conflicting rationales (Reay & Hinings, 2009). Therefore,
external pressures for change may be perceived as sources of tension for organizational actors,
emerging from having to incorporate potentially antagonistic practices that may challenge their
organization’s pursuit of legitimacy (Sonenshein, 2016).

The literature of organizational studies identifies a compartmentalized structural
approach as one key to handle this conflict (Frederiksen, Gottlieb, & Leiringer, 2021; Heinze
& Weber, 2016; Perkmann, McKelvey, & Phillips, 2019). This compartmentalized approach
entails the establishment of temporary, standalone, organizational free spaces, which buffers
actors from sanctions for carrying practices that conflict with regular organizational conduct
(Perkmann et al., 2019). Organizational free spaces define an alternative and specialized
mission and bestow resources to support and sustain this mission, including human and physical
capital (Heinze & Weber, 2016). Its establishment allows actors to examine how the new
practice can produce outputs valued by the standards of their home organization (Sonenshein,
2016). In instances of system-wide resistance and failure to transform organizational practices,
the establishment of such free spaces may buffer from initial opposition to implementation
demands (D. K. Cohen & Mehta, 2017)
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Previous studies showed that the establishment of such free spaces allowed different
organizational actors to engage with activities illegitimate in their fields. These include, for
example, health professionals enacting practices that belong to the field of integrative medicine
(Heinze & Weber, 2016), for-profit corporations addressing social welfare issues (Sonenshein,
2016), and partnerships between industry and university professionals who operate by
competing demands (Perkmann et al., 2019). In education, the establishment of organizational
niches or subsystems was documented to achieve more success in creating rigorous and
challenging learning experiences for students than system-wide reforms (Mehta & Fine, 2019a).
This is especially true for reform mandates that diverged sharply from institutionalized
conceptions of teaching and learning, which failed system-wide but achieved success in
specialized niches (D. K. Cohen & Mehta, 2017).

Applying this approach to the context of this study meant that instead of probing deep
within the culture of schools and classrooms, we created the extra organizational environment
of climax days. In this environment, teachers were allowed to enact activities and interactions
that are more conducive to SSI argumentation, including teacher-led argumentation, and peer-
led small group argumentation. Though these activities dislodge practices that favor teacher-
centered instruction —which might be iconoclastic to the conduct of their home schools — the
establishment of the free space meant that teachers could experience them without violating

organizational conduct.

5 Chapter summary

In this chapter I presented the need to consider how to advance the implementation of dialogic
argumentation, not just in individual classrooms but across the educational field. The two
papers included in this dissertation draw on qualitative data to provide an exploration of how
this goal may be attained. Both studies follow the following argument: to the degree that
dialogic argumentation will be valued by teachers, it has an increased potential to be
institutionalized into the schooling system. Conversely, to the degree that it will remain to be
viewed as an extracurricular practice, it may be ignored or kept entrenched in the periphery of
schooling.

The first paper follows this heuristic and suggests that, inside schools, a complex
interplay of institutional logics that provide order and structure to teachers’ work may protect
teacher-centered instruction and make the practice of dialogic argumentation appear

illegitimate. In the second paper, an analysis of enactments of argumentation activities in an
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extracurricular environment, an organizational free space, may provide an initial exploration
into how organizational actors can craft an acceptable balance between the conflicting
expectations of the work of contemporary schooling and the practice of dialogic argumentation.

| believe that the diversity between the two studies that comprise this dissertation can
encourage a perspective from which it is possible to develop a range of analytical connections
and assumptions about how to advance the implementation of dialogic argumentation and its

related educational and democratic imperatives.
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CHAPTER 2. Dialog-constraining institutional logics and their

interactional manifestation in the science classroom?

"The fabric of schooling is woven of linguistic interaction” (Adger, 2001, p.503)

1 Introduction

Though the practice of dialogic argumentation is recognized for its apparent importance and
potential for students’ learning (Berland & McNeill, 2010; Driver et al., 2000; Venville &
Dawson, 2010), and despite calls in recent reform mandates (Israeli Ministry of Education,
2009; NGSS, 2013), it rarely happens in science classrooms (Gonzélez-Howard & McNEeill,
2020; Henderson et al., 2018; Knight-Bradsley & McNeill, 2016; McNeill, Marco-Bujosa, et
al., 2018; Osborne et al., 2019; Sandoval et al., 2019; Wilkinson et al., 2017). Explanations for
this absence of argumentation mainly follow two lines. One attributes the lack of argumentation
to system-wide challenges of implementation in a school culture in which instructional norms,
practices, and expectations are constituted by teacher-controlled pedagogies (Henderson et al.,
2018; Miller et al., 2018). The other attributes it to teachers’ individual professional capacities
and beliefs, which make it difficult to adopt argumentation as a legitimate form of instruction,
and lead to a preference for traditional forms of teacher—student interactions (Knight-Bradsley
& McNeill, 2016).

To advance the implementation of dialogic argumentation in science classrooms, we
examined the cultural conditions in schools, and teachers’ interactional practices that are
established under these conditions, not separately but as a mutually constitutive phenomenon.
We created a dialog between two converging genres of inquiry. One was rooted in the new
institutional theory of organizations. This theory argues that schools work less from technical
considerations and more from the need to obtain social legitimacy and maintain the trust and
confidence of the public at large (J. W. Meyer & Rowan, 1977). Such public legitimacy is
achieved by conforming to taken-for-granted macro-level norms and rules that penetrate
organizations and influence their behavior (DiMaggio & Powell, 1983), and provide the “rules
of the game” (Everitt, 2017) for organizational conduct. The other genre is grounded in

interactionist perspectives, which seek to highlight the ways in which micro-level day-to-day
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talk and interaction may be pervaded and motivated by social order and cultural understanding
(Gee, 2014; Heritage, 2005).

We therefore argue that a better understanding of why dialogic argumentation has not
been adopted by teachers as a common instructional practice requires attention to both macro-
and micro-level perspectives. Consequently, this study seeks to examine how dialog-
constricting institutional mandates undergird the instructional practices of lower-secondary
school teachers, and how routine teacher—student classroom interactions are bounded and
motivated, in part, by these mandates.

2 Theoretical framework

The concept of argumentation has two central meanings in science education. One, grounded
in the philosophical work of Toulmin (2003), refers to the structural element of generating and
developing scientifically reasoned arguments supported by evidence (Erduran & Jiménez-
Aleixandre, 2008; Erduran et al., 2004). The other refers to the dialogic component, which
emphasizes students’ engagement in collaborative knowledge construction and the critique of
conflicting ideas (Berland & Reiser, 2011; Gonzalez-Howard & McNeill, 2020), and how
teachers can provide opportunities for such collaborative modes of reasoning and
argumentation (McNeill, Katsh-Singer, Gonzalez-Howard, & Loper, 2016; McNeill, Marco-
Bujosa, et al., 2018). The former has been emphasized in educational research (Kim & Roth,
2018; Nussbaum, 2020; Ryu & Sandoval, 2015), where studies illuminated the conditions
under which students can develop and improve the rhetorical and logical structure of their
arguments (Grimes, McDonald, & van Kampen, 2019; Roberts & Gott, 2010). In this study,
we place the emphasis on the latter, where argumentation is conceptualized as a dialogical
genre of classroom discourse (Kim & Roth, 2018), which necessitates a focus on the dynamic
interactional relationships between teachers and students (Alexander, 2008). More specifically,
we take both a broad and fine-grained look at the social relations and structures that underlie
teacher—student interactions and may prevent the emergence of dialogic argumentation in the

science classroom.

2.1 Dialogic argumentation in science classrooms: benefits and pitfalls

Argumentation has been recognized as a central tenet of authentic scientific practice in science
education research (Asterhan, 2018; Berland & Hammer, 2012; Driver et al., 2000; Gonzalez-

Howard, McNeill, Marco-Bujosa, & Proctor, 2017). Engagement with argumentation was
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shown to advance students’ understanding of scientific ideas and epistemologies (Berland et
al., 2020; Knight-Bradsley & McNeill, 2016; Newton et al., 1999; Simon et al., 2006), provide
an opportunity for students to “talk science” and adapt to the norms of talk in the scientific
community (Jimenez-Aleixandre, Rodriguez, & Duschl, 2000; Ryu & Sandoval, 2015), and
negotiate and offer solutions to current social concerns which are enmeshed with science
(Bencze, ElI Halwany, & Zouda, 2020; R. Cohen et al., 2020; Zafrani & Yarden, 2017).
Following such documented potentialities, a call for the implementation of argumentation in
science classrooms has been advanced in current reform-minded documents (Israeli Ministry
of Education, 2009; NGSS, 2013).

However, gaps between the ideal spaces and practices that support argumentative
discourse and traditional classroom culture persist (Henderson et al., 2018; McNeill & Berland,
2017). For example, students who participated in dialogic argumentation exhibited improved
epistemic understanding of science through the presentation of competing explanations that
were open to peer scrutiny (Chen, Benus, & Hernandez, 2019; lordanou, 2016; Ryu &
Sandoval, 2012), as well as an improved conceptual understanding of scientific phenomena
(Bathgate et al., 2015; Zohar & Nemet, 2002). Science teachers have a central role in promoting
such epistemologically authentic experiences for their students (McNeill, Gonzalez-Howard,
Katsh-Singer, & Loper, 2016) and in scaffolding classroom argumentation for them (Macagno
et al., 2015; Mayweg-Paus, Macagno, & Kuhn, 2016). However, teachers may hold persistent
epistemological beliefs that portray science as an unequivocal body of knowledge. These
beliefs may be incompatible with the consideration of competing ideas (Kilinc et al., 2017;
Sengul, Enderle, & Schwartz, 2020; Wilkinson et al., 2017) and may give rise to pedagogy of
content transmission and coverage in pursuit of factually correct answers (McNeill & Berland,
2017; Russ & Berland, 2018).

Engagement in dialogic argumentation also allows students to verbally externalize their
thinking as a resource for others to build on (McNeill & Berland, 2017). It can, therefore, also
be productive in simulating how scientists engage in collaborative communal efforts when
trying to explain natural phenomena (Macpherson, 2016; Sandoval et al., 2019). The
advancement of these collaborative norms also depends heavily on teachers. For example,
Sandoval et al. (2019) showed that the effectiveness of argumentation depends on teacher
support of collaborative sense-making processes in which the authority to construct knowledge
is distributed. Despite its promise, even when enacting activities that address argumentation,

teachers may adapt lessons in ways that align with authoritative, teacher-led modes of
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instruction, which place students in the role of individual receivers of knowledge (Gonzélez-
Howard & McNeill, 2019; McNeill, Marco-Bujosa, et al., 2018; Sandoval et al., 2019).
While there are some differences among these challenges, they share a fundamental
link between traditional schooling culture and teachers' practices, and how both are misaligned
with a classroom discourse that supports argumentation. This is problematic because for
argumentation to emerge in classrooms, it has to be considered a meaningful practice within
the classroom and the schooling culture (Sandoval et al., 2019). In this study, we suggest that
such misalignment cannot be understood without considering the complex interplay of
external, macro-level forces that permeate schools and shape the values, rules, and norms that
make up the current schooling culture (Bridwell-Mitchell, 2013; J. W. Meyer & Rowan, 1977)

and the micro-level discursive practices raised by these forces (Heritage, 2005).

2.2 The institutional level: teachers’ work from a macro-level perspective

How, despite the variations in teachers' biographies and school localities, is instruction shaped
in such systemic and isomorphic ways toward teacher-centrality and against dialogic
argumentation? To answer this question, we draw upon insights from the new institutional
theory of organizations. This theory views organizations (i.e. schools) as social entities that
develop practices, norms, and values in pursuit of legitimacy in the eyes of important
stakeholders in their environment who will, in turn, grant them valuable resources for their
survival (DiMaggio & Powell, 1983; J. W. Meyer & Rowan, 1977). In this school of thought,
it is argued that organizations obtain legitimacy by conforming to pervasive social ideas about
how they and their members should act, and which organizational missions they should pursue
(Bridwell-Mitchell, 2013, 2015). Such conformity ensures that they are perceived as
functioning and compatible within the expectations of the society in which they operate (J. W.
Meyer & Rowan, 1977). Although this legitimacy-seeking behavior ensures the survival of the
organization, it constrains its freedom to adopt innovative practices, thus stabilizing and
routinizing organizational behavior (Burch, 2007). As they conform to the same institutional
mandates, organizations across localities bear a striking resemblance in their social structuring
and organizational practices (DiMaggio & Powell, 1983).

The social ideas to which organizations conform are defined as institutional logics — a
concept in the new institutional theory that describes a set of taken-for-granted prescribed
notions that appear natural and abiding and that organizations and individuals are expected to

follow (Thornton & Ocasio, 2008; Zilber, 2016). In aggregate, institutional logics provide the
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building blocks for social institutions (Colaner, 2016). Organizational missions and practices
that are consistent with the rationalizations of prevailing institutional logics are expected to be
promoted and maintained. Missions and practices that contradict or threaten logics, on the other
hand, may be marginalized or ignored altogether (Malhotra et al., 2021; Thornton & Ocasio,
2008).

In schools, the institutionalization of teacher-centered pedagogy can be explained by
its legitimacy-producing alignment with pervasive institutional logics. For example, success in
advancing students’ scores on standardized tests may assert schools’ legitimacy with the public
at large (Marsh, Allbright, Bulkley, Kennedy, & Dhaliwal, 2020). However, it may also lead
teachers to focus mainly on the transmission and acquisition of isolated facts as preparation for
standardized tests (Segal et al., 2017; Zohar & Alboher Agmon, 2017; Zohar & Cohen, 2016).

In addition, schools educate a heterogeneous population of students with considerable
differences in capabilities, who are often separated into specialized programs. Within these
programs, high-tracked placements have become a resource for academic prestige and
legitimation of schools (Attewell, 2001; Oakes, 2005). Although educational reformers
struggle for equal opportunity for all students to engage in rigorous curricula, teachers who
work in a stratified environment may adopt different pedagogies when instructing low or high
tracked classrooms. Studies show that when instructing low-performing students, teachers tend
to adopt more didactic pedagogies (Lewis & Diamond, 2015; Mehta & Fine, 2019a). On the
other hand, there is work showing how teachers designate collaborative learning activities for
students in high-tracked placements (Katsh-Singer et al., 2016; Snell & Lefstein, 2018).

Moreover, for teachers, recognition of competence and collegial esteem, and therefore
individual legitimacy, is earned by the adoption of practices and customs of teaching that are
learned by observing and conversing with peers (Bridwell-Mitchell & Fried, 2020; Everitt,
2017; Lortie, 1977). These customs may emphasize teacher control and authoritative forms of
instruction (P. H. Scott et al., 2006), rather than students' agency and collaborative knowledge
construction (Stroupe, 2014). Therefore, schools' and teachers' search for social legitimacy
seems to undermine the accreditation of dialogic argumentation as a legitimate form of
instruction.

In this study, rather than tracing the extra-organizational origins of institutional logics
from field-wide guidelines and scripts, we endorse an embedded representation (where
individuals are embedded in organizations which are permeable to institutional logics, see

Figure 2.1). This analytical stance emphasizes the importance of individual active sense-
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making in understanding social reality in local settings (Armanios & Eesley, 2021; Binder,
2007). It therefore identifies institutional logics as they circulate within organizations and are
interpreted by individuals (Haedicke & Hallett, 2015). The macro-level perspective therefore
explores how, through discussion about their work, organizational players (i.e., teachers) assign
force and meaning to institutional logics "on the ground” (McPherson & Sauder, 2013; Zilber,
2016).

2.3 The level of teacher—student interactions: teachers’ work from a micro-level

perspective

Within organizations, then, the goals and conventions dictating how work is to be done become
infused with legitimacy granted by conformity to institutional logics. When this process of
legitimation takes place, organizational practices, such as teacher-centered pedagogy, may
become entrenched because of players’ unwillingness to compromise the chances of
organizational survival. In the classroom, verbal interactions between teachers and students are
the main practice by which education is achieved (Wortham, 2008). Therefore, our
understanding of the school as a social institution, where the attainment of legitimacy provides
the rules of conduct, must also include classroom talk and interaction. It can therefore be argued
that the degree to which the structure of teacher—student interactions is coupled with
institutional logics may determine their potential to produce organizational and individual
legitimacy. As such, the level of coupling may also determine the likelihood of this
interactional structure being institutionalized and routinely appearing in classrooms.

Accordingly, in this study we adopt an analytical standpoint that view communicative
events as holding the potential to maintain or alter institutional reality (Berger & Luckmann,
1966; Gee, 2014). Placing classroom communication at the center of institutional analysis may
offer an examination of the ways in which micro-level classroom interactions between teachers
and students actively construct meaning within institutionalized settings through language.

In studies of workplace communication, the ways in which micro-level interactions are
organized by macro-level institutional order are observed in courtrooms (McPherson & Sauder,
2013), medical organizations (Heritage, 2005; Ten Have, 1991), police interrogations (Tracy
& Robles, 2009), and classrooms (Brooks, 2016; Garton, 2012; Poole, 1992; Seedhouse, 2005).
However, most interactional studies tend to ignore the institutional order, and are primarily
concerned with explicating the order and language of the interactions (Sarangi & Roberts,

2008). Similarly, in institutional theory, the interactional level is only theorized in a limited
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way (Cornelissen et al., 2015; McPherson & Sauder, 2013). Here, we aim to bridge the
institutional—interactional divide and join studies that examine how certain aspects of the
institutional level impinge on the interactional level.

To stress the connection between routine interactions in science classrooms and
institutional logics, we focus on a conversational construct which is related specifically to
classrooms, and which persists throughout different localities and populations: the initiate-
response-evaluation (IRE) pattern (Cazden & Beck, 2003; Lemke, 1990; Mehan, 1979).
Because of its enduring qualities, the IRE pattern has been referred to in the literature as a form
of institutional talk (Heritage, 2005). In contrast to naturally occurring interactional conduct,
institutional talk is bounded by an institutional reality and is organized to facilitate the
accomplishment of the core activities and goals of the institution in which it occurs (Drew &
Heritage, 1992; Seedhouse, 1996).

Thus, in schools, teachers adhere to IRE not just for the sake of regularity, but to get
practical tasks done. As the new institutional theory argues that the tasks that need to be
accomplished are set to achieve aims that are rationalized by macro-level institutional logics,
the study of institutional talk in schools should focus on the ways in which institutional logics
become observable in interactional practices that are prevalent in classrooms. If we examine
IRE from this perspective, it can be seen as more than a recurring sequence of pedagogical
interaction; it can also be considered to reflect and reproduce the institutional logics that
rationalize and infuse it with legitimacy. The IRE pattern inherently undermines dialogic
explorations by prioritizing authoritative teacher talk over collaborative student-student
interactions (Chen et al., 2019; Gonzalez-Howard & McNeill, 2019). Therefore, breaking out
of this pattern in the classroom in favor of an interactional one that is conducive to dialogic
argumentation can be difficult, since it may be perceived by teachers as a legitimacy-eroding
practice. In summary, whereas the macro-level perspective explores how the work of teaching
is described among teachers, the micro-level perspective explores how the work of teaching is

performed in routinized teacher—student classroom interactions.

3 Aim and research questions

Our study is both culture-oriented and interaction-centered in the sense that it views classroom
interactions as embedded within a wider institutional sphere (Figure 2.1). Therefore, our
overarching aim is to explore the reciprocal relationship between macro-level institutional

logics and micro-level routinized teacher—student interactions, and to examine how such social
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structuring may impede dialogic argumentation. This aim allows us to explore questions that
are less apparent when examining macro-institutional and micro-interactional phenomena

separately. We therefore ask:

Institutional logics

Normative pressures Regulative and coercive
Taken-for-granted work norms, pressures
habits, beliefs policies, work rules
“This is just how we do things “This is what we must do” Level of

here” Analysis
I— Schools | Macro
-— level

™ Institutional norms and rules (logics) that circulate in schools

Individual teachers | i Micro |
H 1

i Institufionally bounded
teacher-student
interactions in the
science classroom

" —_—

FIGURE 2.1 An institutional perspective on teacher—student interactions. Arrows mark the

mutually constitutive effects that institutions and classroom interactions exert on one another.

i. From a macro-level perspective: What institutional logics for appropriate science
instruction can be identified in teachers’ expressions and how do they constrain
dialogic argumentation?

ii. From a micro-level perspective: How do the different components of the IRE pattern
serve to facilitate institutional activities and reflect dialog-constraining institutional
logics?

4 Methodology

This study was conducted in two lower-secondary schools in Israel. As it attempts to explain
the same phenomena in two sites (i.e., cases), this study can be referred to as a collective case
study. In collective case studies, a number of cases are combined for the purpose of focusing
on themes that unite and differentiate them (Stake, 1995). The crux of the matter in this study
is not the potential difference between the schools and among the teachers who work in them.
Rather, we aim to account for the commonalities and shared meanings of schooling across
schools and individuals. Therefore, we worked toward the identification of joint patterns of
organizational behavior across the cases.

To methodologically capture the institutionally informed contexts of science teaching,

we employed a dual-lens conceptual approach to research teachers’ practices. Analysis of
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macro-level institutional influences on organizational action usually corresponds to
ethnographic methods (Zilber, 2016). Such analysis may provide rich descriptions of school
culture, but it can fall short in explaining the ways in which the culture is enacted and
communicated daily by individuals in school settings. For this reason, we sought a dialog
between ethnographic methodologies and interactional methodologies for the qualitative

analysis of routine classroom interactions (Heritage, 2005).

4.1 Research context

This study is part of a larger research project examining efforts to promote dialogic
argumentation in lower secondary schools through teachers' professional development (TPD).
In Israel, teachers engage in ongoing professional development as part of national efforts to
professionalize teachers with respect to the demands of the occupation and to ensure high-
quality teaching, in terms of both disciplinary content understanding and pedagogy (Avidov-
Ungar, 2016). The context of TPD seems prolific for research that centers on institutional
logics, because TPD exposes the teacher to a different set of expectations and demands than
those usually highlighted in the school’s day-to-day conduct. Such conditions may reveal
teachers' deeply ingrained assumptions about instruction which might otherwise be hidden in
the daily conduct of schools (Coburn, 2004; Haedicke & Hallett, 2015).

The TPD course was composed of two strands, for a total of 15 meetings (60 hours)
across the two schools. Strand A (20 hours) was generic and introduced teachers from several
disciplines (e.g., science, mathematics, language arts, history) to the basic tenets of
argumentative and collaborative talk with the purpose of making the theoretical underpinning
of dialogic teaching explicit. To advance teachers’ appreciation of dialogic teaching, this strand
introduced teachers to the rationale and potential of dialogic pedagogy, providing various
analytical tools to examine teacher—student dialog, such as accountable talk (Michaels et al.,
2008) and exploratory talk (Mercer & Wegerif, 1999). The idea here was to expose the teachers
to a diverse repertoire of classroom interactional patterns and talk moves that deviate from IRE.
Strand B (40 hours) was discipline-specific. Here, we presented argumentation as a practice
that is inherent to scientists’ work. For this purpose, we adapted talk moves and analytical tools
from strand A for the exploration of scientific phenomena in general classroom discussions,
through collaborative engagement with discipline-specific texts (Yarden, 2009), and for the
negotiation of controversial socioscientific issues (Zeidler et al., 2005). In addition, with the

intention of presenting dialogic argumentation as attainable, a joint analysis of examples of
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real classroom interactions was conducted for the exploration of tensions with, and
opportunities for dialogic interactions.

The two schools participated together in the TPD course during the academic year of
2018-2019. Both schools belong to a large educational network, provide 7\"- to 12""-grade
education, and are in the center of Israel in a town of approximately 23,000 residents from
communities of above-average socioeconomic background. The first school, Ganim
(pseudonym) serves 1216 students and employs 114 teachers, more than 50% of which have at
least a master’s degree. The second school, Ramot (pseudonym), serves 1200 students and
employs 109 teachers, more than 40% of which have at least a master’s degree. Both schools
have been awarded recognition for excellence in education, and rank above the national
average for matriculation exam eligibility (Israeli Ministry of Education, 2017). Due to their
recognized excellence, network executives identified these two schools as suitable for

participation in our study.

4.2 Participants

The focal participants in this study were eight lower-secondary science teachers from Ganim
and Ramot who were identified as suitable and asked by the school administration to
participate. In that sense, the participant-selection methodology was purposive sampling
(Etikan, Musa, & Alkassim, 2016). The participants represent a range of teaching experience,

with five participants having more than 15 years of experience (Table 2.1).

TABLE 2.1 List of participants

School | Participant code | Interviewed | Experience Classroom observation details
(years)
Grade Academic track

GanimTeacherl v 5-10 9 General
GanimTeacher?2 >20 8 High

. GanimTeacher3 1-5 8 General

Ganim -

8 High

GanimTeacher4 v 15-20 8 High

8 High

RamotTeacherl v 15-20 9 Low

9 Low

9 Low

RamotTeacher2 v >20 7 High

9 High

Ramot RamotTeacher3 5-10 7 General
RamotTeacher4 v >20 9 High

9 High

9 High

9 High
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4.3 Data sources and analysis

A dual-lens conceptual approach to researching teachers’ practices calls for an integration of
analytical methods. Accordingly, each level of analysis—the macro- and micro-level—is
informed by different forms of data and imposes different interpretive methodologies. Whereas
the purpose of the micro-level analysis is to assign functions to routine discursive forms, the

role of the macro-level analysis is to identify and assign institutional meaning to said functions.

4.3.1 Macro-level analysis

For the identification of macro-level institutional logics invoked by the teachers, we examined
ethnographic data in which teachers talked about their work. For this purpose, the TPD
meetings were videotaped and transcribed, and constituted the site for participant observation.
Individual ethnographic interviews were conducted based on initial findings made by
observations, and allowed for an insider view of the school culture (Carspecken, 2013), with
informal conversations serving as the supporting data source. Additional organizational
documents (photographs of bulletin boards, schools’ newsletters, texts from the schools’
official websites) were collected to provide depth to the findings.

In this phase, techniques for inductive grounded theory building were used to analyze
the data (Glaser & Strauss, 2017). First, descriptive codes were assigned inductively to the
data. Second, the generated codes were grouped into broader categories. The final stage of the
analysis involved a systematic clustering of the categories into overarching and discernible
institutional logics. At this stage, existing literature was used as a tool to interpret actual data
and to determine how well they describe previously identified logics (Reay & Jones, 2016). To
help increase the trustworthiness of our analysis, we had additional researchers independently
code our data until agreement was achieved regarding codes, categories, and identified

institutional logics. Disagreements were negotiated or resulted in modifications of the analysis.

4.3.2 Micro-level analysis

For the micro-level interactional analysis, 16 lessons from the classrooms of eight teachers, for
a total of 19 academic hours, were observed and transcribed. Observations were conducted in
both high- and low-track classes (Table 2.1) to account for the possibility that differences in
teacher—student interactions might be related to the students’ academic abilities. After

transcribing and reviewing the recordings, classroom interactions that were identified as
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providing rich information for in-depth analysis, and specifically, that presented repeating
features of classroom interactions, were chosen.

Transcriptions were then coded twice: first, according to the IRE sequences of the
interactions, with attention to the level of complexity of teachers’ questions, the cognitive
demands represented in the students’ replies, and teachers’ evaluative responsiveness to the
students’ replies. Teachers’ questions and their paired student replies were coded for their level
of cognitive demand. Closed-ended questions that asked students for mere recall of isolated
facts, or that prompted for terminology-level understanding, were coded as making low
cognitive demands. In contrast, open-ended questions that engaged students in actively
participating by thinking and clarifying their answers were coded as cognitively demanding.

For the analysis of teachers’ evaluation of student responses, we used Chin's (2006)
categorization scheme: low-level evaluations were described as those in which the aim of the
interactions was to reach the teacher’s point of view, such as when the teacher accepts students’
answers and proceeds to teacher-directed elaborations, or rejects students' answers and
proceeds to explicit corrections; high-level evaluations were more constructive and allowed
students to elaborate on their contributions, such as accepting the answer and proceeding to ask
more related questions that overall extend the students' train of thought.

In a second coding process, to analyze how institutionally specific activities espoused
by teachers are reflected in, and accomplished through classroom interactions, the broader
institutional logics developed earlier were reexamined for reflectivity in the codes generated in
the interactional micro-level analysis. In this phase, we examined how an exchange’s
component features may serve to accomplish and maintain an institutional logic. For example,
our analysis explored the ways in which the nature of teachers’ questions and evaluations is
suited to the accomplishment of institutional tasks. Here, a "match" between macro-level logics
and micro-level interactions was identified when the structure of the interaction and the
language contained within it paralleled the activities and underlying assumptions advanced by
a specific logic (Drew & Heritage, 1992). The coding process was carried out independently
by two researchers and was negotiated until agreement was achieved.

This is not to say that there is direct causal reasoning between institutional logics and
teacher—student interactions and that all oral exchanges that occur in the classroom are a direct
outcome of institutional mandates. Rather, the goal of the micro-level analysis is to identify
and explicate how routine classroom interactions are institutionally sensitive in that they may

align with, and serve, institutional activities (Arminen, 2017), and how such interactions can
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only occur in an environment in which they are infused with legitimacy and, therefore,
considered productive for institutional conduct (Cornelissen et al., 2015).

When both macro- and micro-level perspectives are viewed jointly, the analysis of
classroom interactions may reveal how particular forms of talk serve to constitute certain
institutional understandings, while ethnography, at a higher analytical level, shows what kinds
of understanding about schooling find their way into classrooms in the first place.

To answer the first research question, we detail how institutional logics were identified
in teachers' statements. To answer the second research question, following each logic, specific
micro-level classroom events are presented to elucidate how the different components of the
IRE pattern may be reflective of that specific logic. We detail the content of the interactions
and examine the type of institutionally informed tasks for which this structuring of interactions
might be of service, and how such structuring undermines opportunities for dialogic

argumentation.

5 Findings: available logics and how they are enacted in the classroom

Our analysis suggested that, from a macro-level perspective, teachers called upon three central
logics that inform instruction to the detriment of dialogic argumentation in science classrooms:
the logic of accountability (adherence to external measurement standards), the logic of tracking
(classifying students according to academic ability), and the logic of the profession (body of
knowledge, skills, and practices thought to achieve productive ends for a particular
occupation). Table 2.2 illustrates our data structure, showing the codes, categories, and
institutional logics from which we developed our findings. Taken together, these logics may
underlie teachers' actions and shape their instructional practices and how they interact with

students at the micro-level.
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TABLE 2.2 Coding structure for the macro-level analysis

1%t order codes descriptions 2" order broad | Representative data Identified

categories Institutional
logics

A. Covering the curriculum, achieving | 1. Test driven In the end of it, my classroom has the

high scores on standardized tests classroom best GEM score in the school.

B. Increased testing, test preparation, practices: Looking at the data (of test results) |

students’ test scores as indicator of sources of extra- | can see that | get what | aim for

learning organizational
pressures and Logic of

their influence
on instruction

C. Valued knowledge (e.qg., factual
content knowledge, terminology)
D. Dialogic argumentation as
extracurricular enrichment

2. Teachers'
perceptions of
the focus of
science teaching

(Argumentation) doesn't fit with the
curriculum. It may give some extra
value but I'm not moving ahead with
clarifying and explaining the content
that | need to cover with my students

accountability

E. Descriptions of how low
performing students are like (e.g.,
disruptive, need help, weak learners)
F. Descriptions of how high

3. How teachers
describe
students across
academic tracks

In (high track classrooms), we have
highly skilled students. Here (In low
track classrooms), we are still
teaching them basic learning skills

performing students are like (e.g., in terms of
curious, question askers, competitive, | abilities and
independent) behaviors, and
how teachers'
expectations are
shaped Logic of
according to tracking
descriptions
G. Targeting pedagogies to students 4. Students' We have students that when you ask
according to their track assignment ability to handle | them a question, they look at you
(e.g., high-order knowledge for high dialogic lessons | with these blank faces. Do you have
tracked students) across tracks any idea how frustrating it is that
H. What dialogic argumentation will you put in all of this effort and then
be like across tracks (e.g., hectic, they look at you like this?
devoid of learning, won’t work, time
wasting)
I. Descriptions of classroom and 5. Practical I don't ask them to raise their hands
instructional strategies that teachers pedagogy and (to answer a question) but instead |
perceive as beneficial (e.g., connect best practices nominate them. The question could
content with students’ lives, individual be something in the form of "fill-the-
seat work, lesson summaries, blanks"
dictations)
J. What a classroom should look like 6. Professional When you divide them for group
(e.g., quiet, orderly) norms and work, two students will do the work, Logi
. ogic of the
K. What a teacher should be like (e.g., | challenges because they are good students and profession

the main source of knowledge, be able

to control the classroom)

L. What students ought to be like and
do (e.g., demonstrate knowledge,
quiet, well behaved) and how they are

like in the classroom (e.g., disengaged,

taking advantage of autonomy,
dependent on the teacher)

they will do anything that you ask of
them, but the rest will join the party
and take advantage of the situation
to not do anything. That means that
one third of the classroom is working
and two thirds are partying
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5.1 The logic of accountability

Accountability test results, as well as school rankings, are often reported to the public.
Therefore, the degree to which schools and teachers maintain accountability measures may
influence public opinion about their efficiency, and may therefore drive conforming
organizational actions (Diamond, 2012; Peurach, Cohen, Yurkofsky, & Spillane, 2019).

For the participants in our study, accountability legitimately prescribes what they can
teach. For these teachers, aligning the science curriculum with state-based assessments for the
purpose of measuring school quality was a central goal. The national science curriculum of
Israel was designed with the intent of placing an emphasis on social aspects of science and
science-laden technology (Israeli Ministry of Education, 1992), and includes requirements to
engage students in practices that are valuable to scientific thinking and reasoning, such as
logical and critical thinking, drawing conclusions, structuring scientific arguments supported
by evidence, and listening to, and critiquing peers’ arguments (Israeli Ministry of Education,
2018).

However, tailoring instruction to standards is an interpretive process (Spillane, 2009)
and, as the science curriculum in Israel is also content-intensive (Zohar, 2013) and curricular
coverage is often used to enhance student achievement on standardized tests (Everitt, 2017;
Zohar & Alboher Agmon, 2017), teachers often view the core of the science curriculum in a
way that avoids demands that go beyond basic content coverage. When teachers operate from
an accountability logic, then, they may gear instruction towards improvement of standardized

test outcomes for the sake of external legitimacy.

5.1.1 Accountability from an institutional perspective

Teachers from both Ganim and Ramot described the external pressures stemming from
standardized tests, primarily the national test of schools' growth and effectiveness measures
(GEM) which is administered to students in the 8" grade. Teachers revealed how these
pressures are communicated aggressively by the administration as “dictates from above”
(GanimTeacherl) or through a “chain of command” (RamotTeacher2) as explicit demands to
improve the school’s test scores. Providing a basis upon which school goals are built, the
structure of standardized tests and the knowledge that they represent often led teachers to
emphasize the link between curriculum coverage and test preparation. For example, a teacher

from Ramot said:
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| find myself always wanting to finish [cover the content]. When students ask me questions
that are beyond [the curriculum content], I say: “I apologize, but we have to move on”
because | know | have the [GEM] test deadline. (RamotTeacher2, Interview)

This excerpt explains how accountability pressures are translated in the classroom into
a push for curriculum coverage which, at times, comes at the expense of instructional autonomy
to experiment with less orthodox pedagogies. This means that the content of classroom learning
may be separate from the teachers’ professional opinion, instead providing them with the
parochial role of filling the gaps in students’ content knowledge.

In addition, teachers’ pedagogical decision-making was based on a linear progression
of knowledge and skills. Before moving on to more demanding curricular tasks, teachers
argued, students should first display mastery of “basic terms and concepts” (GanimTeacher4),
or “basic science knowledge” (RamotTeacher4). The teachers linked this traditional teaching

practice directly to success on standardized tests. For example, a teacher from Ganim said:

In the end, you have the GEM test, and the students need to give a technical explanation
and that's it. In most of the exams, the questions are based only on the basic theoretical
material. So, I give it to them...and it's technical and boring and they have to know the
minute details. (GanimTeacherl, Interview)

Thus, despite curricular endorsement of progressive pedagogies, broadly covering the
curriculum and having to display that coverage in the form of students' scores on standardized
tests means that teachers rarely drift from conventional instruction of discrete content items. As
the teacher in the excerpt above stated, teaching science as a collection of facts can also be
heavily structured around technical terminology. This notion was corroborated by other

teachers, for example:

Science deals with a lot of terms and if you can get a grip on the terms you will know what's
going on. (GanimTeacher4, TPD)

Consequently, to make success in standardized tests more attainable, another practice
that teachers adopted included emphasizing accurate terminology usage in their classrooms.
The extent to which this strategy is played out in teachers' instruction is exemplified in the

following conversation (TPD):

GanimTeacher4: When the [GEM test] assessment indicator is published, it requires that
the students' answers be phrased in a very specific way.

GanimTeacher2: When [students] didn't use the correct wording [on their answers].
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GanimTeacher4: The instructions are clear: "if the student didn't write this and didn't write
that..." If you read [a student's] answer you can tell that he got the general idea, but for the
test—his answer is disqualified.

GanimTeacher2: If he didn't write down the specific word.

GanimTeacher4: This means that, first and foremost, you will hear me say: "use the correct
scientific terms.” | always say that. These things have exact terms which students need to
use later in the test. If they don't use them, they're going to get zero points for the question.

GanimTeacherl: Take, for example, a question from last year’s test. It was a fill-in-the-
blanks question about how polar bears move closer to land and change the color of their
coat: "climate is (blank) and it makes the bears (blank)." My students wrote that climate
changes, not warms, or cools, changes. And | had to disqualify their answers even though
they are correct. All the questions are like that!

This and the previous excerpts reveal that promoting test success through the
transmission of content-focused knowledge may be the product of an institutionalized
organizational response to standardized curriculum and testing. Accountability, as the teachers
described, was not just a means for achieving organizational legitimacy, but was also used as a
strategy for the design of school goals and lesson plans. Within this school mission, dialogic
argumentation was described by teachers as a practice that “does not fit with preparation for the
GEM test” (GanimTeacher4), “impractical” (GanimTeacherl), “extracurricular enrichment”

(GanimTeacher3), and coming at “the expense of teaching the curriculum” (RamotTeacher4).

5.1.2 Accountability from an interactionist perspective

With accountability as the basis for instructional decision-making, what do teacher—student
interactions look like on the ground? As the macro-level analysis showed, institutional tasks
that are derived from the logic of accountability included the acquisition of basic scientific
terminology, which was considered valuable knowledge, as well as emphasizing the accuracy
of the students’ replies. Therefore, when teachers employ interactional means that are seen to
embody such orientations, they may be responsive to the logic of accountability.

The example in Table 2.3 represents an instantiation of the demand for accuracy, as well
as the consequences of this demand for classroom talk. In this lesson, 8"-grade students were
handed worksheets with several questions that required information regarding various
interactions between two objects. As the students struggled with the idea that both objects inflict
an equal force on one another, the teacher briefly reviewed the law of interaction, which was

presented in this, and a previous lesson:
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TABLE 2.3 Demand for accuracy in evaluations

1 GanimTeacher3 The law of interaction, what does it say?

2 Student B That two objects inflict equal and opposite force on one another.

3 GanimTeacher3 Try again, but be more accurate.

4 Student B (reading verbatim from her notebook) Two objects inflict a force on
one another that is equal in magnitude and opposite in direction.

5 GanimTeacher3 Equal in magnitude and opposite in direction, OK? If a carpenter
hits the hammer on the nail, the magnitude of the force is?

6  Students (in chorus) Equal

7 GanimTeacher3 When a fly hits a wall, the magnitude of the force is?

8 Students (in chorus) Equal

9  GanimTeacher3 Why? Why is it equal?

10  Student C Because of the law

11  GanimTeacher3 Great. Because the law of interaction states that in the center of

interactions forces work in equal magnitudes and in opposite
directions. You must remember this. If someone wakes you up from
your sleep, you must be able to say it.
For presentation purposes, the data in this and the following examples have been minimally
simplified. Omissions include repetitions and noncurricular utterances.

The content of the interaction. Though the initial question is phrased in a way that could invite
students’ interpretations (line 1), the unfolding of the segment reveals that the teacher is asking
the students a low-level question, i.e., one which prompts students to recall the definition of the
law of interaction as it was introduced in the previous lesson. When a student’s reply is
unsatisfactory (2), the teacher rejects it and explicitly adds the purpose of accuracy (3), which
drives the student to read the appropriate definition from her notebook (4). This reply is
accepted by the teacher (5). Students are then drilled on similar low-order questions to prove
that the concept has been understood (5-8).

A series of utterances interspersed throughout this interaction reveal that the task at hand
is oriented toward the accomplishment of institutional goals that correspond to the logic of
accountability. First, the teacher made it explicit in her evaluations that students’ replies must
be accurate for them to be positively evaluated (3), second, the method of consulting an
authoritative text as a source for answers was introduced, or reaffirmed, as beneficial for
positive evaluation (4-5), and third, the teacher mentions that memorizing the accurate
definition of the law of interaction is imperative for an unspecified reason (11). These are
different evaluative means, but they serve a similar purpose in creating a sense that the sole
focus of the interaction is memorization, and that students can reply only with previously
introduced information in the most correct way. Given these conditions, the evaluation move
in this interaction constitutes an obligation of accuracy and may therefore function to
accomplish tasks rationalized by the logic of accountability.
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Another accountability-related institutional activity that teachers mentioned pertained

to students’ acquisition of basic science facts and terminology. Similar to the demand for

accuracy, the range and content of students’ acceptable replies may also be narrowed through

teachers’ attempts to accomplish this activity. The example in Table 4 represents a recurring

interactional pattern which reflects this emphasis on terminology in classrooms. The subject

being discussed in the lesson was ionic and covalent bonds. Earlier in the lesson,

RamotTeacher4 had established the difference between the chemical bonds. In the excerpt in

Table 2.4, the task that the interaction is designed to achieve is contextualization of the concept

of ionic bonding as grounded in observable phenomena: how table salt dissolves in water.

TABLE 2.4 Terminology-oriented classroom interactions

OB wN -

B
PEBoo~vwo

12
13

14

15

16
17

RamotTeacher4
Students
RamotTeacher4
Students
RamotTeacher4

Students
RamotTeacher4
Students
RamotTeacher4
Student A
RamotTeacher4

Student B
RamotTeacher4

Student A
RamotTeacher4

Student C
RamotTeacher4

I have sodium chloride. What is sodium chloride?

(in chorus) Salt

Table salt. The sodium will have what charge?

(in chorus) Positive

Positive, because that is a (waiting for students to complete the
sentence)

(in chorus) Metal

Metal. The chloride will have what charge?

(in chorus) Negative

Because?

Nonmetal

Exactly. When 1 dissolve it in water (pauses until all students are
quiet)...When I dissolve NaCl in water I have water molecules
around (goes to the blackboard to illustrate how water molecules
surround NaCl molecules). As for the water molecules, we know
that the hydrogen is usually delta positive and the oxygen is delta
negative. How will the water organize around the NaCl molecule?
The oxygen to the Na and the umm...

Good. So, we have many water molecules, and the oxygen
surrounds the sodium...Quiet. And surrounding the chloride, I will
have hydrogen. What we will get is something like this (illustrates
on the blackboard how the sodium and chloride are ionized).
Should we write this down?

One moment. (to a disruptive student) You will also complain that
you don't understand during the next quiz because you don’t listen.
(to the classroom) Each water molecule has a very weak attraction
force. But we have many water molecules. And the attraction force
of many water molecules is very strong. We also know that water
particles, what do they do all of the time? They (waiting for students
to complete the sentence)

Move

Good, they move. There's a gliding motion. So, if some of the water
molecules glide in one direction, and other molecules in the other
direction, the NaCl will dissolve.
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The content of the interaction. The teacher’s questions are of a low order and mostly call for
factual and short answers in the form of single words that comprise scientific terminology (2,
4, 6, 8, 10). The person who is actually making sense of the phenomena under discussion is the
teacher who, after affirming the correctness of the students’ replies, achieves this through direct
instruction (11, 13, 15, 17), while students are expected to fill in the missing terminology-
related information through recall. At times, the teacher employs a particular questioning
procedure and phrases his questions as incomplete sentences (5, 15). Such questions have only
one correct answer and verbally demand students to give single-word replies, using the
appropriate terminology, in what more clearly represents a verbal instantiation of a written
“cloze” test question (Poole, 1992).

Beyond mentioning that attention is required for success on the test (15), this interaction

suggests that the type of knowledge deemed valuable for learning, in many instances, consists
of science terminology. The point here is not only that students' replies consist of terminologies,
but that the phrasing of the initiation moves essentially demands a terminology-based reply. As
found in the macro-level analysis, teachers’ accountability-motivated stance on what counts as
valued academic performance included students’ acquisition and use of basic scientific
terminology. Embedded in this macro-level aim, terminology-focused questions can be
assigned an instrumental function. That is, it can be argued that such a line of questioning may
contribute to the attainment of valued academic performance rationalized by the logic of
accountability (see Table S1 in Appendix A for an additional example of this form of
interaction).
How such interactions undermine dialogic argumentation. In both examples, classroom
interactions made valuable science knowledge appear in the form of end products—definitions
or terminology—which needed to be memorized and accurately recalled upon request. These
interactional devices not only characterize science knowledge as objective and technical, but
also constrain the students to specific ways of thinking and speaking.

By demanding accuracy, the teachers’ evaluations of students’ replies aimed for a
specific point of view and stifled the possibility of students voicing their understanding.
Eliciting the use of terminology may certainly serve an important purpose in school science,
but it represents the language of the subject matter more than its knowledge corpus. Such
instruction is prevalent, and the underlying epistemology encouraged students to think of

science not as a work in progress, but as a list of vocabularies. Therefore, when acquisition of
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this type of knowledge is the primary constituent of both classroom interactions and students’

success in school, opportunities for dialogic argumentation may decrease.

5.2 The logic of tracking

While not all school systems are tracked, the deep structure of tracking is part and parcel of
modern education through more implicit stratification tools. For example, deep-seated
prejudice related to students’ racial characteristics (Diamond, 2012; Mehta & Fine, 2019a),
social class (Anyon, 2017), or gender (Everitt, 2017; Jungwirth, 1991) is seen as an important
driver of teachers’ instructional decisions regarding high-status knowledge distribution and
differences in opportunities to be exposed to a rigorous curriculum. The practice of structuring
curriculum and pedagogy according to preconceptions regarding students’ ability seems to be
an integral and natural part of how schools are organized (Oakes, 2005), and it can therefore be
considered institutionalized.

Both Ganim and Ramot employ an explicit tracking system, which may grant them
organizational legitimacy in two ways. First, parents of high-ability students lobby for the
practice of tracking by defending high-track classes. Second, high-track classrooms attract
honor students from the elementary schools in town and thus grant both schools with human
capital. Operating from this logic, teachers may assume that students are differentially equipped
by their track placements to engage in higher-order learning. Therefore, teachers may make
unequal pedagogical and managerial decisions and distribute school knowledge differently
across high- and low-track classrooms based on meritocratic ideals. When this happens,
opportunities to participate in dialogic argumentation become contaminated through prejudice
to the detriment of students in low-track classrooms.

5.2.1 Tracking from an institutional perspective

To the degree that teachers agreed to consider implementing dialogic argumentation in their
classrooms, it was aimed exclusively to the high-track classrooms. This notion was repeated in
both schools separately and independently from one another. School administration in both
schools targeted the high-track classrooms for participation, as they saw the students in these
classrooms as sufficiently proficient to engage in dialogic argumentation. Students in high-track
classrooms were described by teachers as “highly motivated” (GanimTeacherl), “naturally
curious” (GanimTeacher2), or willing to “fight tooth and nail” to achieve success

(RamotTeacher2). In contrast, students in low-track classrooms were considered as lacking the
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basic competencies needed for productive classroom participation. In terms of behavior,
students in low-track classrooms were described as uncooperative, disruptive, or unwilling to
make an effort. Describing the feeling of entering a classroom dominated by such management
Issues, a teacher said:

There's a consensus regarding [low-track] classrooms. No teacher will come out of there
saying: "itwas a pure joy." Before you enter the classroom, you take a deep breath and then
walk in. When we, the teachers, talk amongst ourselves it's like "did you survive today?”
(GanimTeacher4, Interview)

In terms of curricular understanding, teachers made statements regarding the potentially
weak knowledge base of students in low-track classrooms, mentioning their lack of
understanding of basic scientific terminology or basic concepts of science. As teachers tended
to hold a linear and sequential approach to learning, arguing that students must first master the
basic contents before turning to more demanding tasks such as argumentation, the dispositional
characteristics attributed to low-track students distanced them from opportunities to engage in
argumentation.

Teachers responded to the challenging conditions in low-track classrooms by modifying
instructions and expectations. They simplified and scaled down curricular demands to match
the perceived ability of the students. For example, one teacher told us that she guided students
in the low-track classroom through a question “in the same way that I would teach a 5-year-
old” (GanimTeacherl). Localizing the challenge of instructing these students, she said that they
“simply don’t care” about learning. A teacher from Ramot provided a more detailed account of

how she managed instruction in a low-track classroom:

They answer in very short sentences that don’t exhibit a lot of knowledge. When I asked
them once to give detailed answers it was very hard for them. What | do, both in tests and
in written assignments, is that | break the question down into small segments. Each segment
requires just a short answer. So, for example, 1 will write "What happens in the graph at the
point where it goes up? What happens at the other point in the graph?” I don't ask for the
entire process. Instead, | break it down into a number of small details. Otherwise, it's too
hard for them. In strong classrooms, when | write the test, | write the questions in increasing
levels of difficulty—knowledge, inference-making, questions that require a deeper
understanding of the material. In [low-track classrooms] it's more knowledge and less
inference-making. | can dictate the answer and tell them "this is how you should phrase
your answers" and maybe two students will do that. (RamotTeacherl, Interview)

In this case, attempting to match the level of the questions to the level of students’
concurrent understanding required simplification of the information into its discrete units. This

provides a particular view of school science as a rigid series of items to be understood, instead
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of processes in which these items play a role. Consequently, she believed that the option of

allowing students in low-track classrooms to engage in scientific argumentation was unrealistic:

When | teach in a [high-track] classroom, the students have higher language abilities,
higher vocabulary. Here [in the low-track classroom], it's something else. | told you the
same thing in the [TPD] course. [Argumentation] doesn't suit any classroom.
(RamotTeacherl, Post-lesson conversation)

Underlying this pattern of practice is the assumption that students in low-track
classrooms cannot engage in rigorous and demanding science content. The result is that students
may be given fewer opportunities to display their mastery of science. In contrast, the attributes
of high-track students were deemed to be more aligned with the practice of dialogic

argumentation, such as their inquisitive and collaborative characteristics:

In [high-track] classrooms, when a student raises a question, this pulls other students into
asking questions as well. This won’t happen in a different classroom. (RamotTeacherl,
Interview)

or their embodiment of the overall qualities needed for a model student:

[High-track] students aspire to excellence in all areas of learning, as well as to being moral
and considerate human beings. (Ramot newsletter)

Indeed, high-track students were exposed to many extracurricular opportunities that
demanded complex participation, such as: editing a school science journal, participating in
debate teams, instructing students in lower grades, or meeting industry leaders (Ramot
newsletter). Thus, given the differences across tracks, the track to which students are assigned

may have a critical influence on their opportunities to engage in argumentation.

5.2.2 Tracking from an interactionist perspective

Students’ passive participation and basic comprehension of science facts and terminologies
were expected across all tracks. There is little evidence in the data that learning activities were
structured in support of argumentation in types of classrooms. However, we argue here that
opportunities to engage in dialogic argumentation were curtailed even further for students in
low-track classrooms. A recurring pattern of interaction in low-track classrooms involved the
teacher asking questions that invited mere guessing, use of common sense, or making free
associations on the part of the students. Such questions were asked across both extremes of the
tracking system, though more sporadically than in the high- and general-track classrooms.
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In the lesson from which the following excerpts were taken (Table 2.5), low-track
students were handed worksheets entitled “The importance of breakfast”. The source of this
worksheet was traced to a bank of teaching resources published by the Israeli Ministry of
Education (2010). Materials in this bank are not considered as mandated curriculum and are
designed to assist teachers with creating lesson plans that correspond to the science curriculum.

The source worksheet described a study that examined the relationship between the time
of breakfast consumption, concentration of blood glucose, and students’ success on a given
questionnaire. Students were asked to recognize the dependent and independent variables,
interpret the data, and offer research questions. The final question in the source material
presented students with a socioscientific dilemma: “Should the government provide students
with a free lunch?” The students were asked to provide one data-based argument for, and one
against, their decision. While the source material presented explicit demands for sense-making
and argumentation, the worksheet that was handed out to the students in this lesson was edited
to omit these demands in favor of more simplified forms of knowledge and didactic instruction.
For example, the research question and variables were identified by reading and answering
multiple-choice questions from the worksheet with the whole classroom. Interestingly, the
question that invited arguments on a socioscientific dilemma was edited out of the adapted
worksheet and was replaced with a question that asked students to note the differences between
simple carbohydrates and complex carbohydrates in terms of metabolism. To make the content
relevant, the question was phrased as follows (Table 2.5, line 1).

TABLE 2.5 Common-sense-oriented student replies in a low-track classroom

1 RamotTeacherl Let's go over question number four. "Write four types of foods that
can provide students with available energy. Explain (emphasis
added) why you chose these foods."

2 Student A Chocolate

3 RamotTeacherl Why chocolate?

4 Student A Because it has lots of sugars.

5 RamotTeacherl Bread also has lots of sugars.

6 Student A The sugar in the chocolate breaks down faster.

7 RamotTeacherl Very good! What else? | asked for four types of food.

8  StudentB Energy bar

9  StudentC | wrote cheese sandwich and egg sandwich.

10  Student D Salad and cheese

11  Student E Candies. | wrote candies.

12 Student F Snickers bar

13 RamotTeacherl OK. Who else wrote down different snacks? Chocolate, why
chocolate?

14  Student A Because of the sugars. It breaks down faster.

15 RamotTeacherl Very good. It breaks down. Very good.
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The content of the interaction. The question asks students to categorize different types of food
into simple and complex carbohydrates (1). It is disconnected from the topic of the worksheet
that preceded it, and it bears little connection to students' mastery of science. As the knowledge
expected from the students is not difficult, at best this type of knowledge display may be
recommended as engaging as it fills a school task with day-to-day knowledge. As such, this
question bears lower cognitive demands than recall. Accordingly, students’ replies were more
trivial and distanced from the disciplinary body of knowledge. In this sequence, most students’
replies simply list the names of different snacks (2, 8, 9, 10, 11, 12). Even when the teacher’s
evaluations are more constructive, asking for elaborations (3, 13), given the nature of the
opening question, student A’s replies (4, 6, 14) can also be categorized as trivial and
disconnected from the content of the lesson that preceded it. Thus, even when the teacher begins
on a path toward dialog with a student that could develop into argumentation, the interaction
moves instead in the direction of trivial conversation.

The fact that the interaction is taking place in a low-track classroom is not enough to
claim that it is motivated by the logic of tracking. In other studies, the instructional practices of
teachers in low-track classrooms were shown to be derived from a more egalitarian logic
(Hodge, 2019). Teachers in our study, as shown by the macro-level analysis, held preconceived
low expectations of low-track students that may have driven them to implement a scaled-down
and reduced version of the science curriculum when teaching them. In a post-lesson
conversation, RamotTeacherl disclosed that the purpose of the worksheet was to connect
science with these students’ lives and to be less demanding in terms of content. The worksheet
in this example was adapted in accordance with these low expectations and, as the teacher may
have found scientific reasoning and argumentation too difficult for low-track students, the
nature of the interaction shifted toward students’ use of common knowledge. Therefore, we
consider this interaction to be informed by the logic of tracking as it exemplifies a structure of
interaction that is simplified and reduced and which, in our observations, was unique in its
extensiveness across low-track classrooms (see Table S2 in Appendix A for an additional
example of this form of interaction).

How such interactions undermine dialogic argumentation. The notion that is conveyed in
such interactions is that students in low-track classrooms are deficient in their basic
understanding of science, and low-order questions that call for mere recall can, at times, be too
demanding for them. As teachers tended to believe that students must first master the basic facts

of science before they can continue to engage in argumentation, this notion may reduce low-
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track students’ opportunities to engage in argumentation even more than those afforded students
in other tracks. In this example, both the content that was omitted from the worksheet and the
content that replaced it indicate that this teacher pushes toward interactions that distance low-

track students from engaging in argumentation.

5.3 The logic of the profession

Emphasizing valued expertise and role expectations and obligations, the logic of the profession
frames both how work-related problems are viewed and how effective solutions are
conceptualized (Bridwell-Mitchell, 2013). It therefore emphasizes professional competence, or
the ability to do the work of teaching well. The attributes that make one professionally
competent relate to their normative stance: the degree to which the associated practices are
valued, shared, and granted meaning by practitioners in a community of practice (Lortie, 1977).
It follows that when individual teachers strive to gain recognition as competent members and
therefore, legitimacy, they will adopt practices dictated by normative assumptions about the
profession (Everitt, 2017). Operating from this logic may lead science teachers to rely on
tradition and common practice, and therefore to adopt a more professionally traditional position
in the science classroom that focuses on content transmission and classroom management.
Consequently, if dialogic argumentation is perceived as inconsistent with the professional
norms of teaching, teachers will be less likely to adopt it as a legitimate instructional practice.

5.3.1 The profession from an institutional perspective

When asked, teachers seemed to rationalize their practices by relying on some aspects of
constructivist pedagogy. For example, the notion that students’ experiences gained outside of
school are a meaningful source to draw on for the contextualization of abstract science
knowledge was repeated multiple times by our participants. However, other constructivist
aspects fundamental to the implementation of dialogic argumentation were perceived as
disconnected from classroom reality. Mainly, that the implementation of dialogic
argumentation is unlikely to be practical for reasons related to disciplinary management of the
classroom and students’ ability to handle independent knowledge construction.

Teachers associated various forms of group work with the problem of students’
misconduct. Group work, teachers argued, may benefit only the most dedicated students while
encouraging academic freeloading by others who may “slack off” (GanimTecher3) or “take

advantage of the situation to not do anything” (GanimTeacherl). Because group work may
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exacerbate the chance of students’ off-task behavior, teachers preferred classroom
arrangements that serve teacher oversight, such as individual work, over the grouping practices
that are productive for dialogic argumentation.

The pedagogical orientation toward teacher centrality may also be promoted through a
persistent belief that students tend to undermine their own learning potential. Operating from
this belief, teachers often expressed the view that students are unwilling, or unable, to put forth
rigorous academic effort. Students were often described as “not caring about much more than
the test scores” (RamotTeacher4), attempting to “choose the easiest way” (GanimTeacher2) to
succeed in school, asking for teacher summaries of lengthy texts, or waiting for the teacher to
“bail them out” (RamotTeacherl) of a challenging assignment. When presented in the TPD
course with an activity that required students to read texts describing a collection of different
traits, and then collaboratively decipher the notion that some traits are inherited and some are
acquired and elaborate on this notion in their own words, one teacher commented that the texts

were too long for students to read and that:

We never do that [type of activity], but not because we don't want to. It's because the
students can't handle it. We work only on content, and they can't even handle that! They
can't remember what a melting point is and what a freezing point is, the most basic stuff.
Now, you ask me to give them texts? (GanimTeacherl, TPD)

Disappointed by what happens in their classrooms, and localizing the source of the
problem to the students, teachers were more likely to take it upon themselves to be the primary

pedagogical carriers rather than to engage in a potentially frustrating effort:

They expect me to do everything. They want answers, and they want you to give them the
answers. They consider you to be the final authority. (RamotTeacher2, Interview)

The pedagogical belief underlying this and previous quotes follows a logic rooted in
professional culture that casts teachers at the center of the learning event and students as
inexperienced novices. In contrast, the practice of dialogic argumentation in classrooms calls
for more symmetrical teacher—student power relations by requiring students to perform active
sense-making independently of the teacher’s knowledge and understanding. Therefore, deeply
ingrained assumptions about what teachers should do, what students can do, and what behavior
students should exhibit in the classroom may be inconsistent with dialogic pedagogy and

practices.
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5.3.2 The profession from an interactionist perspective

As the macro-level analysis showed, teachers’ accumulated experience in the classroom led
them to believe that, in the reality of the classroom, students willingly shift pedagogical power
upward to the teacher. This perception of their day-to-day work may produce an asymmetrical
form of communication dominated by teachers. We see this asymmetry as reflected in teachers’
tendency to utilize an interactional routine that has been identified as “funneling” (Wood,
1998). In this form of discourse, the teacher is doing most of the intellectual work and students’
ideas are left unexplored and unelaborated, thus conveying important cultural information on
the roles of teachers and students.

We can see how funneling unfolds in the reality of the classroom in the following
example, taken from a lesson summarizing a learning unit that dealt with the concept of
photosynthesis (Table 2.6). Students were asked to answer a series of summarizing questions
from the textbook. Here, students were answering a question about the relationship between

different environmental parameters and the rate of photosynthesis.

TABLE 2.6 Funneled classroom discourse

1 GanimTeacherl If I increase the CO2 concentration, will the photosynthesis rate
increase linearly? | mean, will it always go up?

2 Student A No

3 Student B Yes

4 GanimTeacherl Always?

5  StudentC Each plant will react differently.

6  StudentD The plant will die.

7 GanimTeacherl No. Die? How come? (laughs)

8 Student B Yes. Yes. You know what? Yes.

9  GanimTeacherl Why?

10  Student B I have a gut feeling.

11 Student E Maybe the plant won’t be able to grow leaves as quickly.
12 GanimTeacherl Good. What absorbs the CO2?

13 Student B Plants

14  GanimTeacherl Obviously, but what organelle?

15  Student F Ohhh, the chloroplast

16  GanimTeacherl Good. (shooshing) Is the number of chloroplasts in the cell infinite?
17  Students (in chorus) No

18  GanimTeacherl So, we have a finite amount. It might be a large amount, but still
finite. Therefore, only that same finite amount can absorb CO> for
photosynthesis. If at a given time all chloroplasts are saturated with
COgo, there will be no point in providing more. That means the rate
of photosynthesis is at its peak and will plateau.

The content of the interaction. The sequence starts with the teacher asking a question that calls

for the students to hypothesize about the consequences of an experimental situation (1). This
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elicits disagreement between two students (2, 3), potentially offering a rare opportunity for
argumentation. In the following, however, the teacher largely ignores or rejects some of the
students’ replies which she judges to be insufficient or simply wrong (5-10). As the sequence
unfolds, the teacher gradually takes responsibility for advancing the intellectual work through
a set of closed questions (12, 14, 16). She then ends the sequence by providing detailed
scientific information via direct instruction (18). Through this process, the teacher is positioned
as a knowledgeable individual who is doing most of the intellectual work to assist students,
while students are tasked with providing previously introduced low-level information.

What is visible in this interaction is that epistemological inequalities are created and
intensified as the interaction unfolds through the design of the teacher’s questions. After the
responses to her initial question failed to produce an acceptable reply, the teacher took the
initiative of moving the sequence toward closure. To support the students’ giving the expected
answer, the level of questioning progressively lowers, and the teacher’s responsibility to lead
the intellectual work increases. The knowledge necessary to produce the answer to the original
question changes to accommodate the perceived cognitive abilities of the students. In the
process, an interactional sequence that started with asking the students to hypothesize on the
relationship between two subjects ended with a rhetorical question (16) and direct instruction.
Therefore, this pattern of interaction may provide a glimpse into how the role asymmetry
between teacher and students is at least partially structured through interaction (see Table S3 in
Appendix A for an additional example of this form of interaction).

How such interactions undermine dialogic argumentation. The practice of dialogic
argumentation in the classroom requires students to contribute to the construction of
explanations of scientific phenomena. Having epistemological asymmetry coupled with
classroom interactions meant that the teachers, and not the students, were doing the work of
sense-making when the classroom was learning about a scientific phenomenon. Moreover,
while argumentation-supporting discourse treats students’ ideas as starting points for further
interactional explorations, the goal of a funneled discourse is to reach the teacher’s point of
view, which means that students’ ideas are sieved accordingly. These consequences of
asymmetrical role relations ensure that the teacher will have more power in directing the

conversation.
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6 Discussion

6.1 Institutional resistance to dialogic argumentation

Our interest in this study was to understand why dialogic argumentation has not been adopted
as a legitimate means of instruction by science teachers. To answer this question, we needed an
integrative approach that brings together the institutional level and the interactional level.
Though these levels are often theorized separately (Sarangi & Roberts, 2008), in this study we
offered a more holistic approach. Our approach acknowledges that the overarching institutional
order in which teachers work may bind and regulate how they interact with their students, to
the detriment of dialogic argumentation. Moreover, we argued that the institutional order is not
simply mandated from above but is actively produced through interactions between teachers
and students.

To base this claim, we used new institutional theory to examine how macro-level
phenomena, such as the taken-for-granted ways in which individual teachers rationalize their
work (J. W. Meyer & Rowan, 1977), influence their actions at the micro-level and are tangibly
realized in contextualized teacher—student interactions (Heritage, 2005; Seedhouse, 2005).
Classroom interactions, then, were not just examined as expressions of the individual
participants, but as potentially formative of institutional reality.

The new institutional theory argues that schools and teachers adopt practices that
conform with institutional logics as a means of signaling their legitimacy to their organizational
environment (Thornton & Ocasio, 2008). In the case at hand, the revealed institutional logics
of accountability, tracking and the profession worked together to drive specific organizational
missions and tasks in the search for organizational and individual legitimacy, and to justify
teachers’ resistance to dialogic argumentation. The data indicate that these identified logics may
have interactional means that are set to achieve said tasks, and which run counter to the pursuit
of dialogic argumentation (Table 2.7). Through this process, logics are communicated and
maintained in the classroom reality, where certain forms of classroom interactions may be
legitimized, while others are ruled out. Below we describe why operating from these logics is
constrictive from the perspective of what is known about supporting student participation in

dialogic argumentation.
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TABLE 2.7 Summary of findings

Characteristic

Logic of accountability

Logic of tracking

The logic of the profession

Source of
legitimacy

Policy environment,
external supervision

Appeal of excellency and
prestige that draws human
capital into schools

Esteem of colleagues and
supervisors

Organizational
mission

Improve students'
scores on standardized
tests, improve school
ranking

Handle the needs and
academic capacities of
diverse student groups in
compulsory education

Advance students' learning and
achievement using valued
instructional practices

Organizational
tasks

Covering the
curriculum, designing
lesson plans backwards
from standardized tests

Separating students for
instruction by ability and
matching curriculum level
to track level

Valued instructional practices
maintain teacher-centrality and
tightly controlled classrooms

Interactional
instantiation

High emphasis on
accuracy and correct
use of science
terminology

Interactions in low-track
classrooms encourage low-
level participation which
relies on students guessing
and common-sense

Teachers are doing most of the
intellectual work in classrooms
which hinders opportunities for
students’ collaborative
knowledge construction

Constraints to
dialogic
argumentation

Science is held as a
collection of closed-end
absolute facts to be

High ability students are the
only ones considered as
capable of dialogic

In comparison to teacher-
controlled lessons, dialogic
argumentation symbolizes to

teachers the violation of
classroom order and reduced
learning

accurately transmitted
to students

argumentation. Other
students are alienated from
participation

The epistemology of uncertainty and critique must enter classroom discourse (Chen et
al., 2019) for students to be able to raise and argue for competing explanations of scientific
phenomena (Berland et al., 2020; lordanou, 2016; Ryu & Sandoval, 2012). However, how
teachers are motivated and legitimized to act in the classroom is dependent in part upon their
ability to improve school performance on standardized tests. This state can conflict with
conditions that are supportive of dialogic argumentation. Operating from the logic of
accountability, teachers may strategically link instruction to broad curriculum coverage in a
way that emphasizes memorization and the presentation of science knowledge as unequivocal
and pristine, all in the service of improving students' test results. In the classroom, where
knowledge is objectified into discrete units of information and is narrowed to mostly acquisition
of terminology and facts in the service of test improvement, uncertainty and critique may not
be desired.

In addition, in the reality of schools, students are often separated into specialized tracks,
and the existence of prestigious elite tracks serves as a source of institutional legitimacy
(Attewell, 2001). In this system, opportunities to engage in dialogic argumentation may be
allocated based on previous academic merit, and not to all students as demanded by reform-
minded documents (Katsh-Singer et al., 2016; NGSS, 2013). In this study, those teaching in
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low-track classrooms typically reported perceived incompatibility between argumentation and
their students’ abilities and behaviors. In the classroom, prejudice regarding low-track students’
abilities may legitimize a form of classroom interactions in which trivial day-to-day knowledge
reigns over disciplinary knowledge, thus perpetuating gaps in knowledge that preclude
engaging in dialogic argumentation.

Finally, a key requirement of dialogic argumentation is to allow students to engage with,
and respond to the ideas of their peers in the classroom (McNeill & Berland, 2017). This
encourages the development of community-specific discourse and norms of talk (Driver et al.,
2000). In their search for professional legitimacy, however, teachers may take a teacher-centric
position to exhibit their professional competence (Everitt, 2017). As students were perceived
as difficult to manage and incapable of co-construction of knowledge, the teacher-centered
position was rationalized as professionally justified. Conforming to these professional norms
meant that, in the classroom, teachers took it upon themselves to be responsible for knowledge
dissemination in a way that virtually demanded asymmetrical interactions with their students.
Contrary to dialogic ideals, such a professional stance reinforces the positioning of students as
individual receivers of knowledge.

Dialogic argumentation may thus be associated with contenting definitions of the
purpose of education, referring to appropriate teacher—student interactions and the teacher’s
role, which are the opposite of the institutional definitions on which teachers rely for
professional guidance. Therefore, teachers in our study seemed to view dialogic argumentation
as violating their professional sense of how instruction should be constructed. Teachers, then,
may resist using dialogic argumentation in their classrooms, not for technical-rational reasons,
but because it violates the fundamental rules, norms, and practices that grant them individual
and organizational legitimacy.

6.2 Institutionally informed responses to resistance

If the pursuit of dialog runs counter to the pursuit of institutional schooling, how can initiatives
and professional development programs that seek to encourage dialogic argumentation in
science classrooms handle resistance to a change that is not legitimate with their target
audience?

From a new institutional perspective, designing TPD courses that rely strictly on the
technical merits of a pedagogical approach may be less efficacious, without careful

consideration of the institutionalized norms, rules, and values that guide teachers’ day-to-day
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work. The assumption that if teachers are presented with alternative pedagogical ideals, they
can change the institution in which they are embedded, requires reexamination. We therefore
carefully argue that understanding whether a demand for change will undermine institutional
understandings of education may help teacher educators achieve better teacher acceptance of
innovative pedagogies. From this stance, pedagogies that offer solutions to problems of practice
that are consistent with institutional mandates will be more readily adopted by teachers, than
those that have the potential to erode their institutional legitimacy (Burch, 2007). In that sense,
designing TPD courses that address teachers’ resistance by presenting pedagogical innovations
in a way that resonates with teachers’ norms and existing practices, could potentially mitigate
teachers’ concerns regarding innovative pedagogies.

For example, the question of how to create opportunities for low-track students to
engage in argumentation while simultaneously helping them build expertise in foundational
scientific knowledge may not be answered by a frontal assault on tracking. Instead, a more
effective strategy would include the modification of instruction to best suit students who may
feel alienated from the school culture, without narrowing and simplifying it (Hodge, 2019). In
addition, if teachers perceive accountability pressures as overwhelming their capacity to
implement dialogic argumentation, this concern should be handled deliberately between
teachers and teacher-educators with the intention of finding innovative ways to utilize dialogic
pedagogies in service of testing practices (Segal et al., 2017).

Work in this vein poses immense challenges for teacher educators. Not only does the
schooling culture that supports dialogic argumentation appear very different from what is
needed to achieve institutional legitimacy, but also access to the prevailing institutional logics
that teachers call upon in their work precludes such a strategy. However, as this approach
privileges the work lives, concerns, and expertise of teachers for the establishment of a common
value system shared among teachers and teacher educators, it might prove worthwhile. Such
guidance might allow teachers to maintain their sense of professionalism, while also suggesting
strategies to initiate and maintain the process of pedagogical change. Although such an
institutionally informed strategic response requires further examination, we carefully argue that
without the incorporation of institutional understanding into TPD courses, the potential of

dialogic argumentation may remain unrealized in many classrooms.

7 Limitations of the study

Being qualitative, the methodology did not allow for an examination of the degree to which
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these logics were enacted, but it did allow us to articulate the meanings assigned by the
participants to each logic. One potential limitation of this research is the assumption that the
identified factors, at both the macro- and micro-levels of analysis, perfectly reflect institutional
logics. To overcome this obstacle, we followed interpretive techniques that call for researchers
to explain the pattern of observed behaviors “on the ground” through a process of constant
comparison to previously identified institutional logics “out there” (Reay & Jones, 2016).
Therefore, while subjective interpretation of data may be unavoidable, the identification of
institutional logics was done in accordance with the existing literature, which may support the
validity of our subjective interpretation (Glaser & Strauss, 2017; Reay & Jones, 2016). This
analytical approach may, however, constrain analytical insights to those connected to
established theories and blind researchers to alternative interpretations.

Another limitation concerns the sampling strategy. Gathering data from only a small
number of schools means that this analysis may conflate school-context factors such as norms,
culture, and performance, which may be relevant chiefly to the observed schools. In that sense,
it suffers from limitations pertaining to ecological validity. One potential consequence of this
limitation is that the findings cannot allow for generalizations, nor can they entirely rule out

alternative explanations for the observed phenomena.
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CHAPTER 3. The potential for reconciling pedagogical tradition and

innovation: the case of socioscientific argumentation?

"All my knowledge of the world, even my scientific knowledge, is gained from my own
particular point of view, or from some experience of the world™ (Merleau-Ponty, 1962, p.
viii)

1 Introduction

With the turn of the century, social dilemmas enmeshed with science seem to be more prevalent.
The accelerating climate crisis, cutting-edge and risky biotechnological innovations and, most
recently, the COVID-19 pandemic and the related public debate, all represent ongoing
dilemmas that demand our immediate and collaborative attention. Given these issues’ societal
urgency, and because schools comprise a powerful social institution, we explored how we could
organize—for teachers and students—the collaborative and thoughtful deliberation of such
issues in the science classroom.

In this study, we use the term socioscientific issue (SSI) to denote dilemmas that
combine scientific and societal aspects (Zeidler et al., 2005). SSls are ill-structured, open-ended
problems which encompass an inherent uncertainty with regard to paths for their resolution
(Owens, Sadler, Petitt, & Forbes, 2021). As such, multiple and conflicting perspectives can
weigh in when such solutions are negotiated (Sadler & Donnelly, 2006). Because of their
complexity, the inclusion of SSI teaching in science education has the potential to promote
argumentation as a dialogic process in which students construct arguments through interactions
with peers who hold differing views (Bencze, Pouliot, et al., 2020).

Despite its accommodation of societal needs (Zafrani & Yarden, 2017) and policy
demands (Bencze, Pouliot, et al.,, 2020; R. Cohen et al., 2020), SSI argumentation has
encountered difficulties reaching the level of classroom practice (Kilinc et al., 2017; Tidemand
& Nielsen, 2017). It can be incompatible with contemporary schools’ definition of how
“quality” learning is best achieved. Such incompatibility pertains to both the place of SSIs in
the core curriculum, where content knowledge is emphasized over the social implications of
science (Bencze, Pouliot, et al., 2020; Klopfer & Aikenhead, 2022), and the place of dialogic
argumentation in the core practices of science instruction, where teacher-controlled modes of
interaction prevail (Gonzalez-Howard & McNeill, 2019; Pimentel & McNeill, 2013). This

2 This chapter is a modified version of a paper submitted to Instructional Science



Chapter 3

mismatch is problematic because when a new practice is introduced that is not supported by the
teachers, they may refrain from putting in the required effort and commitment to incorporate it
(Bridwell-Mitchell, 2015). Indeed, teacher resistance to SSI argumentation may arise from its
clash with entrenched norms and practices (Kilinc etal., 2017; Teo, 2019; Tidemand & Nielsen,
2017).

Teachers and schools are then faced with the following trade off: maintaining traditional
instruction may lead to pedagogical obsolescence, but implementing innovative pedagogies
may yield low returns in terms of how schools are accustomed to measuring learning (Bingham
& Burch, 2019). How, then, can SSI argumentation be implemented when teachers may not
perceive it as valuable?

Research in the field of organizational studies has identified approaches to making
successful changes in practices, including aligning demands for change with the interests of the
organization (Perkmann et al., 2019), and reconfiguring existing practices, rather than replacing
them with new ones (Sonenshein, 2016). Accordingly, we argue that a critical first step toward
successful implementation of SSI argumentation may necessitate its reconciliation with
contemporary schooling norms and goals; this might allow teachers to use it in accordance with
commonly understood meanings of instruction. However, we lack detailed knowledge on how
these two elements might be combined.

To move ahead with this reconciliation, we focused here on teachers' professional
development (TPD) efforts to guide teachers in implementing SSI argumentation by creating
conditions under which they can make sense of this contested practice and adjust it to their
working conditions. Thus, we first aimed to reduce the barriers of the schooling culture and its
related contradictions with SSI argumentation. We investigated the potential of a learning
environment in an extracurricular setting that is partially detached from the barriers of
schooling, a free space in which teachers can experiment with new practices in ways that may
not be possible in their day-to-day teaching. However, we did not want to keep SSI
argumentation entrenched in "the periphery of the system in specialized niches” (Tyack &
Cuban, 1995, 87) where it can be identified as idiosyncratic and ignored by the rest of the school
system (D. K. Cohen & Mehta, 2017). Therefore, we utilized this environment to extract and
decipher the conditions under which SSI argumentation can generate outputs that reaffirm the
functioning of the school organization. In this way, we argue, SSI argumentation can potentially

be implemented more consistently in the school culture.
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2 Theoretical framework

2.1 Key impediments to advancing SSI argumentation

Broadly put, argumentation in science education sets goals in terms of both what students are
talking about (i.e., the scientific content of arguments), and how students argue (i.e., the
deliberative form of argumentation). These goals correspond with advancing the construction
of arguments that are truthful to scientific knowledge and ways of thinking (Evagorou &
Osborne, 2013; Venville & Dawson, 2010), and with developing norms that support
participatory democracy through dialog and deliberation (Evagorou, Nielsen, & Dillon, 2020).

We argue that the incompatibility of SSI argumentation with current schooling
objectives and practices may impede the attainment of these goals. Therefore, a necessary first
step is the articulation of contemporary schooling objectives. This is achieved by focusing on
tensions of practice at the science and dialogic fronts. We then explore the potential of an
extracurricular learning environment to reduce these tensions by providing a protective
boundary within which teachers and students can experiment with SSI argumentation. We
propose that under these conditions, we can begin to identify how SSI argumentation can be
enacted in ways that cohere with—and produce outputs that are valued by—the standards of

contemporary schooling.

2.1.1 Tensions at the science front

Engaging students in SSI argumentation can lead to a critical and scientifically informed
reflection on real-word dilemmas that also builds on their subjective social and cultural
experiences (Balgopal, Wallace, & Dahlberg, 2017), personal interests (Furberg & Silseth,
2021), and moral beliefs (Zeidler & Nichols, 2009). However, science education needs to
prepare students to argue in ways that expand their reliance on subjective knowledge and beliefs
to more objective science knowledge (Gonzalez-Howard & McNeill, 2020); this expansion may
be difficult to achieve. For example, Sadler and Zeidler (2005) examined students' reasoning
patterns in the context of SSlIs and found that they relied on rationalistic patterns of reasoning
and science knowledge for decision-making, but also on their emotions and intuition.
Subsequent studies noted that emotion and intuition dominate rationalistic reasoning in
students’ argumentation (Dawson & Venville, 2009; Venville & Dawson, 2010). Recent studies

have also noted the salience of students’ reliance on personal experiences in their processes of
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decision-making in the context of SSIs (Christenson, Rundgren, & Héglund, 2012; Grace &
Ratcliffe, 2002; Rundgren et al., 2016). What these and other studies show is that science
knowledge and ways of thinking may be backgrounded in SSI argumentation in favor of
subjective knowledge claims (Aikenhead, 2006; Albe, 2008; Namdar & Shen, 2016; Ottander
& Simon, 2021; Topgu, Yilmaz-Tuzin, & Sadler, 2011).

Students’ understanding of SSIs, charged with subjective emotional and intuitive
content, may be recognized for its contribution to learning (Furberg & Silseth, 2021). However,
inside science classrooms, priority is accorded to objective science-based knowledge (Sadler &
Donnelly, 2006; Tidemand & Nielsen, 2017; van Der Zande et al., 2009). In fact, students are
often evaluated by their ability to refrain from taking their personal, non-scientific knowledge
into account (Wu, 2013). We therefore argue that an over occurrence of arguments that rely on
subjective reasoning may conflict with the commonly understood ways of how learning is best
achieved in schools, potentially rendering SSI argumentation less valuable in these settings.
Given that successful adoption of new practices is contingent on their value when judged
according to dominant organizational objectives and ideas (Heinze & Weber, 2016), it is
difficult to imagine that SSI argumentation will be adopted with such returns. Conversely,
instances in which students employ rationalistic reasoning and science knowledge during

argumentation may be considered more fitting in classrooms.

2.1.2 Tensions at the dialogic front

When it is productive, dialogic argumentation can lead to collaborative elicitation, evaluation,
and coalescence of students' arguments (Felton, Crowell, Garcia-Mila, & Villarroel, 2019),
which holds the potential for advancement of scientific reasoning (Lowell et al., 2022). Indeed,
students' engagement in SSI argumentation has been shown to improve their ability to generate
arguments that rely more on scientific knowledge than on intuition or emotion. For example,
Arvola and Lundegard (2012) found that when discussing abortions, science content became
more dominant when students were asked to clarify their standpoint during argumentation. In
the context of gene therapy, Nielsen (2012a) found that students may invoke science content to
advance their own positions and make their arguments appear more concrete. In the same vein,
Rudsberg and Ohman (2015) showed that students invoke science knowledge during
argumentation on climate change issues to clarify and add support to their own positions, as

well as to challenge the other sides’ arguments.
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Such documentation of students’ ability to assume more epistemic and interactional
agency is what underlies much of the theoretical advocacy of dialogic argumentation in
participant structures (the ways in which interactions can be organized in the classroom) that
include interactions between learners (Kovalainen & Kumpulainen, 2005). Such participant
structures include, for example, teacher-led collaborative discussions and peer-led small-group
work. However, for the potential of these alternative participant structures to be realized,
teachers may need to assume an integral role in their management. In this regard, previous
studies have shown that teachers can navigate classroom talk and impact reasoning through the
types of questions that they raise (Oliveira, 2010), the ways in which they follow up on students’
answers (Pimentel & McNeill, 2013), and how they connect different arguments and positions
(Lowell et al., 2022).

Nevertheless, in practice, dialogic argumentation can become counterproductive in
certain situations. For example, rearranging participant structures to be conducive to
argumentation may elicit participation by students who are entrenched in their prior beliefs and
more interested in "winning" through confrontational talk than attempting to collaboratively
coalesce competing arguments (Albe, 2008; Bathgate et al., 2015). In contrast, students may try
to quickly achieve uncritical agreement, which distances them from a thoughtful resolution of
problems (M. Johnson & Mercer, 2019). In both situations, little opportunity exists for students
to exploit each other’s contributions. This may not only be counterproductive in terms of
argumentation, but may also generate resistance to implementation by signaling a loss of
teachers’ authority and control (P. H. Scott et al., 2006).

In addition, many teachers may lack the appropriate knowledge and skills to
accommodate instruction that is more conducive to dialogic interactions and collaborative
reasoning. This is true for teacher-led discussions, where teachers were documented to not be
responsive to students’ contributions (Pimentel & McNeill, 2013), or exhibited limited ability
to compare and coalesce different contributions (Lowell et al., 2022). With regard to peer-led
group work, productive talk may be stifled when teacher interventions provide direct instruction
(Blatchford, Kutnick, Baines, & Galton, 2003) or too little scaffolding (Edwards & Westgate,
1994).

Advocating for dialog-conducive participant structure is, then, necessary to bring in
dialogic SSI argumentation. However, learning in participant structures in which speakers'
communicative rights are not monitored by the teacher, but rather shared more equally among

participants, is uncommon in schools (Henderson et al., 2018), and may even be perceived as
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illegitimate (Zafrani & Yarden, 2022a). It seems that productive classroom interactions not only
yield high returns in terms of students' reliance on science knowledge, but can also potentially
bestow value on learning in participant structures that are more conducive to dialog. In contrast,
unproductive argumentation may elicit situations that can be deemed antagonistic to

contemporary schooling habits.

2.2 SSI argumentation: from the extracurricular setting to the core of schooling

The literature suggests that a balance between science knowledge and opportunities for
productive collaborative dialog is necessary to reconcile SSI argumentation with the culture of
schooling. But when pedagogies are viewed by teachers and schools as threatening their norms
of practice, they are more likely to be ignored or superficially implemented (Bridwell-Mitchell,
2015; Coburn, 2004) before teachers can have an opportunity to find this delicate balance in
their classroom implementations. In this regard, the establishment of extracurricular free
spaces—arenas that lie outside the traditional order of schooling—may afford teachers the
opportunity to experiment with contested practices (Bingham & Burch, 2019). Part of the
success of such environments is attributed to their relative freedom from the constraints of
traditional schooling. That is, they are less tied to the formal curriculum and to the endeavor of
covering it, less focused on assessment, and offer teachers and students ways to learn that
schools generally do not (Mehta & Fine, 2019a; Stewart & Jordan, 2017). When resistance is
recognized, the creation of such free spaces may be an important step toward promoting
pedagogical change.

However, without extending its influence to the rest of the organization, the
establishment of free spaces does not guarantee permanent large-scale change in practices
(Heinze & Weber, 2016). Hence, in this study, we do not view the establishment of free spaces
as an ultimate end. Rather, we view it as a temporary, innovation-focused niche where teachers
can operate more autonomously, and SSI argumentation can germinate to later be extended
more permanently into the core of schooling practices. In other words, instead of deepening the

disconnect between core schooling practices and SSI argumentation, we aim to mend it.

3 Research purpose and questions

Here, we are examining the stage at which a pedagogical change toward implementing SSI
argumentation has been initiated but not yet established, prompting the question: What are the

conditions for successfully establishing SSI argumentation as a core instructional practice
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within schools? To answer this question, we examine how SSI argumentation is conducted in a
free space that allows for the emergence of participant structures conducive to dialogic
interactions—teacher-led collaborative discussions and peer-led small-group work, focusing on
qualitative data in the form of talk and interactions. We then illustrate how SSI argumentation
in those structures can become better integrated with the goals that core schooling practices are
normatively set to achieve.

This means that what comprises normative ends for classroom interactions constitutes
a kind of benchmark against which we can compare what could possibly be attained by means
of SSI argumentation. Therefore, we explore how different participant structures might elicit
productive argumentation in which students rely on science knowledge more prominently than
on subjective emotions, intuition, or personal experiences. We sought to answer the following

research questions:

i.  When enacting teacher-led and peer-led SSI argumentation, what kind of knowledge
and reasoning did students rely on to base their arguments?

ii.  How is argumentative talk differently organized in teacher-led and peer-led interactions,
and how does its organization relate to students’ use of science knowledge and

rationalistic patterns of reasoning as the bases for their arguments?
4 Methodology

4.1 Context: the design and purpose of climax days

This study is part of a larger research project examining efforts to promote dialogic
argumentation in lower secondary schools through TPD. A TPD course was designed during
the 2019-2020 academic year to prepare 7"-grade teachers from four schools to manage full
school days dedicated to dialogic argumentation, termed "climax days". Climax days took place
at a site outside of the school, to which students came to argue open-ended questions that pertain
to societal issues that are enmeshed with science, math, and philosophy.

Five climax days were planned and carried out, with the fifth day conducted online due
to COVID-19 pandemic restrictions. On these climax days, students were asked to learn about
and negotiate the issues of: (1) genetic passports and encryption, (2) urbanization and ecological
conservation, (3) mandatory vaccination, (4) human genetic modifications, and (5) fake news

(see Appendix B for all science lesson plans).
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Each climax day was composed of three parts, two academic hours each. The first and
second parts of the day were dedicated to disciplinary modules. In these modules, students from
different schools were mixed between classrooms by their choice of interest. Each student took
part in two out of three disciplinary sessions while arranged in groups of about 20 students from
the four schools during the first part of the day (i.e., there were students who attended
mathematics and science sessions, or mathematics and philosophy sessions, or philosophy and
science sessions).

Since students often had little scholastic background, in the science module, science
teachers introduced students to a discipline-specific body of knowledge which prepared them
to offer scientifically informed arguments. Toward the end of the science module, an
argumentation-producing question that required the use of science knowledge produced earlier
in the module was presented. Similarly, mathematics and language arts teachers introduced
students to academic knowledge in their subject matter.

The third part of the climax day was interdisciplinary. This part integrated content taught
in the first two parts to discuss the interdisciplinary question of the day. In the interdisciplinary
module, students were united in their home classrooms with the science, math, and language
arts teachers who teach in their school. This design ensured that when students approached the
interdisciplinary module, their home classroom contained students who had participated in all
three disciplinary lessons and were prepared to negotiate the interdisciplinary question from
these academic angles.

In this paper, we will focus exclusively on the science teachers and on students'
negotiations of SSIs from the perspective of science. Students’ negotiations and understandings
of mathematical and philosophical ideas will be largely excluded from this paper, except when
such ideas are part of long discussions on scientific ideas.

4.2 TPD design

The focus of the 60-hour TPD course was on preparing teachers to manage the climax days in
terms of understanding dialogic pedagogy and practicing it with students, as well as in terms of
understanding the conductance of the lesson plans of the climax day. The research team
developed the lesson plans for each discipline as well as the interdisciplinary lesson plan.
Prepared materials can be conducive to change in classroom instruction because they offer
teachers concrete materials aligned with the change they seek to advance (McNeill et al., 2017).
The authors are members of the team that developed the science as well as the interdisciplinary
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lesson plans for the climax days and served as instructors in the TPD.

4.3 Participants

Six 7"-grade science teachers from four schools and their students (n = 130) participated in the
climax days (Table 3.1). The schools are in central Israel, in a city with high socioeconomic
status. The teachers, as well as their students, were chosen for participation in our study by
district administration personnel because they belong to high-track classrooms. In that sense,

the participant-selection methodology was purposive sampling (Etikan et al., 2016).

TABLE 3.1 List of participating teachers

Teacher's name School Experience
(pseudonym) (pseudonym) | (years)
Deanna Broshim 15-20
Jenny llanot >25

Trish Regavim >25

Alice Regavim 1-5
Christine Sela 20-25

Beth Sela >25

4.4 Data sources

Posing criteria for the selection of climax days to serve as the focus of this study, we sought
instances that contained variations in talk organization and reflected different participant
structures. Based on these criteria, the first and third climax days were selected for analysis.
These two climax days contained interdisciplinary activities that called for different
interactional contexts: a teacher-led argumentative discussion on the first climax day, and peer-
led small-group interactions on the third climax day. This way, students' reasoning and the talk
moves used by teachers and students could be examined across various organizations of talk.
Examples of teacher-led argumentative discussions are taken from lessons led by
teachers Jenny and Alice (Table 3.1). Due to technical constraints, all the examples of peer-led
small-group interactions were taken from a single classroom led by the teacher Deanna, as it
was the only lesson in which the group talk was captured in the high detail needed for verbatim

transcription.

4.4.1 First climax day: genetic passports and encryption

In the disciplinary science module of the first climax day, students learned how certain genetic
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disorders (e.g., a mutation that causes hemophilia) can be read in the genetic code. The activity
began with a short text detailing the occurrence of hemophilia in British royalty. The students
were then exposed to a table explaining the genetic code and were asked to translate a short
segment of the genetic sequence of the gene that is responsible for the occurrence of hemophilia.
Some sequences were altered to contain a mutation that leads to amino acid replacement.
Through that, students could understand that hemophilia is caused by genetic mutations, and
that given that the genetic sequence is available, such information can be discerned by experts.
Using this knowledge, students were asked to decide if they agree to send a sample of their
genetic information to a private genealogy company.

Using knowledge that they had acquired in this and other disciplinary modules, in the
interdisciplinary module, students were required to work in teacher-led discussion groups to
answer the question "Should citizens’ DNA sequence information be added to their biometric

passports?”.

4.4.2 Third climax day: mandatory vaccines

This day took place shortly before the COVID-19 pandemic became recognized as a global
threat. In the disciplinary module, students participated in a science activity that asked them to
work in pairs to understand the differences between the three scenarios of immune response to
whooping cough: a primary response to bacteria unfamiliar to the immune system, a secondary
response, and a response in a vaccinated individual. Students were then asked to work in pairs
to collaboratively understand the differences between the scenarios. The students were then
provided with data from the Centers for Disease Control and Prevention (CDC) on the
successful mitigation of certain diseases by vaccines. These data illustrate the effectiveness of
vaccines by giving annual numbers of vaccine-preventable diseases in the United States in the
20™ century, compared with cases reported in 2017, showing that all of the diseases have been
reduced by more than 90% (Centers for Disease Control and Prevention, 2018).

Students were then required to participate in a "catch” game that imitates the spread of
a contagious infection in populations where (a) the majority is unvaccinated, and (b) the
majority is vaccinated. The game led to a discussion of the phenomenon of herd immunity and
its social implications for immunocompromised individuals. Students were then shown a video
about an outbreak of measles in a community that is anti-vaccine, and were asked to devise

reasonable replies supporting or disputing the individuals in the video.
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In the interdisciplinary module, students had to deliberate on whether vaccines should
be state-mandated. To assist students in reaching a decision, they were asked to construct a
controversy map that illustrates the various stakeholders involved in the dilemma
(Christodoulou et al., 2021). A line was drawn on the map, with one side for mandatory
vaccinations and the other against. We provided cards detailing some of the stakeholders’
identifications and claims (e.g., a statement by an Israeli legislator stating that vaccines are
important for national health; a parent who claims that pharmaceutical companies are not
impartial in their promotion of vaccines) and students were instructed to write their own claims
on empty cards. Students were then asked to place the cards on the map according to the claims
presented in them. Finally, each group was asked to reach a consensus regarding their group’s

position on the map justified by argument, and to share it with the classroom.

4.5 Data analysis

Video and audio recordings of teacher-led and peer-led dialogic activities were collected and
transcribed verbatim. Data from students’ artifacts produced during climax days also lent
empirical support to the talk-oriented data. As the theoretical literature suggests, we paid
attention to both what (i.e., the content) students and teachers were talking about when they
discussed SSls, and how (i.e., the form) they discussed them. Transcriptions were segmented
into units of analysis, which were identified as sections in which argumentative teacher—
student, or student-student dialog occurred. Units began when the interaction exhibited
argumentation on a subject and ended with either a change of subject or when the argumentation
was concluded.

These units were then analyzed in two dimensions. First, students’ arguments were
classified according to the typology reported by Sadler and Zeidler (2005), which differentiates
students' arguments as relying on rationalistic, intuitive or emotive reasoning. Rationalistic
reasoning describes considerations that draw on science understanding and language to make
a reasoned analysis of the issue under discussion. Therefore, in this paper, reliance on
rationalistic reasoning is used interchangeably with reliance on science knowledge. For
instance, when a student's arguments exhibited science knowledge from the activity, it was
coded as relying on rationalistic reasoning. Emotive reasoning is not irrational, but whereas
rationalistic reasoning draws on science knowledge, the rationality of emotive reasoning is
rooted in subjective emotion and care-based feelings, rather than in objective science
knowledge (Zeidler & Sadler, 2007). Students’ arguments that placed a premium on care for
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others were coded as relying on emotive reasoning. Intuitive reasoning relates to an immediate
response to an issue and reflects entrenched personal conviction. When students’ arguments
were not supported with knowledge claims, rational or emotive, they were coded as relying on
intuition. To note its salience, the aspect of personal experience was also added to these
categories, reflecting student arguments that relied on a connection of the issue to their daily
lives or perceived personal relevance (Rundgren et al., 2016).

Because our concern was the integration of SSI argumentation in schooling contexts,
rather than simply typifying students’ reasoning, we aimed to bifurcate arguments into those
exhibiting rationalistic reasoning and science-based knowledge and those exhibiting subjective
knowledge and reasoning. Therefore, the idea here was to highlight instances in which
rationalistic, objective considerations, as classified by Sadler and Zeidler (2005), dominated
more subjective considerations based on emotion, intuition (Sadler & Zeidler, 2005), and
personal experience (Rundgren et al., 2016). The coding process using this framework was
carried out independently by the two authors and was negotiated until agreement was achieved.

Then we analyzed the argumentative talk moves used in an interaction with the coding
scheme offered by Felton et al. (2019), which hones in on the ways in which speakers in
arguments elicit, respond to and critique one another's thinking. The scheme presents codes for
declarative talk moves (declarative initiations), questioning talk moves (interrogative
invitations), responsive talk moves (elaborative and non-elaborative responses), and talk
moves about the process of dialog (meta-dialogic statements). The idea here was to recognize
the talk conditions under which argumentation supported or hindered collaborative reasoning
that could bolster reliance on science knowledge.

In this scheme, effective discourse occurs when speakers produce talk moves that
engage with, and act upon their partners' reasoning, thus promoting collaborative reasoning.
For example, when participants employ talk moves that allow for the surfacing, critiquing, and
coalescing of arguments to take place, effective dialogic argumentation is more likely to occur.
Such talk moves include the use of elicitation of positions and their co-construction by additions
and advancements made by peers (surfacing), requests for clarifications, justifications, or
substantiations (critiquing), or expressions of acknowledgement and accommodation of
differing positions (coalescing). Conversely, ineffective argumentative discourse undermines
dialog and can be seen in talk moves that break down communication. This can happen when
participants engage in confrontational talk and employ non-elaborative expressions of

disagreement or dismissal of competing arguments, or simply refuse to respond. It can also
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happen when participants attempt to reach a quick consensus through expressions of uncritical
agreement and reiteration of unmerited arguments. The full coding scheme and the description
of codes is available in Felton et al. (2019). The coding process using this scheme was carried
out cooperatively by the two authors of this paper. Where disagreement arose, coding decisions
were communicated explicitly until agreement was achieved

This moment-by-moment analysis of how students orient in relation to science
knowledge and to each other's contributions could provide a holistic representation of the role
of interactions in advancing students’ reasoning and collaboration. Attentiveness to such
productive orientation could pave a path toward the integration of SSI argumentation in, and its

reconciliation with the structures of contemporary schooling.

5 Findings: learning interactions conducive (and not conducive) to science-based

arguments

The sequences herein are representative of the whole data corpus. We begin by exploring how
teacher-led collaborative discussions structure argumentation on SSIs in terms of students’
reasoning (content) and in terms of their dialogism (form), using sequences 1.A-1.C. We then
continue to explore how discussions are organized for the same components in peer-led
argumentation, using sequences 2.A-2.C. Table 3.2 contains details regarding the sequences

analyzed in this section.

TABLE 3.2 Details regarding the sequences presented in the Findings section

Sequence # Name of Disciplinary / Science Discussion | Dialogic question negotiated
(Table #) climax day Interdisciplinary | teacher | type
lesson present
Would you be willing to give a
st i i
1A 1 Qllmax o Teacher- sample of your DN_A toa prl\_/ate
Day: Disciplinary Jenny company that provides genetic
(Table 3.3) . led )
Encryption sequencing?
st L Should citizens’ DNA sequence
15 Climax - . .
1.B ] T . Teacher- information be added to their
Day: Interdisciplinary Alice . .
(Table 3.4) . led biometric passports?
Encryption
2.A d 1
(Table 3.5) 3 Qllmax Deanna Should the state be allowed to
2.B I\D/Ié:%.dator Interdisciplinary Deanna Peer-led require that parents vaccinate
(Table 3.6) datory their children?
5 C vaccinations S
(Table 3.7) eanna
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5.1 Argumentation in teacher-led discussions

5.1.1 Sequence 1.A

The first sequence is taken from the first climax day, toward the end of the disciplinary module
led by Jenny (Table 3.3). The following transcript illustrates a teacher-led whole-classroom
discussion. As such, it necessitates the teacher’s management of a turn-by-turn interaction. With
this structure, the teacher invites bids for the next turn, and holds the power to determine which
turns are admitted into the discussion. The classroom discussion is focused on the question:
Would you be willing to give a sample of your DNA to a private company that provides genetic
sequencing? This sequence was initiated after the teacher, Jenny, had given the students time
to talk in pairs about the question. When they came back to the whole-classroom discussion,
students were invited to share their arguments and to base them on both the science content

learned earlier and their peers’ ideas.
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TABLE 3.3 Sequence 1.A: first climax day, disciplinary module, teacher-led discussion

Turn#  Speaker

Utterance

Pattern of reasoning

Argumentative talk move

1 Jenny Would you be willing to give a sample of your DNA to a company that provides Interrogative initiations: Position?
genetic reading? Based on all that you have learned and heard from each other, Interrogative initiations: Justify?
what do you think?

2 Student  Idon’t think so. If I send a sample, then I will know what diseases I am going to have  Rationalistic [:] Personal Elaborative responses: Position

A and all sorts of things [:] that will make me anxious. Like, I already know that my experience
grandfather has diabetes, which puts me at a greater risk for it. Just this freaks me out
and I don’t want to find out about other stuff.

3 Jenny S0, you're saying that you have prior knowledge about something in your family that Elaborative responses: Interpret
frightens you, | see. Anyone else? Interrogative initiations: Position?

4 Student On the one hand, | want to learn about my family's history. But on the other hand, Personal experience Elaborative responses: Position

B like [student A] said, this can make me anxious which I don't really... Elaborative responses: Reiterate
5 Jenny So, you're saying that it interests you but also scares you. Yes? (nominating) Elaborative responses: Interpret
Interrogative initiations: Position?
6 Student I think it is better to send it. Let's say that you send it and you find out that you Rationalistic Elaborative responses: Counterclaim
C have a high risk of having cancer. Knowing that, you can be more alert and have Elaborative responses: Co-opt
yearly examinations. And, your doctors also know and then they can tell you to
get examined more often. And then they can find the cancer and start to treat it
early, so that you can get better.
7 Jenny You're speaking about early diagnosis. Elaborative responses: Interpret
Notes:

* A shift from italic type to bold type font in utterances marks a change in the type of argumentative talk move.

** [:] marks a change in the type of reasoning used in the argument.

72




Chapter 3

In this sequence, student A's argument begins with an assessment of the strength of
genetic testing, thus exhibiting rationalistic reasoning. He then quickly moves on to ground his
refusal to submit a sample for such a test in reasons stemming from his personal biography,
thus reflecting reasoning motivated by personal experience (2). Student B frames her argument
entirely on her personal experience, saying that she wants to learn about her genealogy but
reiterating student A's reservations about finding out personal information (4).

Shifting our attention to the form of the interaction rather than its content, we can see
that while Jenny tries to bring students' ideas to the surface using a talk move that nominates
students and asks for their position (1, 3, 5), talk moves that push students to extend and expand
their arguments were not an integral part of the discussion. Instead, after each argument is
brought up, Jenny rephrases it in her own words using the talk move interpret (3, 5, 7), and then
proceeds to the next elicitation of students' positions. This is important, as it shows that Jenny
is actively listening to the students. However, as the interpretations were not followed by a
request for elaborations, there were no opportunities for students to clarify their ideas.
Consequently, students' arguments rarely implied robust scientific knowledge.

Also missing are talk moves by either Jenny or the students that push students to build
on and critique each other’s ideas. As a result, students' differing positions were not compared
or contrasted and remained in the form of a fragmented list. Without this critique, students could
reiterate arguments built on personal experience brought up in previous turns (4). An exception
to this pattern can be seen when student C co-opts his peers' arguments to offer a counterclaim
in favor of genetic testing. He uses cancer as an objective example to support his approval of
the test instead of examples that relate to subjective personal conditions (6). However, as Jenny
simply interprets his contribution in her own words (7), this rare exception is not leveraged to
elevate the discussion toward science knowledge.

5.1.2 Sequence 1.B

The following sequence (Table 3.4) is taken from the interdisciplinary module of the first
climax day. Students were asked to decide if the Supreme Court should rule to add citizens’
DNA sequence information to their biometric passports. In this activity, the classroom was
divided into three groups of about 10 students seated in a discussion group, each led by a
different teacher. Unlike Jenny, Alice is using a broader repertoire of talk moves that is more
responsive to students' arguments and which may, in some cases, have shaped students’

reasoning toward increased reliance on science knowledge.
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TABLE 3.4 Sequence 1.B: first climax day, interdisciplinary module, teacher-led discussion

Turn# Speake Utterance Pattern of reasoning Argumentative talk move
r
1 Alice We are going to hear if you are for or against. You ’ve learned a lot of content today Interrogative initiations: Position?
and this content can assist you in making your decisions, alright? It's not enough Interrogative initiations: Justify?
that you tell me your position, you also have to justify it, alright?
2 Student  I'm for. It's very useful. I also used [fingerprint identification in the airport]. The Personal experience Elaborative responses: Position
A system identified me right away.
3 Alice You're for. Can you justify your position? Why is it important to add it? Interrogative initiations: Justify?
4 Student  Erm...because of identity theft. It's very useful to know for certain that you're you. Rationalistic Elaborative responses: Justify
A
5 Alice So, what [student A] is saying is that it can prevent identity theft because the DNA Elaborative responses: Interpret
tells me if that is the right person. Interrogative initiations: Respond?
[Student B], would you like to comment on that?
6 Student | think it's a good idea. | also used [fingerprint identification] in the airport. [:] And Personal experience [:] Non-elaborative responses: Agree
B the whole thing about identity theft, | think it's very important to prevent that. Rationalistic Elaborative responses: Reiterate
7 Alice You think that identity theft should be prevented. Yes? Non-elaborative responses: Reiterate
Interrogative initiations: Position?
8 Student 1 also think that we should use it. Like [student B] said, | think that using your DNA  Rationalistic (1) Elaborative responses: Agree
C is much safer than passwords and whatnot. Because of technology, hackers can Elaborative responses: Advance
hack your computer, but your body is yours and they can't mess with it.
9 Alice What do you mean? Interrogative initiations: Clarify?
10 Student  That your DNA is yours and not anyone else's. Rationalistic (2) Elaborative responses: Clarify
C
11 Alice Your DNA is yours only. Can you explain? Non-elaborative responses: Reiterate
Interrogative initiations: Clarify?
12 Student  That there is zero chance that someone else has the same DNA. They use that to Rationalistic (3) Elaborative responses: Clarify
C protect your information.
Notes:

* A shift from italic type to bold type font in utterances marks a change in the type of argumentative talk move.
** [:] marks a change in the type of reasoning used in the argument.
*** When a pattern of reasoning or the employment of a talk move is advanced over several turns, the coding will be accompanied by a number in parentheses (e.g., turns 8, 10, 12).
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Alice frequently asked responding students to elaborate. For example, student A
referred to his previous personal experience in using the airport’s fingerprint authentication
system and used this experience to base his argument in favor of DNA databases (2). Alice then
asks for justifications for his position (3). In reply, student A uses a more objective argument,
explaining that such a database might prevent identity theft (4), thus relying on a more
rationalistic reasoning. This argument is then advanced by student C, who connects it more
explicitly to the subject matter by referencing DNA and claiming that biometric authentication
Is stronger than the use of passwords (8). Pushed by Alice for clarifications (9, 11), he further
advances his rationalistic reasoning, arguing that DNA contains information unique to each
person and could, therefore, assist in distinguishing people (12).

Alice’s elicitation of elaborations on students’ thinking may have progressively pushed
them to base their arguments on science knowledge. Most notably, student C was allowed to
advance his reasoning across three turns (8—12), which may have led to more robust rationalistic
reasoning. Similar to Jenny’s discussion, less frequent in this sequence is the use of talk moves
that connect and compare students’ contributions. Such an attempt is only made once in this

sequence when Alice calls on a specific student to respond to student A’s argument (5).

5.1.3 Summary of findings from teacher-led argumentation

Both Jenny and Alice seemed to value students’ opinions and signaled to their students that
their opinions matter. Yet, students’ opinions also contained bald assertions that often relied
solely on their subjective personal experiences. When such contributions were left
unchallenged, they were granted equal status in the discussion as those that relied on science
knowledge and rationalistic reasoning. Through that process, discussions may have deviated
away from science and toward subjective knowledge claims, potentially hampering the
perceived value of such discussions in the classroom. When confronted with requests for
clarifications, students' arguments seemed to exhibit more reliance on science knowledge,
which makes this talk move integral to making SSI argumentation compatible with current
organizational practices. Moreover, in both sequences, students had only limited opportunities
to comment on their peers’ arguments, and their contributions remained firmly directed at the

teachers, hampering the level of critique in the classroom.

5.2 Argumentation in peer-led small groups

For argumentation in peer-led small groups, teachers circulated among the groups and were
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only occasionally present for the discussions. Accordingly, the following sequences are
characterized by the absence of teacher’s turns, and by students’ use of a repertoire of talk
moves usually reserved for teachers. That is, students not only answered questions, they also
asked them, thus potentially allowing for more critique to enter the discussions. As such,
communicative rights are not monitored by a single individual in a series of predetermined turns
but seem to be shared more equally among participants who negotiate the terms of their
interaction moment by moment.

Taken from the interdisciplinary module of the third climax day, the following
transcripts illustrate how students in three groups (out of four from one classroom) negotiated
the dilemma: Should the state be allowed to require that parents vaccinate their children? In
comparing the following sequences to teacher-led discussions (sequences 1.A and 1.B in Tables
3 and 4), we can examine how organization of participant structures away from teacher
management may hold potential for the advancement of rationalistic reasoning, but also

impinge upon dialogism.

5.2.1 Sequence 2.A

In the next sequence (Table 3.5), student A presents an argument for mandatory vaccination
substantiated by the CDC data on the effectiveness of vaccines presented in the disciplinary
science module. Though substantiated, her peers systematically refuse to acknowledge her

argument and to incorporate it into their group’s position.
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TABLE 3.5 Sequence 2.A: third climax day, interdisciplinary module, peer-led discussion, group 1

Turn# Speaker

Utterance

Pattern of reasoning

Argumentative talk move

* A shift from italic type to bold type font in utterances marks a change in the type of argumentative talk move.

** When a pattern of reasoning or the employment of a talk move is advanced over several turns, the coding will be accompanied by a number in parentheses.

*** |n certain turns, the pattern of reasoning does not stand alone and could be identified only in relation to the following turn that revealed more clearly the student’s reasoning (e.g., turns
3,7)

1 Student A [Reading her argument card] | am for mandatory vaccination. If everyone gets Rationalistic (1) Elaborative responses: Position
vaccinated, then eventually the disease will vanish from the world.
2 Student B Is that true? [said decisively, with a tone implying "I don 't think that is true"] Non-elaborative responses: Dismiss
3 Student C  No. It doesn't work like that. Intuitive Non-elaborative responses: Dismiss
4 Student A Yes, it does. That's what happened with smallpox. Rationalistic (2) Elaborative responses: Substantiate
5 Student B But not because they got vaccinated. Intuitive Non-elaborative responses: Dismiss
6 Student A It was because they got vaccinated. Rationalistic Non-elaborative responses: Disagree
7 Student B It was because they all got sick and died. Intuitive Elaborative responses: Counterclaim
8 Student C  They got sick and died. Intuitive Non-elaborative responses: Reiterate
9 Student A But then they realized that they need to vaccinate everyone before they get sick and Rationalistic Elaborative responses: Advance
then it vanished from the world.
10 Student B But everyone is getting the flu vaccine, and people are still getting sick. Rationalistic Elaborative responses: Counterclaim
11 Student A | don’t understand what you're saying. What don’t you agree with? Interrogative initiations: Clarify?
12 Student B It won 't just vanish like that. If everyone will be vaccinated, it will vanish. You wrote Intuitive Non-elaborative responses: Counter
that. unsubstantiated claim
13 Student A And? If everyone gets vaccinated, you won't have people that infect others. The flu Rationalistic (3) Elaborative responses: Advance
spreads when someone infects you. When someone coughs on you. Think that from the
start no one can get sick because they are vaccinated, then they also can't infect you.
14 Student C It can't vanish. What you wrote is incorrect. Intuitive Non-elaborative responses: Reiterate
Non-elaborative responses: Dismiss
15 Student A What’s incorrect?!? I honestly don’t understand. Alright! You know what?!? there’s Interrogative initiations: Clarify?
no argument. Meta-dialogic statements: Refuse
Notes:
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Student A presents a claim that mass vaccinations can potentially eradicate certain
diseases (1). Based on the data, this argument was coded as exhibiting rationalistic reasoning.
The two other students in her group immediately dismiss her argument as incorrect (2, 3).
Student A then cites the eradication of smallpox as evidence (4). Regardless, student B
continues to dismiss the argument (5), then offers a counterclaim that smallpox was eradicated
because all infected individuals died from the disease (7). Student A, in response, further
advances her argument, stating that vaccinations, and not mortality, eradicated smallpox (9).

Student B then shifts the focus of the discussion to the flu, offering the counterclaim
that it has not been eradicated, even though flu vaccines exist (10). Since it weighs factual
disadvantages of vaccines, this argument was coded as informed by rationalistic reasoning. At
this point, student A further pushes student B to clarify her disagreement (11). Instead of
providing clarifications, student B reverts to an intuitive response and dismisses student A’s
claim without providing any additional elaborations (counter unsubstantiated claim). Student
A further advances her rationalistic argument with a detailed explanation for why mass
vaccination can prevent the spread of the flu (13).

As student C continued to dismiss student A’s argument (14) who, in turn, refused to
further participate in the discussion (15), the interaction collapsed. The confrontational tone of
the argumentation led to its premature closure, as student A gave up her argument and replaced
it in the group's controversy map with an argument that states that “getting vaccinated will
significantly reduce the number of infected individuals” (Figure 3.1, blue callout).

If we combine student A’s utterances from across the discussion, we can see that she
raised a data-based claim (vaccines can eradicate certain diseases), provided a specific example
for that principle from data (eradication of smallpox), and offered a mechanism through which
this principle is achieved (prevents sick individuals from infecting others). She also challenged
her peers to elaborate on their disagreement by asking for clarification. However, there is little
verbal evidence of active listening by her peers. In fact, it appears that they were more interested
in being confrontational with student A than in hearing and responding to her argument.

To justify mandatory vaccinations, other cards prepared by this group's members
contained arguments that were less specific in their relation to science knowledge and less
grounded in data. It was these arguments, however, that were more visible to the teacher and to
the classroom than the ones raised during group argumentation. Their increased visibility
relative to more scientific arguments can, therefore, potentially undermine the perceived value

of SSI argumentation.
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I’'m for vaccines but against
mandating them. I think itisa
privilege to be able to get
vaccinated because it can
protect you. Getting vaccinated
will significantly reduce the
number of infected individuals

I'm for state mandated vaccines
because the chance of the disease
spreading is smaller if we all get
vaccinated. It is our duty to protect
ourselves but also our
community...

| PO okym nnix

I’m against because |
understand that there are
parents who need to be able to
decide whether to vaccinate
their kids or not, because some
vaccines have many side effects

FIGURE 3.1 A photograph of the students’ map, group 1. Callouts showcase translations of

selected arguments. Blue callout is student A’s final argument.

5.2.2 Sequence 2.B

The next sequence (Table 3.6) also illustrates confrontational talk, but with the added value of

turns that illustrate productive argumentation. Here, we can see how arguments made by

students E and F become increasingly advanced and substantiated when they seek to

collaboratively advance their position, being in favor of mandatory vaccination, over the

opposing student D.
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TABLE 3.6 Sequence 2.B: third climax day, interdisciplinary module, peer-led discussion, group 2

* A shift from italic type to bold type font in utterances marks a change in the type of argumentative talk move.
** When a pattern of reasoning or the employment of a talk move is advanced over several turns, the coding will be accompanied by a number in parentheses.

Turn#  Speaker Utterance Pattern of reasoning Argumentative talk move
1 StudentF  [fthere's a disease that’s deadly and those who do not get vaccinated put the whole Rationalistic (1) Elaborative responses: Position
world at risk, then we should make it [vaccination] mandatory.
2 Student E It's better that the bacteria in your body be killed than be alive and kill you. Rationalistic Elaborative responses: Advance
3 Student D But you can't force someone to get vaccinated. You can't tell them what to do with Intuitive Elaborative responses: Counterclaim
their bodies.
4 Student E  Depends on the type of disease. If it's deadly, like smallpox, which by the way is Rationalistic (2) Elaborative responses: Add
extinct, but if it still existed today ... substantiate (1)
5 Student D You can recommend getting vaccinated, but you can't just force people. Intuitive Elaborative responses: Accommodate
6 Student F But they don’t just put themselves at risk, they also put everyone else at risk. Emotive Elaborative responses: Counterclaim
7 Student E  Have you been in the math module? Look [draws an illustration explaining how RO is  Rationalistic (3) Elaborative responses: Add
calculated]. People marked with X are vaccinated and people marked with o are not substantiate (2)
vaccinated. This guy [points at his illustration], he wasn't vaccinated, so he got sick.
These guys are vaccinated, so they're fine. These vaccinated guys saved all of these
unvaccinated guys. They stopped the spread of the disease! There’s a certain number
of people who need to get vaccinated so that people like Mr. [student D], who don’t
want to get vaccinated, won 't have to. It's RO minus 1 divided by R0. So, 4 minus 1
divided by 4. So, three quarters of the world population need to get vaccinated.
8 Student D I'm not saying that you shouldn’t get vaccinated at any cost. Sometimes you need to Rationalistic Elaborative responses: Acknowledge
get vaccinated, but it depends! Flu — against. Covid - probably for. Elaborative responses:
Accommodate
9 Student F But that's exactly our point! That's why we placed [our group's position card] in the Rationalistic Elaborative responses: Acknowledge
middle [of our map]!
10 Student D But you can't force people! Intuitive Elaborative responses: Reiterate
11 Student E But it endangers other people! Emotive Elaborative responses: Reiterate
Notes:
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Earlier in the activity, student D stated that he is anti-vaccine because his parents refuse
vaccines in favor of the non-interventional mechanism of illness recovery. To persuade him to
be for vaccines, student F offered an argument that relied on rationalistic reasoning (1), stating
that vaccines against deadly diseases should be mandatory, as unvaccinated individuals put
others in their surroundings at risk. Student D remained firmly entrenched in his position,
offering a counterclaim that did not offer reasoning beyond intuitive objection (3). Student E
added rationalistic strength and data-based substantiations to student F's argument, stating that
smallpox vanished after the discovery of vaccines (4).

At this point, student D softened his positionality by intuitively stating that vaccination
can be recommended but not mandated, thus accommodating his peers' position (5). To further
persuade him, student E stated a substantiated and rationalistic argument that relied on the
mathematical calculation of basic reproduction ratio, which was introduced to students in the
math module (7). Student D then revised and accommodated his argument to incorporate the
weighted, rationalistic calculations in favor of vaccines that relied on his peers' arguments, and
not just intuitive resistance (8).

This sequence, however, ended with a confrontational tone. Both sides returned to
ignoring each other’s positions, as can be noted by the one-sided reiteration of previously stated
claims (10, 11). To resolve their differences, the students opted for a voting strategy. To mark
the group's positionality, each student assigned a numerical value to their position ranging
between zero (total resistance) and 100 (complete support of mandatory vaccinations). The
average of the group's positioning on the line was then calculated. Student F stated that she and
student E acknowledged student D's opposition when they positioned themselves in the middle
of the controversy line, which for them indicated that some, but not all vaccines should be
mandated (9).

Despite his peers' acknowledgement and their scientifically based and data-
substantiated arguments, student D assigned the value 30% to his position (in turns following
the sequence presented in Table 3.6), placing his group's position on the resisting side (Figure
3.2). Moreover, most of their scientifically backed considerations, those whose appearance
could potentially bestow value on SSI argumentation in the teacher's eyes, did not appear in
their concluding remarks presented to the whole classroom. Instead, they stated that "It's not
right to force someone to get vaccinated against their will, but sometimes you might have to
because they can put everyone else at risk."”
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If you don't get
vaccinated, you'll infect |

- | others, and you might R
even spread a pandemic

IXD D'RYDY DMK

Against

FIGURE 3.2 A photograph of the students’ map, group 2.

5.2.3 Sequence 2.C

In the following sequence (Table 3.7), students exhibit uncritical agreement with each other’s
claims, even when such claims contrast with their own positions and with science knowledge
learned earlier in the day. Though not confrontational, the result of such interactions may also
background scientific knowledge and foreground students' subjective experiences.
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TABLE 3.7 Sequence 2.C: third climax day, interdisciplinary module, peer-led discussion, group 3

Turn#  Speaker

Utterance

Pattern of reasoning

Argumentative talk move

1 Student G I'm for vaccines, but I don’t think they should be mandatory. Intuitive Elaborative responses: Position

2 Student H I'm also for vaccines but against mandatory vaccination. In the end, if you don't Intuitive Non-elaborative responses: Reiterate
want to get vaccinated, it's your problem. Elaborative responses: Add

3 Student G It's not only their problem. There are people with cancer and babies (who are Emotive Elaborative responses: Counterclaim
vulnerable).

4 Student I  Unvaccinated people can also harm others in their surroundings. Rationalistic Elaborative responses: Counterclaim

5 Student G | said the same thing. Basically, if you don't want to get vaccinated, it's your Intuitive [:] Non-elaborative responses: Agree
problem because you will be the one getting infected, and if you're vaccinated Emotive Elaborative responses: Advance
then you're protected. [:] But then there are people with cancer and babies who can't Elaborative responses: Counterclaim
get vaccinated and it's just not fair.

6 StudentJ 1 get that you can harm people around you, | also wrote that, [:] but you also haveto  Emotive [:] Personal experience  Elaborative responses: Acknowledge
think about yourself. Like, I've had several vaccines and they make me feel sick. | Elaborative responses:
think that it should be elective. | don't think you should force it on people who don't Counterclaim
want it. Elaborative responses: Position

7 Student K There are also people, like my dad, who are afraid of needles and can even faint if Personal experience [:] Elaborative responses: Add
they see a needle. [:] I think that if most of the population is already vaccinated, Rationalistic Elaborative responses: Position
then we shouldn't force it on people.

8 StudentJ My dad got the flu vaccine and a few minutes later his hand started to hurt. [:] It also Personal experience [:] Elaborative responses: Add
takes like a month until it starts working and you can get infected in that period. So, |  Rationalistic Elaborative responses: Position
don’t think we should force it on people.

Notes:

* A shift from italic type to bold type font in utterances marks a change in the type of argumentative talk move.

** [:] marks a change in the type of reasoning used in the argument.
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Throughout most of the sequence, these students exhibited uncritical agreement with
each other. This is evident in the response to student H’s intuitive claim that vaccines should
not be mandated because unvaccinated individuals put only themselves at risk (2). Students G
and | provide counterclaims, stating that vaccine refusal risks immunocompromised individuals
and may lead to widespread infection, thus representing emotive (3) and rationalistic reasoning
(4). Yet, in a later turn, student G advances student H’s claim that unvaccinated individuals risk
only themselves, even though it is not attributable to science knowledge. Only after such an
agreement is established does student G provide a counterclaim motivated by emotive
reasoning, repeating the social need to protect immunocompromised individuals (5).

Student J then acknowledges the potential societal benefits of mandated vaccinations
(6), but quickly shifts the focus and presents a counterclaim for mandatory vaccinations that
relies on her personal experiences. Student K adds details that rely on her personal experience
as well (7). Together, they object to mandatory vaccinations for reasons pertaining to their past
experiences (6), their familiarity with people who are afraid of needles (7), and their familiarity
with people who have had adverse side effects to vaccines (8). These claims were not backed
by an objective body of knowledge, but nonetheless were accepted uncritically by the group.

The groups’ positioning on their map was at the extreme end of the "against" side
(Figure 3.3). The students' justification for their positioning illustrates that considerations
related to their personal experiences and emotions eventually drove their resolution of the
dilemma. They stated that “we think that vaccines should not be mandatory because there are
traumatized and anxious people [about vaccines]” (personal experience), with the claim that
“it's good to get vaccinated so as to not endanger cancer patients and babies” (emotive

reasoning) added as a reservation (Figure 3, blue callout).

Get Vaccinated. Its important for your
health and so that you won't infect
people around god forbid! and that
your family won’t get infected!

We think that vaccines should not be mandatory because
there are traumatized and anxious people. Also, it's good to
get vaccinated to not endanger cancer patients and babies

FIGURE 3.3 A photograph of the students’ map, group 3. Blue callout is the group’s final

argument.
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5.2.4 Summary of findings from peer-led argumentation

At times, students who participated in peer-led small-group argumentation developed
arguments that relied extensively on science content and rationalistic reasoning. Such
arguments might have been raised when students wanted to strengthen their position in
countering their peers’ objections. On such occasions, students developed their arguments
across several talk turns and offered more elaborate arguments in comparison to those raised in
teacher-led argumentation. However, when the argumentation became heated and
confrontational, students sometimes refused to acknowledge their peers' scientifically backed
arguments. Conversely, students in arguments who aimed to reach a quick consensus neglected
valuable critique of arguments that lacked validity, and which relied more prominently on
subjective experiences and intuition. Moreover, though instances in which students relied more
on science knowledge were noticeable in the group talk, they were eventually backgrounded in

the more visible end product of the argumentation—the controversy map and its presentation.

6 Discussion

To date, progress on the implementation of SSI argumentation has been modest at best, and
superficial in many documented cases (Tidemand & Nielsen, 2017). In this regard, the
perceived fit of organizational practices with dominant organizational objectives is widely
recognized as crucial for substantive adoption (Coburn, 2004). We join this insight and argue
that to move toward sustainable and substantive implementation of SSI argumentation as a core
instructional practice, this perceived fit needs to be examined. However, the interactional
conditions under which SSI argumentation can be more integrative and coherent with dominant
schooling norms and objectives are murky.

To navigate this uncertain situation, we first showed that what places SSI argumentation
outside the basis for justifiable implementation may be related to two substantial tensions with
contemporary schooling objectives: one related to the content of learning interactions
(Rundgren et al., 2016; Sadler & Zeidler, 2005), and one related to the form of learning
interactions that emerges in alternative participant structures (Zafrani & Yarden, 2022a). Efforts
to implement SSI argumentation as a core instructional practice, we argue, must address and
alleviate these tensions. Otherwise, the achievement of schooling objectives may be seen as

threatened.

85



Chapter 3

We set forth with such efforts in an extra-organizational free space shielded from
organizational conflicts and tensions, in which teachers and students could participate in SSI
argumentation in ways that might be disapproved of inside schools. In this testing ground,
learning interactions that were effective, and those that required modification to be considered
compatible with schools could be identified. Qualitative exploration of the interactional details
of enactments of SSI argumentation may shed some light on how practical integration could
potentially begin to take place.

We explored how the details of classroom interactions occurring during SSI
argumentation might illuminate the conditions under which students rely more prominently on
science knowledge and rationalistic patterns of reasoning, but also the conditions under which
such reliance is undermined in favor of subjective knowledge claims. Thus, our findings
identified some factors that may allow the integration of SSI argumentation as a core
instructional practice, but also emphasized the associated challenges. In the following, we

discuss these in relation to what is known from previous studies.

6.1 When pedagogical innovation and tradition converge

Previous studies have suggested that it is personal experience, intuition, and emotional
considerations—and not scientific understanding—that provide the primary guide for students’
negotiations of SSIs (Nielsen, 2012; Venville & Dawson, 2010). Though rich in personal
contexts that can encourage students’ engagement (Furberg & Silseth, 2021; Zeidler & Sadler,
2007), such reliance on subjective knowledge may also distance SSI argumentation from its
potential integration with schooling culture, where the priorities favor objective scientific
knowledge and rationalistic reasoning (van Der Zande et al., 2009; Venville & Dawson, 2010).

The literature suggests that the absence of teachers’ use of interrogative interactions in
classroom discussions may hamper productive reasoning (Lowell et al., 2022; Pimentel &
McNeill, 2013). Our observations of teacher-led interactions indeed suggested that when
teachers do not employ interrogative talk moves, students’ contributions often do not extend
past subjective knowledge (Table 3.8, teacher-led non-interrogative talk). However, where
interrogative interactional moves were employed more prominently, such as when teachers
asked students to elaborate their thinking, students' reliance on rationalistic reasoning seemed
more visible (Table 3.8, teacher-led interrogative talk). In our data, this was achieved through

the use of moves that went beyond mere elicitation to include requests for clarifications and
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justifications over several turns. Thus, teachers' employment of such talk moves may render the
products of SSI argumentation more suitable for the culture of contemporary schooling.

In certain talk conditions of peer-led argumentation, students' arguments relied
extensively on science knowledge and rationalistic reasoning. As in previous studies (Arvola
& Lundegard, 2012; Nielsen, 2012a), our data illustrate that such reliance occurred when
students had to defend their argument in the face of opposition. The granular details of the
interactions reveal that this was achieved through the employment of moves that added
substantiations and strength to arguments in response to opposition that relied on more
subjective and less valid knowledge (Table 3.8, peer-led confrontational and productive talk).

It appears, then, that critiquing talk initiated by teachers (e.g., follow-up interrogations)
or by students (e.g., expressing opposing arguments) may have given more prominence to
arguments that rely on science knowledge and rationalistic reasoning compared to instances

where critique was absent.

TABLE 3.8 Structure, organization, and product of SSI argumentation

Participant | Organization of interactions Key talk moves Product of interactions
structure (according to Felton
et al., 2019)

Teacher-led | e Non-interrogative talk: Eliciting | Position? o Subjective knowledge claims
students' ideas with no follow-up | Interpret mediate the argumentation
questioning e Undeveloped reliance on

¢ No attempt to compare students' science knowledge and
differing positions rationalistic reasoning

e Interrogative talk: Eliciting Clarify? o Arguments are developed
students' ideas with responsive across several turns
follow-up questioning o Increased reliance on science

e Minimal attempt to compare knowledge and rationalistic
students' differing positions reasoning

Minimal critiquing activity

Peer-led e Confrontational talk: No attempt | Counterclaim, o Reliance on science
to explore differing positions Dismiss knowledge and rationalistic
reasoning to convince an
opponent
o Absence of listening and
argumentation collapse
e Productive talk: Attempt to Counterclaim, e Reliance on science
explore differing positions Substantiate, knowledge to convince an
without neglecting critique Advance, opponent
Accommodate e Listening to and
acknowledging differing
positions
e Uncritical talk: No attempt at Agree, Add e Subjective knowledge claims
critiquing differing positions mediate the argumentation
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6.2 When pedagogical innovation and tradition collide

While showing the potential for SSI argumentation to converge with schooling culture, our
findings also illustrate instances of potential collision. Overall, our findings show that teachers
may lack the knowledge and competence needed to intensify students’ reliance on science
knowledge and support productive argumentation in both teacher-led and peer-led participant
structures.

In teacher-led interactions, our observations suggest that teachers may have difficulty
managing argumentation in productive ways. This was most notable in the absence of talk
moves that required students to critique and expand each other's contributions. Instead, and
similar to previous studies (Lowell et al., 2022), teachers in our study often opted to elicit
arguments individually (Table 3.8, Teacher-led interrogative and non-interrogative talk). This
action may be problematic for the integration of SSI argumentation into schools as it does not
elevate student arguments that rely on science knowledge and rationalistic reasoning compared
to those that rely on subjective knowledge.

Our findings also suggest that a peer-led organization of talk may impinge on the form
of argumentation, as also identified in previous studies where it was related to students’
sociability issues (Bathgate et al., 2015). In our data, argumentation tended to be confrontational
and marked with disagreement and dismissal of opposing stances (Table 8, peer-led
confrontational talk) or conversely, marked with uncritical agreement with arguments that rely
on personal experiences and emotions (Table 3.8, peer-led uncritical talk). Though both cases
differ in their form of argumentation, the ultimate result, as illustrated in students’ artifacts,
tended to obscure their prior reliance on science knowledge. Such instances can potentially
hinder the acceptability of SSI argumentation as a core instructional practice.

Before becoming non-productive, peer-led argumentation in small groups elicited more
scientifically robust arguments than the teacher-led discussions did. However, because the
teacher circulated among the peer groups, these arguments were mostly visible to the group
members and hidden from the teacher’s attention. These findings suggest that the teachers carry
some responsibility in the efforts to render argumentation in small groups more productive, and
that they may lack knowledge and competence in managing group dialog. Therefore, to
reconcile SSI argumentation and schooling tradition, more proactive involvement may be
required from the teachers to build capacity for argumentation that is not confrontational or
uncritical, as well as to leverage instances where students rely on science knowledge so that

such instances will not be confounded within the group talk.
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6.3 Implications

This study extends previous work in that it attributes an instrumental significance to teachers'
employment of talk moves that have been recognized as productive (Felton et al., 2019; Lowell
et al., 2022), but not as an end in and of itself. Given that schools do not prioritize SSI
argumentation, such an approach may induce resistance in practice (Kilinc et al., 2017). Rather,
we argue, successful implementation may lie in adjusting those aspects of the traditional
objectives that directly impede SSI argumentation, while still maintaining the compatibility of
SSI argumentation for achieving said objectives. Such leveraging of the customs of work to
bolster a pedagogical innovation may allow schools to experiment with pedagogies without
having to digress significantly from their existing repertoire of practices (Bingham & Burch,
2019).

The ways in which this aim can be achieved are born out of the instrumental significance
of productive argumentation. Our findings draw attention to the particular importance of teacher
preparation for the implementation of SSI argumentation in ways that manage its
incompatibility with schooling objectives, thereby reducing the risks and costs of this
pedagogy. Such preparation might include an emphasis on the use of talk moves that can shift
talk away from subjective experience and toward objective contributions that are more valuable
within the culture of schooling. Previous studies have shown that increasing teachers’
awareness of productive interactions improves classroom talk (Oliveira, 2010). Our findings
extend this work and show that without such awareness, enactments of SSI argumentation can
easily sway toward more subjective and trivial knowledge claims, which may be less valued in
science classrooms (van Der Zande et al., 2009).

It is important to state that we certainly do not endorse the exclusion of students’
reliance on personal experiences, intuitions, and emotions. The realm of subjective experience
remains a fertile ground for students’ equitable engagement (Furberg & Silseth, 2021; Zeidler
& Sadler, 2007). However, in a culture that places a premium on objective scientific knowledge,
reliance on subjective experiences may prevent the incorporation of SSI argumentation
altogether. Rather, we asked how SSI argumentation can be integrative and in service of the
norms and goals that schools are currently set to achieve while remaining rigorously directed
toward the scientific and dialogic goals of argumentation. Though research remains to be done,
our hope is that our findings will contribute to the design of TPD courses that can support larger-
scale and permanent adoption of SSI argumentation.
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7 Limitations

While we believe our study can contribute to the implementation of SSI argumentation in
schools, it also has limitations. The first relates to the data sources. This study focused on the
parameters of classroom interactions separated from the attributions of individual teachers and
schools. However, successes or failures within this educational intervention may not be
exclusively explained by properties inherent to the intervention and can also be attributed to its
fit with pre-existing school characteristics, or the pedagogical capacity with which teachers
implement the intervention (Coburn, 2004). In this sense, future research could potentially
benefit from tracking school- and teacher-level conditions to answer the question of why
enactments of SSI argumentation unfold differently across teachers and participant structures.
The second limitation relates to generalizability. While the small sample size did enable a
detailed view of the mechanisms of enactments, which cannot be observed on a large-scale,

generalizations from the findings to larger sets of science teachers and students cannot be made.
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CHAPTER 4. Discussion and conclusions

"It is difficult to get someone to understand something, when their salary depends upon
them not understanding it" (Sinclair, 1935, p. 109)

1 Integrating theory and methods for the advancement of dialogic argumentation

While the research in this dissertation was conducted in Israel, the puzzle it attends to is global
- educational reformers and researchers are trying to advance student-centered pedagogies in a
school system geared mainly towards teacher-centered pedagogy (Mehta & Fine, 2019b).
Reform mandates advocating for the incoming of dialogic argumentation into schools also
belong to this movement. Grounded in constructivist notions of learning, these reform mandates
sought to shift the object of science instruction from focusing on a collection of facts and
science terminologies to the induction of students to the epistemologies, norms, and
dispositions of science (NGSS, 2013). To approximate this objective, proponents of this view
argue, committing science knowledge to memory is insufficient. Instead, learning must allow
students to collaboratively construct explanations of their own to scientific phenomena and
examine those explanations against evidence and against the explanations of their peers (Driver
et al., 2000; Kuhn, 2010; Macagno et al., 2015; Ryu & Sandoval, 2012, 2015), just like
professional scientists do.

However, we continue to find substantial evidence that reform mandates advocating for
the incoming of dialogic argumentation, such as the NGSS (2013) and the NRC (2012), have
been unsuccessful in penetrating schools’ walls at scale and in influencing how teachers teach
and students learn science (Henderson et al., 2018; McNeill & Berland, 2017; Teo, 2019;
Wilkinson et al., 2017). Relating to both the constraints and affordances for implementation,
this dissertation is focused on why it is so difficult - and what would it take - to dislodge the
dominant teacher-centered pedagogy and modes of interaction for the incoming of dialogic
pedagogy. I, therefore, began this dissertation by raising the overarching question:

Why don’t more schools, and the teachers who work in them, seek to incorporate dialogic
argumentation more prominently into their science classrooms, and what can be done to
help them to do so?

Relating to this two-part question, a recurring argument encountered throughout both
studies that compose this dissertation was that organizational actors might implement

innovative practices to the extent that these practices are considered legitimate inside their
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organizations (Bingham & Burch, 2019; Bridwell-Mitchell, 2013; Heinze & Weber, 2016;
Malhotra et al., 2021; Sonenshein, 2016).

Lending impetus and validity to this argument are previous studies that illustrate how
this process of implementation might occur in varying organizations. For example, in healthcare
organizations, medical professionals were more successful in integrating practices that diverge
from western medicine, and that belong to integrative medicine, after they learned what
approaches were most effective in limiting the resistance that might arise when introducing
these practices to their organization (Heinze & Weber, 2016). In university-industry
collaborations, university researchers working in an environment who values open publishing
and academic freedom, were more willing to embrace industry-oriented practices that adhere
to a commercial value to the extent such practices did not jeopardize high-quality academic
research (Perkmann et al., 2019). In law firms, actors who advocate for work-family balance in
work-intensive environments, strategically responded to anticipated resistance by discursively
minimizing the threat of new practices to the legitimate conduct of their organizations
(Malhotra et al., 2021). Jointly, these studies seek to understand how the implementation of a
new organizational practice can be pursued and attained in an environment highly constrained
by formal structures and routines that might make the new practice appear illegitimate.

| extend this line of research in the two studies that comprise this dissertation by
exploring how the process of implementation of dialogic argumentation, a practice that may not
be accepted as legitimate, unfolds in the educational field, and in school organizations. Both
studies squarely position verbal interactions between teachers and students, and between
students and their peers, at the heart of both constraints and affordances to efforts to implement
dialogic argumentation in science classrooms. However, they differ in their focus and explore
the process of implementation from complementary theoretical lenses.

The study outlined in Chapter 2 is focused on how the practice of dialog argumentation
may be excluded from the interests and missions of contemporary school organizations and,
therefore, perceived as illegitimate. In other words, it explores in granularity how instructional
practices can become separate from schools' organizational conduct, thereby answering the first
part of the overarching question that deals with constraints to implementation. Conversely, by
focusing on opportunities to better align dialogic argumentation with the interests and missions
of contemporary schooling, the study in Chapter 3 explores how instructional practices can
become reconciled with organizational conduct. As such reconciliation depends on the

perceived legitimacy of the new practice by the target audience (Sonenshein, 2016), this
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exploration proposes an initial important step towards resolving the second part of the
overarching question that deals with affordances for implementation.

In this discussion, | seek accumulativeness and dialog among this diversity of
perspectives to develop analytical and thematic connections between the two studies. Below |
discuss the contributions from both studies to theory and to practice and formalize the findings

into propositions.

2 Contributions to theory

2.1 The conditions that entails for practice separation

In Chapter 2, | present an analysis of the relationship between how teachers are accustomed to
do their work and the development of new teaching practices aimed at enhancing dialogic
argumentation. This analysis is built around a view of organizations as institutionalized, which
means that they operate according to taken-for-granted, master principles, termed institutional
logics, that define and shape legitimate organizational behavior and provide motives for
organizational actions (Reay & Jones, 2016; Thornton & Ocasio, 2008; Zilber, 2016). Focusing
on school organizations, this means that teachers’ definitions of what it means to teach in
legitimate ways are embedded within and shaped by the organizational culture of their schools,
which are themselves embedded within and shaped by wider institutional logics (Bridwell-
Mitchell, 2015).

Institutional logics not only prescribe what constitutes taken-for-granted organizational
missions, but also provide legitimate means to achieve these missions (Thornton & Ocasio,
2008). In this sense of embeddedness, macro-level institutional understandings are embedded
in teachers’ work and, thus, in micro-level classroom learning interactions (Heritage, 2005;
Sarangi & Roberts, 2008; Seedhouse, 2004). That is, classroom interactions can be positively
related to institutional mandates, and therefore legitimate, if they are structured in such a way
that advances the attainment of organizational missions. To the contrary, classroom interactions
can be negatively related to institutional mandates and illegitimate if they undermine the
attainment of such missions,

I, therefore, propose in this study that these two levels of social structuring, the
institutional and the interactional, shape instructional practices inside schools. The data from
this study revealed two important insights; the existence of a shared teacher understanding

about the appropriate missions of schools, and the existence of clear interactional structures
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used in classrooms to fulfill these missions — both of which misaligned with the mission of
recent reform documents in general, and of this study in particular, to implement dialogic
argumentation.

The analysis grounds three central institutional logics that provide teachers guidance to
how to teach in appropriate ways, the logics of: accountability, tracking, and the profession. Of
course, not all teachers invoked these logics with the same intensity, but they all expressed the
notion of being constrained by the same aggregate of institutional mandates that imbue their
work with sources of legitimacy.

All these logics intertwine with each other in how they inform appropriate instruction
and undermine dialogic argumentation. Invoking the logic of accountability, teachers took their
cues for what is worth teaching exclusively towards the material that will appear in standardized
tests. In this form of classroom conduct, the accurate acquisition of science vocabularies and
facts, and not the collaborative construction of knowledge, appears to compose the objectives
of learning. Institutionalized tracking meant to teachers that accessibility to high status science
knowledge should be stratified across tracks. Thus, instead of committing to provide equal
opportunities for students to engage in demanding learning practices, acting by this logic may
have deprived low track students of engagement with dialogic argumentation. Invoking the
logic of the profession, teachers saw themselves as the ones who were primarily responsible for
students’ learning, not the students themselves, or a collaboration between teachers and
students. Learning, by this logic, was made possible by directly providing students with science
knowledge and facts.

| then proposed, by connecting classroom talk to its institutional context (Heritage,
2005; Seedhouse, 2005), that schooling objectives justified by the macro-level logics of
accountability, tracking, and the profession were all made achievable through micro-level
classroom interactions, thereby suggesting that the institutionalization of schools may rest on
an interactional bedrock. Grounded in in-depth analysis of verbal classroom interactions, I
suggested that teachers may design classroom conduct and orient learning interactions by
reference to the goals and missions of the school institution, as they understand them. These
institutionally sensitive interactions typically follow the IRE pattern of talk. | connected the
structure of classroom interactions to their institutional contexts by exhibiting features of
actions and teacher-student relations that are characteristic to the school institution. I then
argued that the institutional context may be positively related to the maintenance of interactions
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that engender teacher-centered instruction, and negatively related to dialogic interactions in the
sense that such interactions are avoided.

Specifically, | showed that by orienting to the logic of accountability, interactional
sequences were designed to resemble testing, in which teacher questions and evaluations
directed students towards accuracy. Such interactions undermined the exploration of students-
generated understandings, which is needed for productive argumentation (Lowell et al., 2022;
Pimentel & McNeill, 2013). Orienting to the logic of tracking, teacher questions invited
students' reliance on mere common sense. This contrasts with the conception that all students
should be afforded access to high-status and demanding learning opportunities (Hodge, 2019;
NGSS, 2013). Finally, it was clear that an important principle of dialogic argumentation - that
teachers, and students should assume symmetrical responsibilities in knowledge construction
(Berland et al., 2020; McNeill & Berland, 2017; Miller et al., 2018) - is not a feature of
institutionalized classroom talk. Instead, and orienting to the logic of the profession,
interactional asymmetry arose from the predominant IRE pattern, where teachers were not only
the ones asking the questions, but also the ones doing most of the intellectual work to answer
them.

Examining the IRE pattern as a form of institutional talk explicate the ways in which
institutional missions are carried in classrooms through the management of interactions
(Arminen, 2017). The findings from Chapter 2, therefore, can explain how the institutional
order binds and regulates the interactional order in such a way that excludes the employment
of dialogic argumentation from being considered as a legitimate instructional practice. They
suggest that IRE became the incumbent mode of classroom interaction because it is consistent
with teachers’ perceptions about which interactions work effectively to achieve their school's
missions, which renders IRE legitimate.

Conversely, the findings show that dialogic interactions are not consistent with
institutional logics that bind and regulate schools' conduct, which may lead teachers to see such
interactions as illegitimate and, consequently, be resistant to their incoming into their
classrooms. By understanding how interactions that follow the IRE pattern are positively related
to institutional mandates we can understand how interactions conducive to dialogic
argumentation can be negatively related to the same mandates. Learning by means of dialogic
interactions departs from institutional talk in that it requires uncertainty-driven and open
questioning, more symmetrical interactional relationships between teachers and students, and

is required to be deployed equitably across tracks.
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The findings also solidify our knowledge about how learning interactions actively reify
and maintain the institutional order within which they are recognized to occur. | show how the
very act of teaching and learning by means of IRE directs teachers and students towards
reinforcing an assemblage of institutional understandings. Specifically, when the IRE pattern
is employed in the classroom it reaffirms the logic of accountability by placing premium on
closed and fact-driven questioning, the logic of tracking by reducing the difficulty of
questioning to match the perceived abilities of low track students, and the logic of the profession
by maintaining interactional asymmetry. In this way, we can begin to understand how the
constraints to dialogic argumentation which operate in the institutional level take on tangible
realization in the interactional level.

When combined, conclusions derived from macro- and micro-level data shows that the
socially constructed conduct of schools is both shaped by institutional logics and a collection
of institutionally-specific interactional practices. These conclusions may thus provide insights
into mechanisms enacted to keep the practice of dialogic argumentation separate from the

habitual conduct of schools. Formalized as a proposition, | offer the following:

PROPOSITION 1: The request to implement dialogic argumentation, with its underlying
principles and epistemologies, not only strips teachers from their existing interactional
routines but may also symbolizes to them the displacement of expectations, norms, and
values that they relied upon to make sense of their work. Therefore, implementing dialogic
argumentation may mean to teachers, and to the schools in which they work, that legitimacy
will no longer be taken-for-granted, but at risk of erosion.

To put it differently, teachers may experience great difficulty reconciling the
institutional understandings they rely upon to define their work with dialogic argumentation
which is perceived by them as far removed from those definitions. Therefore, when insights
gathered from the macro- and micro-level data are taken together, the documented absence of
dialogic argumentation from classroom practice (Duschl & Osborne, 2002; Henderson,
McNeill, Gonzalez-Howard, Close, & Evans, 2017; Katsh-Singer et al., 2016) becomes

understood as part of the process of the institutionalization of schools.

2.2 The conditions that entails for practice reconciliation

Legitimacy, then, may entail the separation or the reconciliation of a practice from the habitual
conduct of organizations. As corollary of the first proposition, I assert that finding ways to carry
out the practice of dialogic argumentation in ways that are broadly consistent, and not

conflicting, with the elements deemed legitimate inside schools can potentially improve the
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chances of practice acceptability and implementation. The study in Chapter 3 frames this
strategic response to implementation resistance as an action of reconciliation between what
dialogic argumentation can achieve in terms of learning and the schooling version of quality
learning. The study in Chapter 3 provides insights into how teachers can begin to overcome the
tensions associated with changing instruction in ways that can be perceived as undermining the
functioning of their schools. This study can, therefore, be viewed as an initial step towards
actualizing the action of practice reconciliation as a strategic response to implementation
resistance.

The study in Chapter 3 is based in the context of SSI argumentation. This form of
argumentation is focused on controversial social issues that encompass an intricate relationship
between science concepts and phenomena and ethical and moral considerations (Sadler &
Donnelly, 2006). By engaging with SSI argumentation, it is argued, students can become not
only more scientifically literate (Nielsen, 2012b), but can also, through arguing on urging social
concerns, undergo a process through learning by which they can enact responsible democratic
tendencies (Bencze et al., 2012).

In this chapter | argue that a better resemblance of these processes of learning by
argumentation to the typical learning in contemporary schools, might improve its uptake by
teachers. Based on current literature, | suggest that conjoining the goal of learning by means of
SSI argumentation with the goals and practices of contemporary schooling may surface two
major tensions, which can shift the balance between the two. Primarily, | argue, science learning
in schools opposes learning by SSI argumentation by its detentions to valued and desired
content and form of learning interactions. Pertaining to the varied definitions of valued content
of interactions, school science tend to place premium on the use of objective science content
and understandings in students’ contributions (Dawson & Venville, 2009; Nielsen, 2012a; van
Der Zande et al., 2009; Venville & Dawson, 2010), while SSI argumentation may engender
interactions that rely on subjective forms of knowledge and prior experiences (Christenson et
al., 2012; Sadler & Zeidler, 2005; Zeidler & Sadler, 2007).

Further complicating this impediment, and pertaining to the varied definitions of valued
forms of interactions, students' participation in argumentative talk may produce
counterproductive argumentation in that it may be confrontational (Bathgate et al., 2015), or
uncritical (Albe, 2008), and may further distance students from reliance on objective science
knowledge (Venville & Dawson, 2010). To preserve what they perceive as appropriate means
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and ends of science instruction, then, teachers adhering to traditional instructional practices and
goals of schooling may oppose implementing SSI argumentation (Kilinc et al., 2017).

To extend our understanding of how SSI argumentation can better resonate with the
conduct of contemporary schools, | examine tensions pertaining to the content and form of
learning interactions unfold through a moment-by-moment analysis of classroom talk. This
exploration, | contend, could allow us to identify the conditions that lead to productive
argumentation so that they could be further capitalized to achieve resonance with schooling
objectives. Observations of teachers' enactments of SSI argumentation in a specially designed
free space, shielded from the pressures of day-to-day schooling, termed here as climax days,
were conducted for this purpose.

Through the analysis of learning interactions, I suggest that content- and form-related
tensions, that can be harmful to implementation of SSI argumentation, can be either alleviated
or intensified by the ways in which teachers manage the argumentative activity. Though
previous studies show that science tends to disappear from students' negotiation of SSI
(Ottander & Simon, 2021; Venville & Dawson, 2010), the data from Chapter 3 shows that when
teachers were employing interactional moves that are critiquing and interrogative in their
function, increased students' reliance on science knowledge is observed. When this occurs,
argumentation appears more compatible with the traditionally understood meaning of quality
learning, thus potentially moving towards being better embraced inside schools.

However, in other instances of argumentation, teachers appeared to abstain from
deploying interactional moves that encourage critique and, consequently, shifting the talk
towards subjectivity and away from science and, thereby, away from being accepted inside
schools. The use of interrogation and critique also showed a potential in swaying peer-led
argumentation towards resembling the schooled version of quality science learning. However,
teachers appeared constrained in their capacity to leverage such inter-group instances to benefit
the rest of the classroom, therefore curtailing the reach of such productive forms of
argumentation.

Such instances of unproductive argumentation, or constrained capitalization of
productive forms of argumentation, occurred despite TPD efforts that aimed to provide those
teachers with wide array access to knowledge and skills necessary to the endeavor of SSI
argumentation. It is, therefore, imperative to acknowledge the data that suggest that the
knowledge and skills required to sustainably transform teaching towards dialogic

argumentation may not be easily acquired. These findings resonate with previous studies that
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illustrate the constrained capacity of TPD to support teachers in handling the pedagogical
challenges that may arise during enactments argumentation-supporting activities. Similar to
previous studies, the data shows that TPD may not be successful in helping teachers to acquire
and exploit knowledge about productive ways to manage dialogic learning interactions (Lowell
et al., 2022; McNeill, Gonzalez-Howard, et al., 2016; Pimentel & McNeill, 2013).

To sum, overcoming some of the constraints of day-to-day schooling by the
establishment of a space that may have liberated these teachers from these barriers may also
have created the occasion for engagement with dialogic argumentation. However, due to the
teachers’ constrained capacities to manage dialogic interactions, the products of this
engagement mostly focused on students' subjective knowledge and were, thus, far removed
from those valued within the contemporary schooling culture. This could potentially constrain
the future transfer of dialogic argumentation from the extra-curricular free space into the rest
of the school organization. Thus, the successful delivery of dialogic argumentation may require
from teachers the effective acquisition and utilization of interactional practices through which
"closer to schooling™ content and form of learning interactions could be extracted. Formalized

as a proposition | offer the following:

PROPOSITION 2: Teaching by means of dialogic argumentation can produce outputs
valued by the standards of contemporary schooling, thus potentially producing practice
legitimacy and increasing chances of implementation. However, this achievement is
profoundly sensitive to the knowledge and competence of the teachers who bring it about.
If teachers are constrained in their capacities to manage argumentative interactions,
learning outputs can steer away from what is deemed as valuable learning inside their
schools, potentially making this practice appear as illegitimate.

This proposition, thereby, positions teachers as capable at either mitigating or
aggravating practice illegitimacy. Assuming the low returns yielded from unproductive forms
of argumentation, pursuing broader organizational change beyond the low-stake experimental
zone of the free space may invite resistance and scrutiny from teachers who adhere to traditional
pedagogies who can be potentially affected in their day-to-day missions. The second
proposition, then, extends the first one by suggesting that in the ability of teachers to generate
legitimacy for their schools by means of dialogic argumentation, the acquisition and
deployment of new knowledge in teaching is imperative. Thus, successful implementation may
require not only overcoming institutional constraints, but also the effective adoption of

knowledge-related aspects of argumentation, through which legitimacy can be generated.
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3 Contributions to practice

Combined, the two propositions encompass both teachers’ willingness (the perceived legitimacy
of a practice) and ability (the knowledge and competence needed to carry dialogic activities) to
respond to reform mandates that advocate for the advancement of dialogic argumentation. The
propositions also account for the interactional mechanisms that explain how these two factors
may mediate instruction in science classrooms away from dialogic argumentation and towards
teacher-centered pedagogy. Where do teacher educators come into this process of supporting
teachers' knowledge and legitimating a new instructional practice? | argue that this more
informed theoretical understanding about the institutional conditions of teaching could also help
teacher educators to design and disseminate TPD courses that address more directly challenges
that pertain to issues of teachers' willingness and ability to implement dialogic argumentation.
For this reason, these propositions also matter for practical reasons, with which the remainder

of this discussion is concerned.

3.1 An institutionally informed professional development

It is tempting to suggest practical conclusions for the advancement of dialogic argumentation
that may affect the level of teaching practice by means of fundamental systemic changes, such
as de-centralizing school systems to be less bounded by state accountability standards, or de-
tracking entire schools. However, such fundamental changes may not only involve substantial
financial investments and intense reaction from those who identify with the current structuring
of schools, but may also be profoundly ineffective in sustaining instructional change. Previous
studies showed that when efforts to restructure school systems in these manners were not
explicitly coupled to the instructional practice the sought to change, they were mostly
unsuccessful in leading teachers to teach differently (D. K. Cohen & Mehta, 2017; Cuban, 2013;
Elmore, Peterson, & McCarthey, 1996; Oakes, Quartz, Ryan, & Lipton, 2000). Indeed, the
findings presented in Chapter 3 suggest that overcoming certain structural barriers of schools
may not work as a straightforward road leading to sustainable and large-scale implementation
of dialogic argumentation.

If fundamental paths towards extensive instructional changes, such as structural changes
(Elmore et al., 1996; Oakes et al., 2000) and reform mandated changes (Henderson et al., 2017)
have been largely ineffective in sustainably changing instruction from being teacher- to student-

centered, what would an alternative look like? As top-down change can be viewed by teachers
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as something done to them and not with them (Ball, 1989), | attempt to relax the assumption
that fundamental restructuring of schools can lead to instructional change. Instead, and in line
with the propositions suggested above, | offer practical conclusions which follow an
incremental path towards piecemeal instructional change.

Recognizing that TPD courses can serve as an instrument that better aligns reform
mandates and classroom instruction (Wilkinson et al., 2017), in the remaining paragraphs |
suggest, subject to future empirical work, institutionally informed design principles for TPD
courses. These design principles specify the factors that can contribute to the advancement of a
new practice that may be perceived as illegitimate by teachers in potentially sustainable and
substantive ways. Primarily, a TPD designed by these principles aims to gain acceptance and
approval by teachers and schools by fitting the new practice to reflect, and not contrast, their
underlying values and beliefs about appropriate instruction. This means that the success of its
implementation is likely to be determined by the alignment between the pedagogical values
implied by the practice and the values underlying the school organization. Unlike the process
in which teachers focus on similarities between surface-level features of a new practice and
their existing practices (McNeill, Gonzélez-Howard, et al., 2016), these design principles aspire
to hone in on the deeper-level conceptual attributes of a new practice to and to see how they
can achieve appropriate organizational conduct. These design principles also recognize that it
may be difficult for teachers to achieve such alignment without opportunities to learn and
develop interactional know-hows in terms of productive argumentation. Therefore, these design
principles regard the success of implementation of dialogic argumentation as dependent on both

teachers' willingness and ability to be responsive to implementation demands.

3.2 Accounting for teachers' willingness and ability to implement dialogic

argumentation: an institutionally informed approach

A practice becomes infused with legitimacy when organizational actors see the value of using
it to achieve taken-for-granted missions and goals of their organization (Heinze & Weber,
2016). For teachers, if a practice prevents them from pursuing certain goals important to the
reaffirming of the conduct of their schools, it will be perceived as illegitimate (Bridwell-
Mitchell, 2015). In schools, this means that successful implementation of an illegitimate
practice may depend on its ability to be converted into the more familiar and less threatening
discourse of day-to-day conduct of schools. In this sense, TPD courses can attempt to influence

teachers by imbuing the practice of dialogic argumentation with meanings that correspond with
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institutional mandates imposed on teachers and schools.

One way that this could be accomplished is by purposefully highlighting the attributes
of a practice that can satisfy the institutional demands that organizations conform to (Perkmann
et al., 2019; Sonenshein, 2016; Wright & Nyberg, 2017). Such an approach was previously
termed as the advancement of organizational ambidexterity (Bingham & Burch, 2019),
organizational pluralism (Heinze & Weber, 2016), or as the formation of hybrid organizations
(Perkmann et al., 2019). By this approach, practices that prove difficult for implementation
because of their perceived illegitimacy inside schools can be reshaped by teacher educators in
ways that increase their fit with the goals of schools, thereby potentially increasing the
probability of teachers’ willingness to use them. As a dissonance may exist between the framing
of dialogic argumentation and more traditional instructional practices, teacher educators aiming
to advance dialogic pedagogy may need to define and communicate this instructional practice
in ways that can gain the support of teachers. This can include ruling in particular
understandings about dialogic pedagogy that link it to preferred missions in schools and the
tangible practices that could be used for the attainment of such missions.

For example, the data from Chapter 2 shows that teachers who adhere to the logic of
accountability may frame dialogic argumentation as a threat to the mission of content coverage
and, therefore, as illegitimate. A TPD course that accounts for accountability-related teachers'
willingness for implementation can aim to associate students' reliance on science knowledge
and language with school missions that emphasize the acquisition of science content and
terminologies. In terms of teachers' ability for implantation, an accountability-sensitive TPD
design can include a focus on the interactional means that can emphasize students' reliance on
rationalistic forms of reasoning during argumentation. The data from Chapter 3 show that such
interaction-motivated alignment with school institutional understandings can include the
deployment of interrogative talk moves, which can push students away from reliance on out-
of-school knowledge and language and towards reliance on school-appropriate science
knowledge.

Knowledge about the deployment of interrogative talk moves could also assist teachers
who adhere to the logic of tracking, who may see low track students as incapable of
argumentation. The data from Chapter 2 show that these teachers may accept students' replies
that rely solely on subjective, out-of-school knowledge. A TPD course that aim to account to
the willingness of teachers to implement dialogic argumentation in low track classrooms could,

therefore, explicitly address students' tendency to rely on such trivial forms of knowledge, but
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also jointly seek with teachers the interactional means that can build on subjective forms of
knowledge in order to extend from it to reliance on more concrete science knowledge.

Teachers can also adhere to the logic of the profession and fear for professional
implications that are tied to the implementation of dialogic pedagogy, such as losing their
central position in the classroom. A translation of dialogic argumentation to the professional
realities of classroom conduct could potentially benefit from the framing of the role of science
teachers as critical for the productive conduct of argumentation, thus accounting for the
perceived jeopardy for their central position in classroom interactions. Such framing could
attend to the differences in the quality of argumentation that are related to the presence, or
absence, of teacher scaffolding and management of talk.

In table 4.1 1 outline suggested stages for the design of an institutionally informed TPD.
The stages are sequential and summarize the core findings discussed above. They are designed
to take into consideration the social structuring of schools and of teachers' work and to explain
it from macro- and micro-level perspectives. The first three of these stages are logically derived
from the findings | present in Chapter 2 and relate to pervasive institutional constraints that may
undermine the implementation of a new practice. The subsequent two stages relate to the
findings | present in Chapter 3 and to opportunities to integrate the new practice into teachers'
work in a way that mitigates the conflict between what the new practice is set to achieve and
teachers' view of appropriate organizational conduct.

To be sure, | am not arguing that attention to institutional mandates should supersede
other TPD design considerations. Rather, | argue that an institutionally informed approach to
TPD design can help teachers balance the competing demands imposed on them by their schools
and by reform mandates. Therefore, institutionally informed design considerations should be
viewed as supplemental, and employed when the need arises to minimize conflicts between
research on learning, policy that aims to advance new pedagogies, and teachers' practices "on
the ground".

Adopting an institutionally informed approach may carry consequences not only for
TPD design, but also motivate and direct educational researchers to expand the focus of their
analyses of schools. This broadened scope can include the idea that implementation success is
reliant, in part, on schools' ability to maintain their organizational legitimacy while, at the same
time, avoiding obsolescence by experimenting with pedagogical innovations (Bingham &
Burch, 2019). By framing research on implementation efforts in this way, researchers can

develop research questions that focus on the conditions and practices that support an
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institutionally informed approach, the practices that undermine it, the identification of teachers
that are most suitable to initiate organizational change in this direction, and how can they be

best supported to effectively manage and sustain this complex mission.
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TABLE 4.1 A suggested framework for an institutionally informed TPD design

TPD design stage

Goal

Suggested means

Desired Product

1. Conceptualizing
teachers' work in
an institutionalized
context: adopting a
macro-level
perspective

To understand how teachers perceive the
task of maintaining appropriate
organizational conduct

Preliminary discussion with participating
teachers about their daily work, focusing on:
their goals for teaching, the pressures that they
endure, their instructional beliefs and
approaches to teaching

A record of macro-level institutional
logics that underpin teachers' work
and which determine which goals
and practices are deemed as
legitimate at work

2. Conceptualizing
teachers' work in
an institutionalized
context: adopting a
micro-level
perspective

To identify the dominant instructional
practices that are perceived by teachers
as suitable for the achievement of
appropriate organizational conduct

Preliminary discussion with participating
teachers about their instructional practices (if
possible, coupled with classroom
observations), focusing on: how they teach to
achieve the goals that they set for themselves,
how external pressures regulate their teaching

A set of micro-level practices that
teachers use to achieve legitimate
goals set by macro-level logics

3. Positioning the
new practice in the
institutional
context

To understand how the new practice can
disrupt appropriate organizational
conduct from both macro and micro-
level perspectives in ways that can
encourage teachers' resistance to
implementation

A comparison between the current goals and
practices of teachers with the underlying
assumptions of the new practice and the goals
that it is set to achieve

A set of identified tensions and
conflicts between traditional
practices and the new practice that
can make the new practice appear
illegitimate inside schools

4. Cohering the new
practice with the

To understand how, without diluting its
underlying assumptions, the new

A joint discussion with teachers focusing on
where conflicts between current practices and

A set of practical tools that can help
in avoiding conflicts between

incorporating the
new practice into
the daily work of
teachers

odds with appropriate organizational
conduct, thereby allowing the
integration of the new practice into
teachers' arsenal of legitimate practices

in a regular lesson

institutional practice can be effective at achieving the new practice can be mitigated that can practices and that can bolster
context appropriate organizational conduct, or engender the possibility of portraying the instances of practice reconciliation
how frictions between the new practice | practice as being valuable and appropriate for
and current missions can be mitigated the conduct of schools
5. Safely To frame the new practice as less at Asking teachers to implement the new practice | Piecemeal advancement towards

practice legitimacy and incremental
organizational change

* These design principles are not meant to be prescriptive for all TPD courses, but are formulated to guide teacher educators how to introduce teachers to a
new instructional practice that is advocated in reform documents, but that might be perceived as illegitimate inside schools (e.g., dialogic argumentation)
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Appendices

Appendix A: Supporting Information for Chapter 2 - additional examples of

institutional talk

The following tables presents data not included in the main text, which provides additional

examples of how institutional talk in classrooms may reflect institutional logics in detriment of

dialogic argumentation. Table S1 presents classroom interactions argued to reflect and be

motivated by the logic of accountability. Table S2 presents classroom interactions argued to

reflect and be motivated by the logic of tracking. Table S3 presents classroom interactions

argued to reflect and be motivated by the logic of the profession. Below each table we provide

a brief analysis of the interaction to argue how it reflects corresponding institutional logics and

how such interaction can undermine dialogic argumentation.

TABLE S1 An additional example for a terminology-oriented classroom interactions as

reflective of the logic of accountability

1 GanimTeacher4 Let's try to understand what a growth hormone is. Yes?

2 Student A (reading verbatim from the text) It is a hormone secreted from the
pituitary gland.

3 GanimTeacher4 So, we understand that in the brain we have a gland called (waiting
for students to complete the sentence)

4 Students (in chorus) Pituitary gland.

5 GanimTeacher4 Pituitary gland. It secretes some substance. This substance is

(waiting for students to complete the sentence)

6 Students (in chorus) Growth hormone.

7 GanimTeacher4 Growth hormone. And the function of the growth hormone is to
(waiting for students to complete the sentence)

8 Student A Elongate the bones.

9 GanimTeacher4 Elongate the bones, which eventually cause (waiting for students
to complete the sentence)

10 Student A Growth.

11 GanimTeacher4 Growing in height. Good.

Analysis: Though the opening question can invite a plurality of answers (1), the following turns
mostly focused on more shallow dimensions of the opening question and clarify that what
GanimTeacher4 is looking for is for students to recite scientific terminology. Instead of
discussing the scientific phenomena, GanimTeacher4 guided the students towards the desirable
answer by reverting to the precise terminology needed for the answer to be considered correct
(3,5, 7,9). Thus, desirable answers were more terminology related and demanded recitation
of scientific terms presented in the text handed to students. Heavily restricted, this form of talk
reflects teachers' notions of what knowledge is valuable to increase students’ test scores, as it
was observed in the macro-level. That is, a knowledge that is structured on basic, fact-like,
definitions, but that is also considered accurate. Dialogic argumentation demands that students
negotiate their understanding of science with their teachers and other students, as well as
construct explanations and communicate their understanding with others. However, through
this sequence of interactions, students may be socialized to the idea that their participation
should be composed entirely of accurate terminologies, and which are assessed for their
accuracy by the teacher.

117



TABLE S2 An additional example for a common-sense oriented classroom interaction as
reflective of the logic of tracking

1 RamotTeacherl What happens when | climb up a high mountain? What will | be
lacking?

2 Students (in chorus) Oxygen.

3 RamotTeacherl So, how are mountain climbers climb up if they have no oxygen?

4 Student A They carry an oxygen container.

5 Student B They have these things.

6 RamotTeacherl What do they do if they don't have an oxygen container?

7 Student C Die.

8 Student D They exercise.

9 Student E They drink water.

10 Student D They work out a lot.

11 Student F They put this mask on their faces before they go up and it has
oxygen in it.

12 Student B No way they go up the mountain without equipment.

13 RamotTeacherl Do they climb in one attempt, or do they rest along the way?

14 Students (in chorus) They rest.

15 RamotTeacherl What happens when climbers rest?

16 Student G They accumulate something.

17 RamotTeacherl What happens in their body? What is created?

18 Student | Red blood cells.

19 RamotTeacherl More red blood cells.

Analysis: Though the discussion was lively, and many students participated, their contribution
relied mostly on knowledge that had little to do with the subject of the lesson, which dealt with
cellular respiration. To make the content relatable, RamotTeacherl grounded the subject in less
abstract phenomena which pertains to acclimatization to environments with low levels of
oxygen (1). This question invited replies that relied more on common sense than on disciplinary
body of knowledge (4, 5, 8-12). When the teacher picked up that the students are struggling
with the answer, she re-phrased her question in a way that reduces its cognitive demand to the
use of common-sense (13), which then led to a question that demanded recall of information
presented realier in the lesson (18). As this type of questions took more volume of classroom
interactions in low track classrooms, we see this structure of interaction as reflecting the logic
of tracking. For low-track students, preconceived low expectation on the teachers' side may
push towards non-productive classroom interactions, as shown in this example. As teachers
tend to believe that students should first master the basic content before turning to higher-order
tasks (such as argumentation), a process of marginalization of low track students from
engagment with dialogic arfumentation may be put into motion. Moreover, this structure of
classroom interactions, with its emphasis on day-to-day knowledge, does not challenge
students with academic content beyond their current abilities, thus enhancing the proposed
marginalization process.




TABLE S3 Additional example for funneled classroom discourse as reflective of the logic of

the profession

1 RamotTeacher2 (Presenting a textbook question that showed a figure with three
balloons positioned at different heights. The student needed to
identify which balloons are filled with hydrogen, carbon dioxide,

and air)

2 Student A I think that C is air.

3 Student B (Balloon C is filled with) hydrogen. Hydrogen is the lightest gas in
the world.

4 RamotTeacher2 (To student A) You say that the red balloon is filled with air?

5 Students (together) No. No.

6 RamotTeacher2 We were asked to tell by the height of the balloon what gas is
filled inside. You’re saying that balloon C, the red balloon, is air.
What the other students are saying, and you can hear them, is that
your answer is probably not correct. Why? Because if this balloon
is positioned higher than the other balloons, what does it probably
contain?

7 Student B Hydrogen which is the lightest gas in the world.

8 RamotTeacher2 (To student A) The highest balloon is lighter or heavier than the
others?

9 Students (In chorus) Lighter.

10 RamotTeacher2 Lighter. Out of all gasses that we know, which is the lightest?
Hydrogen, right? So, the red balloon probably contains what?

11 Students (In chorus) Hydrogen.

12 RamotTeacher2 Hydrogen. Good, we corrected the answer because we understood
that hydrogen is lighter than air.

Analysis: In this example, funneling occurred even when correct answers were likely to appear
in the conversation. As RamotTeacher2 mentioned, most the students in the classroom knew
the correct answer to the question (6), and some were clearly able to provide a detailed
explanation which justify their replies (3). Yet, through a series of questioning, RamotTeacher2
simplifies the information in the question with herself doing most of the thinking (6-12) and
changing the type of knowledge required to answer it. In doing so, students’ contributions are
reduced to one word replies and they are prevented from clarifying their ideas for themselves
(9,11). Teachers, then, may assume powerful roles and maintain asymmetry in the classroom
through increasing scaffolding and accommodation of inexperienced students to the discourse
of the classroom, a process in which the thinking becomes more and more simple. Such
asymmetry ensure that the classroom talk will not be conducted among equals, but that one
side, the teacher, will hold more power in directing the conversation with students having little
opportunity to influence its direction. This structure of interaction maintains deeply held
notions about the teaching profession, which hold teachers as the primary catalysts of
classroom learning and the sole pedagogical authority in the classroom. Thus, it may undermine
teachers’ willingness to create oppurtunities for more symmetricall collaborative interactions
with traditional, teacher-led, interactions.
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Appendix B: Science activities developed for Climax days in 2019/20 (in
Hebrew)

B.1 Science activity for climax day 1: genetic passports and encryption

19V NINONT DY WA RIT TR OWIAT 1918

RXM1 WK Y707 7 AR 19w MINONT DY 0w SNWOING Y70 R¥NIINRD TR 92 Yw DNA-2
207X MDD Y 1WA ANIR TAT? 912 *NwTINT Ina
T2 %Y YR 0”107 PPN W CNWNIN I AR 21722 1010 1NV CVINT 1DIXT DY VYA 17PN T 9°A0n2

RM07 NPNWTIN 9NN T R

DNA-7 "now"

2591 7902 DNA npm 902 .G-1 A, T, C :mianion %712 12X vaRa 1207 DNA npbhn 9o
JTIW A2 19K 19712 12K DY AW

mmon anan By yownw DNA Sw vopnn pon onw 1012 %2R 33 5w %1, 172 020199

GGCATTGTGGAACAATGCTGTACCAGCATCTGC

772777 9wa MW MINONT DR 2°XPW 19K 077 2212577 000200 209811 DNA-2 1127 218 q%1 %oh

.0° 12505 "now" NR 1°27% oTP 227X ONX 1918 DX

o° 12517 "now”
SW AW T90M 31 A% N2 AT NYIPYIA 93 .NTPIAR MERIN Pw 2200 20 37 11270 YW 197127 C1aK
J9R NPIHR MY

DIINAR EMIT PR07M 1R P1IWAX T 92) 1WDI PN290 W Nk Mvmin 11 5w qx0 ,annT? 00002
:(o"10m Mon

é@% '7/'\?/ @@

N1 PRINDITR - 'ONI ONLVIMY  'PDVIYI - 'RVD'X  'RVD'N |AIRIN 0 I'NINDITR - |'ROD'Y

20°112517 "now"? DNA-T "now'"» ¥7i7 2AIN7 7¥°D
AX72 NPMIR WI2W Don NPIPAT A5 M2 DPMIR 282 DNAT Sw 1137 2128 DR NnT5 woR
7372 1918 X7 GGC 27, 5wnY 75 .m0 PR TXRIN7 1918 XTW 791 205772 wor DNA

PRIRDIDR PRI 78000 1918 K7 ATT 190R) P93 DP00RT

120



VINT DI
MIVD NIV OVINT DIXA 197 NPIART MENT a2 DNA -7 5w 12127 2138 Y mwhwn 12 wpn

.02°199W 119212 AXM LIAT PIRT .OIAR 780 937 DNA W 530 qwp 01n DoVTY 0IAT 19180

Y TOINYPI

9

F1o0
PRIND ‘)

noM

190N

rxmég« ‘)

axon

U TOIROPI
WHY TOIROPIR

o)

L)

T
Cc
A
G
T
C
A
(c}
T
Cc
A
G
T
C
A
(c}

:NIRAT MPRWT 2Y N1IyD 101 "W DI IR 17907 070

P70 MPIART XN NTPn o .1

7°12R271D PRI RN 2P0 ann L2

DO DONTIP VIR -9V NTTIPAY DR MIHR 780 108 3

.7292 AR PTIP 0T O DITIPAN DR DORR 78m0 18 4

NPIART NI A3 DR P PRAWA 1WA 1IN 19187 NP0 17rva DNAL2 1°12 12K 5w A%1 02719 .5

.2%ma
GCAAAAAGGGCTCAA

XM IR YR TIWA AWOW 12902 ANWRIT DPIRKRT I8N0 DR DY ANWRT Iwhwn 107
IRDA 791 ,102502 AIwn DOnRa

;1007 DNA 2w yna 192 wpi

TANTD (FP2ODI) NAAT NP

N7 QWA 029210 NNTA DI 0TI PW WP TPAN ¥A01 72w Toma Ro (7°2°01%) NianTa nonn
777717 925 919°0 77 RD 72v2 .NMn 2137 D19V 0IPTT L0710 YN0 O LIYVRD YW 5Ipna pon

IARY TIND 1WA L7121 22V 77770 D19°0W 272w1 IR 2°7I112 PO1Y 101 41 LYY 5232 2109 11001 20

0O MPIPNT DR WK 22D 0T

121



DUONNWAY D N2PMNN TR M7 YT 07P 12W yupna (PRON) 1w W nnTa o°nn 2w DNA-
PPN R 9F 125w .1opn X2 9F 1abn Hw 11xeh 2ad a1 oo (9F Rapaw ,awepn oana

20D R9D OnT2 Twan VI ,AYUED DY Apna Y01 077 YW awpa TN

DR DOWIR 2792 9F WP 11200 N vy 12w yupnma phn Xiaw DNA S a3 030195

GCAATGAAATATGGAATATATACC

TP AN RIT ORA PITAY WOW I XY Touw 1vn Sw DNA S a3 annn 1ap
PPN AR VRAAY 02°9Y MIRAT MIRWM “VINT 19T NIV L0710 1722 7277 X177 NN P9 anx

R7IR 90T 79 P

2007 1MW A% TPR NPPHR Man b
9F 112505 YW A7 Yupn D DPIPRR MENIN %0 DR %0 DRAWH MW 0T 11T ntav nava L
DK WK 272
20°K°02 DWIR DWW T2 (770 2N A30) PTIw pena Hw DNA-T A3 12 9727 w0 aria L3
0727790 ,10 OR
9F 12%m5 YW A7 Yupn D NIRRT MY QX0 DR PRY DRAWA 1WA S0IAT 19187 N2aw nva 4
P72 PN Y
712512 %77 1727 2OR2M2 DOWIR DW 0912 XY NAPRI NPIHRT MXAINT A%7 P Y700 o L5
9721w PIPNT OW 1912 RN

PR3 IR A RT PTAIY PIPNAY 2°AWIT ONX ORI .6

P20y an 0wk DNA mp7a

LDOIORIINT 2°9¥N NP IR 27 1w .7aN52 MY 100wni
5w NAR 7190 2y v N 9120 DNAS mp71an 22pnnw v1onT PR On1am JbIag 1980 5V anTnt
720
WA 021NYA DOPRW NDM 232%Y Hw DNA-2 :wn 2°%10 an>nw MNon anvoyn
NYHYL MY NPV 199K 19w SNWAINT I DWW TN qWna? MDY IR YW MO0 MmN 1K
OMRW 72092 1YY 1290 110 ownn
:0ONTAY DR Y127 270 PR 922 1Y
P03 PN "MW NIPDOAT MMM 7°3T NN 01911 DN X7
:M°1AN2 .72WN N0IP WAL 273 R2T 7Y N°1ana 1Y
MOMY ,0°191 RY W ,0°191 DN OR) OONYT T Y172 PRI 177207 .WORT 2onyT X any L1
M2°07 DR YW, 0717 0% Awp OR 1T A09nTT IR NPT MO0 90 DR MW — 03T
(Mv3a5n7 o2 YR

ANYTR 12°WRm 025w AMwY 0onYT IR 1190 ,mara L2

122



IRW OY PHIN SRR 227w SW NIDNIWAT N2 TR0 PV 0onTaY YW nomwn 7awnnel .3

MTIPIT DR 03 1AW — 272°307 0O1RY 77°12 .NUYMA And0a? Yo 0°2°°10 DII°R .0°ONNwnH

.ONMID;T RY AW

.02%W 712WN2 2°ONNWAT XY DX DY - 2NN 1172

QY7 YW Nn0onT MYk 0onIWwn nX 2R R .5

HW /MY 2272707 2N137 AR MM

% 1/79%0

XU 2w Mawnng 1R NS 778y

VLYY MOWAT MTPIT 77, DR Q¥ PI9AY KT 9, 119w NIDNWAT MITT 170: 70 99 ap ¥1° qInsw

12w

123




B.2 Science activity for climax day 2: urbanization and ecological

conservation
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B.3 Science activity for climax day 3: mandatory vaccination
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https://www.youtube.com/watch?v=n9k3kNfz8VE

B.4 Science activity for climax day 4: human genetic modifications
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B.5 Science activity for climax day 5: fake news
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Appendix C: Science activities developed for Climax days in 2020/21 and 2021/22 (in
Hebrew)

C.1 Science activity for climax day 6: ethics in sports
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C.2 Science activity for climax day 7: equitable distribution of resources
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C.3 Science activity for climax day 8: climate change (example activity)
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