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Abstract

With an ultimate goal of characterizing teachers' movement
toward understanding the epistemic complexity of genera-
tive learning environments, this study refers to adaptive
teaching expertise (AdTex) as a developmental teaching
capacity observable through a teacher's ability to utilize
various resources to address the epistemic complexity of
knowledge generation practices. The analysis and discus-
sions centered on how teachers develop and utilize
epistemic orientation and understandings of epistemic
tools for adaptive teaching, making this study distinct from
previous research on AdTex. In particular, this study shows
a new way to create systematic profiles of AdTex based on
the multiple qualitative data sources, including vignettes,
interviews, and reflections collected through a multiple-
case study with 24 teachers. The qualitative profile analysis
suggests that the development of epistemic resources is
closely related to teachers' attention to student ideas,
student agency, and a balance between flexibility and
productivity regardless of context. The analysis demon-
strates that the development of epistemic resources can
represent the degree of development of AdTex and provide

a rich research pathway for future analysis.
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1 | INTRODUCTION

1.1 | Background and problems

The Next Generation Science Standards (NGSS; NGSS Lead States, 2013) recognize a critical need for teachers to
engage students in epistemic practices of science and engineering (Berland et al., 2016). These practices involve
social and interactional acts aimed at constructing, communicating, and validating knowledge claims, individually
and collectively (Kelly & Licona, 2018). The epistemic practices suggested by the NGSS are neither sequential nor
straightforward. Instead, they are characterized by the sophisticated utilization of various epistemic tools such as
language, dialog, and argument. The NGSS offers a curricular framework toward which teachers can aim their use of
epistemic tools. However, the NGSS does not define the rules governing how these tools intersect, or how they
should be utilized to implement epistemic practices during the process of knowledge generation across various
learning contexts. In this gap, the relationship between teachers' use of epistemic tools and their students' science
learning becomes even more complex and unpredictable when students bring their own unique intellectual
resources to the knowledge generation process (Maggioni & Parkinson, 2008).

Thus, the challenge of teaching in ways aligned with the NGSS is clearly great, yet key elements remain
undefined. In particular, the complex nature of knowledge generation environments requires a fundamental change
in perspectives on teaching. Specifically, teachers must move from routine pedagogy to adaptive pedagogy
(Fairbanks et al., 2010; Lampert et al., 2013). In other words, teachers must move beyond the role of routine experts
who focus on mastery of knowledge and practices through knowledge replication approaches to become adaptive
experts. In parallel form, this enables teachers to construct knowledge generation environments, defined as those in
which knowledge is fluid and actively constructed through student participation in scientific practices. As a whole,
this movement requires the development of adaptive teaching expertisee (AdTex) (Yoon et al., 2015). Teachers with
AdTex defined as those who constantly evaluate the teaching context and utilize their cognitive, epistemic,
linguistic, and sociocultural resources to create spaces for knowledge generation are the future of science
education.

Research on AdTex has achieved solid grounding in the field (Yoon et al., 2015). We can look to models of
effective teaching that demonstrate that teachers who hold adaptive expertise are flexible, innovative, and
deliberate throughout the decision-making process (Berliner, 2001; Lampert, 2010). Despite the profound
importance of AdTex, little is known about how we can characterize this expertise in ways that address the
epistemic complexity of science learning environments across various contexts. Moreover, few attempts have been
made to rigorously study this expertise as a necessary foundation for implementing reform-based approaches in the
science education field (Bowers et al., 2020), resulting in critical disconnections between a framework of AdTex and
the fundamental theories of learning science that underpins the NGSS.

The challenges to studying AdTex are both conceptual and methodological. AdTex goes beyond simply having
more knowledge or experience, which is more easily measurable through research, and instead functions as a
capacity or ability to adjust instructional decision-making by moving away from the preplanned curriculum (Mulvey
et al.,, 2016). Accordingly, and in agreement with Bereiter and Scardamalia (1993) we concur that teacher expertise
should be understood in terms of a process of growing (developmental) as something people can change and advance
rather than a thing or state as something they have at the moment. From this perspective, we argue that AdTex is
best described as a developmental teaching capacity observable through a teacher's ability to adjust and utilize
various resources to address the epistemic complexity of knowledge generation practices. One should note that the
phrase “developmental or process of growing” does not mean that there is a single pathway to this expertise, but
that this expertise expands over time and through experience. Indeed, we assume that there are multiple pathways
to development, and each teacher has his/her distinct profile of this development.

We recognize the methodological difficulty of measuring and/or capturing this process, as opposed to

knowledge. However, we argue that continuing to search within well-searched spaces, such as content and
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pedagogical knowledge, is unlikely to lead to the radical change necessary to enact the vision put forth in the NGSS.
As science educators, we acknowledge the vast value of teacher knowledge, but we aim to go beyond what is most
obvious by exploring the important underlying resources for AdTex.

1.2 | Goal of paper

The purpose of this research is to characterize teachers' movement towards utilizing epistemic tools and their
development of AdTex as an underpinning foundation for implementing knowledge generation approaches. To do
this, we first examine how the role of teacher knowledge, and related constructs that influence how teachers use

their knowledge, has been understood through prior research.

2 | THEORETICAL FRAMEWORK
2.1 | Adaptive teaching expertise

Classroom teaching is a challenging and demanding activity that requires teachers to address inherently complex
and ambiguous situations (Shulman, 2004). Given that classrooms are the places where “particular students interact
with particular ideas in particular circumstances” (Ball & Cohen, 1999, p. 10), this requires teachers to be adaptive
problem solvers who understand that every situation is different and are able to utilize different professional
knowledge and practices to meet the needs of students and the cognitive demands of an instructional situation
(Duffy & Hoffman, 2002; Soslau, 2012). Various scholars have provided numerous descriptions and conceptualiza-
tions of adaptive expertise since Hatano and Inagaki (1986) proposed the term. Research has particularly focused
on how adaptive expertise differs from routine expertise (e.g., Fisher & Peterson, 2001; Mylopoulos & Woods,
2009). The difference between adaptive and routine experts becomes apparent once we see how they address
uncertain or unfamiliar situations: A situation in which desired procedures and results are not known in advance,

such as knowledge generation environments (Ellstrém, 2001).

2.2 | Characterizing AdTex for knowledge generation environments

Learning is a generative activity that involves actively constructing the meaning of to-be-learned information by
adjusting and integrating it with prior knowledge (Fiorella & Mayer, 2016; Wittrock, 1974). For decades, this vision
of learning has been reflected in major reform efforts in science education, including NGSS (NGSS Lead States,
2013), advocating teaching in a way that engages students in the cognitive processes of generating knowledge
about the world (Aleixandre & Crujeiras, 2017). Transforming classrooms into knowledge-generation environments
requires changing the epistemic underpinnings of learning and teaching practices, such as the use of language, the
structure of dialogic interactions, and the process of decision-making around knowledge (Suh, 2016). To understand
and address the complexity of the knowledge generation environments, teachers must understand the epistemic
underlying of the knowledge generation process and develop the ability to use fundamental tools and practices
for it.

The theoretical framework used in this research (see Figure 1) attempts to explain what teachers need to
be able to do, know, and fundamentally be to take up the complex epistemic activities necessary to use knowledge
generation practices (NGSS Lead States, 2013). Currently, teachers who enact the NGSS vision in science
classrooms do so through generative learning approaches (Tytler et al., 2019). In these approaches, students

are authors of their knowledge as they utilize their freedom to engage in a range of epistemic practices for learning
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FIGURE 1 Conceptual framework of adaptive decision making.

NGSS-sanctioned big ideas in science. Such settings can be created when teachers are reflexive (Schon, 1983) and
fluid by sharing their authority to manage possible pathways toward authorized big ideas. This suggests that
teachers must become adaptive decision-makers who can go beyond being flexible around defined practices and
strategies. An adaption is often defined in literature as a deviation from curriculums or lesson plans (e.g., Allen et al.,
2013; Beltramo, 2017), which can lead researchers to focus only on actions or decisions in which teachers flexibly
switch or modify defined practices or strategies they already had. While we do not dispute that flexibility is one of
the characteristics of adaptive teachers, we intentionally use the term fluidity to better reflect the complex and
undefined nature of teaching for knowledge generation environments. Unlike research that focuses on an
adaptation of curriculum or lesson plans, we aim to characterize AdTex as the ability of teachers to “adjust their
teaching according to the social, linguistic, cultural, and instructional needs of their students” (Parsons et al.,
2018, p. 206).

2.3 | Foundation for the development of AdTex

2.3.1 | Epistemic orientation

Knowledge has been viewed as a crucial resource for teaching (Carlson et al., 2019; Gess-Newsome, 2015; Shulman,
1986). In a similar vein, much emphasis has been placed on studying teachers' content and pedagogical knowledge

(including pedagogical content knowledge) as a means of characterizing their ability to adapt their instructions (e.g., Lee

et al., 2014; Schipper et al., 2017). Teacher knowledge clearly matters, but researchers have questioned whether there are
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specific knowledge bases that can prepare teachers to address the complexity of learning environments. The first step
toward addressing the complexity requires an understanding of the fact that the decision-making process often proceeds
nonlinearly and nonsequentially as teachers negotiate with a variety of resources and factors in their responses to student
learning (Schildkamp & Poortman, 2015). This means that adaptive decision-making demands more than simply applying
existing knowledge and practices; no specific set of content knowledge or pedagogical knowledge can prepare teachers to
be adaptive in those decision-making processes (Kennedy, 2006). This is even more true when there is a clear need for
shifting science teachers' epistemic stances and views toward knowledge generation (Suh & Park, 2017; Windschitl, 2002).
To be adaptive decision-makers aligned with the epistemic underpinnings of the NGSS, teachers must shift their epistemic
orientations (EOs) toward generative learning approaches (Suh et al., 2022). In other words, teachers should develop an EO
which considers knowledge as unsettled and evolving, learning as a generative activity, and teaching as actions dealing with
the complexity and uncertainty of knowledge generation processes (Mannikko & Husu, 2019; Suh et al., 2022).

The importance of an EO has been documented in the literature. For example, Fisher and Peterson (2001) regarded
epistemology as one of the four primary constructs of AdTex. De Arment et al. (2013) also claimed that adaptive experts
hold an epistemic stance that views the world as complex, messy, irregular, and dynamic. Similarly, Mannikké and Husu
(2019) highlight that an open orientation to pursue more dynamic and evolving knowledge and skill is a key factor for
predicting adaptive expertise. Although the field of education has agreed on the importance of epistemic stances in
understanding adaptive expertise, it has often been defined broadly and inconsistently under personal epistemology
theories (Hofer & Pintrich, 1997; Sandoval, 2005). Similar terminologies such as epistemic stance, epistemic worldview, and
epistemic beliefs have been widely used to describe an individual's theories and beliefs about knowledge and knowledge
generation. This inconsistent use of terms and definitions results in hardly providing specific theoretical implications for the
fundamental underpinnings of the instructional practices necessary to adapt to knowledge generation approaches
(Maggioni & Parkinson, 2008). To address this concern, a previous study conceptualized EO as a more inclusive concept by
collectively considering epistemic beliefs and beliefs about learning and teaching within its framework (Suh et al., 2022).
The term EO refers to a direction of thinking that determines actions and reactions inside the knowledge generation
process (Suh et al., 2022).

EO has powerful implications for characterizing AdTex. First, it functions as cognitive guidance for other
resources (e.g., content knowledge and pedagogical knowledge) by driving the processes of selecting and utilizing
appropriate resources when deciding how to implement epistemic practices (Park et al., 2022). Second, EO toward
knowledge generation directs teachers' attention to the resources students bring to the learning environment.
Previous studies demonstrated that teachers tend to value students' ideas more in dialog and promote the
utilization of students' epistemic agency to generate knowledge as they shift their EO (Anthony et al., 2015;
Lammert, Suh et al., 2022). Third, EO influences how teachers approach the complexity and uncertainty of
knowledge generation. While teachers often view uncertainty as undesirable conditions for learning (Beghetto &
Karwowski, 2017; Chen & Qiao, 2020), teachers who have an EO toward knowledge generation tend to view
uncertainty as a fundamental aspect of knowledge generation. This view enables teachers to utilize more flexibility
to solve nonroutine problems. Lastly, EO toward knowledge generation prepares teachers for ongoing, future
learning which is an important characteristic of adaptive teachers (Bransford & Schwartz, 1999). Teachers with an
EO strongly aligned with a knowledge generation approach believe that knowledge can be changed with new
evidence and are willing to change their own ideas and practices through new learning. This enables their

continuous learning as they reflect and reform their expertise (Crawford et al., 2005).

2.3.2 | Knowledge of epistemic tools

Using learning tools as epistemic tools for learning science means that the tools are utilized to create social and
cognitive spaces for knowledge generation, and they encourage students to think in ways consistent with how
scientific knowledge is advanced (Settlage & Southerland, 2019; Stroupe et al., 2019). The importance of epistemic
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tools has been recognized in science education literature, and this recognition has led researchers to pay specific
attention to three foundational tools: (a) argument (Mullis & Martin, 2017; Nussbaum, 2012), (b) dialog (Premo et al.,
2018), and (c) language (Hand et al., 2021; Norris & Phillips, 2003). These three tools are essential to addressing
cognitive, linguistic, and social aspects of epistemic practices in science. While the roles of these tools are
intertwined with each other in knowledge generation processes, each tool has its unique features that inform

cognitive, linguistic, and social dimensions of learning environments.

Language as an epistemic tool

Language is a fundamental tool for generating knowledge. As the National Research Council (NRC, 2012, p. 76)
framework stated, “Every science or engineering lesson is in part a language lesson...”. For students to engage with
language in generative ways requires that teachers understand and encourage the use of language to support
learning (Yore & Treagust, 2006), as opposed to using language solely as a communicative tool. This distinction is
crucial since there are two opposing perspectives on language use in science: (a) students must learn to use
language before learning science, and (b) students can use language as an epistemic tool for learning science. The
first positions language as a “by-product of thought, rather than a contributor to it” (Klein, 2006, p. 149); thus,
learning scientific vocabulary and syntax is considered a precursor to meaningful engagement in scientific practice.
Alternatively, the second view emphasizes that language is learned through its use and scientific vocabulary and
syntax should be embedded within the learning experience (Gee, 2004). From this perspective, language learning
intersects with scientific ideas inside the scientific practice. This view is aligned with Halliday's (1975) suggestion
that the best approach to learning language is through using that language as a person lives it.

Three principles for the use of language as an epistemic tool support the theoretical framework used in the
current research: (a) Language is essential for student learning; (b) learning can be maximized by utilizing multiple
forms of language; and (c) language is a constitutive part of science. First, it is impossible to teach science without
using some form of language since knowledge cannot be generated without the use of semiotic systems that allow
individuals to represent their ideas (Norris and Phillips, 2003; Oyoo, 2012). Relatedly, multiple science reform
initiatives have highlighted the importance of language in science learning (NRC, 2012; NGSS Lead States, 2013).
Second, the value of language is maximized when multiple modes of language (e.g., text, video, diagram) and
multiple forms of language (e.g., spoken, written) are employed to make sense of natural phenomena (NGSS Lead
States, 2013). Rivard and Straw (2000) claim that student talk is vital for sharing, clarifying, and spreading
knowledge among peers, whereas writing is essential for translating emergent ideas into coherent understandings.
In addition, science instruction “must entail movement from the existing everyday ideas of children towards a more
scientific point of view” (Mercer et al., 2009, p. 354). This means that when using language as an epistemic tool, it is
crucial that teachers value students' everyday language to help them bridge their experiences to expressions with
academic language (Varelas et al., 2008). Last, language is not a simple tool for storing and transmitting science, but
rather a constitutive part of science. As Norris and Phillips (2003, p. 226) state, “Constitutive relationships define
necessities because the constituents are essential elements of the whole”. This perspective transcends the view of

language as a simple communicative tool.

Dialog as an epistemic tool
Dialog is an essential tool for learning science, particularly since one goal of science education is to engage students
with social aspects of scientific practices (Ford, 2008; Hand et al., 2019; Premo et al., 2023). Dialog involves
constructing, critiquing, and revising ideas, which leads to “a new understanding that is progressively constructed by
the participants, move by move, meaning by meaning” (Wells, 1999, p. 4). Social interaction through dialog plays a
critical role in knowledge generation processes, and such interactions can benefit student learning (Mercer, 2008;
Wells, 2007).

To immerse students in dialog, teachers must create dynamic spaces where students interact in pairs, dyads, or

in small or whole group discussions (Baines et al., 2003; Howe & Abedin, 2013). While the groupings can vary, what
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is essential is that students' private arguments are brought to the public realm through these discussions. This

results in the evaluation of arguments by others, which enables the arguments to be re-evaluated and improved.
Ultimately, a dialog can validate students' knowledge, and equally, encourage them to rethink previously held
positions.

Using dialog as an epistemic tool requires teachers to shift away from teacher-dominated lectures by allowing
students to utilize their agency to construct, evaluate, and communicate their ideas. As Premo et al. (2018)
highlight, teachers need to understand that student involvement in the social practices of science is centered
around issues related to power and agency. This recognition allows teachers to attend to other resources (e.g.,
conceptual, epistemic, and sociocultural) that students bring to the learning environment (Gonzélez-Howard &
McNeill, 2020; Ko & Krist, 2019; Miller et al., 2018).

Importantly, epistemic tools such as dialog are connected to other epistemic tools. Clearly, it would be
impossible to engage in dialog without using some type of language, and dialog is a space in which students'
arguments can be refined. Dialogical interactions should provide students with a learning space in which to
construct, validate, and communicate knowledge while utilizing a variety of language forms and modes to represent
the meanings of their knowledge (Kewalramani & Veresov, 2022; Mercer et al., 2019). This requires teachers to
understand ways of using argument within dialog, and how to engage students in multiple language practices for

knowledge generation.

Argument as an epistemic tool
Argumentation is defined as an individual cognitive activity and a negotiated social act (Driver et al., 2000; B. M.
Hand, 2008). This perspective views argument as being constructed through an individual cognitive process;
however, it becomes a process in which meaning is debated through interaction. Students construct arguments and
accept public critique to identify weaknesses in those arguments, at which point each student returns to production
to strengthen their arguments.

Argument as an epistemic tool represents how science has advanced. In line with the activity of scientists,
students should engage in reflective thinking to construct and critique ideas by making claims, generating evidence,
and reporting their findings (Duschl et al., 2007; Ford, 2008). Jiménez-Aleixandre and Erduran (2007) asserted that
introducing argument in science classrooms has the potential for fostering scientific literacy and understanding of
scientific culture. To engage students in argument, teachers must understand how to use arguments for developing
scientific knowledge. They must also allow students to become fluent speakers of science within peer group
interactions and make sense of newly constructed ideas.

Among various orientations to argumentation (e.g., Erduran et al., 2004; Winn et al., 2016), “only the immersion
orientation appears to fully capture the culture, including the epistemic nature of science that is embedded in
scientific practice” (Cavagnetto, 2010, p. 352). Immersion-oriented approaches involve students in cognitive
processes and social interactions in which they construct scientific knowledge by using argument structures (Weiss
et al., 2022).

2.4 | Toward an AdTex view of teaching

The combination of an EO and knowledge of epistemic tools promotes the development of the epistemic
foundation for AdTex. In the current research, our focus on the epistemic foundation is distinct from previous
research on professional expertise. Achieving a better understanding of how the EO and knowledge of
epistemic tools interact is necessary to characterize the development of foundational resources for AdTex to
address the epistemic complexity of learning environments. Starting from our conceptualization of adaptive
expertise, a multiple case study was conducted to create profiles of AdTex and detail the characteristics of

each profile.
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2.5 | Summary of the theoretical framework

This research set out to build on an empirical study of teacher learning as the basis for a theoretical framework that
articulates the relationship between the EO, knowledge of epistemic tools, and AdTex. Consistent with Figure 1, we
have demonstrated how teachers must act with fluidity as they move between the authorized big ideas of science
and their students' freedom to construct their own explanations. We have also highlighted epistemic tools play key
roles in teachers' ability to act with this fluidity. Specifically, we argue that teachers who hold knowledge of the
ways language, dialog, and argument can function as epistemic tools, and who hold EOs toward knowledge
generation, are most able to develop and exercise AdTex. To demonstrate how case study profiles support this

framework, we now turn to an empirical example.

2.6 | Research questions
The following research questions are addressed in this study:

e How can the teacher profiles created based on their EO and knowledge of epistemic tools (i.e., language, dialog,
argument) characterize AdTex for teaching science?

e What characteristics make teachers more or less adaptive in their decision-making for teaching science?

3 | METHODS
3.1 | Participants and context

The basis for this research was a study focused on developing the adaptive expertise of elementary science
teachers (n=122) as they implemented a knowledge generation approach called the Science Writing Heuristic
(SWH) (Hand & Keys, 1999). The SWH approach emphasizes the use of epistemic tools such as argument, language,
and dialog to create immersive classroom environments (Hand et al., 2021). This research provided us with a sample
of science teachers whose AdTex was under development. To promote SWH, a 3-year professional development
(PD) program was designed based on the conceptual framework shown in Figure 2.

This diagram illustrates how we integrated findings about teachers' knowledge of epistemic tools, EO, and
classroom practices to provide a theoretical framework for teachers' AdTex growth. The intensive summer PDs lasted
6 days each year of the study. After the 6-day summer PD workshops in the following semester, participant teachers
were additionally supported by a planned visit from a PD consultant in which they discussed their challenges and
successes with the approach. The main goals of the ongoing PD workshops were to help teachers better understand
the fundamentals of the knowledge generation environment. The summer PDs particularly framed around four main
themes: (1) learning, (2) language, (3) dialog, and (4) argument. During the learning sessions, the teachers had
discussions about how students learn science, shifting roles of students and teachers in generative learning
environments, and creating learning environments that help students utilize their agency to learn science. To help the
teachers understand the core ideas, the PD leaders worked with teachers to generate big ideas of generative learning:
(1) we negotiate ideas, not people (2) learning is about big ideas, negotiation, and the use of language and (3) learning
is focused on being additive, not about what is in deficit (4) we are all learners and learners need to be adaptive.
Teachers also learned about language, dialog, and argument as epistemic tools through discussions, modeled activities,
and example classroom video analysis. Specifically, we emphasized flexibility in the use of epistemic tools. In addition,
teachers were allowed to address their concerns and questions about the SWH approach. Typically, the morning

sessions were centered on presentations by guest speakers with follow-up question-and-answer opportunities. The
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FIGURE 2 Conceptual framework for the professional development (PD) program. NGSS, Next Generation
Science Standards.

afternoon sessions consisted of teacher-selected small group meetings with participants as the center of conversions.
Thus, teachers experienced the value of dialog for themselves as learners.

Participants in this study were 122 K-5 teachers from two U.S. states, one in the Midwest and one in the Southeast.
We conducted a multiple-case study (Yin, 2014) to understand teachers' decision-making processes and experiences with
SWH as a knowledge-generation approach. To identify case study teachers who have a range of orientations possible, we
used maximum variation sampling. This sampling method involved evaluating the scores of the survey, called the Epistemic
Orientation Survey (Suh et al., 2022), which the teachers completed before the first SWH workshop. After asking for their
consent, we conducted case studies with teachers who volunteered for further data collection. Stake (2006) has argued
that the key criteria for participant selection in multicase studies are whether each individual case is relevant to the object
of study, the diversity of contexts across cases, and whether each case provides an opportunity to reveal complexity. We
satisfied these criteria by selecting 24 teachers with maximum diversity in ways relevant to the constructs under
investigation (i.e., their AdTex, EO, and knowledge of epistemic tools). Since prior research has suggested that teachers
typically require professional support to develop their knowledge of the use of epistemic tools (e.g., Gonzalez-Howard &
McNeill, 2020) we ensured that teachers varied in their years of experience, which ranged between 1 and 30. A table
providing information about the participants' context in the multiple case study is included (Table 1). As can be seen in the
table, participant teachers had varied instructional modes because of COVID-19 pandemic regulations. There were 11
teachers who kept teaching in person. Five of them taught hybrid, where at-home students zoomed in to the classrooms.
Eight other teachers taught both in person and virtually at different times. As shown in Table 1, some teachers had
district-promoted curriculums. However, most of them mentioned that they mostly used those curriculums as a resource,

and they did not have pressure to implement them step by step. Only one teacher (TeB) noted it limited her flexibility.

3.2 | Data collection

Throughout the 3 years of the study, we collected different types of qualitative data (interviews, observations, and
PD reflections) from the same case study teachers at multiple time points as shown in Figure 3. The present study
includes reflection, vignette, and interview data collected from 24 teachers during the summer 2020 workshop and
2020-2021 school year, which refers to the project's second year. We used the data collected at that time because
the COVID-19 pandemic had created novel contexts where the teachers are required to address nonroutine

problems that they had never experienced before (Lammert, Hand et al., 2022). Analyzing the data collected from
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FIGURE 3 Qualitative data collection throughout the project for case study teachers. PD, professional
development.

this time enabled us to further understand how teachers' EOs and understandings of epistemic tools functioned as

foundational resources to be adaptive across contexts.

3.2.1 | Vignettes

Four vignettes were designed to assess teachers' EOs and their understanding of epistemic tools. The purpose of including
the vignettes was to provide a scenario to which teachers could respond in ways that demonstrated their knowledge of
epistemic tools and their ability to act in ways consistent with AdTex when faced with a novel problem (Finch, 1987,
Stecher et al., 2006). The administration procedure for the first vignette asked teachers to write for 10 min in response to
the following scenario: “Thomas has just finished his first Science Writing Heuristic workshop, and now he is uncertain how
to prepare for teaching science. He knows he won't be able to anticipate all the different ideas his students will share or
where the investigations may go. Please describe to Thomas how he could think about science teaching as he prepares.
Include any steps he should take, and make your thinking transparent so he knows why those steps are important.” The
other three vignettes followed the same structure, and each one included specific prompts to explore how teachers might
think about language, dialog, and argument when preparing to teach science concepts. The vignettes were administered
individually, online, through a reusable link, one per day, during the third year's PD.

3.2.2 | PD reflections

We collected teachers' written reflections through open-ended questions (a) after each morning session of the PD,
(b) after each afternoon session of the PD, (c) after the overall PD. We asked several open-ended questions to get

teachers' reflections on the topics covered in the PD. Example questions include the following:
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1) What was your biggest struggle with argument as a learning tool? What will you do/try in your classroom next

year to support student argumentation?
2) What has been your biggest change in how you think about using language in science?
) If someone said that the “Big Ideas” of each unit anchor their instruction, what would that mean to you?
4) In the examples you saw today, how were students given “space” to ask questions and negotiate ideas?
)

What skills do you already have that you feel work well with the big ideas of this workshop?

Including the teachers' individual written responses as a data source allowed us to analyze participants' thinking
immediately following the PD and without interaction with a researcher, whereas interviews were conducted later.

3.2.3 | Interviews

In Time Point 4, individual semi-structured interviews took place during the school year after the summer PD. All
interviews were audio-recorded and transcribed. The interview questions focused on four main areas: (1) epistemic

tools (2) learning (3) adaptiveness, and (4) planning. Sample interview questions included the following:

1) How can language contribute to student learning in science and in other content areas? In your mind, what is the
ultimate goal of language use?

2) Do you think learning works in mostly similar ways across content areas, or do you think students learn
differently from science to english language art, to math, to social studies? What does your view of learning
mean in your teaching?

3) How has the uncertainty of your current teaching situation, including in-person, remote, and virtual instruction,
required flexibility? What or who have you drawn on as sources of support?

4) How much do you stick to a daily or unit plan, and how much do you deviate? How does this compare to what
you have done in the past?

Importantly, to improve the dependability of the interviews' content (Yin, 2014) they were conducted by
graduate students and post-docs with no formal authority to evaluate the teachers' abilities. Each interview lasted

between 25 and 50 min.

3.3 | Data analysis

We conducted interviews after participants had completed the vignettes and PD reflections. Subsequently, we

conducted data analysis specific to each step of the study.

3.3.1 | Step 1: Vignette analysis

Our case study analysis process began with the vignettes since this data source provided insights into each
participant's EO and knowledge of epistemic tools. First, we created a Vignette Evaluation Rubric to analyze
vignette responses (Table 2). The rubric addressed learning, language, dialog, and argument. We combined all four
vignette responses and then used the rubric to determine the teacher's level of orientation toward learning and the
level of understanding of each epistemic tool. Each component had three criteria. The criteria were determined
based on the literature review on each area. If a teacher's responses addressed three of them, those responses were

scored as high. If the response addressed two of the three criteria, we scored that as medium. If the response
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addressed only one criterion, it was scored as 1. As the scale transitions from low to high, teachers' understandings
become more adaptive, student-centered, and knowledge-generation-focused.

3.3.2 | Step 2: Cross-checking across multiple data sources

After placing teachers on a scale based on their vignette responses and scores, we cross-checked this scale
with more open-ended data sources including PD reflections and interviews. Combining these data sources at
this step, which considered individual cases, allowed us to generate “tentative assertions” (Stake, 2006, p. 55)
within each case. These data sources included teachers' responses based on their own teaching contexts (i.e.,
the classrooms where they actually taught) as opposed to one presented in a vignette scenario. At this step,
we applied the same criteria included in the Vignette Evaluation Rubric to interview transcripts and written
reflections from PD. When this provided additional evidence that confirmed the teacher's original placement
on the scale, we did not change the teacher's scale score. When this provided disconfirming or contrasting
evidence to the vignette-based score, we adjusted the level of orientation to learning and the level of
understanding of epistemic tools. For example, if a teacher addressed two criteria of orientation to learning in
the vignettes, we first score the teacher as a medium. Then, if we found evidence for the third criteria in the
PD reflections and interview responses that was missing in the vignette responses, we added that into our
analysis and adjusted the score from medium to high.

To ensure the validity and consistency of coding, two different coders (two graduate research assistants)
conducted analysis in Step 1 and Step 2. After completing the coding separately, they compared their scores
for teacher epistemic orientations and each epistemic tool. They checked all the disagreements on the codes
and tried to reach an agreement. If they could not come up with an agreement, a third coder (a graduate
research assistant) was invited for the analysis of that particular case. The scores that the third coder agreed
on were kept as the final scores. Finally, we combined agreed scores as one data set that shows each
teacher's scores on four constructs: (1) orientations toward learning, (2) knowledge of language, (3)

knowledge of dialog, and (4) knowledge of argument.

3.3.3 | Step 3: Creating two-dimensional profiles

Using the scores created in Step 2, we determined teacher levels for two dimensions of the foundational
resources: (1) orientation toward learning (high-med-low), and (2) knowledge of epistemic tools
(high-med-low). This process fulfilled the need to engage in triangulation across cases, rather than just
within cases, which is a hallmark of cross-case research (Stake, 2006). We determined an overall score for the
knowledge of epistemic tools by looking at the scores of each area (language, dialog, and argument) that we
obtained in Step 2. If the teacher scored high on at least one of the epistemic tools and if the teacher scored
as a medium for the other two epistemic tools, we coded that as high for the overall knowledge of epistemic
tools. For example, if a teacher was scored as high in language and medium in both dialog and argument at
Step 2, that teacher coded as high for the overall knowledge of epistemic tools at Step 3. If the teacher had
no more than one area scored as low at Step 2, we coded that teacher as medium for the overall
understanding of epistemic tools at Step 3. If the teacher had two or more areas scored as low at Step 2, then
we coded this as low for the overall understanding of epistemic tools at Step 3. After completing scoring,
each teacher was placed across the scale (high, medium, and low) on the basis of two dimensions: (1)
orientations toward learning and (2) knowledge of epistemic tools, which allowed us to create profiles.

Among nine possible profiles of adaptive expertise, our analysis revealed six profiles as shown in Figure 4.
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FIGURE 4 The two-dimensional diagram of teacher profiles.

3.3.4 | Step 4: Identifying decision-making patterns for each profile

At this step, we looked at the cases in each profile in depth to understand common patterns in their decision-
making. For example, four teachers were represented in high-high profile, which means they scored as high in their
orientations toward learning and knowledge of epistemic tools. We looked closely at their data (vignettes,
interviews, and reflections) to identify common decision-making patterns among those four teachers. We repeated

the same procedure for the other five profiles.

4 | FINDINGS

This section describes the characteristics of AdTex shown in each of the six groups with membership. These characteristics

are presented in order from highest (i.e., most oriented toward knowledge generation) to lowest (Figure 4).

4.1 | G1: High-high profile

Four teachers represent high-high profiles: LaS, RaH, TaL, JoB. These teachers showed three common decision-

making patterns: (1) flexibility in planning and utilizing epistemic tools and practices across contexts; (2) prioritizing
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students' agency across contexts; (3) focusing adaptations on translating the knowledge generation system rather
than simply adjusting individual learning tools.
First, flexibility and open-mindedness were central, particularly when they had to deal with the uncertainty of

learning. In an interview, TaL recommended:

You can take what you need them to learn, what they want to learn, and their misconceptions, and
make a plan for how the unit will progress. Keep in mind that this plan will change as students learn

more. Keep an open mind and stay flexible.

LaS also stated that “you have to be flexible to go over to guide them back towards the big idea, but yet let
them have input and interest on what it is they're learning” (Interview). RaH and JoB also stressed the importance of
flexibility. JoB said, “There's a lot of times | don't have to do some of the stuff that | thought | would because they
just come at it at a different way... So | just have to be flexible with that, and | have to provide myself time to think
about sometimes how to challenge them” (Interview). RaH also mentioned that she needed to remember herself to
be flexible. Their flexibility was further highlighted when they had to change the instructional mode from in-person
to remote. Despite some restrictions they encountered, they quickly adjusted by finding new ways to utilize
language, dialog, and argument as epistemic tools in new settings.

It was evident that their flexibility stemmed from their EO. They believe knowledge is unsettled, and they are
willing to learn from novel experiences. TaL emphasized this by stating that “| am living in where I've got | have to
look at virtual data every day and in-person data every day and make instructional decisions” (Interview).

Second, they heavily emphasized the importance of utilizing student agency in the learning processes. They
used several practices to provide students an opportunity to investigate their own questions of interest. JoB wrote
“provide resources, but let students manipulate and use them. Don't create a recipe. They need ownership to have
their own investment in their learning” (Vignette). Similarly, RaH stressed that learning should be controlled by
students and students need to decide their questions and whether they are going to test or research about it. TaL
also mentioned that she always tried to find a way to give students more freedom in knowledge generation
processes (Interview). LaS suggested “Always allow opportunities for students to discuss, elaborate, and question
each other” (Vignette). She was using a scripted, district-promoted curriculum, but she mentioned that she was
using it as a resource to modify when needed. She said “We might pick and choose some of the investigations. We
might modify them. We just like or we let the kids modify them after watching part of it on” (Interview).

Third, when the instructional context changed, they translated knowledge generation practices rather than
simply adjusting each epistemic tool. For example, when TalL planned for virtual teaching, she identified digital tools
and platforms for students to generate questions, investigate, and negotiate ideas. RaH also identified new ways to
translate epistemic practices into a virtual setting by considering language, argument, and dialog together. JoB said,
“language, negotiation, and dialog is something that we can do for everything. It's one thing that COVID doesn't

stop” (Interview).

4.2 | G2: High-medium profile

Four teachers, LiS, AlH, Jel, and TeB, showed high EO and a medium understanding of epistemic tools. Three
patterns applied to this profile: (1) Instructional adjustments were made to promote student agency, (2) changes in
contexts limited their flexibility, (3) dialog and language practices were favored over argumentation.

First, similar to G1, these teachers valued student agency. They highlighted that students should understand
that they control their learning by asking questions and negotiating with peers. For instance, AIH wrote, “| have
tried to focus more on adding on to what the students know and want to know instead of just planning what to

teach” (PD Reflection). Similarly, TeB said, “I leave it up to them to see where they want to go in their research as
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long as they cover the big idea” (Interview). JelL stated that teachers need to be “question askers” rather than the
one who controls the learning environment by arguing that “It is much easier for the teacher to involve themselves
in dialogic interaction if they too take on the role of the learner” (Vignettes). LiS also wrote about allowing students
to talk about their current understanding and letting them ask questions to help them build on their learning.

Second, the COVID-19 context limited these teachers' flexibility in using epistemic tools, especially student
questioning, and dialog. For example, JeL mentioned that she had to post everything on Google classroom for
remote students, which restricted flexibility in questioning. She said, “now it's like every single thing has to be
posted in. Every question that | ever would ask has to be written and posted. And | think that's the hard part”
(Interview). AIH was teaching both remote and face-to-face students at the same time. Due to social distancing
policies, she also had to keep in-class students in rows, which made it a struggle to invite dialog and have
questioning drive student learning. Like AIR, TeB, and LScz complained about restricted student dialog because they
were not allowed to do group work in their classroom.

Third, most of the teachers in this group were able to explain why language and dialog were learning tools for
knowledge generation in science. However, argument was rarely mentioned. For example, JeL thought that
language leads to learning, and she mentioned that students and teachers would use language to negotiate their
understanding and learning. Similarly, LiS thought language is important in learning since it requires people to share
ideas and clarify their thinking. In the interview, she said, “I think that language plays the role in the sense that kids
need to be able to communicate their thinking, whether it's in writing or sketches or with their words. And they
need to be able to understand other people's thinking.”

Similarly, AIH addressed the importance of different forms of language, including talking, drawing, and writing
as a way to promote dialog and to gain a better understanding of science (Vignettes). TeB emphasized scientific
language by stating that students need to add new scientific vocabulary to their writing, discussion, and
presentations. She also addressed the importance of audience awareness when using language and dialog as
learning tools. She said, “They need to remember who their audience is when they are writing or speaking. This way

| can make sure that they comprehend what they are learning” (Interview).

4.3 | G4: Medium-high profile

Three teachers, JeH, SaS, JoM, scored medium in EO and high in the utilization of epistemic tools. This group
represents three patterns: (1) Inconsistently emphasizing student agency; (2) understanding the interplay of
epistemic tools; (3) attempting flexible responses to new contexts.

Similar to the G1 and G2 groups, all G4 teachers addressed the importance of student agency. However, they
sometimes struggled with it. For example, SaS said, “I let them guide their thinking a little bit more, and what they
want [to know] and how they want to solve that. So that's gotten a little better. Not perfect, but I've stepped back a
little bit” (Interview). JeH mentioned that students have control over the language they use in negotiations around
key concepts; however, she stated that she struggled to apply this when teaching virtually. JoM also mentioned
some challenges with student investigations during the pandemic, such as sharing supplies during in-class activities
and providing supplies to remote students.

This group of teachers understood how three epistemic tools work together to improve student learning. In her
vignette, JoM highlighted the interplays of these tools by stressing that “You need language and dialog to have
argumentation.” Similarly, JeH and SaS emphasized the importance of argument and dialogs in developing key
scientific concepts and language.

Based on their knowledge of epistemic tools, these teachers attempted flexibility in using these tools across
contexts despite the difficulties the COVID-19 pandemic brought, such as wearing masks. SaS said “I guess | just |
still do the same things, | feel like | really haven't changed much of anything” (Interview). However, such trials were

not always successful. For JeH, it was challenging to help remote students engage in investigations, dialog, and
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negotiations. She allowed students to engage in negotiations online through recorded videos and an online
discussion platform, but students' engagement was low.

44 | G5: Medium-medium profile

Seven teachers, AIR, CaC, DaK, GiJ, AnT, KaB, and TrL, had a medium EO and medium utilization of epistemic tools.
Patterns across the cases were: (1) Valuing student agency but taking limited action due to low understanding of
epistemic tools, (2) understanding the interrelated function of epistemic tools, but using the tools separately, (3)
constraints in flexibility due to external factors (e.g., school curriculums, COVID-19 -restrictions, and more).

All teachers in this group underlined the importance of student agency. They stated that student talk was
common in their classroom, and they were comfortable allowing students to lead dialog. For instance, AIR said
“we're having a lot more discussions and talking about, like the vocab and stuff than what | have in previous years
like more of them leading the conversation than me” (Interview). Similarly, DaK stated, “It is essential for the
students in your classroom to talk, and talk, and talk. The students should be doing most of the talking and leading
the discussions” (Vignettes). Although they were aware that student agency held importance in student learning,
teachers in this group had difficulties in utilizing student agency in their classrooms. For example, CaC expressed
her concerns about student-led investigation by stating that “just letting the students go to do whatever
investigation they want makes me nervous purely in the sense of having the materials that are needed and/or
wanted available to the students” (Interview). Also, most of the teachers in this group (AIR, CaC, KaB, DaK, AnT)
mentioned some struggles with student-led argumentation and their lack of understanding of argument contributed
to these struggles. KaB said, “My biggest struggle with argument was getting kids to really have good conversations
without me dominating and controlling the conversation” (Interview). DaK wrote “it [argument]is not a quick and
easy process. It takes time,” (Vignette).

These teachers understood how epistemic tools function together. For example, both AIR and DaK mentioned
student writing as a communication tool and a resource for their dialog. AIR and AnT viewed language as a tool that
helps students engage in argument. KaB discussed the connections between dialog and other epistemic tools. She

wrote:

| used to think dialogical interaction was interacting with others through conversation, but now my
ideas have change because it isn't just conversation, it is moving around the room, discussing and
negotiating ideas, and challenging others thoughts and idea. (Vignette)

Although these teachers self-reported that they understood the connections between epistemic tools, most
also said that they tend to use them individually. For example, AIR, CaC, and DaK focused on including more writing
and dialog, but as separate practices. KaB mentioned that she still trying to understand how she can apply
notebooking, and mentioned that she planned to use student argumentation after investigations (Interview). Only
TrL and GiJ mentioned some practices that incorporate different epistemic tools together. TrL used video recording
tools to facilitate student dialog and argument, and GiJ explained that her students had a dialog about their writing,
and then discussed how their ideas had changed after their talk.

Finally, some of the teachers in this group listed factors that limited their flexibility in using epistemic tools. For
example, due to the COVID-19 pandemic, AIR had a combined class where students had not previously met. She
said, “it's hard not to get frustrated during that time, because I'm already not good at science.” Both GiJ and DaK
struggled with COVID- 19 regulations. These nonroutine regulations restricted their flexibility in using epistemic
tools, including collaborative student dialog. She said, “previous small group discussions have been replaced with
whole class sharing and writing” (Interview). GiJ also said, “Usually, it would be on the carpet the conversations, |

could hear them more. Well, now that they're at their desks, | can't get to everyone as often” (Interview). GiJ and
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AnT were impacted by the lack of instructional time for science, which occurred since their schools promoted
reading and math during the limited instructional time allowed.

45 | G6: Medium-low profile

Five teachers, SaJ, KrL, SaC, KrD, and KyB, showed medium orientation to learning and low in the utilization of
epistemic tools. Patterns were: (1) Stressing “student-centered/controlled” practices without strong connections to
knowledge generation; (2) struggling to understand how epistemic tools function together and difficulty using
epistemic tools in practice. (3) Limited flexibility.

Although teachers in this group emphasized student agency, they did not elaborate much on students' learning
processes or how students can control their use of language, dialog, and argument. For example, SaJ stated that her
classroom involved, “lots of students doing the talking....| need to work getting my kids to talk more and me talk
less” (Interview). She did not explain further how student talks help students learn. SaC connected student learning
with student excitement. She said, “when the light bulb turns on and the kids are excited. That's learning for me”
(Interview). Similarly, KrL suggested that the teacher allow students to take ownership of the room (Vignettes).
However, she also wrote that the teacher needs to use the vocabulary she wants students to use. Following the PD,
KrD wrote, “letting the students be the ones that drive the learning is a hard thing for me to do” (PD Reflection).

Second, these teachers lacked an understanding of how language, dialog, and argument interact, and they had
difficulty using these tools into practice. For example, KyB mainly focused on student talk as a form of language. He said,
“The language part | found is probably the most challenging thing, just because it's really hard to get in front of a whole
group discussion” (Interview). To attempt this, she mentioned that she put students in small groups (in person) and
breakout rooms (virtually) to support dialog. SaC emphasized the importance of small group work to make students feel
comfortable sharing their ideas, but also stated that she could not make students negotiate on big ideas as much as she
wanted (Interview). SaJ emphasized student writing to improve their learning. She wrote, “They constantly need to be
putting their thoughts down” (Vignette). However, she reported that it was sometimes challenging for her to get students
to talk about their thinking. KrL suggested making students write scientific vocabulary down on sticky notes or in their
journals so they can think about words relating to the big idea. She also suggested that a teacher needs to make sure that
she is using the vocabulary that she wants the students to use. She said, “As long as she is using it, it should transfer to the
students” (Vignette). Unlike the other teachers in the group, KrD made connections with language and other learning tools.
She said that language is a learning tool when teachers and students collaborate, negotiate, and talk about big ideas. She
said she tried to promote student drawing and encouraged students to use the vocabulary they observed in science videos.
However, she gave examples from her class that she used the epistemic tools separately, and connections between the
tools were missing.

Third, the flexibility of these teachers was limited by different concerns. For example, SaC said, “I am probably not
engaging the kids enough in big ideas. Just because honestly the fear of a shutdown, and the fear of me not being
here.” She said she addressed big ideas efficiently when students attended in person. SaJ also mentioned her struggles in
promoting student dialog. SaJ said, “Just getting that conversation going and getting them to talk has been a struggle...
we've been off for a long time” (Interview). KrL also explained that she has had to, “figure out how to adapt everyday
lessons, and how to do SWH for a virtual learner. That's been really tough.” She stated that she was recording the lesson

and wanted virtual learners to watch it, but she believed these students' experiences were subpar.

4.6 | G8: Low-medium profile

One teacher, LaD, showed low orientation to knowledge generation approaches and medium utilization of

understanding of epistemic tools. Generally, (1) her orientation was minimally aligned to knowledge generation, (2)
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she understood how epistemic tools could function together but did not do so, and (3) she only made superficial
adaptations based on contextual constraints.

LaD thought that teachers need to create an environment where students feel comfortable with dialog. She
mentioned that students should lead dialog but failed to explain how to use dialog for knowledge generation. She
said, “l have to be better about getting out of the way and letting the kiddos do the talking” (PD Reflection). She also
focused on language practices, but she did not describe how language helps students' knowledge generation. She
said, “writing things down and talking about it helps knowledge cement in students' heads better” (Interview).

She mentioned that some challenges were minor, such as limited group work due to social distancing, and less
time for science because of COVID-19-based schedule changes. In response to these difficulties, she included more
writing opportunities. However, she often adhered to the scripted district-provided curriculum while adding
additional components, such as asking students to record important terms they heard in the provided science

videos.

5 | DISCUSSIONS

This study was driven by our desire to prepare teachers for adaptive teaching that addresses the epistemic
complexity of knowledge generation environments in science classrooms. Specifically, we were interested in
characterizing the fundamental resources teachers utilize when they engage with complex and nonroutine problems
to maximize student learning in various contexts. In light of the importance of addressing epistemic complexity, we
characterized AdTex as developmental teaching capacity observable through a teacher's ability to utilize epistemic
resources—that is, EO and knowledge of epistemic tools. The findings of this study contribute to addressing both

conceptual and methodological challenges for characterizing AdTex.

5.1 | Conceptual discussions

The profile comparisons revealed four prominent patterns that provide conceptual implications for education
research and teacher education programs aiming at developing AdTex. Figure 5 illustrates the process of AdTex
development, summarizing these patterns.

The analysis shows that an EO toward knowledge generation approaches is related to the degree of teacher
attention to student learning and student agency in the classrooms. One of the critical distinctions of the high-high
profile (G1) teachers from the lower profile (G4, G5, and G6) teachers was how much they were able to maintain
their attention on the maximization of student learning regardless of contexts. As EO shifted more toward
knowledge generation, teachers tended to prioritize students' ideas and their agency of generating knowledge. In a
new context, such as a virtual teaching environment created quickly out of necessity during the COVID-19
pandemic, the teachers who had strong EOs found new ways to help their students take action for knowledge
generation using the resources they had. This suggests that EO toward knowledge generation directs teachers'
attention toward potential affordances for knowledge generation and leads them to make more adaptive decisions
aligned to knowledge generation approaches in various contexts. The importance of maintaining close attention to
student ideas and learning processes in teaching has been highlighted in literature for the last several decades (e.g.,
Furtak, 2012; Sherin et al., 2011; Windschitl et al., 2011). However, little was known about how this tendency
relates to EO, epistemic tools, or AdTex before this study. Given that EO directs teachers' attention toward
knowledge generation, we believe EO, as an emerging framework (Suh et al., 2022) has the potential for explaining
how and why teachers can best attend to student learning.

In addition, EO appears to affect how teachers approach their own learning, as previous studies suggested
(Lammert, Suh et al., 2022; Suh & Park, 2017). Teachers with higher profiles in EO presented more willingness to
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FIGURE 5 Patterns of adaptive teaching expertise development emerged from the profile analysis.

change their existing knowledge and practices based on their experiences and/or the data collected from their
classrooms. This characteristic became important when they aimed to address new contextual challenges. As they
were willing to learn and explore new ways of using the resources they had, they showed more intentional flexibility
in decision-making processes. Noticeably, their flexibility in decision-making is often driven by the data collected
from the learning environments. The higher profile in EO used more data (from both students and their
environments) to reflexively adjust their practices when they reflected on teaching (Schon, 1983). Given that strong
EO informs the tendency of considering knowledge as evolving with new evidence (Suh et al., 2022), such
characteristic is naturally presented in high EO group (Bohle Carbonell et al., 2014). This finding is consistent with
the previous studies that highlighted the importance of epistemological beliefs in teacher learning and their
decision-making (e.g., Brownlee et al., 2001).

This research also indicated that higher profiles in the knowledge of epistemic tools represented a higher
capacity of adjusting the tools in practice. We argue that as teachers developed a deeper understanding of each
epistemic tool, they tended to value each tool more, use each tool more often in their classrooms, and through
experience, feel more comfortable flexibly adjusting the way each tool functioned. More importantly, the teachers
showed a deeper understanding of how the tools can be interplayed together for creating generative learning
environments as they moved up to the higher profile. Interestingly, among the three epistemic tools, argument was
the most challenging tool for the teachers to develop and flexibly utilize. Only high-profile group (G1) showed a
strong understanding of argument and a certain degree of flexibility in using the tool across contexts. This is not
surprising as literature has reported that elementary teachers are underprepared to use argument (e.g., McNeill

et al., 2016; Osborne et al., 2019). While dialog was the tool most teachers valued, and attempted to utilize most
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often regardless of contexts, only a few teachers in high- and medium-profile groups were able to find innovative
ways to create interactive dialog when the instructional mode changed to virtual during the COVID-19 pandemic.

Finally, the cross-case analysis revealed that the development of epistemic resources determines a
degree of adaptability aiming at knowledge generation. This suggests that teachers' adaptability is expressed
in a sensible balance between flexibility and efficiency/productivity. Unlike flexibility which is often defined
as merely using tools, adaptability encompasses an appropriate, meaningful, thoughtful selection of resources
for the maximization of student learning (Verschaffel et al., 2009). As the teachers developed stronger EO
and a deeper understanding of epistemic tools, they showed a better understanding of the complex
relationship among epistemic tools, practices, and big ideas. Not only did they try to be more flexible in
utilizing the tools, but they also focused on productively helping students connect between their own ideas
and the fixed or predetermined big idea(s). This suggests that our framework of “epistemic resources” that
embeds EO and knowledge of language, dialog, and argument has a potential for characterizing AdTex in a

way that addresses the epistemic underpinning of the NGSS.

5.2 | Methodological discussions

The present study also provides some methodological implications for educational research aiming at characterizing
AdTex.

First, this study shows one possible way to represent the capacity of AdTex development by creating
systematic profiles based the multiple qualitative data sources. We argue that the complexity of AdTex
development can be characterized by profile analysis as it helps researchers to identify and analyze patterns of
profile groups on the basis of multiple variables that need to be considered for understanding the complexity (Stake,
2006). While quantitative analysis provides various ways of analyzing profiles based on scores (e.g., latent profile
analysis), there is no set rule or method to analyze qualitative profiles. The multicase profile analysis presented in
this study was mainly concerned with the degree of the alignments between the epistemic resources each teacher
developed, and the epistemic underpinnings of knowledge generation approaches. While there may be an ideal
state or condition of AdTex, the research methodology we adopted led to the identification of multiple pathways
toward AdTex. By analyzing that which was observable in qualitative data at a certain timepoint, we attempted to
determine how much the development of each resource is closely aligned with the epistemic underpinning of NGSS
Lead States (2013). In the end, the profiles created through the analysis demonstrated that the development of the
epistemic resources could represent the degree of development of AdTex and provide a rich research pathway for
future analysis.

Second, the present study shows the potential value of using vignettes to understand AdTex. Vignettes,
which are commonly used in fields such as medicine and business, generally include brief scenarios requiring
action or a judgment to which participants are invited to respond (Finch, 1987). The use of vignettes in
qualitative case study education research is rare, perhaps because there is some degree of inauthenticity in
asking participants to respond in writing to a scenario. Obviously, a response to a vignette is unlikely to
perfectly match an individual's actual behavior should they encounter a similar situation in real life (Stecher
et al., 2006). However, the use of vignettes helped us understand the developmental trajectories of teachers'
AdTex. Stronger and weaker responses were identifiable, and these showed differences in how teachers used
their intellectual resources to describe their own vision for adaptive teaching. Furthermore, classroom
observation opportunities were limited during the COVID-19 pandemic, so the vignette filled an important
space in giving us information about participants' practices (Lammert, Hand et al., 2022). Since the vignettes
invited the teachers to describe how they would make decisions or take actions to address challenges
described in the scenarios, they present one possibility of measuring and/or capturing AdTex. We believe this

is an undeveloped resource for studying AdTex.
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5.3 | Limitations and future directions

The present study used only the data set from one-time point within a large data set that has multiple timepoints.
To fully understand the developmental aspect of AdTex, further investigations of how teachers develop epistemic
resources across multiple timepoints would be helpful. The lack of classroom observations was another limitation of
this study. Although we initially planned classroom visits, because of COVID regulations, school administrations
restricted classroom access. Also, the findings of this study are not directly generalizable to other contexts, although
we have aimed to provide a thick description of the context of the current research to support the transferability of
our theoretical model. While the two-dimensional analysis potentially yields nine-profile groups, the present study
shows the characterization of the six groups only and some of those groups had one or two members. A particular
consideration is state-level curricular contexts. While these teachers came from two U.S. states, one state had
adopted the NGSS Lead States (2013) and the other state adopted state standards which were developed based on
recommendations in the NRC Framework for K-12 Science Education. It remains unclear how these results would
have differed had it occurred where state-level content standards differed from the vision presented in the NGSS
Lead States (2013). By adding more cases to each profile group or tracking longitudinal data sets, researchers will be
able to provide richer descriptions of the differences among the groups. More importantly, an examination of the

relationship between teacher profiles and student learning outcomes is necessary to depict a complete picture.

ACKNOWLEDGMENTS
This study is part of a larger project (award #1812576), funded by the National Science Foundation, titled “Moving
beyond pedagogy: Developing elementary teachers' adaptive expertise in using the epistemic complexity of

science.”

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the corresponding author upon reasonable
request.

ORCID

Jee K. Suh http://orcid.org/0000-0002-7370-3896

Brian Hand " http://orcid.org/0000-0002-0574-7491
Catherine Lammert http://orcid.org/0000-0001-7356-0816
Gavin Fulmer http://orcid.org/0000-0003-0007-1784

REFERENCES

Aleixandre, M. P. J., & Crujeiras, B. (2017). Epistemic practices and scientific practices in science education. In K. S. Taber &
B. Akpan (Eds.), Science education. New directions in mathematics and science education (pp. 69-80). Brill Sense.
Allen, M. H., Matthews, C. E., & Parsons, S. A. (2013). A second-grade teacher's adaptive teaching during an integrated
science-literacy unit. Teaching and Teacher Education, 35, 114-125.

Anthony, G., Hunter, J., & Hunter, R. (2015). Prospective teachers development of adaptive expertise. Teaching and Teacher
Education, 49, 108-117.

Baines, E., Blatchford, P., & Kutnick, P. (2003). Changes in grouping practices over primary and secondary school.
International Journal of Educational Research, 39(1-2), 9-34. https://doi.org/10.1016/50883-0355(03)00071-5

Ball, D. L., & Cohen, D. K. (1999). Developing practice, developing practitioners: Toward a practice-based theory of
professional education. In L. Darling-Hammond & G. Skyes (Eds.), Teaching as the learning profession: Handbook of
policy and practice (Vol. 1, pp. 3-22). Jossey-Bass.

Beghetto, R. A., & Karwowski, M. (2017). Toward untangling creative self-beliefs. In M. Karwowski & J. C. Kaufman (Eds.),
The creative self: Effects of self-efficacy, mindset and identity (pp. 4-24). Academic Press.

Beltramo, J. L. (2017). Developing adaptive teaching practices through participation in cogenerative dialogues. Teaching and
Teacher Education, 63, 326-337.

:sdy) SUOMIPUO)) PUE SuLIa 1 3y1 208 “[€207/€0/87] U0 AITBIQET QUIUQ A2[1 “BSOO[EISN ], BWIEGRIY JO AUSIANIL Kq 96.17-995/Z001°0 1 10p/wi0-Ka[1m-KIeIquaus[uoy/:sdjiy wosy papeousoq ‘0 *XLE78601

KommA:

ASULDIT SUOWWO)) AANEAIY) d[qedrjdde ay) £q PauIsA0T a1e SI[OIIE Y() SN JO SA[NI 10j A1eIqiT duI[uQ) AI[IA UO (¢


http://orcid.org/0000-0002-7370-3896
http://orcid.org/0000-0002-0574-7491
http://orcid.org/0000-0001-7356-0816
http://orcid.org/0000-0003-0007-1784
https://doi.org/10.1016/S0883-0355(03)00071-5

SUH €T AL : o - 25
Science I
S Wi ey

Bereiter, C., & Scardamalia, M. (1993). Surpassing ourselves: An inquiry into the nature and implications of expertise. Open
Court.

Berland, L. K., Schwarz, C. V., Krist, C., Kenyon, L., Lo, A. S., & Reiser, B. J. (2016). Epistemologies in practice: Making
scientific practices meaningful for students. Journal of Research in Science Teaching, 53(7), 1082-1112. https://doi.org/
10.1002/tea.21257

Berliner, D. C. (2001). Learning about and learning from expert teachers. International Journal of Educational Research, 35(5),
463-482. https://doi.org/10.1016/50883-0355(02)00004-6

Bohle Carbonell, K., Stalmeijer, R. E., Kdnings, K. D., Segers, M., & van Merriénboer, J. J. G. (2014). How experts deal with
novel situations: A review of adaptive expertise. Educational Research Review, 12, 14-29. https://doi.org/10.1016/j.
edurev.2014.03.001

Bowers, N., Merritt, E., & Rimm-Kaufman, S. (2020). Exploring teacher adaptive expertise in the context of elementary
school science reforms. Journal of Science Teacher Education, 31(1), 34-55. https://doi.org/10.1080/1046560X.2019.
1651613

Bransford, J. D., & Schwartz, D. L. (1999). Chapter 3: Rethinking transfer: A simple proposal with multiple implications.
Review of research in education, 24(1), 61-100.

Brownlee, J., Purdie, N., & Boulton-Lewis, G. (2001). Changing epistemological beliefs in pre-service teacher education
students. Teaching in higher education, 6(2), 247-268.

Carlson, J., Daehler, K., Alonzo, A. C., Barendsen, E., Borowski, A., Berry, A., & Wilson, C. D. (2019). The Refined Consensus
Model of pedagogical content knowledge in science education. In A. Hume, R. Cooper, & A. Borowski (Eds.),
Repositioning PCK in teachers' professional knowledge (pp. 77-92). Springer.

Cavagnetto, A. R. (2010). Argument to foster scientific literacy: A review of argument interventions in K-12 science
contexts. Review of Educational Research, 80(3), 336-371. https://doi.org/10.3102/0034654310376953

Chen, Y.-C., & Qiao, X. (2020). Using students' epistemic uncertainty as a pedagogical resource to develop knowledge in
argumentation. International Journal of Science Education, 42(13), 2145-2180. https://doi.org/10.1080/09500693.
2020.1813349

Crawford, B. A., Zembal-Saul, C., Munford, D., & Friedrichsen, P. (2005). Confronting prospective teachers' ideas of
evolution and scientific inquiry using technology and inquiry-based tasks. Journal of Research in Science Teaching, 42(6),
613-637. https://doi.org/10.1002/tea.20070

De Arment, S. T., Reed, E., & Wetzel, A. P. (2013). Promoting adaptive expertise: A conceptual framework for special
educator preparation. Teacher Education and Special Education, 36(3), 217-230.

Driver, R., Newton, P., & Osborne, J. (2000). Establishing the norms of scientific argumentation in classrooms. Science
Education, 84(3), 287-312. https://doi.org/10.1002/(SICI)1098-237X(200005)84:3%3C287::AID-SCE1%3E3.0.
CO;2-A

Duffy, G. G., & Hoffman, J. V. (2002). Beating the odds in literacy education: Not the “betting on” but the “bettering of”
schools and teachers. In B. M. Taylor & P. David Pearson (Eds.), Teaching reading: Effective schools, accomplished
teachers (pp. 375-388). Routledge.

Duschl, R. A., Schweingruber, H. A., & Shouse, A. W. (2007). Taking science to school: Learning and teaching science in
grades K-8. Eurasia Journal of Mathematics, Science & Technology Education, 3(2), 163-166.

Ellstrom, P. E. (2001). Integrating learning and work: Problems and prospects. Human Resource Development Quarterly,
12(4), 421-435.

Erduran, S., Simon, S., & Osborne, J. (2004). TAPping into argumentation: Developments in the application of Toulmin's
argument pattern for studying science discourse. Science Education, 88(6), 915-933. https://doi.org/10.1002/sce.
20012

Fairbanks, C. M., Duffy, G. G., Faircloth, B. S., Ye He, U., Levin, B., Rohr, J., & Stein, C. (2010). Beyond knowledge: Exploring
why some teachers are more thoughtfully adaptive than others. Journal of Teacher Education, 61(1-2), 161-171.
https://doi.org/10.1177/0022487109347874

Finch, J. (1987). The vignette technique in survey research. Sociology, 21(1), 105-114.

Fiorella, L., & Mayer, R. E. (2016). Eight ways to promote generative learning. Educational Psychology Review, 28(4),
717-741. https://doi.org/10.1007/s10648-015-9348-9

Fisher, F., & Peterson, P. (2001, June). A tool to measure adaptive expertise in biomedical engineering students. 2001 Annual
Conference (pp. 6-120).

Ford, M. (2008). Disciplinary authority and accountability in scientific practice and learning. Science Education, 92(3),
404-423.

Furtak, E. M. (2012). Linking a learning progression for natural selection to teachers' enactment of formative assessment.
Journal of Research in Science Teaching, 49(9), 1181-1210.

SUONIPUOD) PUE SULd 1 a1 038 “[£20/€0/37] U0 ATeIqrT SUIUQ) A9TIA “PSOO[EISI L, PWBQELY JO ASIOATUN) £Q 96L1Z'295/200 101 /10P/w0d Aa[iKIeaquIautuoy/:sny wosy papeo[umod ‘0 XLET8601

:sdy

Koy

ASULDIT SUOWWO)) AANEAIY) d[qedrjdde ay) £q PauIsA0T a1e SI[OIIE Y() SN JO SA[NI 10j A1eIqiT duI[uQ) AI[IA UO (¢


https://doi.org/10.1002/tea.21257
https://doi.org/10.1002/tea.21257
https://doi.org/10.1016/S0883-0355(02)00004-6
https://doi.org/10.1016/j.edurev.2014.03.001
https://doi.org/10.1016/j.edurev.2014.03.001
https://doi.org/10.1080/1046560X.2019.1651613
https://doi.org/10.1080/1046560X.2019.1651613
https://doi.org/10.3102/0034654310376953
https://doi.org/10.1080/09500693.2020.1813349
https://doi.org/10.1080/09500693.2020.1813349
https://doi.org/10.1002/tea.20070
https://doi.org/10.1002/(SICI)1098-237X(200005)84:3%3C287::AID-SCE1%3E3.0.CO;2-A
https://doi.org/10.1002/(SICI)1098-237X(200005)84:3%3C287::AID-SCE1%3E3.0.CO;2-A
https://doi.org/10.1002/sce.20012
https://doi.org/10.1002/sce.20012
https://doi.org/10.1177/0022487109347874
https://doi.org/10.1007/s10648-015-9348-9

2 i I SUH ET AL
Science AN
% | wiLey- -

Gee, J. P. (2004). Language in the science classroom: Academic social languages as the heart of school-based literacy. In R.
K. Yerrick & W.-M. Roth (Eds.), Establishing scientific classroom discourse communities: Multiple voices of teaching and
learning research (pp. 19-37). Lawrence Erlbaum Associates.

Gess-Newsome, J. (2015). A model of teacher professional knowledge and skill including PCK: Results of the thinking from
the PCK summit. In A. Berry, P. Friedrichsen, & J. Loughran (Eds.), Re-examining pedagogical content knowledge in
science education (pp. 28-42). Routledge Press.

Gonzalez-Howard, M., & McNeill, K. L. (2020). Acting with epistemic agency: Characterizing student critique during
argumentation discussions. Science Education, 104(6), 953-982. https://doi.org/10.1002/sce.21592

Halliday, M. A. K. (1975). Learning how to mean. In E. H. Lenneberg & E. Lenneberg (Eds.), Foundations of language
development (pp. 239-265). Academic Press.

Hand, B., Cavagnetto, A., & Norton-Meier, L. (2019). Immersive approaches to science argumentation and literacy: What
does it mean to “live” the languages of science? In V. Prain & B. Hand (Eds.), Theorizing the future of science education
research. Contemporary trends and issues in science education (pp. 99-113). Springer. https://doi.org/10.1007/978-3-
030-24013-4_7

Hand, B., Chen, Y. C., & Suh, J. K. (2021). Does a knowledge generation approach to learning benefit students? A systematic
review of research on the Science Writing Heuristic approach. Educational Psychology Review, 33, 535-577. https://
doi.org/10.1007/s10648-020-09550-0

Hand, B., & Keys, C. W. (1999). Inquiry investigation. The Science Teacher, 66(4), 27.

Hand, B. M. (2008). Introducing the Science Writing Heuristic approach. In B. M. Hand (Ed.), Science inquiry, argument and
language (pp. 1-11). Brill. https://doi.org/10.1163/9789087902520_002

Hatano, G., & Inagaki, K. (1986). Two courses of expertise. In H. A. H. Stevenson & K. Hakuta, (Eds.), Child development and
education in Japan (pp. 262-272). Freeman.

Howe, C., & Abedin, M. (2013). Classroom dialogue: A systematic review across four decades of research. Cambridge Journal
of Education, 43(3), 325-356. https://doi.org/10.1080/0305764X.2013.786024

Jiménez-Aleixandre, M. P., & Erduran, S. (2007). Argumentation in science education: An overview. In S. Erduran & M. P.
Jiménez-Aleixandre (Eds.), Argumentation in science education. science & technology education library (Vol. 35, pp. 3-27).
Springer.

Kelly, G. J., & Licona, P. (2018). Epistemic practices and science education. In M. Matthews (Ed.), History, philosophy and
science teaching (pp. 139-165). Springer.

Kennedy, M. M. (2006). Knowledge and vision in teaching. Journal of Teacher Education, 57(3), 205-211. https://doi.org/10.
1177/0022487105285639

Kewalramani, S., & Veresov, N. (2022). Multimodal creative inquiry: Theorizing a new approach for children's science
meaning-making in early childhood education. Research in Science Education, 52, 927-947. https://doi.org/10.1007/
s11165-021-10029-3

Klein, P. D. (2006). The challenges of scientific literacy: From the viewpoint of second-generation cognitive science.
International Journal of Science Education, 28(2-3), 143-178.

Ko, M. L. M., & Krist, C. (2019). Opening up curricula to redistribute epistemic agency: A framework for supporting science
teaching. Science Education, 103(4), 979-1010. https://doi.org/10.1002/sce.21511

Lammert, C., Hand, B., Suh, J. K., & Fulmer, G. (2022). “It's all in the moment”: A mixed-methods study of elementary science
teacher adaptiveness following professional development on knowledge generation approaches. Disciplinary and
Interdisciplinary Science Education Research, 4, 12. https://doi.org/10.1186/s43031-022-00052-3

Lammert, C., Suh, J. K, Hand, B., & Fulmer G. (2022). Is epistemic orientation the chicken or the egg in professional
development for knowledge generation approaches? Teaching and Teacher Education, 116, 103747. https://doi.org/
10.1016/j.tate.2022.103747

Lampert, M. (2010). Learning teaching in, from, and for practice: What do we mean? Journal of Teacher Education, 61(1-2),
21-34.

Lampert, M., Franke, M. L., Kazemi, E., Ghousseini, H., Turrou, A. C., Beasley, H., Cunard, A., & Crowe, K. (2013). Keeping it
complex: Using rehearsals to support novice teacher learning of ambitious teaching. Journal of Teacher Education,
64(3), 226-243. https://doi.org/10.1177/0022487112473837

Lee, K. T., Chalmers, C., Chandra, V., Yeh, A., & Nason, R. (2014). Retooling Asian-Pacific teachers to promote creativity,
innovation and problem solving in science classrooms. Journal of Education for Teaching, 40(1), 47-64.

Maggioni, L., & Parkinson, M. M. (2008). The role of teacher epistemic cognition, epistemic beliefs, and calibration in
instruction. Educational Psychology Review, 20(4), 445-461. https://doi.org/10.1007/s10648-008-9081-8

Mannikko, 1., & Husu, J. (2019). Examining teacher' adaptive expertise through personal practical theories. Teaching and
Teacher Education, 77, 126-137.

McNeill, K. L., Katsh-Singer, R., Gonzéalez-Howard, M., & Loper, S. (2016). Factors impacting teachers' argumentation
instruction in their science classrooms. International Journal of Science Education, 38(12), 2026-2046.

SUONIPUOD) PUE SULd 1 a1 038 “[£20/€0/37] U0 ATeIqrT SUIUQ) A9TIA “PSOO[EISI L, PWBQELY JO ASIOATUN) £Q 96L1Z'295/200 101 /10P/w0d Aa[iKIeaquIautuoy/:sny wosy papeo[umod ‘0 XLET8601

:sdy

KommA:

ASULDIT SUOWWO)) AANEAIY) d[qedrjdde ay) £q PauIsA0T a1e SI[OIIE Y() SN JO SA[NI 10j A1eIqiT duI[uQ) AI[IA UO (¢


https://doi.org/10.1002/sce.21592
https://doi.org/10.1007/978-3-030-24013-4_7
https://doi.org/10.1007/978-3-030-24013-4_7
https://doi.org/10.1007/s10648-020-09550-0
https://doi.org/10.1007/s10648-020-09550-0
https://doi.org/10.1163/9789087902520_002
https://doi.org/10.1080/0305764X.2013.786024
https://doi.org/10.1177/0022487105285639
https://doi.org/10.1177/0022487105285639
https://doi.org/10.1007/s11165-021-10029-3
https://doi.org/10.1007/s11165-021-10029-3
https://doi.org/10.1002/sce.21511
https://doi.org/10.1186/s43031-022-00052-3
https://doi.org/10.1016/j.tate.2022.103747
https://doi.org/10.1016/j.tate.2022.103747
https://doi.org/10.1177/0022487112473837
https://doi.org/10.1007/s10648-008-9081-8

SUH €T AL : o - 27
Science I
S Wi LEy- L

Mercer, N. (2008). Classroom dialogue and the teacher's professional role. Education Review, 21(1), 60-65.

Mercer, N., Dawes, L., & Staarman, J. K. (2009). Dialogic teaching in the primary science classroom. Language and Education,
23(4), 353-369. https://doi.org/10.1080/09500780902954273

Mercer, N., Hennessy, S., & Warwick, P. (2019). Dialogue, thinking together and digital technology in the classroom: Some
educational implications of a continuing line of inquiry. International Journal of Educational Research, 97, 187-199.
https://doi.org/10.1016/j.ijer.2017.08.007

Miller, E., Manz, E., Russ, R., Stroupe, D., & Berland, L. (2018). Addressing the epistemic elephant in the room: Epistemic
agency and the next generation science standards. Journal of Research in Science Teaching, 55(7), 1053-1075. https://
doi.org/10.1002/tea.21459

Mullis, 1. V., & Martin, M. O. (2017). TIMSS 2019 Assessment Frameworks: ERIC.

Mulvey, B. K., Chiu, J. L., Ghosh, R, & Bell, R. L. (2016). Special education teachers' nature of science instructional
experiences. Journal of Research in Science Teaching, 53(4), 554-578. https://doi.org/10.1002/tea.21311

Mylopoulos, M., & Woods, N. N. (2009). Having our cake and eating it too: Seeking the best of both worlds in expertise
research. Medical Education, 43(5), 406-413.

National Research Council (NRC). (2012). A framework for K-12 science education: Practices, crosscutting concepts, and core
ideas. The National Academies Press. https://doi.org/10.17226/13165

NGSS Lead States. (2013). Next generation science standards: For states, by states. The National Academy Press.

Norris, S. P., & Phillips, L. M. (2003). How literacy in its fundamental sense is central to scientific literacy. Science Education,
87(2), 224-240. https://doi.org/10.1002/sce.10066

Nussbaum, E. M. (2012). Argumentation and student-centered learning environments. Theoretical Foundations of Learning
Environments, 2, 114-141.

Osborne, J. F., Borko, H., Fishman, E., Gomez Zaccarelli, F., Berson, E., Busch, K. C., Reigh, E., & Tseng, A. (2019). Impacts of
a practice-based professional development program on elementary teachers' facilitation of and student engagement
with scientific argumentation. American Educational Research Journal, 56(4), 1067-1112.

Oyoo, S. O. (2012). Language in science classrooms: An analysis of physics teachers' use of and beliefs about language.
Research in Science Education, 42(5), 849-873. https://doi.org/10.1007/s11165-011-9228-3

Park, S., Kite, V., Suh, J. K., Jung, J., & Rachmatullah, A. (2022). Investigation of the relationships among science teachers'
epistemic orientations, epistemic understanding, and implementation of next generation science standards science
practices. Journal of Research in Science Teaching, 59(4), 561584. https://doi.org/10.1002/tea.21737

Parsons, S. A., Vaughn, M,, Scales, R. Q., Gallagher, M. A,, Parsons, A. W., Davis, S. G., Pierczynski, M., & Allen, M. (2018).
Teachers' instructional adaptations: A research synthesis. Review of Educational Research, 88(2), 205-242. https://doi.
org/10.3102/0034654317743198

Premo, J., Cavagnetto, A., Collins, L., Davis, W. B., & Offerdahl, E. (2023). Discourse remixed: Shifting science learning
through talk. The Journal of Experimental Education, 91(2), 336-357. https://doi.org/10.1080/00220973.2021.
1993771

Premo, J., Lamb, R., & Cavagnetto, A. (2018). Conditional cooperators: Student prosocial dispositions and their perceptions
of the classroom social environment. Learning Environments Research, 21(2), 229-244. https://doi.org/10.1007/
s10984-017-9251-z

Rivard, P., & Straw, S. B. (2000). The effect of talk and writing on learning science: An exploratory study. Science Education,
84(5), 566-593. https://doi.org/10.1002/1098-237X(200009)84:5%3C566::AID-SCE2%3E3.0.CO;2-U

Sandoval, W. A. (2005). Understanding students' practical epistemologies and their influence on learning through inquiry.
Science education, 89(4), 634-656.

Schildkamp, K., & Poortman, C. (2015). Factors influencing the functioning of data teams. Teachers College Record: The Voice
of Scholarship in Education, 117(4), 1-42.

Schipper, T., Goei, S. L., de Vries, S., & van Veen, K. (2017). Professional growth in adaptive teaching competence as a result
of lesson study. Teaching and Teacher Education, 68, 289-303.

Schon, D. A. (1983). The reflective practitioner: How professionals think in action. Basic Books.

Settlage, J., & Southerland, S. A. (2019). Epistemic tools for science classrooms: The continual need to accommodate and
adapt. Science Education, 103(4), 1112-1119. https://doi.org/10.1002/sce.21510

Sherin, M. G., & Jacobs, V. R. (2011). Situating the study of teacher noticing. In Mathematics teacher noticing, (33-44)
Routledge.

Shulman, L. S. (1986). Those who understand: A conception of teacher knowledge. American Educator, 10(1), 9-15.

Shulman, L. S. (2004). The wisdom of practice: Essays on teaching, learning, and learning to teach. Jossey-Bass.

Soslau, E. (2012). Opportunities to develop adaptive teaching expertise during supervisory conferences. Teaching and
Teacher Education, 28(5), 768-779.

Stake, R. E. (2006). Multiple case study analysis. Guilford Press.

SUONIPUOD) PUE SULd 1 a1 038 “[£20/€0/37] U0 ATeIqrT SUIUQ) A9TIA “PSOO[EISI L, PWBQELY JO ASIOATUN) £Q 96L1Z'295/200 101 /10P/w0d Aa[iKIeaquIautuoy/:sny wosy papeo[umod ‘0 XLET8601

:sdy

Koy

ASULDIT SUOWWO)) AANEAIY) d[qedrjdde ay) £q PauIsA0T a1e SI[OIIE Y() SN JO SA[NI 10j A1eIqiT duI[uQ) AI[IA UO (¢


https://doi.org/10.1080/09500780902954273
https://doi.org/10.1016/j.ijer.2017.08.007
https://doi.org/10.1002/tea.21459
https://doi.org/10.1002/tea.21459
https://doi.org/10.1002/tea.21311
https://doi.org/10.17226/13165
https://doi.org/10.1002/sce.10066
https://doi.org/10.1007/s11165-011-9228-3
https://doi.org/10.1002/tea.21737
https://doi.org/10.3102/0034654317743198
https://doi.org/10.3102/0034654317743198
https://doi.org/10.1080/00220973.2021.1993771
https://doi.org/10.1080/00220973.2021.1993771
https://doi.org/10.1007/s10984-017-9251-z
https://doi.org/10.1007/s10984-017-9251-z
https://doi.org/10.1002/1098-237X(200009)84:5%3C566::AID-SCE2%3E3.0.CO;2-U
https://doi.org/10.1002/sce.21510

28 - o SUH ET AL
Science A
2 | wiLey- -

Stecher, B., Le, V. N., Hamilton, L., Ryan, G., Robyn, A., & Lockwood, J. R. (2006). Using structured classroom vignettes to
measure instructional practices in mathematics. Educational Evaluation and Policy Analysis, 28(2), 101-130.

Stroupe, D., Moon, J., & Michaels, S. (2019). Introduction to special issue: Epistemic tools in science education. Science
Education, 103(4), 948-951. https://doi.org/10.1002/sce.21512

Suh, J. K. (2016). Examining teacher epistemic orientations toward teaching dcience (EOTS) and its relationship to instructional
practices in science [Doctoral dissertation, The University of lowal).

Suh, J. K., Hwang, J., Park, S., & Hand, B. (2022). Epistemic orientation toward teaching science for knowledge generation:
Conceptualization and validation of the construct. Journal of Research in Science Teaching, 59(9), 1651-1691. https://
doi.org/10.1002/tea.21769

Suh, J. K., & Park, S. (2017). Exploring the relationship between pedagogical content knowledge (PCK) and sustainability of
an innovative science teaching approach. Teaching and Teacher Education, 64, 246259. https://doi.org/10.1016/j.tate.
2017.01.021

Tytler, R., Williams, G., Hobbs, L., & Anderson, J. (2019). Challenges and opportunities for a STEM interdisciplinary agenda.
In B. Doig, J. Williams, D. Swanson, R. B. Ferri, & P. Drake (Eds.), Interdisciplinary mathematics education (pp. 51-81).
Springer.

Varelas, M., Pappas, C. C., Kane, J. M., Arsenault, A., Hankes, J., & Cowan, B. M. (2008). Urban primary-grade children think
and talk science: Curricular and instructional practices that nurture participation and argumentation. Science
Education, 92(1), 65-95. https://doi.org/10.1002/sce.20232

Verschaffel, L., Luwel, K., Torbeyns, J., & Van Dooren, W. (2009). Conceptualizing, investigating, and enhancing adaptive
expertise in elementary mathematics education. European Journal of Psychology of Education, 24(3), 335-359. https://
doi.org/10.1007/BF03174765

Weiss, K. A., McDermott, M. A, & Hand, B. (2022). Characterising immersive argument-based inquiry learning
environments in school-based education: A systematic literature review. Studies in Science Education, 58(1), 15-47.

Wells, C. G. (1999). Dialogic inquiry. Cambridge University Press.

Wells, G. (2007). Semiotic mediation, dialogue and the construction of knowledge. Human Development, 50(5), 244-274.

Windschitl, M. (2002). Framing constructivism in practice as the negotiation of dilemmas: An analysis of the conceptual,
pedagogical, cultural, and political challenges facing teachers. Review of Educational Research, 72(2), 131-175. https://
doi.org/10.3102/00346543072002131

Windschitl, M., Thompson, J., & Braaten, M. (2011). Ambitious pedagogy by novice teachers: Who benefits from tool-
supported collaborative inquiry into practice and why? Teachers college record, 113(7), 1311-1360.

Winn, K. M,, Choi, K. M., & Hand, B. (2016). Cognitive language and content standards: Language inventory of the common
core state standards in mathematics and the next generation science standards. International Journal of Education in
Mathematics, Science and Technology, 4(4), 319-339.

Wittrock, M. C. (1974). Learning as a generative process. Educational Psychologist, 11(2), 87-95. https://doi.org/10.1080/
00461527409529129

Yin, R. K. (2014). Case study research: Design and methods (5th ed.). SAGE.

Yoon, S. A, Koehler-Yom, J., Anderson, E., Lin, J., & Klopfer, E. (2015). Using an adaptive expertise lens to understand the
quality of teachers' classroom implementation of computer-supported complex systems curricula in high school
science. Research in Science & Technological Education, 33(2), 237-251. https://doi.org/10.1080/02635143.2015.
1031099

Yore, L. D., & Treagust, D. F. (2006). Current realities and future possibilities: Language and science literacy—empowering
research and informing instruction. International Journal of Science Education, 28(2-3), 291-314. https://doi.org/10.
1080/09500690500336973

SUPPORTING INFORMATION
Additional supporting information can be found online in the Supporting Information section at the end of this
article.

How to cite this article: Suh, J. K., Hand, B., Dursun, J. E., Lammert, C., & Fulmer, G. (2023). Characterizing
adaptive teaching expertise: Teacher profiles based on epistemic orientation and knowledge of epistemic
tools. Science Education, 1-28. https://doi.org/10.1002/sce.21796

SUONIPUOD) PUE SULd 1 a1 038 “[£20/€0/37] U0 ATeIqrT SUIUQ) A9TIA “PSOO[EISI L, PWBQELY JO ASIOATUN) £Q 96L1Z'295/200 101 /10P/w0d Aa[iKIeaquIautuoy/:sny wosy papeo[umod ‘0 XLET8601

:sdy

Koy

ASULDIT SUOWWO)) AANEAIY) d[qedrjdde ay) £q PauIsA0T a1e SI[OIIE Y() SN JO SA[NI 10j A1eIqiT duI[uQ) AI[IA UO (¢


https://doi.org/10.1002/sce.21512
https://doi.org/10.1002/tea.21769
https://doi.org/10.1002/tea.21769
https://doi.org/10.1016/j.tate.2017.01.021
https://doi.org/10.1016/j.tate.2017.01.021
https://doi.org/10.1002/sce.20232
https://doi.org/10.1007/BF03174765
https://doi.org/10.1007/BF03174765
https://doi.org/10.3102/00346543072002131
https://doi.org/10.3102/00346543072002131
https://doi.org/10.1080/00461527409529129
https://doi.org/10.1080/00461527409529129
https://doi.org/10.1080/02635143.2015.1031099
https://doi.org/10.1080/02635143.2015.1031099
https://doi.org/10.1080/09500690500336973
https://doi.org/10.1080/09500690500336973
https://doi.org/10.1002/sce.21796

	Characterizing adaptive teaching expertise: Teacher profiles based on epistemic orientation and knowledge of epistemic tools
	1 INTRODUCTION
	1.1 Background and problems
	1.2 Goal of paper

	2 THEORETICAL FRAMEWORK
	2.1 Adaptive teaching expertise
	2.2 Characterizing AdTex for knowledge generation environments
	2.3 Foundation for the development of AdTex
	2.3.1 Epistemic orientation
	2.3.2 Knowledge of epistemic tools
	Language as an epistemic tool
	Dialog as an epistemic tool
	Argument as an epistemic tool


	2.4 Toward an AdTex view of teaching
	2.5 Summary of the theoretical framework
	2.6 Research questions

	3 METHODS
	3.1 Participants and context
	3.2 Data collection
	3.2.1 Vignettes
	3.2.2 PD reflections
	3.2.3 Interviews

	3.3 Data analysis
	3.3.1 Step 1: Vignette analysis
	3.3.2 Step 2: Cross-checking across multiple data sources
	3.3.3 Step 3: Creating two-dimensional profiles
	3.3.4 Step 4: Identifying decision-making patterns for each profile


	4 FINDINGS
	4.1 G1: High-high profile
	4.2 G2: High-medium profile
	4.3 G4: Medium-high profile
	4.4 G5: Medium-medium profile
	4.5 G6: Medium-low profile
	4.6 G8: Low-medium profile

	5 DISCUSSIONS
	5.1 Conceptual discussions
	5.2 Methodological discussions
	5.3 Limitations and future directions

	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




