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Abstract

We report on the development of a new instrument for
measuring teachers' knowledge of language as an epi-
stemic tool in science classes. Language is essential for
science learning, as all learning requires the use of lan-
guage to constitute one's own ideas and to engage with
others' ideas. Teachers with knowledge of language as
an epistemic tool can recognize the ways that language
allows students to generate and validate knowledge for
themselves, rather than to replicate canonical knowl-
edge transmitted by other sources. We used a
construct-driven development approach with iterations
of domain analysis, item revision, teacher feedback,
expert review, and item piloting to address the content,
substance, and structure aspects of validity. Data from
158 preservice and in-service teachers on 27 preliminary
items were collected. Findings from Rasch measure-
ment modeling indicate a single dimension fits the
items well and can distinguish teachers of higher and
lower knowledge. We revised and selected 15 items for
an updated instrument. This contributes to ongoing
measurement projects and provides a potential instru-
ment for future, broader use by the field to gauge
teachers’ knowledge of language as an epistemic tool.
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1 | INTRODUCTION

A key theme emerging from the Next Generation Science Standards (NGSS; NGSS Lead
States, 2013) and from subsequent work on their interpretation and enactment is the impor-
tance of classroom environments where students do not merely receive scientific knowledge
but actively generate and validate scientific knowledge by engaging with phenomena and using
the practices of science to explore disciplinary ideas (Duschl & Bybee, 2014; Krajcik et al., 1998;
Pruitt, 2014). This has underscored the trend in science education to support learning environ-
ments focused on knowledge generation rather than knowledge replication (Settlage &
Southerland, 2019). Classrooms in which students are engaged in generating and validating
knowledge can be characterized as epistemically rich. Teachers and students in these class-
rooms use a variety of epistemic tools to help them to generate ideas as knowledge statements,
explore the meanings of knowledge statements made by others or drawn from source docu—
ments and to test the Vahdlty of their own and others knowledge statements )

_ (Boon, 2012; Boon & Van Baalen, 2019), whether as a physi-
cal object, a symbolic representation, or use of spoken or written language (Kelly &
Cunningham, 2019). The “generation” of this knowledge includes the private knowledge of
each student as well as public knowledge shared among the class, and “validation” extends
beyond replicating to critiquing and judging any knowledge statement to explore its validity.

—

Language is essential for science learnlng on multiple fronts.
As the NRC's (2012) Framework document stated, “every science or engineering lesson is in part
a language lesson... [because] students should be able to interpret meaning from text, to pro-
duce text in which written language and diagrams are used to express scientific ideas, and to
engage in extended discussion about those ideas” (p. 76). In this passage, it is clear how lan-
guage has its important social role (Vygotsky, 1978) as it serves students for communicating
their own and receiving others' ideas (Duschl, 2005). Language is also needed to access scientific
concepts, because experiencing and thinking about scientific phenomena requires engaging
with the language of science (NRC, 2000, p. 122; Yore & Treagust, 2006; Yore & Hand, 2010)—
to develop students’ scientific literacy in both a fundamental sense of using language to read
and write about science, and in a derived sense of being knowledgeable and educated about sci-
ence itself (Norris & Phillips, 2003).

"~ Thus, learners need to have language to allow them
to connect new experiences W1th natural phenomena to their existing knowledge (Wang, Wang,
Tai, & Chen, 2010). This occurs whenever a person engages with language in any of its forms:
spoken, heard, written, read, or drawn (Chen, Park, & Hand, 2016; McDermott & Hand, 2016;
Prain & Hand, 2016a). Thus, language is of paramount importance for students in learning
about science concepts and the scientific enterprise: scientific language requires multiple, inter-
related modes and purposes (NRC, 2012, p. 75); students have to develop and use language to
express their ideas about concepts as they work across everyday and scientific terminologies
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(NRC, 2012, pp. 96-100). Taken together, language thus serves multiple and inextricable roles
in science learning.

For students to experience classrooms that are epistemically rich and engage with language
in generative ways would require their teachers to know about, and to encourage the use of,
language to support thlS (Bae, Clkmaz & Hand 2019 Yore & Treagust 2006)

Despite the importance of language as an epistemic tool and the need for teachers to know
about and support students’ use of language to generate and validate science knowledge, we are
still severely limited in our capacity to gauge teachers’ knowledge of language as an epistemic
tool. We posit that teachers who understand language as an epistemic tool will be more likely
to provide students with opportunities to use language in generative ways as they engage in sci-
entific practices and learn scientific concepts. But to test such an assertion requires an appropri-
ate measure of teachers’ knowledge of language as an epistemic tool—no such measure exists
currently. Lacking a validated questionnaire on teachers’ knowledge of language as an episte-
mic tool prevents the field from studying how teachers may differ or can grow in understanding
this essential feature of science learning. Creating and validating a measure of teachers’ knowl-
edge of language as an epistemic tool contributes to the growing body of research on how
teachers are preparing for epistemically rich classroom environments that match the vision of
the NGSS (NGSS Lead States, 2013) and to the body of research on the fundamental sense of lit-
eracy put forward by Norris and Phillips (2003).

The aim of this study is to develop an instrument to measure science teachers understand—
1ng of language as an eplstemlc tool -

"~ In the followmg sections we
1ntroduce the theoretlcal ba51s for our des1gn process—with iterations of literature review, item
writing, expert review, data collection, analysis, and item revision—and then expand on the
results of that process.

2 | RESEARCH CONTEXT FOR THIS STUDY

The research presented in this paper is an initial step of a larger project (Moving beyond peda-
gogy: Developing elementary teachers’ adaptive expertise in using the epistemic complexity of sci-
ence, funded by National Science Foundation grant number DRL-1812576) to examine potential
growth in teachers' knowledge of epistemic tools as they take part in an extended professional
development program on the Science Writing Heuristic (SWH; Hand & Keys, 1999) approach.
The larger project builds on Desimone's (2009) conceptual framework for studying effects of
professional development—on teachers’ knowledge, then to classroom practices, and then to
student outcomes (Desimone, 2009, p. 185). The SWH approach is an immersive argument-
based inquiry approach (Cavagnetto, 2010) that emphasizes language as the core of learning sci-
ence (Bae et al., 2019). It involves students in posing questions, gathering data, making claims
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with evidence, and debating their assertions (Chen et al., 2016). Students have opportunities to
negotiate their understanding of big ideas using oral and written language, which promote
engaging in epistemic practices for both science and language (Chen, Hand, &
McDowell, 2013). The SWH approach has been demonstrated to yield substantial improvements
in students' understanding of science through laboratory work (Hand, Wallace, & Yang, 2004),
growth in students' general critical thinking (Hand, Shelley, Laugerman, Fostvedt, &
Therrien, 2018), and in preservice teachers' use of language and argument in their science writ-
ing (Yaman, 2017, 2018).

The instrument development process reported here was conducted prior to the first wave of
teacher professional development. The immediate goal was to generate a questionnaire suitable
for use with other questionnaires, interviews, and classroom observations to study the teachers'
growth in knowledge of language and their implementation of immersive argument-based
inquiry approaches in their classrooms. Using the instrument outlined in this paper, the larger
project aims to report in future on how teachers grow in their understanding of language as an
epistemic tool over time.

3\~ ~~~"~"~""~“ "~~~/ - - 0=

They did not look at the number of categories in the Likert

scale, etc.....
Our study is based on unified validity theory, in which the validity of a proposed instrument is

evaluated based on empirical and theoretical support for interpretations based on that instru-
ment. This theory posits that many educational and psychological measures of import are

) ) ) ) Unified validity theory has been the basis of the
Joint Standards for Educational and Psychological Testing since 1985 (APA/AERA/NCME, 2014;
Plake & Wise, 2014). Under this theory, decisions about validity are based on an extended anal-
ysis of the intended measures and a validity argument based on the evidence available for their
development, application, and interpretation (Kane, 2001). No single “validity coefficient” could
provide suitable evidence for the multiple aspects of validity (Messick, 1989a), so

- - T T T T T As the
instrument is in the early stages of development, we did not investigate aspects that are rela-
tively external to the instrument (i.e., external criterion validity, consequential validity, or gen-
eralizability; Lissitz & Samuelsen, 2007), but focus on the relatively more internal aspects of
validity to establish our validity argument: Content, Substance, and Structure.

Content refers to the contents of the items or tasks themselves. It is imperative to determine
that the content of the task matches the proposed domain appropriately. This requires the
instrument to adequately represent the construct, be clear on the boundaries for the construct,
demonstrate that the tasks are representative and functionally important to the domain. We
address the content validity by performing a domain analysis (Mislevy & Haertel, 2006), a pro-
cess to gather substantive information about the construct or activity, reinforced by review from
knowledgeable experts (Tran, Griffin, & Nguyen, 2010).

Substance refers to the rationale for the cognitive or affective processes of the construct to
be measured. For our purposes, this requires considering how respondents would think about
the items when they read the item and need to select a response. We address the substance
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validity with a combination of expert review and feedback from experienced teachers, which
allow us to support how teachers would respond to the statements posed in the questionnaire.

Structure refers to the appropriateness of the scoring process and the interpretation of
response patterns with respect to the domain (McNamara, 2001). For our purpose, this means
examining whether the responses demonstrate the items are functioning well across the range
of the construct, and that the pattern of responses is consistent. Items would be considered to
function well if they elicit responses that add relevant information to the measure by being con-
sistent but not redundant with the rest of the instrument (Boone, 2016). A consistent pattern of
responses is observable when individuals' responses are relatively predictable across items, such
as when an individual's estimated level of the measured trait is quite high compared to an item
that is easy to endorse versus low compared to an item that is difficult to endorse (Liu, 2010).
For example, Sondergeld and Johnson (2014) created a questionnaire on teachers' and commu-
nity members’ awareness and community support for STEM, and calibrated it using a Rasch
measurement model. A respondent with a moderate level of STEM awareness would be much
more likely to endorse the statement, “Students with postsecondary education are more likely
to secure a career in a STEM field,” which has a low estimated item difficulty; but the same
respondent is much less likely to endorse the statement, “The state standardized tests used in
this region’'s K-12 schools adequately assess STEM knowledge and skills,” which had a high
estimated item difficulty. So, it is necessary to examine the pattern of responses and judge if it is
sensible based on what is known about the underlying construct. We address the structure
validity by conducting a Rasch measurement modeling analysis to test whether the responses
are consistent with this model of measurement.

4 | INSTRUMENT DEVELOPMENT METHODS

We followed a construct-driven design process informed by our theoretical framework on valid-
ity theory. Figure 1 provides a flowchart of the iterative steps. Below we summarize the method-
ology for each of these steps.

4.1 | Domain analysis and review of construct literature

Domain Analysis “concerns gathering substantive information about the domain to be
assessed” (Mislevy & Haertel, 2006, p. 7), which can include gathering information on the
appropriate concepts, terminology, and forms of representation that are appropriate for the
content—and how relatively high or low levels of knowledge may be distinguished from each
other. Domain analysis typically involves reviewing standards documents (e.g., in disciplinary
or educational content reviews), reviewing relevant research literature, and soliciting input
from domain experts.

For this stage, we began with a literature review to parse out how language serves as an epi-
stemic tool in science classrooms, and to develop a definition of teachers' knowledge of lan-
guage as an epistemic tool in the broad sense. Our search and review focused on the
combination of “teachers’ knowledge” and “classroom use of language,” and many variants of
these terms. To ensure the review was thorough, we searched in major research databases
(e.g., EBSCO Education Source), skimmed titles of the major journals in our field (e.g., Journal
of Research in Science Teaching, Science Education), and invited recommendations from other
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Activity FIGURE 1 Flowchart of our construct-driven design
process

[ Domain Analysis ]

!
[ Item Writing ]

/

[ Expert Review H Domain Analysis]

/

[ ltem Revision ]

[ Pilot Testing ]—-[ Rasch Modellng]

[ Iltem Selection & ]

[ Expert Review H Domain Analysm]

[ ltem Revision ]

scholars. We furthermore incorporated a targeted search of literature on the roles of language
in student learning, so that we could draw on these ideas when modeling the range of teachers’
knowledge of language. Using this corpus of literature, we focused in depth on the descriptions
of what teachers know, or should know, about language use in the classroom to support learn-
ing (i.e., to serve as an epistemic tool), and from this to describe what teachers with good under-
standing about language as an epistemic tool would be able to do with this knowledge. That
included identifying potential sub-domains from the literature. In our summary, below, we pre-
sent the domain definition and sub-domains thematically.

In addition to evidence from literature review, we interviewed four domain experts affiliated
with the project. The goal was to elicit and detail their experiences of supporting teachers and
observing epistemically rich classrooms—where teachers support students in generating ideas
and testing the validity of their own and others' ideas. The purpose of these interviews was to
flesh out the construct definition developed from the literature and to help us characterize the
ways that differences in teachers' knowledge of language as an epistemic tool would be observ-
able. Our interviews focused on the salient features of epistemically rich classrooms and what
positions or views they see as differentiating teachers with relatively higher or lower knowledge
of language as an epistemic tool.

In the following sections, we present the construct definition on teachers' knowledge of lan-
guage as an epistemic tool, review the four sub-domains identified from our review, and then
characterize how teachers with relatively low versus high knowledge may differ based on the
review and interviews with our experts. In the following sections for each sub-domain, we first
provide a review of the sub-domain with respect to its role in learning, and then present how
teachers' knowledge of the sub-domain can be operationalized as observable indicators—which
then informs the characteristic statements that were the basis for item creation.
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Construct definition and sub-domains. Our literature review culminated in writing an over-
arching definition of teachers’ knowledge of language as an epistemic tool and in specifying
four sub-domains. Our constructed definition of teachers' knowledge of language as an episte-
mic tool is: ’ 0 o o o ’ ' T D

_ ~ 77 Based on our review, we assert that a teacher
with knowledge about language as an epistemic tool will understand that language is not only a
tool for communication in its fundamental sense (Norris & Phillips, 2003) to share knowledge,
publicly, but also is needed for knowledge generation in one's own mind, privately
(Pinker, 2010). Knowledgeable teachers will also recognize that language is more than just tra-
ditional textbooks and use of scientific terminology, as it involves everyday (home) language
and multiple modes and forms of representation as students develop their understanding of
concepts and draw on multiple language forms and modes to express it (Lemke, 1990; Post-
man & Weingartner, 1969; Warren, Ballenger, Ogonowski, Rosebery, & Hudicourt-
Barnes, 2001).

We unpack this construct definition into four sub-domains: (a) language is essential;
(b) language is constitutive; (c) language involves process and product; and (d) language
includes multimodal representations. These sub-domains are interrelated but distinguishable,
so our review seeks to define each separately while acknowledging relevant overlaps among the
sub-domains. Figure 2 presents how we conceptualized these four sub-domains as constituents
of the construct of teachers' knowledge of language as an epistemic tool. For the present paper
we focus on the knowledge of language and position this work to inform subsequent research
of its connection to other knowledge areas and to classroom practices (Desimone, 2009) within
the context of the larger study.

Language is essential. Our review demonstrates that language is essential for science as a
shared body of knowledge, and we begin with this sub-domain because it is widely discussed in
the field: “Every science lesson is a language lesson” (Wellington & Osborne, 2001, p. 2). That
refers in part to the special terminology and forms of science language (e.g., Halliday &
Martin, 2003), but can be taken further to note how language is needed (a) to communicate

[ Knowledge of Language ]

Purpose:

N
To receive and share To generate and validate
information (publicly) one’s knowledge (privately)

Essential: Cannot do science without

Sub-Domains:

Process/Product: Using and producing

FIGURE 2 Summary of
language construct sub-

Representations: Using multiple modes

(== =) [

J
Constitutive: Required for thought ]

domains
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scientific knowledge, (b) to generate new scientific knowledge, and (c) for scientific knowledge
to exist at all.

Language's essential role for communicating scientific knowledge has been regularly
acknowledged (Avraamidou & Osborne, 2009; Duschl, Schweingruber, & Shouse, 2007). Lan-
guage is needed to state and communicate any specific scientific knowledge using specialized
terminology or modes (e.g., text, graphs, and formulas), particularly when used in the special
ways that scientists use it with respect to terminology and grammar (Halliday & Martin, 2003,
p. 3). Language is also required to generate new scientific knowledge, and scientists use lan-
guage not only to describe nature but also to generate concepts, theories, and relationships
about nature (Halliday & Martin, 2003). Scientists as well as students need to use language pro-
cedurally to record data and report findings, but also conceptually to negotiate meaning, to
build arguments, to imagine and compare analogies, or to hypothesize and challenge claims
(Carlsen, 2013). = 0 T ) T T

_ "7 These views are sometimes summarized by the
notion that knowledge is language (Carlsen, 2013; Postman & Weingartner, 1969), because lan-
guage is always required to create, record, or transmit knowledge (NRC, 2012; Wellington &
Osborne, 2001).

Drawing on the ideas of language in communicating, creating, and being knowledge, we
shift to teachers’ knowledge of language's essential role in classrooms. Language is employed as
an epistemic tool when teachers and students are using any combination of everyday and scien-
tific language as they investigate, negotiate, and theorize about science. Here we emphasize two
aspects of this: the different roles of language for communicating and creating knowledge, and
the importance of using everyday language as well as scientific terminology.

On the first aspect, no educator would agree to teach science without any language—spoken
word, written text, symbols, graphs, pictures, etc. Yet teachers may unintentionally think of lan-
guage as being associated with particular subject areas, such as English Language Arts or For-
eign Languages, and miss opportunities to incorporate explicit language instruction in their
science classes (Graham, Capizzi, Harris, Hebert, & Morphy, 2014; Kiuhara, Graham, &
Hawken, 2009). In this sense, language should not be viewed as a standalone topic for study but
as integrated with science. Therefore, it is imperative for teachers to understand that students
cannot learn anything without language to communicate and express their ideas (Duschl
et al., 2007; Duschl & Osborne, 2002) and to generate shared knowledge (Prain & Hand, 2016a).
Knowledgeable teachers would recognize that learning science requires using language, such as
explicitly incorporating writing and speaking as well as reading or listening. Writing in science
effectively supports students to learn science meaningfully (Glynn & Muth, 1994;
Hanrahan, 1999); it provides a means to communicate what students have learned to peers or
parents (Keys, Hand, Prain, & Collins, 1999), and as a means to clarify and deepen existing
knowledge (Hand et al., 2004). Speaking enables students to be explicit about their ideas during
discussion with peers, which combined with writing can support students' understanding of sci-
ence concepts and to generate their explanations (Rivard & Straw, 2000; Syh-Jong, 2007).

On the second aspect, teachers would know that “scientific language” refers not only to spe-
cific terminology or usage that is special to science (Halliday & Martin, 2003; Wellington &
Osborne, 2001) but also includes incorporating language forms and usage from students’ every-
day and familiar language into classroom environments (Lynch, 2001; Warren et al., 2001).
Using familiar language associated with everyday experience can be easier for students to access
(Hand et al., 2003; Wallace, 2004), and provides easier connections between the discussion of
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science phenomena with how they already communicate their ideas about nature (Arons, 1983;
Lemmi et al., 2019; Wiser & Amin, 2001). In so doing may reduce the sense of barrier in using
scientific language (e.g., Brown, 2006) when they can talk through their ideas about natural
phenomena in everyday language with peers (Warren et al., 2001). Furthermore, findings show
that focusing on conceptual discussions using everyday language before focusing on specific sci-
entific terminology provides opportunities for students to improve their understanding of sci-
ence (Brown & Ryoo, 2008; Brown & Spang, 2008; Schoerning et al., 2015). = ° .

Language is constitutive. Our review demonstrates how language is necessary for science as
the basis for individuals' cognition. The notion that language is constitutive addresses how the
learner uses language as the “stuff of thought” (Pinker, 2010) when they construct their own
understandlngs ) ‘

. This is not to claim that other, non- hnguistlc animals are 1ncapable of
thought (cf. Corballis, 2017), but that as children gain language they begin to use it to support
their interpretations and inferences about the natural world (Gelman & Coley, 1990), and that
using language provides symbolic and representational capabilities that both support human
cognition (Carruthers, 2002) and influence cognitive preferences and patterns (Haun, Rapold,
Janzen, & Levinson, 2011). Language thus serves as what students are using “in their own
heads” to generate such knowledge; knowledge does not exist in the students' heads without
any language. This view is mirrored in works from the social constructivist perspective that
argue conceptual development cannot be separated from the development of language
(Vygotsky, 1962; Wellington & Osborne, 2001). Vygotsky (1962) describes this knowledge acqui-
sition in two ways, the first being the spontaneous knowledge one constructs from their envi-
ronment and the second being formal knowledge constructed from language originating from a
teacher or other authority figure. In the classroom, this regularly involves a negotiation among
students, the teacher, and the knowledge resources available from prior experience or new
investigations (Chen, Benus, & Hernandez, 2019).

—

because it highlights
how language is also needed when the student constructs scientific ideas and engages in reason-
ing (Hand & Prain, 2006; Martin & Hand, 2009; Yore & Treagust, 2006). For example, writing is
a knowledge constitutive process because the students continually review and recreate their
understandings as they write (Prain & Hand, 2016a). To create or revise a written document
requires students not only to retrieve and represent what they know, but also to synthesize their
knowledge “as if for the first time” (Galbraith, 2009, p. 61) to each new set of writing goals or
purposes. This is how science writing emphasizes students' generation of their own ideas of sci-
ence concepts rather than replication of others' scientific understanding (Hand, Prain, &
Yore, 2001; Pelger & Nilsson, 2016; Yore, Bisanz, & Hand, 2003). Similarly, discussion in the sci-
ence classroom involves sharing different interpretations, persuasion or argumentation, evalua-
tion, and negotiation with peers in the moment, which requires the extemporaneous revision
and synthesis of knowledge (Rivard, 2004; Yore et al., 2003).

Drawing on the ideas of language serving as the “stuff of thought” for students, we shift to
teachers’ knowledge of language's constitutive role in classrooms. There is no one right way for
learners to construct their understanding of science ideas—everyone has different experiences,
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privately held prior knowledge, and idiosyncratic use of language (e.g., Anderson, 1992).
Teachers, therefore, need to understand how using language provides opportunities for each
student to express their previous knowledge and current ideas, and to use language to combine
different representations to effectively and accurately convey ideas as they build new knowledge
(Yore, Chinn, & Hand, 2008; Yore & Treagust, 2006). Teachers can provide openings for stu-
dents to express their own ideas, in writing or speaking, and thus to restate and revisit their
knowledge regularly (Cavagnetto, Hand, & Premo, 2020; Cervetti, Barber, Dorph, Pearson, &
Goldschmidt, 2012).

Language involves process and product. Our review highlights how language use in class-
rooms engaging it both as a process and as product of knowledge generation. This underscores
the use of language to create as well as represent. Language is not only a final product to use at
the conclusion of a lesson or experiment to share one's ideas in a written text or a spoken state-
ment; it also works as a process where actively speaking with others or writing out one's ideas
allows those ideas to be refined and clarified (Norris & Phillips, 2003; Yore et al., 2003). Writing
and revising helps students construct their understanding of science concepts rather than just
to memorize scientific knowledge. For example, Wang (2020) found that students using argu-
mentative structures helped them to express their ideas to peers to clarify their claims and
related evidence, and to improve the connections between claims and evidence. Teachers can
guide this process to strengthen the students’ understanding of the science content and its
underlying epistemic processes (Benedict-Chambers, Kademian, Davis, & Palincsar, 2017).

There are many classroom examples of using language as both process and product. At the
beginning of a unit, a teacher may invite students to share their prior understanding and to
pose questions about a phenomenon (Choi, Hand, & Norton-Meier, 2014; Hand, Cavagnetto,
et al., 2016; Hand, Norton-Meier, Gunel, & Akkus, 2016; Villanueva & Hand, 2011). This com-
municates what they already know and helps to clarify its relevance to the current phenome-
non, and to create a set of shared questions to guide an investigation. The questions that
emerge seem like a product, but the discussion uses language as a process for students and the
teacher to elicit, activate, and organize knowledge. When designing an investigation, students
in groups will talk through their ideas, draw diagrams, and write up plans to help them deter-
mine appropriate procedures. These can be reviewed and revised after input, giving students
further chance to reflect on their reasoning. Later, when students are summarizing their investi-
gations and claims, the process of writing an argumentative summary or talking through their
reasoning helps the student to review and reorganize what they experienced and to see connec-
tions between their investigation, their evidence, and the claims they are making. And, in situa-
tions where students' prior understanding may conflict with science ideas (Huang, 2006;
Sinatra & Broughton, 2011), students have to use language to negotiate ideas among prior
knowledge and new experiences until they gain a clear understanding through discussion or
argument (Cavagnetto & Hand, 2012; Chin, Yang, & Tuan, 2016; Demirbag & Gunel, 2014). Of
course, these language processes often result in language products—where students communi-
cate their science ideas to others through different representations, such as graphs, diagrams,
tables, and spoken discourse (Chen et al., 2013; Hand & Prain, 2006; Yore et al., 2008)—but the
process itself is important.

Many of the above examples—opening questions and discussions from the teacher, draft
investigation plans—are widely recognized aspects of effective formative assessment strategy
(Black, 2017; Black & Wiliam, 2009). This perspective is consistent with the notion of language
as process. Using such strategies can help teachers create classroom environments that welcome
students’ ideas, including competing ideas or potential “wrong answers” (Black, 2017, p. 296).
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This sets the stage for students to serve as resources for each other and gives them the position
to take ownership of their own learning (Black & Wiliam, 2009; Ko & Krist, 2019). Therefore,
when teachers emphasize the processes of language, and guide students to use writing and
talking to revisit their ideas, students will express their ideas more freely regardless of perceiv-
ing them as right or wrong; this may result in student taking initiative to talk and explain their
understanding, which makes students more engaged in learning (Cavagnetto et al., 2020).
Meanwhile, during interaction with classmates and teachers in presenting their ideas, they may
find out flaws in their presentations and then have a chance to revise them.

Drawing on these ideas, we shift to teachers’ knowledge of language when used as process
and product. Teachers should know that language can consist of familiar language products—
such as lab reports, oral presentations, and so on—through which students communicate their
knowledge and reasoning. These can allow teachers to make informed decisions about individ-
ual students or the class as a whole. Teachers should also know that using language provides a
process for students to refine their ideas and to construct individual understanding (Yore
et al., 2004; Yore & Hand, 2010). Teachers who over-emphasize language as a product are likely
to focus on replication of knowledge. Examples of replicative uses of language as a product
include filling in worksheets or similar templates, and completing pre-prepared data tables or
figures (Chin et al., 2016; Waldrip & Prain, 2006). Examples of generative uses of language
include students drafting their own observations, interpretations, and conclusions (Demirbag &
Gunel, 2014; Hand et al., 2018); creating their own competing ways of representing data
(Prain & Waldrip, 2006; Waldrip, Prain, & Carolan, 2010); journaling reflectively about how
their ideas changed from the beginning to the end of an investigation (Balgopal &
Montplaisir, 2011); and integrating various modes of representations to communicate their
ideas as they are developing them (Tytler, Prain, & Hubber, 2018).

Language includes multiple modes of representation. Our review points to the relevance of
incorporating language with multiple modes of representations to address the varied ways that
students can represent a science concept, and it builds on ideas raised about language being
essential and constitutive for science. Science concepts and evidence come not only as text, but
involve varied modes of representations beyond text to include spoken word, pictures, dia-
grams, graphs, equations, and tables to convey the meanings that students want to share
(Lemke, 1990, 2004). In using multimodal representations, students can draw on the combina-
tion of modes to express their ideas to others (Yore et al., 2004; Yore & Hand 2010), and in
doing so the incorporation of textual, graphical, and mathematical formats (Hand &
Choi, 2010; Yore & Hand, 2010) can increase the depth and interconnectedness of students'
knowledge (Tang, Delgado, & Moje, 2013; Van den Broek, 2010; Yaman, 2018). This ultimately
improves the students’ science achievement (Bradbury, 2014; Oyoo, 2012).

For classroom environments that draw on ideas in this sub-domain, teachers should know
that using multiple modes of representation helps students to learn more deeply and to express
different aspects of their prior knowledge and new experiences (Prain & Hand, 2016b). Students
can use multiple modes of representation simultaneously or sequentially as part of sense-
making (Olander, Wickman, Tytler, & Ingerman, 2018). As examples, students may use spoken
words, text, or even multiple different types of figural representations to help them deepen their
ideas with others, such as about thermal expansion (Seah, Clarke, & Hart, 2014), substance
exchanges between organs (Olander et al., 2018), or electrical current in circuits (Prain &
Waldrip, 2006). Students may have preferences for some representation modes, and the teacher
can encourage students to incorporate other modes that could complement it. By using various
forms of representation, students can be as creative as they want to share their understanding
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with others. Much of the value comes from combining language modes, such as talking, writ-
ing, and drawing, to help the students to use various representations helps to make their rea-
soning clear for themselves as well as others (Tytler, Prain, Aranda, Ferguson, & Gorur, 2020).
With multiple modes of representation in mind, teachers will encourage students to express
their ideas through different modes of representations or even to use multiple forms of the same
mode. Teachers who are more knowledgeable about the use of multiple modes will also push
students to make explicit connections between modes (Cikmaz et al., 2019), such as using text
to support figural representations, referring directly to figures in the written text or spoken pre-
sentation, and so on. By making these expectations clear, students will gradually learn to
explain their science ideas thoroughly using different modes (Tytler et al., 2020). As a result,
they will learn science ideas more deeply and will express different aspects of those ideas.
Characteristic statements distinguishing teachers’ knowledge levels. To move from the
domain analysis to the item writing phase, we need to operationalize the construct of “teachers’
knowledge of language as an epistemic tool” from a concept into an observable and measurable
response. That required a broad view of the knowledge, characteristics, or potential observa-
tions that would demonstrate the intended measure (Mislevy & Haertel, 2006) and how these
can be used to distinguish teachers of varying extent of knowledge. We combined the findings
from various sources—the construct definition, the literature review on the four sub-domains,
and interviews with our domain experts—using two phases described below—that culminated
in a set of statements that help to characterize teachers of varying level of knowledge (summa-
rized in Table 1), and which would inform development of self-report items that could distin-
guish the respondents. We intentionally incorporated some statements that explicitly mention
science, such as use of science terminology or an emphasis on scientific accuracy, with others
that appear more general, such as using notes to reproduce content or that associate “language”

TABLE 1 Characterizing statements on teachers' knowledge of language as an epistemic tool

Lower level knowledge Higher level knowledge

Teachers are likely to... Teachers are likely to...

« See language as a distinct skill associated with « Focus on providing opportunities for students to
subject matter of English language rather than use language to express their own ideas (it allows
an important tool in learning science students to consolidate what they already know

+ Think that varied language approaches are not and to generate new understanding for
required to learn science themselves)

« Prefer that students focus their language effort + Allow students to use any combination of everyday
on reproducing notes and material rather than and scientific terms, depending on the stage of
using language to represent ideas in multiple discussion
ways that are mutually supporting » Use terminology to support the discussion or

« Emphasize “accurate” representations of debate, but not as the main purpose of the
scientific terms and ideas according to the discussion
teachers' own thinking (even if the teacher's « Emphasize cohesiveness of representations and
view may include naive conceptions) encourage students to use multiple modes of

language (as meaning expressed by non-verbal
representations like graphs and charts can never
be replaced by words)

+ Encourage students to write out and plan for
themselves, and to revisit and reflect on their
previous writings, drawings, and so on
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with other subject areas. This fits our operationalization of teachers' knowledge of language as
an epistemic tool tying closely to science while recognizing that the extent of a teacher's knowl-
edge is also influenced by an understanding of language more fundamentally (Norris &
Phillips, 2003).

First, since the domain analysis established sub-domain definitions, we could draw some
characteristic statements from the literature. For example, regarding the sub-domain language
is essential, Norris and Phillips (2003) wrote that “[a]ny scientific theory requires for its creation
and expression the use of text” (p. 231). This statement expresses a view of language being
essential for science that a relatively knowledgeable teacher would agree (and could be further
adapted into a draft item, LQ12R, in Table 2). 7 _ T T ) 5

Second, additional statements were generated by members in the research team with exten-
sive classroom observation experience with teachers in SWH projects to help characterize
teachers according to relatively high and low extent of implementation. This was based on the
research team's prior work (Bae et al., 2019; Cikmaz, Fulmer, Yaman, & Hand, 2019) in
supporting teachers' growth in knowledge of the SWH approach (Cikmaz, Hand, Fulmer, &
Yaman, 2019). Since teachers with more extensive implementation of the SWH approach are
more knowledgeable about language as an epistemic tool, the research team members' experi-
ences in observing and collaborating with teachers as they adopted and implemented SWH was
insightful in helping to characterize differences in knowledge.

During this stage, the team also drew on preliminary interview findings with a new cohort
of teachers who had agreed to join the project but not yet begun attending professional develop-
ment sessions. When asked about the role of language in their classrooms, the new cohort
teachers consistently talked about the use of vocabulary and terminology—with some variation
in the extent to which they felt it important that students can use their own everyday wording
for concepts or whether it is important to emphasize vocabulary. For example, one 4th grade
teacher stated that, “I can give them a term and it could be something (inaudible), but if they
don't understand it and don't use it in their own words then they don't ever understand it.” This
demonstrates a teacher's stance that students’ own word choices are important when developing
understanding. By contrast, one 5th grade teacher stated, “In science I have never made them
memorize it. I use it more as ‘“This is what it means, this is how we use it.” ... [But] a few times I
have quizzed them on vocabulary.” This appears to indicate some tension in the desire not to
overemphasize vocabulary, such as by enforcing memorization, with a desire for the students to
“know” the terminology so they can use it correctly. These preliminary interviews with a small
sample of project teachers helped substantiate the characteristic statements presented in
Table 1.

4.2 | Item writing and revision

Based on the results of the domain analysis and the characteristic statements described above
(and summarized in Table 1), we moved to write potential items that would elicit responses
along a spectrum of knowledge (Mislevy & Haertel, 2006). All members in the research team
held brainstorming sessions to identify potential contexts or situations and associated state-
ments that would provide evidence that teachers know about language as an epistemic tool.
Informed by our construct-driven approach and our prior experience with Rasch measurement
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TABLE 2 Original statements for the instrument

ID Statement

LQO1  Students cannot learn without language

LQO02  Language is important in science class

LQ03  We can't engage in scientific practice in science without language

LQ04  Students write and talk to show they learned science

LQO5  Students are finding out about science by listening, reading, and writing about it

LQO06  Students need to use specific scientific terms accurately

LQO07  Students should be able to recreate their own ideas from what we have discussed in class
LQO8  Knowledge can be represented in different ways

LQO09  Students can use different kinds of representations, for example, drawing and texts, to share their
ideas

LQ10*  When the classroom is quiet, I know the students are paying careful attention

LQ11 Students have to talk about and write their ideas to learn science

LQ12  Students are generating new knowledge by talking, writing, drawing, and reading

LQ13  In science class, students can use everyday language and scientific language to explain ideas
LQ14  Students can use everyday language to communicate accurate scientific ideas

LQ15  Students can use everyday language to improve understanding of scientific ideas

LQ1l6  Ifstudents aren't talking, then they may not be learning

LQ17  Students who build connections among their drawings and text are demonstrating scientific ideas
well

LQ18  Language is not only used to copy knowledge from the teacher or a textbook, but is also used to
generate knowledge

LQ19  When using different representations and text to develop ideas, students need to make sure there is
a cohesive link between them.

LQ20* Language use includes filling in worksheets or similar templates rather than creating their own
competing ways of representing data.

LQ21  Without employing language as a learning tool, learning of scientific concepts would lack
understanding.

LQ22  Asstudents grow (or students get older), science class focuses more on acquisition of scientific
terms rather than expressing scientific terms using easy/everyday language.

LQ23  Generation of scientific knowledge is achieved by employing language as a learning tool.
LQ24  Writing to different audiences is necessary to develop conceptual understanding.

LQ25*  Sharing ideas through writing is more important than talking in science learning.

LQ26* Reading comprehension is not necessarily related to learning science.

LQ27  Scientific knowledge growth entails language development.

“Reverse items.

modeling, we sought to create items that could distinguish teachers of varying knowledge. To
do so, we attempted to write some items that could be endorsed by teachers with both relatively
high and relatively low knowledge of language as an epistemic tool, as well as other items that
would only be endorsed by teachers with relatively higher knowledge of language as an
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epistemic tool. After creating preliminary statements, expert teachers who had previously par-
ticipated in our SWH teacher workshops reviewed and advised about all the draft statements.
This iteration of expert review focused on removing any ambiguity or confusion in the wording
of the statements. After this initial item writing and feedback, we had 27 statements as seen in
Table 2.

4.3 | Expertreview

The statements in Table 2 were revised by the authors with input from researchers with exper-
tise in the role of language in science classrooms (N = 3), professional developers and teacher
educators (N = 4), and expert teachers with experience in application of the SWH approaches
(N = 3). The researchers and teacher educators were provided a summary of the domain analy-
sis findings and the draft questionnaires, and asked to talk through their thinking about how
teachers with whom they have worked would interpret each question: is it understandable, does
it represent use of language domain concepts appropriately, and so on. For expert teachers, we
solicited written feedback on the draft questlonnalres and conducted phone 1nterv1ews vmth
them about their 1nterpretat10n of the questions. ™ o

_ These steps, together
helped to support the substance Vahdlty of th1s 1nstrument again drawing on the notions of
construct-driven measurement and Rasch measurement modeling. After the conclusion of this
process, all items were reviewed, and adjustments made for piloting. The items were all pres-
ented with a 5-point Likert-type response scale (1 for “strongly disagree” and 5 for “strongly
agree”).

44 | Pilot testing & analyses

Data for pilot testing and analyses were collected from 158 teachers from across Iowa, including
in-service teachers from multiple districts and pre-service elementary and secondary teachers
from the University of Iowa. This selection process allowed for recruiting respondents who had
a \mde range of prlor experience w1th the SWH approach—from no exposure to moderate expo-
sure.

~ ) To that end, the 39 in-service teachers (97% 1den-
tlfylng as female average of 13.5 years of teaching experience) came from districts and schools
where there had been partial coverage of a previous SWH project. Therefore, some of these in-
service teachers, but not all of them, had prior experience with the SWH approach and its asso-
ciated pedagogical principles. The 119 pre-service teachers (85% identifying as female) were in
various stages of either an elementary teacher education or a secondary science teacher educa-
tion program, so they also had varied amounts of exposure to SWH and associated principles in
their coursework and practicum experiences. For the elementary pre-service program, there is
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no explicit attention to SWH in science methods courses, so this is considered little to no prior
experience with SWH. For the secondary science pre-service program, SWH is widely discussed
but is not a required instructional approach, so this could be considered moderate prior experi-
ence with SWH.

Our analyses of the pilot data seek to evaluate the structural aspect of validity, by determin-
ing whether the 5-point scaling structure works well and Whether the pattern of responses to
the 1tems matches the intended 1tem dlfﬁculty

Thus, we applied a partial-credit
Rasch model to allow each item a umque difficulty scale using the partial-credit model (PCM;
Masters, 1982). While lacking sufficient responses in some categories on some items could lead
to uncertain item difficulty estimates, our results shown below indicate the PCM is suitable.
The probability of a specific respondent, teacher n, selecting the rating level k on item i is den-
oted as P,;, and is estimated based on the teacher's latent trait, B,, and the difficulty of that
item-step combination, Dy;. This is represented in the following equation:

Pnki
1 =B,—Dy;
n<1_Pnki) n ki

This statistical model does not include other parameters for guessing or attenuated item dis-
crimination, which are sometimes applied in other item-response theory applications. As such,
the Rasch measurement model upholds a strict interpretation of good measurement based on
how test-takers respond to items. For our analyses, we estimated a PCM with ConQuest param-
eterization using the TAM package (Robitzsch et al., 2019) for the R statistical environment
(Thaka & Gentleman, 1996). All items were recoded to accommodate the coding guidelines for
the TAM package (retaining 5 points but recoded from 1-5 to 0-4). The latent trait estimates
(By,) of teachers are scaled so that the average estimate of all teachers is zero.

Since 27 items may be too burdensome in practical settings, we sought to identify the most
informative items to retain or revise for future use. Item selection under the Rasch measure-
ment approach focuses on items that sample from the domain appropriately, that cover a broad
range of item difficulty, and that function well according to the strict definition of “good mea-
surement” consistent with the Rasch measurement model. In it, an item is considered to be
informative for measurement when the responses are not redundant with other items, nor too
unpredictable to make the estimates unreliable. This decision is based on the mean-square fit
statistic for each item, which indicates the extent to which a response on the responses on that
item are predictable based on the other items. A mean-square value near 1 is considered “pro-
ductive for measurement” in that the responses to this item have the expected balance of ran-
domness and predictability; the window for acceptable mean-square fit statistics is set between
0.6 and 1.4 when developing rating scales (Boone, Staver, & Yale, 2014; Wright, 1996). There



Catherine Lammert


FULMER £ AL. JRST‘N‘WI LEY | 17

are two mean-square fit statistics to review: infit is “inlier-sensitive” or information-weighted,
which prioritizes respondents near the center of the distribution; outfit is outlier-sensitive and
prioritizes respondents near the upper and lower ends of the distribution (Bond & Fox, 2007;
Boone et al., 2014). Items with mean-squares below 0.6 are too predictable and may inflate reli-
ability, whereas items with mean-squares above 1.4 are too unpredictable and could degrade
measurement. We could also examine t-values for infit and outfit, but these are quite sensitive
to sample size so may be misleading with samples of 150 or greater, so only mean-square fit sta-
tistics are reported below.

5 | INSTRUMENT DEVELOPMENT RESULTS

Our analyses of the full 27 initial items showed there was fairly good fit for most items to the
Rasch measurement model. Table 3 shows the item and item-step fit statistics, and their diffi-
culty estimate. To confirm whether the items are part of a single dimension that we can mea-
sure for teachers' knowledge of language as an epistemic tool we performed a principal
components analysis on the residuals (i.e., any part of a response that is not estimated by the
Rasch model) to test if an additional factor may be present in the data even after modeling the
one dimension that we conjectured. Results indicated that Rasch modeled measures explained
54.6% of the variation using a single dimension. After accounting for this dimension, the first
additional factor in the residuals had an eigenvalue of 3.6, roughly equivalent to about three
questions compared to the original questionnaire of 27 items. This is not considered practically
meaningful (Linacre, 2003) and lies within a range that could occur by chance with a test and
sample as used for the present study (Chou & Wang, 2010), so we can conclude that the ques-
tionnaire was sufficiently unidimensional. Additionally, the full set of 27 initial items showed a
separation index of 2.21, with concomitant expected a priori (EAP) reliability coefficient of 0.83,
which indicates we are capable of distinguishing teachers of higher versus lower ability, and
therefore suitable for a new rating-scale instrument for research purposes.

As seen in Table 3, overall difficulty levels are low with the average of —1.51 and the range
from —5.04 to 0.27. Here, negative values indicate that an item is easy to agree with or endorse.
So, respondents in our sample found many of the items relatively easy to endorse. The test
information curve (Figure 3) also shows that we have maximum information about respondents
whose estimated ability values are between —2 and 0 logits. Since it is necessary for the instru-
ment to cover a wide range of difficulty levels with enough information, we therefore wanted to
select items across the whole range of difficulty.

The Wright Map shown in Figure 4 guided our selection of items across this range. It is
arranged so that the vertical axis shows the intensity of the teachers’ latent trait (on the left side
of the figure) alongside the thresholds between response categories for each item (on the right
side of the figure). Higher values for respondents meaning a higher level of the trait; higher
values for each item indicating it is more “difficult” or harder to endorse. The pattern of the
items demonstrates that there are thresholds for each item's steps that progress along the full
range of the teacher responses. For each item, its lower thresholds (e.g., Catl, the step from
choosing response option 0 to choosing response option 1) are relatively “easier” to agree with
than the higher threshold (e.g., Cat4, the step from choosing response option 3 to choosing
response option 4), which is consistent with the expected structure of the trait and with typical
Rasch measurement modeling.
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TABLE 3 Item difficulty, thresholds, and item fit

Threshold Threshold Threshold Threshold Item

location location location location difficulty
1D T T, T3 T4 b; Outfit Infit
LQo1 -2.10 —0.69 —-0.47 0.28 -0.74 0.93 0.96
LQ02 -2.10 —2.05 —1.55 —0.09 -1.39 0.86 0.84
LQO03 -2.80 —1.08 -0.57 0.64 —-0.96 0.80 0.82
LQ04 -3.20 -1.27 —0.86 0.77 -1.14 1.02 0.92
LQO5 -3.60 —0.95 —0.67 0.55 -1.16 1.21 1.04
LQ06 —2.70 —-1.24 —0.58 1.48 -0.77 0.99 0.97
LQ07 —-4.10 —2.70 —2.12 0.05 —2.21 0.86 0.88
LQ0O8 —4.30 —4.00 -3.13 -1.97 -3.33 0.69 0.92
LQ09 -6.40 —6.17 —6.07 —-1.44 —-5.04 0.77 0.90
LQ10 -2.70 -0.93 —-0.24 1.22 —0.66 1.51* 1.39*
LQ11 -290 —0.68 —0.38 1.10 -0.7 0.88 0.88
LQ12 —-4.90 —4.59 —2.28 —-0.42 -3.03 0.75* 0.82
LQ13 -440 —4.10 -3.13 —0.26 —-2.95 0.86 0.86
LQ14 -5.10 —-2.31 —-1.59 0.41 —2.15 1.00 0.95
LQ15 -4.10 —2.58 —-2.29 0.05 —2.23 0.85 0.85
LQl6 -1.40 —-0.06 0.52 2.03 0.27 1.27* 1.24*
LQ17 -5.00 -2.16 —-1.72 0.09 —2.18 0.84 0.86
LQ18 -2.60 -1.79 -1.15 0.79 -1.17 0.95 0.89
LQ19 -6.10 -1.99 —-1.05 0.89 —2.06 0.88 0.83
LQ20 -1.70 —0.60 —0.18 1.27 —0.31 1.65* 1.41*
LQ21 -390 -0.87 —-0.04 1.48 —0.83 0.83 0.82*
LQ22 -2.20 —-1.12 —-0.29 1.53 —0.53 1.18 1.11
LQ23 -6.10 -1.97 —-1.12 1.14 —2.02 0.77* 0.76*
LQ24 -240 —1.52 —0.72 0.80 -0.95 0.94 0.94
LQ25 -1.50 -1.02 -0.20 1.25 —0.35 1.76* 1.43*
LQ26 -1.80 —0.58 -0.14 0.97 —0.38 1.30* 1.06
LQ27 -4.60 -3.40 -1.40 1.24 -2.05 0.81 0.81
*p < .05.
5.1 | Item selection and revision

To select items to retain for a shorter instrument, we examined the infit and outfit mean-square
fit statistics, as well as the items' difficulty estimates and the Wright map. This allowed us to
select items that fit the measurement model well and that ranged across relatively easy through
moderate difficulty. Furthermore, because we anticipate using these items with teachers who
are taking part in ongoing professional development on the SWH approach, we needed the
capacity to distinguish teachers whose knowledge of language as an epistemic tool may
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FIGURE 4 Wright map for pilot study data with 27 initial items

subsequently increase over time. For this reason, we also intentionally selected items that were
of higher difficulty to include in the retained items for future use. After this step, we also reread
all the items for content to ensure that all aspects of the sub-domain are included. Based on
these findings, we selected 14 items that covered a range of difficulty and that had excellent fit
to the Rasch model. ™ ) o o ' ) ) B

These 15 items are now prepared for wider field testing in
our summer workshops and school-year professional development work.

5.2 | Interpretations of instrument response patterns

We examined the pattern of responses on the questionnaire to inform interpretations based on
the instrument. We began by creating a Rasch estimated score for language as an epistemic tool
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TABLE 4 Selected and revised items for the instrument

ID Revised statement Sub-domain
LQOIR  Students cannot think through scientific ideas without language LE
LQO3R  Students cannot communicate scientific ideas without language LE
LQO5 Students find out about science by hearing, reading, and writing about it. LC
LQO06 Students need to use specific scientific terms accurately PP
LQO7R Students should be able to communicate their own ideas about what we have LE

discussed in class

LQ11 Students have to talk about and write their ideas to learn science LC

LQ12R  Producing language—Writing, drawing, talking—Is how students learn LC
scientific knowledge

LQ16R  If students are not talking through ideas, then they may not be learning LC

LQ17R  Encouraging links across modes of representation (such as written text, MM
drawings, graphs, and classroom discussion) helps students in the process of
learning.

LQ18 Language is not only used to copy knowledge from the teacher or a textbook, PP
but is also used to generate knowledge

LQ20R*  Filling in worksheets or templates from the curriculum is the most important LE
use of language in science class

LQ22R*  As students get older, science class should not encourage students to use LE
everyday language for science concepts

LQ24R  Writing to different audiences helps students to deepen conceptual LE
understanding.

LQ26* Reading comprehension is not necessarily related to learning science LE

LQ28* Using multiple modes of representation would be confusing for students when MM

we are learning science

Abbreviations: LC, language is constitutive; LE, language is essential; MM, language involves multiple modes of
representations; PP, language involves process and product. "R" indicates revised items for this version. "a" indi-
cates reverse-coded items.

using the retained 15 items (Table 5). Figure 5 shows a histogram of these scores. Based on
visual inspection of the histogram, there appeared “clusters” of respondents with relatively
lower, moderate, and higher estimated scores. We created three response clusters—low,
medium, and high—by setting two cut-off values, at —.23 and +.23, which are approximately
one-half standard deviation below and above the mid-point of the scale. Figure 6 contains histo-
grams that show the distribution of pre-service and in-service teachers' scores, with the cut-offs
as lines forming the three clusters. Though we have a higher respondent pool of pre-service
teachers, the distribution is quite similar for in-service teachers and shows that knowledge of
language as an epistemic tool varied in both groups.

We also examined the raw responses of the respondents, according to whether they were in-
service or pre-service teachers, according to the response clusters based on the Rasch estimates
(Table 6). Of course, because the Rasch estimated scores are calibrated based on raw response
data for 15 selected items, there is an expected relationship between the raw responses and the
Rasch estimates. That said, looking to the raw values can provide some insight for interpreting
scores on the Rasch estimates. As shown in Table 6, there was a systematic difference in how
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TABLE 5 Rasch estimated scores for language as an epistemic tool

Full sample In-service teachers Pre-service teachers
Language score Years Language score Rasch estimate
Group N M (SD) N teaching (M) M (SD) N M (SD)
Total 158  .009 (.217) 39 135 .018 (.229) 119  .006 (.213)
Low 47  —.528(.202) 11 115 —.467 (.228) 36 —.547(.195)
Medium 71  .001(.207) 20 124 014 (217) 51  —.003(.202)
High 40  .652(.252) 8 189 .696 (.258) 32 .641(.250)

Note: The pre-service teachers do not have any teaching experience, so their reported years of teaching are zero.

FIGURE 5 Histogram
of Rasch estimated scores
for language as an
epistemic tool
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the respondents answered the items.

6 | DISCUSSION

We sought to develop an instrument about teachers’ knowledge of language as an epistemic
tool. This fits within the broader push toward more explicit attention to the epistemic basis of
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FIGURE 6 Histograms of Rasch estimated scores for language as an epistemic tool showing cut-off points
[Color figure can be viewed at wileyonlinelibrary.com]

science knowledge and science learning under the NGSS era and the role of epistemic tools in
classroom environments (Settlage & Southerland, 2019). An epistemically rich classroom is one
in which students are engaged in generating and validating scientific knowledge, not simply
replicating scientific knowledge. Language is the most essential and, perhaps, most impactful
epistemic tool available for creating classroom environments focusing on knowledge generation
(Chen et al., 2013; Wellington & Osborne, 2001; Yore et al., 2003).

Our domain analysis allowed us to propose a construct definition for teachers' knowledge of
language as an epistemic tool: knowledge of the essential nature of language for learning sci-
ence, including the roles of language for allowing students to create their own knowledge (pri-
vately) and to test and validate their own and others’ knowledge claims (publicly). We also
identified four interrelated sub-domains for language: language is essential; language is constitu-
tive; language involves both process and product; and language include multimodal representa-
tion. The language sub-domains that we reviewed underscore how language serves to support
science learning (Wellington & Osborne, 2001)—not only as being necessary for reading, writ-
ing, and communicating science (Duschl, 2005), but also that language is the “stuff of thought”
(Pinker, 2010) that students necessarily use whenever they engage in science and engineering
practices especially to read, write, draw, speak, or listen about any scientific concept. Further-
more, the process of using language and multiple modes of representation can enhance class-
room environments and deepen scientific learning (McDermott & Hand, 2016).

We were able to create an initial 27 items, piloted with 158 teachers in pre-service and in-
service settings. Based on Rasch measurement model results, we then selected and revised a
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TABLE 6 Mean raw response to initial items for in- and pre-service teachers, by response cluster

In-service Pre-service
High Medium Low High Medium Low
LQ1 4.50 3.55 3.09 4.66 3.98 3.11
LQ2 5.00 4.45 4.09 4.84 4.41 4.03
LQ3 4.50 4.00 3.18 4.66 3.86 3.14
LQ4 5.00 4.25 3.64 4.25 4.02 3.39
LQ5 4.63 4.25 3.64 4.28 3.82 3.47
LQ6 3.88 3.95 3.36 4.16 3.73 3.25
LQ7 4.63 4.45 4.18 4.84 4.45 4.08
LQ8 5.00 5.00 4.55 5.00 4.94 4.72
LQ9 5.00 4.85 4.45 5.00 4.84 4.55
LQ10 4.25 3.75 3.36 3.47 3.55 3.40
LQ11 4.38 3.90 3.27 4.34 3.53 2.87
LQ12 4.88 4.85 4.27 4.97 4.49 4.17
LQ13 4.88 4.55 4.18 4.88 4.59 4.21
LQ14 4.88 4.25 4.09 4.66 4.24 3.98
LQ15 4.88 4.45 4.00 4.78 4.57 4.04
LQ16 3.00 2.70 2.55 3.25 2.73 2.43
LQ17 4.88 4.35 4.09 4.88 4.33 4.06
LQ18 4.38 3.80 3.36 4.63 4.20 3.78
LQ19 4.38 3.80 3.64 4.69 4.14 3.47
LQ20 4.38 4.00 3.18 3.34 3.20 3.25
LQ21 4.00 3.25 3.27 441 3.31 2.69
LQ22 3.88 3.20 3.00 3.97 3.71 3.31
LQ23 4.50 4.10 3.73 4.72 3.86 3.47
LQ24 4.63 3.50 3.55 4.41 4.12 3.44
LQ25 3.38 3.60 3.36 3.53 3.63 3.42
LQ26 4.25 3.20 2.64 4.28 341 2.86
LQ27 4.38 4.00 3.73 4.56 3.98 3.69

final version of 15 items for use. We drew on the construct-driven instrument development
approach to create the items, pilot them, and refine an instrument. This allowed us to docu-
ment the content validity, substance wvalidity, and structural wvalidity of the items
(Messick, 1989b). For content validity, our iterative approach to domain analysis, literature
review, and expert feedback allowed us to demonstrate that the instrument is based on a careful
definition of the domain and informed by a review of the literature on the domain. We showed
that our items' content is sampled from that domain appropriately. For substance validity, we
used the extensive input from experienced teachers and professional developers to explore pos-
sible interpretations of the item texts. We articulated how teachers of varying knowledge and
implementation expertise are likely to respond to the items. For structural validity, we applied
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the Rasch measurement model's strict interpretation of good measurement, showing that the
item response pattern matches the intended scaling and that the items fit the measurement
model. From these, we selected a sample of items that address the range of the latent trait while
requiring fewer items, making future uses of the questionnaire less burdensome.

— PR

The distri-
bution of responses to the questionnaire also showed that teachers were distributed across the
entire scale, among both preservice and in-service teachers, showing that in-service teaching
experience was not related to the observed knowledge score for the present sample. This may
reveal that knowledge of language as an epistemic tool is not acquired through practice alone
but may require explicit attention through teacher education or professional development of
some kind (Oliveira, 2010). This is consistent with work that indicates many teachers may think
of “language” as it is associated with a particular subject matter like English language, or who
may think of using language in science simply to access or recall content, whereas to under-
stand language as an epistemic tool requires recognizing that teachers can understand that lan-
guage development and science conceptual development are complementary (Seah &
Yore, 2017), because students need language to think about science phenomena and to generate
ideas for themselves (Galbraith, 2009).

Second, the fact that our Rasch analysis of the questionnaire fit a unidimensional model
indicates that there is a single, measurable trait that we can observe in the responses. Although
we identified and intentionally incorporated all four sub-domains in understanding language as
an epistemic tool—such as language being essential or being both process/product—the
teachers' responses on the sub-domains are consistent with a single measurable scale. It is
unknown whether this scaling is persistent after teachers undergo professional development
that explicitly addresses language as an epistemic tool, but this could be studied over the
long term.

Based on these aspects of instrument validity and our interpretations, we assert that the
instrument now has capacity for use in future research on teachers' knowledge of language as
an epistemic tool, whether at one measurement instance or for examining growth over time.
There is much room for further work on this instrument to expand on the current results. In
our current work, we are pursuing this by studying how teachers’ knowledge of language as an
epistemic tool develops over a series of professional development experiences, and the connec-
tions to teachers’ classroom practices. The other possible uses of such an instrument are wide.
For instance, future work could examine how teacher education programs help pre-service
teachers develop understanding of language's role in learning across disciplines or as a possible
gauge for their expertise in supporting students’ use of language in learning.

The instrument could be useful in mixed-methods research as an alternative form of data
on teachers' understanding of language. For example, the instrument may be incorporated in
parallel with research on teacher noticing (Barnhart & van Es, 2015), which examines how
teachers recognize, interpret, and respond to students' thinking. Such work could examine, for
instance, whether teachers who are more knowledgeable about language as an epistemic tool
are also more apt to notice and interpret students’ statements during class. This may fit within a
push to identify tasks to help characterize and support development of teacher noticing (Estapa
et al., 2018).
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6.1 | Limitations and future research

The study is not without limitations. The first set of limitations focuses on interpretations we
would wish to make using the instrument. We cannot yet make a complete interpretive argu-
ment about how teachers' responses to the present instrument is associated with their class-
room actions. This is a focus of the larger research project as described above in the Research
Context for this Study section. A set of classroom observations and teacher interviews are under
way, in parallel with the ongoing professional development. In so doing, we expect to be able to
use the instrument on language as an epistemic tool to help us understand possible differences
in teachers' adaptations of the SWH approach in their classrooms.

The second set of limitations relate to the current study's methods. One of these potential
limitations is due to sample size. While our sample was reasonably large for the number of
items, we applied the Rasch partial-credit model (PCM) because it typically serves very well for
uncovering item and scale effects in Likert-type rating scale instruments. However, the Rasch
PCM can be sensitive to situations where few or no teachers select one of the item-step combi-
nations (e.g., if no teachers select “Strongly Disagree” on one of the relatively easy items). To
counteract this limitation will require future research with much larger data sets and include
teachers with quite varied prior experience or knowledge. This will afford the ability to corrobo-
rate our instrument findings or to contradict and refine the items further.

Another of these potential limitations is due to respondent selection. We purposefully
included teachers with varied levels of previous exposure to the SWH approach, which explic-
itly addresses the role of language in science learning. That said, our sample of teachers all
come from Iowa, so may not be representative of all teachers in the US, let alone other coun-
tries. = S . R . ) R
[ ) ) ) _ ) Hence, the
patterns of response that we analyze using our data set cannot be generalized to all teachers
unquestioningly. Further research in more diverse settings within the US and in other countries
is warranted.

A further opportunity is to compare findings from the revised questionnaire with data on
teachers' classroom use of language collected using more in-depth methods qualitative methods.
That may involve using approaches such as discourse analysis, classroom observation, or video
analyses. These intensive qualitative approaches can provide opportunity for further supporting
the interpretations from this questionnaire, or may offer contradictory findings that would
impel further revisions or alternative applications of the questionnaire.

Finally, our emphasis for this manuscript was to examine three aspects of validity: Content,
Substance, and Structure. Future work could seek to examine the other three aspects outlined
by Messick (1989b): external criteria, consequence, and generalizability. External criterion
aspects of validity include convergent evidence (testing for variables predicted to correlate with
the construct of interest) and discriminant evidence (testing for variables that are expected to be
unrelated to the construct of interest). Consequential validity includes evidence of positive con-
sequences of the assessment, negative consequences, or negative impact on individuals or
groups, value of the score interpretation, and intended or unintended consequences of the
assessment score as important to consider when examining consequential validity. Finally, gen-
eralizability looks at the degree to which scores (or constructs) can be generalized or connected
across other groups and settings. Generalizability can be a double-edged sword as connecting
the interpretation of a particular group of scores to another setting (outside of the study) might
diminish the wvalidity of the claims if the connection is speculative or unfounded
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(Messick, 1989a). Research to explore these remaining three aspects of validity would, therefore,
require a wider data collection with other populations and with multiple covariates, and longer-
term data collection to allow for studying potential consequences of an interpretation.
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