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Abstract
Investigating Situated Specific Purpose Writing Ability in a Scenario-based Language
Assessment through the Lens of an LOLA Framework: With Focus on the Role of Domain
Knowledge

Soo Hyoung Joo

The current study aims to investigate the construct of situated specific purpose writing
ability in a scenario-based language assessment (SBLA) for science purposes, with a focus on
the role of domain knowledge (domK). Using the learning-oriented language assessment
(LOLA) as a guiding framework for the design of the SBLA and formulation of validation
claims, this study explored how different types of domK (i.e., operationalized by means of
domain-general knowledge and domain-specific knowledge) and situated specific purpose
writing ability can be measured in the context of performing a complex disciplinary practice of
science, how they are interrelated, and whether examinees can develop them through the
assessment experience.

The SBLA for science purposes (SBLA-SP), designed for this study, features a scenario
narrative modeling the habits of mind required for one type of science disciplinary practice
defined by the Next Generation of Science Standards (NGSS) framework: planning and carrying
out investigations. To fulfill the scenario goal, examinees were guided through a series of tasks

intended to progressively build their domK, culminating in the task of writing a lab report. Domk



items aligned with the NGSS were delivered both before and during the scenario to track the
development of domK.

The findings indicated that the SBLA-SP provides a valid and reliable means of eliciting
and measuring both domK and situated specific-purpose writing ability, while also supporting
meaningful domK development across the scenario, particularly in dom-specK alongside more
consistent growth in dom-genK. The results further demonstrated that both dom-genK and dom-
specK are integral to writing performance, with dom-genK facilitating the activation of dom-
specK during task engagement, and that these relationships vary by proficiency, with the most
stable patterns observed among intermediate learners. Together, these findings demonstrate that
SBLA can effectively simulate disciplinary practices in STEM, thereby informing the design and
validation of language assessments that more authentically elicit and measure the competencies

required for real-world disciplinary performance.
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Chapter I
INTRODUCTION

Background and Motivation

Recent years have seen a growing global emphasis on science, technology, engineering,
and mathematics (STEM) education as they are increasingly recognized as fundamental to
national productivity and economic competitiveness in the 21st century (21C) (Freeman et al.,
2019). This emphasis, coupled with the accelerating pace of globalization and migration, has
driven more learners to engage in STEM writing practices using a second or foreign language
(S/FL). These disciplinary writing practices often involve a complex process of investigating
scientific phenomena, synthesizing information from multiple sources, and constructing
evidence-based arguments, which culminate in research papers, lab reports, and proposals
(Grapin, 2020; NGSS Lead States, 2013). The growing emphasis on disciplinary practices has
led to a demand for assessments that can simultaneously measure and support S/FL learners’
ability to demonstrate STEM competencies through writing.

This need has prompted S/FL researchers to refine approaches to language assessment for
specific purposes (LASP), an area that has long been an essential topic of inquiry in the field of
language testing. LASPs aim to measure specific purpose language ability, or a person’s ability
to use the S/FL within a specific disciplinary or occupational domain (e.g., science, diplomacy,
aviation) for a particular purpose. In contrast to general proficiency tests, which tend to have a
broader focus and are primarily concerned with testing the core components of language ability

that could generalize across a range of target language use (TLU) domains (Basturkmen & Elder,



2004; Brunfaut, 2014; Robinson, 1989), LASPs focus on language specific to a particular TLU
domain.

Since Douglas (2000) first established domain knowledge (domK) and authenticity as the
two foundational characteristics of specific purpose language ability, subsequent research has
refined and expanded these concepts. The first characteristic, domK, is referred to as the
“specific purpose background knowledge” needed for communication within a particular
domain. The inseparable nature between domK and specific purpose language ability has been
echoed by many researchers (e.g., Clapham, 1996; Romhild et al., 2011; Snow & Katz, 2014;
Purpura, 2016, 2024). Acknowledging the importance of domK (Pellegrino et al., 1999; Phakiti
et al., 2013), some LASP studies have subdivided this concept into domain-general knowledge
(dom-genK) and domain-specific knowledge (dom-specK) based on the specificity of content
(Cai & Kunnan, 2018; McCarthy et al., 2018; McCarthy & McNamara, 2021). While dom-genK
refers to the knowledge shared by all of the subfields within a particular field of study, such as
science, dom-specK is a specialized form of content knowledge focusing on subfields or specific
topics within the general domain (e.g., physical science, life science). Several researchers have
explored the relative importance of dom-genK and dom-specK in reading and listening ability
(e.g., Alderson, 1981; Cai & Kunnan, 2018; McCarthy et al., 2018; McCarthy et al., 2023).

Yet, there has been considerable variation in how these studies define, operationalize, and
measure dom-genK and dom-specK. Furthermore, investigations on the dom-genK and dom-
specK in the context of speaking or writing performance have been limited. This highlights the
need for further research on methods to measure different types of domK with respect to the role

of dom-genK and dom-specK in specific purpose language test performance.



The second characteristic Douglas (2000) emphasized was the role of authenticity,
defined by Bachman and Palmer (1996) as the level of correspondence between the
characteristics of the test task and the characteristics of the task in the TLU domain. A number of
researchers have explored authenticity in relation to test task design, introducing frameworks that
guide the identification of key aspects of real-world tasks and assessment criteria specific to the
domain (e.g., Jacoby & McNamara, 1999; Knoch & Macqueen, 2019). For example, Knoch and
Macqueen (2019) developed a fine-grained needs analysis framework designed to guide the
definition of the linguistic as well as the cognitive processes necessary to complete tasks required
in the TLU domain. Their framework also guides the analysis of the indigenous criteria (Jacoby
& McNamara, 1999), seen as localized assessment criteria that domain insiders consider critical
to the specific communicative context. In sum, the LASP field has made considerable progress in
defining the characteristics of the specific domain, which could be mirrored in test task
characteristics to ensure authenticity on a task level (Park, 2020; Weigle & Friginal, 2015).

However, as the disciplinary practices in the 21C have become more complex, defining
authenticity solely at the task level is insufficient to fully capture the specific purpose writing
ability needed in the TLU domain (Bunch & Martin, 2021; Grapin, 2022). To illustrate, the
IELTS academic test (IELTS, n.d.), developed for students who wish to study at the
undergraduate or graduate levels, has two writing tasks—one requiring the description of visuals
(e.g., graphs, charts) and the other, argumentation. These tasks only partially mirror real
academic writing (Yadi, 2020), as neither is related to the other or to any of the previous tasks in
the test due to a prioritization of local independence designed to maximize psychometric
generalizability (Purpura, 2021). In contrast, writing in real-world disciplinary contexts is

inherently goal-oriented and often involves working with others within a sociocultural context,



such as publishing journal articles to disseminate scientific findings (Grapin, 2020; Llosa, 2016;
Purpura, 2021).

Recognizing the purpose-driven nature of 21C competencies, Purpura (2021; 2025)
underscores the need to measure “situated” S/FL proficiency (Purpura, 2017; Purpura & Oh,
2024)—the ability to deploy a range of resources to engage in the socio-cognitive practices of a
specific community to achieve these goals (Purpura, 2016, 2021; Purpura & Oh, 2024).
Furthermore, he posits that to elicit situated S/FL proficiency, assessments should simulate
sociocultural contexts where examinees work towards these goals. Aligning with this
perspective, to better reflect real-world disciplinary writing, LASPs should assess “situated”
specific purpose writing ability. To do so, LASPs could immerse examinees in realistic contexts
that require them to engage in disciplinary practices and coordinate multiple resources to achieve
meaningful goals.

One assessment technique that allows the measurement of situated S/FL proficiency is
scenario-based assessment (SBA) O’Reilly & Sabatini, 2013; Purpura, 2021; Sabatini &
O’Reilly, 2013). SBA leverages technology to simulate goal-oriented scenarios involving a
social context and provides a wide range of evidence about real-world competencies. SBAs have
been used for STEM purposes in the U.S. K-12 contexts through the CBAL® (Cognitively-
Based Assessment of, for, and as Learning) initiative (e.g., see Liu et al., 2013 for Science; see
Fife, 2013 for Mathematics), suggesting that SBAs can be effectively used to measure STEM
competencies. However, these STEM SBAs are mainly designed for students whose first
language is English. Consequently, the specific purpose writing ability needed by S/FL learners
to carry out disciplinary practices in these SBAs is only considered tangentially as a factor to be

moderated through scaffolding or linguistic modifications (Turkan et al., 2014). Given the



increasing number of S/FL learners required to perform these complex STEM practices in
sociocultural contexts involving other participants in collaboration, a scenario-based language
assessment (SBLA) measuring situated specific purpose writing ability in the context of STEM
is needed.

Since situated S/FL proficiency involves deploying a range of resources to engage in
socio-cognitive practices (Purpura, 2017; Purpura & Oh, 2024), an SBLA measuring situated
specific purpose writing ability should be guided by a framework that defines these resources
required to meet the disciplinary goal. One such framework is the learning-oriented language
assessment (LOLA) framework proposed by Purpura and Turner (2018) and refined by Purpura
(2024). Although the LOLA framework was not originally intended for LASP development or
validation, it could address the gap in existing LASP frameworks by accounting for various
factors, including the linguistic, topical, and sociocognitive resources required in engaging in the
disciplinary practice. While there has been a growing effort in the LASP field, particularly in the
U.S. K-12 context, to align the English language proficiency (ELP) and content standards (U.S.
Department of Education, 2015; Grapin et al., 2019; Llosa et al., 2020) with an emphasis on the
disciplinary practices intertwined with language (e.g., WIDA Consortium, 2020; Council of
Chief State School Officers, 2012), most LASP frameworks, including those from Douglas
(2000) or Knoch and Macqueen (2019), fail to sufficiently account for the multifaceted
competencies necessary to perform these disciplinary practices. Given that the main goal of the

LASP enterprise is to mirror the competency-driven tasks in the TLU domain closely, a range of



features that could potentially impact performance on real-life tasks detailed in the LOLA
framework need to be added as an explicit part of the SBLA design.

The LOLA framework conceptualizes eight dimensions of an assessment event (i.e.,
contextual, proficiency, elicitation, instructional, socio-cognitive, affective, social-interactional,
and technological dimensions), along with their interactions, that can potentially affect
performance. By using LOLA as a design framework, the SBLA can be engineered to examine
specific purpose writing ability as a set of resources for meeting real-life goals, disentangling the
effects of various dimensions that could impact performance. This framework can also be used
as a heuristic for identifying claims in an interpretative argument (Kane, 2013). For instance, the
contextual dimension of the LOLA framework guides the design of LASPs so that they can
reflect the real-world practices that examinees are likely to encounter in their specific domain.
One claim related to this dimension could be that LASP tasks adequately represent the TLU
domain tasks (a domain definition inference). Such a claim could be supported by domain
analysis or an assessment review from an expert in the domain.

Building on prior studies adopting the LOLA framework to measure the constructs of
situated S/FL proficiency through an SBLA approach (e.g., Banerjee, 2019, 2025; Beltran, 2024;
Seong, 2023, 2025; Joo et al., 2026; Peri et al., 2025; Purpura, 2021, 2022; Purpura & Banerjee,
2021; Purpura et al., 2026), the current study used SBLA as a technique for measuring “situated”
specific purpose writing ability in the context of performing a disciplinary practice of STEM.

The LOLA framework was used to guide the design of the SBLA, organize validity claims, and



systematically inspect the indicators of situated specific purpose writing ability and the factors
that moderate performance in the SBLA.
Purpose of the Study

Acknowledging the pivotal role of domK in specific purpose language ability and the
potential of utilizing SBLA to simulate the disciplinary practices of STEM, the current study
aims to investigate the construct of situated specific purpose writing ability, with a focus on the
role of domK of science, through an SBLA. In particular, the study examines the feasibility of
using an SBLA technique to measure different types of domK (i.e., dom-genK, knowledge of
general science practices; dom-specK, knowledge of a specific sub-domain, physical science)
used to demonstrate situated specific purpose writing ability. Furthermore, it investigates the
interrelationship between domK and situated specific purpose writing ability and explores
whether examinees can develop domK through the assessment experience, identifying factors
that moderate this development.

To answer these questions, this study uses the LOLA framework (Purpura & Turner,
2018; Purpura, 2024) to guide the design of an SBLA intended to mirror disciplinary practices in
STEM. The framework is also used to guide validation claims (Purpura, 2021). Specifically, the
current study was an initial inquiry into the one disciplinary science practice referred to as
planning and carrying out investigations by the Next Generation of Science Standards (NGSS)
framework. (the NGSS Lead States, 2013). This practice explores the ability to formulate
hypotheses, design and carry out investigative experiments to validate or modify these
hypotheses, and then summarize the findings. It also involves the ability to document the entire
investigative process in a science lab report, often in collaboration with a group of imaginary

peers online. To measure the ability to use English to this disciplinary practice, a scenario-based



language assessment for science purposes (SBLA-SP) was designed. The scenario narrative
attempted to model the habits of mind required to plan and carry out science investigations in a
simulated lab online that requires the collaboration of several agents (e.g., a mentor and team
members). The simulated agents guided examinees through a series of tasks intended to
progressively build the examinees' domK that could eventually provide an invaluable resource in
the delivery of a culminating lab report.

In order to track the development of domK throughout the scenario, a set of domK items
aligned with the NGSS was presented to examinees both before and during the scenario. These
items aim to measure how much domK examinees already had (i.e., prior domK) and how much
they were able to acquire in the process of achieving the scenario goal (i.e., development of
domK). In particular, the dom-specK items focused on one of the core ideas in physical science:
electrical interaction. In contrast, the dom-genK items evaluated the examinees' understanding of
the science practice, planning and carrying out investigations. Finally, information on the
examinees' general S/FL proficiency was collected to examine whether and to what extent their
S/FL proficiency influenced their development of domK and their situated specific purpose
writing ability.

Research Questions

The following research questions were addressed in the current study:

1. To what extent do the performance indicators of the SBLA-SP (i.e., lab report writing
tasks; domK tasks) demonstrate adequate psychometric properties as substantively
meaningful and consistent measures of S/FL learners’ situated specific purpose writing

ability?



2. To what extent do the facets (i.e., examinee ability, rater severity, task difficulty, the
difficulty of the rating scales) of the culminating task of the SBLA-SP, the lab report
writing task, measure situated specific purpose writing performance?

3. To what extent do the examinees develop new understandings of domain-specific
knowledge related to electrical interaction and domain-general knowledge regarding the
scientific method of investigation during the course of the SBLA-SP?

3-1. To what extent do the facets of the domK tasks (i.e., examinee ability, item
difficulty, occasion severity) support meaningful interpretation of the examinees’
domK of science?

3-2. To what extent do the examinees develop dom-specK and dom-genK throughout the
scenario?

3-3. What is the effect of general English language proficiency on the development of
dom-specK and dom-genK throughout the scenario?

4. To what extent does domK of science contribute to the successful display of the test-

taker’s competency in achieving the scenario goal?

Definition of Key Terms
This section briefly defines the key terms used in the current study. The terms are
organized into two categories: (1) assessment approaches and frameworks, and (2) theoretical
constructs.
Assessment Approaches and Frameworks
This section defines the assessment approaches and frameworks pertinent to this study. It

starts by setting the scope of the assessment by defining language assessment for specific



purposes (LASP). Following this, the learning-oriented assessment (LOLA) framework is
introduced as a heuristic for developing and validating the SBLA. The primary assessment
technique explored in this research, scenario-based language assessment (SBLA), is then
defined, highlighting its application within the study's context. This section also discusses the
Next Generation Science Standards (NGSS) framework, which serves as the indigenous criteria
for the study. Special focus is given to the science and engineering practices, particularly the
competency in planning and carrying out investigations, which is reflected in the assessment’s
scenario narrative.
Language Assessment for Specific Purpose

Any assessment process designed to make inferences about a person’s ability to use
language within a specific target language use (TLU) domain (e.g., dentistry, aviation, business)
for a specific purpose (e.g., work, research, immigration) is referred to as LASP (Robinson,1989;
Douglas, 2000; Knoch & Macqueen, 2019). LASP is often contrasted with general S/FL
proficiency assessment, which focuses on testing the core components of language ability that
could be generalizable across various contexts, rather than those tailored to a particular domain.
However, as Douglas (1997) asserted, specific and general tests should not be viewed as a
dichotomy. Instead, all tests are designed for a purpose and can be placed somewhere on a
continuum of specificity. This continuum ranges from ‘strong’ forms of LASPs targeting highly
restricted domains, such as the assessment of radiotelephony communication for air traffic
controllers (Park, 2020; Teasdale, 1994), to ‘weak’ LASPs represented by large-scale proficiency
tests like the Test of English as a Foreign Language (TOEFL).

The current study focuses on the TLU domain of science in the context of high-school

S/FL learners. This domain was defined through an analysis of science standards, which specify
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the essential competencies students must develop, further detailed in Chapter III. A key
dimension of these standards is disciplinary practices, such as planning and carrying out
investigations—an essential competency for the college and career readiness of 21C science
learners (Llosa et al., 2020). Focusing on this practice, the study examines the tasks high-school
S/FL learners are expected to perform in scientific investigation, identifying how these tasks
elicit performances that reflect the writing ability necessary to perform the science investigation.
By aligning task design with core competencies and disciplinary practices, this study aims to

develop and validate a LASP that authentically mirrors real-world scientific investigation.

Learning-oriented Language Assessment Framework

In an attempt to provide an understanding of the factors that are implicated in a language
use event designed to measure language ability, Turner and Purpura (2016) proposed what they
called a learning-oriented language assessment framework. This framework, further refined by
Purpura (2024), was originally designed to examine the multiple factors that are present in
classroom-based assessments, where learning and instruction are intrinsically related to
assessment. The LOLA framework was then applied to assessments that revolve around
language use events—especially those that involve collaborative problem-solving or the joint
achievement of some intended outcome. The framework specifies the following eight dimensions
that come into play in these events. They include: the contextual, proficiency, elicitation,
instructional, socio-cognitive, affective, social-interactional, and technological dimensions.

The first three of these eight dimensions outline the context and the constructs in the
language use context, which are elicited by tasks, thereby generating data that serve as
performance indicators. The contextual dimension first outlines the sociocultural context of the

assessment as it attempts to mirror the real-life TLU domain in which the test takers utilize the
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language. Second, the proficiency dimension delineates the target competencies or constructs that
the assessment aims to measure. Third, the elicitation dimension is concerned with how the test
tasks can be designed to elicit performance indicators as evidence of the targeted constructs.
These indicators are instrumental in discerning both achievement outcomes and areas for
improvement in language learning (Purpura, 2024).

In addition to the performance indicators, the LOLA framework recognizes performance
moderators or factors that can affect performance. These dimensions of the language use event
relate to instructional, socio-cognitive, affective, social-interactional, and technological factors
that potentially modify performance. All these factors play a distinct role in the multifaceted
process of language use and learning (Purpura, 2024). More specifically, the instructional
dimension accounts for the role of informational input in the assessment event. This may involve
informational input in a passage, corrective feedback provided to the examinee, or assistance,
which can further promote development. The fifth dimension of the framework, the socio-
cognitive dimension, concerns the socio-cognitive resources that test takers need to successfully
perform the test tasks. Sixth, the social-interactional dimension considers the social factors (e.g.,
their identities) of the participants (e.g., learners, teachers, and peers) in the communicative event
and the influence that these factors may have on their interactional practices. The seventh LOLA
dimension, the affective dimension, is concerned with the socio-psychological dispositions of the
participants, such as their engagement or persistence in task completion or their anxiety—factors
that can promote or hinder performance. The final LOLA dimension, the technological
dimension, focuses on the examinee’s digital and computer literacy skills needed to take the test,
which could moderate performance.

In addition to using the LOLA framework as a guiding framework for SBLA-SP design,
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this study used this framework as a basis for examining validation claims. According to Purpura
(2021), the LOLA framework can be used to generate claims in a validity argument (Kane,
2013). For instance, the elicitation dimension addresses the generation of tasks that elicit
construct-relevant performance consistencies that can be consistently scored. This is, in fact, a
claim that can be examined empirically as part of the generalization inference (Chapelle, 2021),
The LOLA framework thus provides a structure for examining claims in validation argument.
The current study used the LOA framework as a heuristic for examining situated specific
purpose writing ability in the context of scientific investigation.

Scenario-based Language Assessment

Scenario-based Assessment (SBA) is an assessment technique that utilizes scenarios
revolving around real-world competencies such as collaborative problem-solving (Sabatini et al.,
2020). The scenarios are structured to mimic experts' cognitive processes or the habits of mind
related to collaborative problem-solving (Sabatini et al., 2018; Deane & Song, 2015; Deane et
al., 2015). SBAs have been employed in mainstream K-12 education in the United States in
science, mathematics, and language arts. SBA's design and content aim to capture the
knowledge, strategies, and practices that learners engage in, thereby representing competencies
and enhancing the educational value of assessments (Bennett, 2010).

Applying these principles to language learning, scenario-based language assessment
(SBLA) has been increasingly adopted by S/FL researchers to assess second or foreign language
(S/FL) proficiency in real-life contexts (e.g., Banerjee, 2019, 2025; Beltran, 2024; Seong, 2023,
2025; Joo et al., 2026; Peri et al., 2025; Purpura, 2021, 2022; Purpura & Banerjee, 2021; Purpura
et al., 2026). SBLA integrates authentic settings, characters, and goals, requiring examinees to

work collaboratively within a team towards a common, overarching objective. This technique

13



elicits the demonstration of linguistic, topical, and socio-cognitive skills, effectively measuring
situated S/FL proficiency in purposeful, real-life scenarios (Banerjee, 2024; Purpura, 2021).

The current study uses SBLA to measure the display and development of an examinee’s
dom-genK, dom-specK, and specific purpose writing performance. By situating examinees
within a scenario that mirrors the disciplinary practices of science, the study aims to explore the
interplay between dom-genK, dom-specK, and specific purpose language ability. The SBLA in
this research required examinees to engage in tasks that reflect real-world science practice of
planning, conducting investigations, and presenting the investigative process through lab reports
on disciplinary topics. This technique not only assesses the display of this competency but also
fosters the development of this competency.
Next Generation Science Standards (NGSS) Framework

To align with the indigenous criteria of the science domain, the current study examined
various science standards for secondary education (i.e., grades 7 through 12), including the South
Korean 2022 Revised National Science Standards (National Curriculum Information Center,
2022), the PISA 2025 Science Framework (OECD, 2023), and the Next Generation Science
Standards (NGSS) framework (NGSS Lead States, 2013), the review for which is detailed in
Chapter II. The South Korean national standards were particularly scrutinized as the current
study’s participants were from South Korea. The Korean standards outline the science
competencies necessary in the 21C by defining not only the science knowledge components but
also the disciplinary practices tied to these concepts and the values and attitudes for a sustainable
environment. However, these standards do not address the language demands integral to these
disciplinary practices, likely due to the homogeneity of the society where Korean is

predominantly spoken. As a result, the linguistic skills necessary to effectively perform science
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practices have often been overlooked. Given that the present study focuses on situated specific
purpose writing ability, a standard acknowledging the role of language within the scientific
context is essential. Consequently, the current study adopted the NGSS framework (NGSS Lead
States, 2013) as the indigenous criteria, since the NGSS has been aligned with English Language
Proficiency (ELP) frameworks, reflecting the growing effort within the U.S. K-12 system to
account for the linguistic support required to perform the disciplinary practices (Council of Chief
State School Officers, 2012, Lee & Grapin, 2024).

The NGSS framework is adopted in the current study for the definition of 1) the key
practices guiding the scenario narrative and 2) the domK of science necessary to complete the
scenario goal. NGSS is a three-dimensional framework that defines the science standards
through Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts.
In particular, this study is aligned with the high school physical science standard HS-PS1-3,
Matter and its Interactions. HS-PS1-3 encompasses the three dimensions, which will be detailed
in Chapter II, and emphasizes the ability to plan and conduct investigations to gather evidence on
the structure of substances and the strength of electrical forces between particles (NGSS Lead
States, 2013).

Theoretical Construct
This section provides definitions for the theoretical constructs measured in this research.

First, situated specific purpose writing ability, the primary focus of this study, as well as the
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components of this construct, are defined. Second, the situated specific purpose writing
performance, the operationalization of the construct in the form of a lab report task, is defined.
Situated Specific Purpose Writing Ability

Often used interchangeably with the term “language proficiency”, language ability is
defined as the capacity to create and interpret intended and implied meanings in discourse
(Bachman & Palmer, 1996; Purpura, 2004). When language ability is used to communicate
disciplinary content in the written mode, however, it is much more complex, requiring more
resources than language knowledge alone. Acknowledging the complexities of 21st-century,
language-driven competencies, Purpura and Oh (2024), drawing on Purpura (2017, 2021, 2024),
broadened the notion of language ability by proposing a meaning-oriented model (MOM) of
situated second and foreign language (S/FL) proficiency. Situated S/FL proficiency (Purpura &
Oh, 2024; Purpura et al., 2026) is defined as the ability to coordinate and develop not only
language and domK but also the socio-cognitive, socio-interpersonal, affective, and
technological resources to effectively participate in situational contexts, either independently or
collaboratively, to accomplish specific, competency-based goals.

In line with the MOM of situated S/FL proficiency (Purpura, 2017; Purpura & Oh, 2024),
situated specific purpose writing ability in the present study refers to an examinee’s capacity to
marshal language knowledge and domK to perform writing tasks in the context of planning and
carrying out scientific investigations (Bachman & Palmer, 2010; Purpura, 2017). Aside from
integrated language and domK, the ability to communicate in such contexts also requires an
additional suite of socio-cognitive, socio-interactional, affective, and technological resources that
act as moderators of performance. Accounting for these moderators allows researchers to

acknowledge the dynamic interplay of multiple factors in language use, especially within
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specific-purpose contexts. Figure 1 presents the graphical representation of situated specific
purpose writing ability examined in this study.
Figure 1
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The subsequent sections will provide detailed definitions of the components of situated
specific purpose writing ability, including language knowledge, domK, and the moderators (i.e.,
the socio-cognitive, socio-interpersonal, affective, and technological resources).

Language Knowledge

Language knowledge refers to the linguistic resources stored in long-term memory
accessible for use in creating and interpreting discourse in communication (Bachman and
Palmer, 1996). Expanding on this definition, Purpura (2004, 2014) emphasized that language
knowledge encompasses knowledge of grammatical forms, the semantic meanings associated

with those forms, and pragmatic knowledge.
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Further elaborating on this concept, the MOM of situated SFL proficiency (Purpura,
2016; Purpura & Oh, 2024) defines language knowledge in terms of the semantico-grammatical
knowledge needed to generate propositional meanings and the pragmatic knowledge needed to
situate these meanings within a situational context. Semantico-grammatical knowledge involves
knowledge of grammatical forms and their meanings at (sub)sentential and discourse levels (e.g.,
phonological, lexical, morphosyntactic, cohesive forms and meanings) and the ability to use
these in conjunction with domK, termed as topical knowledge, to interpret and convey
propositional content. Pragmatic knowledge, on the other hand, is crucial for understanding and
expressing the implied meanings of the propositional content expressed in a specific situational
context. It includes functional knowledge for conveying communicative intentions related to a
context and implicational knowledge for expressing contextually nuanced meanings relevant to
the situational context.

The current study adopts the MOM to define language knowledge as the knowledge of
semantico-grammatical forms and meanings necessary for communicating the domK of science,
as well as the pragmatic knowledge needed to express sociolinguistic meanings of formality in
scientific discourse and the sociocultural knowledge associated with presenting oneself as a
scientist in the context of performing the disciplinary practice of planning and carrying out
investigations.

Domain Knowledge

Domain knowledge (domK), often interchangeably referred to as specific purpose
background knowledge, topical knowledge, content knowledge, subject matter knowledge, or
discipline knowledge, can be loosely defined as an individual’s “frames of reference based on

past experience” (p.35, Douglas, 2000) of a particular domain or topic that enables them to use
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language in reference to the real world (Bachman & Palmer, 1996). Among these terms, the
emphasis is placed on domK in the context of LASP, as all test content falls into a common
domain or a particular field of study (Cai & Kunnan, 2018). Recent research has gone beyond
viewing domK solely as background knowledge that learners bring to LASP (e.g., Douglas,
2000) by acknowledging the potential for domK development within the assessment context and
accounting for the impact of different dimensions of domK on learning and assessment outcomes
(e.g., Banerjee, 2019; Cai & Kunnan, 2018; McCarthy et al., 2018; McCarthy & McNamara,
2021; McCarthy et al., 2023). For instance, Cai and Kunnan (2018) focused on the dimension of
specificity by conceptualizing dom-genK as the broader knowledge base common to sub-fields
within a larger domain, such as nursing in general. In contrast, dom-specK focuses on particular
sub-fields or specific topics within a domain, such as gynecology nursing, pediatrics nursing,
basic nursing, and internal medicine nursing.

In line with this effort, the current study also differentiated dom-genK from dom-specK
and examined their differing influence on specific purpose writing performance. In the current
study, dom-genK is defined as the S/FL learner’s knowledge of the methods of scientific
investigations, as defined by the Science and Engineering Practice, Planning and Carrying Out
Investigations (NGSS Lead States, 2013), which learners display before and develop throughout
the scenario. In contrast, dom-specK focuses on the disciplinary knowledge of physical science
concerning electrical interactions. Specifically, dom-specK is defined as the knowledge specific
to the field of physical science that the learners bring to and develop throughout the test,
particularly regarding the particle structure and the electrical interactions between charged and
neutral particles, anchored in the Disciplinary Core Idea, PS1.A: Structure and Properties of

Matter, and the Crosscutting Concept, Patterns (NGSS lead states, 2013).
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Situated Specific Purpose Writing Performance

In the current study, situated specific purpose writing performance is conceptualized in
line with Purpura’s (2004) definition of S/FL performance as the "observable manifestation of
[S/FL ability] in language use" (p. 87). Specifically, it refers to the display of situated specific
purpose writing ability in the lab report writing task, which involves recording the process of the
scientific investigation, including its methods, procedures, and findings. As the lab report writing
task is the final culminating task of SBLA-SP, the examinees are required to engage in
hypothesis formulation, experimental design, and empirical validation to complete the lab report.
Therefore, situated specific purpose writing performance encompasses the ability to effectively
utilize language and scientific knowledge resources to accurately document a scientific
investigation, as measured across four key rating criteria aligning with Purpura and Oh's (2024)
MOM of situated SFL proficiency: domain-general content quality, domain-specific content
quality, rhetorical control, and language control.

Significance of the Study

The main goal of the current study is to investigate the nature of situated specific purpose
writing ability in the context of performing complex disciplinary practices through an SBLA
technique, designed and validated based on an LOLA framework. The current study has a
number of theoretical, methodological, and pedagogical implications for the field of S/FL
assessment.

Theoretically, this study contributes to the understanding of the relationship between
domK of science operationalized by means of dom-genK and dom-specK and the roles of this
knowledge on situated specific purpose language test performance. While there is consensus on

the critical nature of domK in specific purpose language ability, there is variation in how domK
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is defined, operationalized, and measured, particularly while performing disciplinary practices.
By conceptualizing two levels of domK in terms of specificity and aligning this with the
indigenous criteria, the current study refines conceptualizations of domK of science, thereby
contributing to the understanding of the different types of domK, how to measure them, and their
influence on language test performance.

Additionally, the current study contributes to our understanding of the development of
domK throughout the assessment as the SBA was designed as a viable educational experience in
its own right (Bennett, 2011). By measuring both the domK learners have before the SBLA-SP
(prior domK)) and the domK they gain while engaging in the SBLA (acquired domK), this
comparison could potentially reveal how learners leverage their prior knowledge to perform the
SBLA tasks and how the scenario promotes the development of domK. Furthermore, the
research explores how S/FL proficiency levels affect the learners’ ability to develop new dom-
genK and dom-specK, allowing the investigation of the effect of general English language
proficiency on the development of dom-specK and dom-genK throughout the scenario.

Lastly, by adopting the LOLA framework to guide the design and validation of LASP,
the present study can provide insights on how to better define and operationalize the construct of
situated specific purpose writing ability. The LOLA framework guides considerations of the
multifaceted factors that come into play in specific purpose language use, particularly within the
context of performing complex disciplinary practices. The current study thus aims to shed light
on the role of performancemoderators through the investigation of examinees’ perception of
social-interpersonal, instructional, socio-cognitive, affective, and technological factors relevant
to the simulated agents taking the role of mentors and team members. As collaborative

competencies become increasingly vital in the 21st century, the study's findings could suggest
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how SBLA can be used to simulate a collaborative context to elicit specific purpose language
ability while performing a collaborative task.

Methodologically, the current study informs the feasibility of adopting the SBLA
technique to measure situated specific purpose writing ability in the context of performing a
disciplinary practice. As authenticity is one of the key principles of LASP, this research
showcases the potential of utilizing SBLA to elicit authentic disciplinary competencies by
patterning the assessment protocol on a disciplinary practice recognized as a pivotal scientific
activity in the scenario narrative through the affordances of computer technology. Specifically, it
demonstrates the viability of simulating an essential scientific practice of planning and
conducting investigations through the SBLA. Aligning with the indigenous criteria of science,
the study ensures that the scenario narrative is not only coherent but also elicits the cognitive
processes typical of scientific endeavor. This alignment with real-world practices highlights the
potential of SBLA to measure situated specific purpose writing ability in the context of
performing an authentic disciplinary practice, which could have implications for the LASP
methodology.

In addition, the SBLA in this study leverages technology by using interactive experiment
simulations and Al-generated agents to create a realistic, goal-oriented scenario reflective of
authentic disciplinary practice. In particular, the examinees were guided through the scenario
narrative by the simulated agents, created by means of novel text-to-video generative Al
technology. The agents, although scripted to provide a controlled environment for the
assessment, took the role of creating a context similar to a collaborative science investigation. As
collaborative skills are pivotal in the 21C, there is growing interest in leveraging generative Al

technology to simulate a collaborative context. Before investigating the integration of real-time,
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responsive Al agents offering a more dynamic interaction, it is essential to examine the
perceptions of the examinees on the authenticity of the text-to-video Al-generated agents and
interactions with them, as well as address any potential adverse effects on the examinees’
assessment experience. An understanding of the examinees’ perceptions of these Al agents could
help refine the functionality of these agents in assessments and ensure that the technology
effectively simulates collaborative practices reflective of those in the target language use
domain.

From a pedagogical standpoint, this study can inform how integrated content and
language-based instruction classrooms, particularly in science, can address critical competencies
in the real world. The SBLA-SP underscores the importance of measuring language use in the
context of performing disciplinary practices through the adoption of the NGSS’s three-
dimensional framework. Although originally developed as a summative assessment for English
for science purposes, the SBLA-SP also offers valuable insights into how the SBLA approach
can be adapted for formative assessments and learning activities in classrooms. Similar to
CBAL® by ETS (Bennett, 2011), which used the SBLA approach to align curriculum,
formative, and summative assessment for developing and assessing real-life competencies, this
study can provide insights into how language for science purposes classrooms could similarly
enhance the development of real-life competencies. This can be achieved by aligning learning
activities and assessments with the cognitive processes essential for these competencies, as

SBLA-SP does. Such alignment can allow educators to weave scientific practices effectively into
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their LSP curriculum, preparing learners for the demands of both academic and professional
scientific environments that science students are likely to encounter.

In conclusion, the current study has significant implications for S/FL assessment,
pedagogy, and methodology. By exploring the relationship between domK and situated specific
purpose writing ability, this research contributes to a deeper understanding of the complex
interplay between language and disciplinary practices. The findings have the potential to inform
authentic and effective assessments, as well as pedagogical approaches that better prepare

learners for real-world contexts for future scientific endeavors.

Limitations of the Study

The current study is subject to several limitations that mitigate the interpretations and
generalizability of its findings, including theoretical limitations relevant to the definition of the
construct of domK and methodological issues relevant to the operationalization of the construct.

The current study's definition of domK is limited by its focus on specificity and its
limited generalizability to a single science practice. While recent studies have recognized the
multifaceted nature of domK by conceptualizing various dimensions (i.e., amount, accuracy,
specificity, and coherence, McCarthy & McNamara, 2021), the current study focuses on only
one of those dimensions: specificity. This narrow focus enables a detailed examination of the
varying effects of dom-genK and dom-specK but prohibits a comprehensive exploration of the
multifaceted nature of domK. Other dimensions, such as the amount and accuracy of the
knowledge and the coherence of learners' knowledge networks, also play important roles but are
not operationalized in the current study. Future research could incorporate a more comprehensive

approach to evaluating more dimensions, thereby providing a fuller understanding of domK and
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its impact on specific purpose language ability.

Furt
hermore, the definition of dom-genK was limited to the knowledge relevant to a single science
practice—planning and carrying out investigations. Therefore, the findings may have limited
generalizability to contexts where other science practices are relevant. Future studies could
explore other science practices defined by the NGSS (e.g., developing and using models,
engaging in arguments from evidence) to provide a more comprehensive understanding of
specific purpose language ability in the context of performing the science practices.

Beyond the theoretical limitations, there are methodological limitations relevant to the
simulation of collaborative practices and the measurement of the moderators. The SBLA-SP
aims to simulate the collaborative practice of scientific investigations to mirror real-life
collaborative dynamics. However, due to the need for standardization in assessment design for
reliable measurement, the interactions with the simulated peers and the process of science
investigation are not entirely reflective of the collaborative science investigation observed in
real-life academic and professional settings. The SBLA-SP limits the autonomy of examinees,
guiding them through predetermined paths during the planning and carrying out of
investigations. For instance, while the examinees are asked to come up with their own research
questions and experiment design, the research question proposed by the simulated peers is
selected, and the simulated mentor's proposed interactive experiment simulation is adopted to

control the construct-irrelevant variables. This standardization, while necessary for measurement
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consistency, may not accurately represent the iterative process typically observed in scientific
investigation or the full range of interactions one might expect to see.

In addition, while the moderators (i.e., socio-interpersonal, instructional, socio-cognitive,
affective, and technological factors) are crucial components of situated specific purpose writing
ability, they are assessed through indirect measures such as the self-reported LOLA survey. This
method of measurement may not fully capture the complex interactions between these factors
and language and domK, potentially leading to an underrepresentation of their impact on
performance. Direct measurement of these resources could have provided a comprehensive
understanding of their moderating effect within the SBLA-SP. For instance, Seong (2023)
employed an SBLA approach to elicit and assess the socio-cognitive factors that moderate
academic speaking performance, using a series of strategy tasks that elicited different cognitive
and metacognitive strategies. Similarly, future studies could employ a more direct approach to
measure the moderators to fully understand how they interact with language knowledge and
domK in a goal-oriented disciplinary context.

In light of these limitations, the findings of the current study should be interpreted with
caution. Future research could aim to address these limitations by incorporating a comprehensive
conceptualization of domK, exploring various disciplinary practices, and using direct
measurement of the moderators.

Summary

Chapter I introduced the context of the study by emphasizing the need for a LASP that is
referenced to a framework that allows the conceptualization of a range of factors, including
language knowledge and different types of domK, required in the context of performing complex

disciplinary practices. In response, the current study proposes a novel SBLA for science
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purposes to measure situated specific purpose writing ability in the context of performing a
scientific investigation, guided by the LOLA framework for the design, organization of validity
claims, and systematic inspection of the indicators and moderators of situated specific purpose
writing ability. The purpose and research questions of the study were presented, along with
definitions of key terms relevant to the research. The significance and potential limitations of the
study were also discussed. The next chapter will review the relevant literature that forms the

foundation of the current study.
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Chapter 11

LITERATURE REVIEW

Chapter II reviews the literature pertinent to the current study, highlighting the defining
characteristics of LASP and the key competencies of the science domain, the TLU domain of
interest. As the current study adopts the LOLA framework (Purpura & Turner, 2018; Purpura,
2024) for the SBLA design and the formulation of validation claims, the review is also organized
using the LOLA framework as a structured approach to understanding the key issues and debates
in the LASP field. This chapter begins by establishing the rationale for reviewing the LASP
literature through the lens of a LOLA framework. Subsequent sections focus on each LOLA
dimension, drawing implications for the current study’s instrument design and validation claims.

Deconstructing LASP through the Lens of an LOLA Framework

In the field of LASP, there has been a growing need for a theoretical basis that could
guide LASP design or validation (Basturkmen & Elder, 2004). A few researchers responded to
this call, including Douglas (2000), who was the first to make a systematic attempt to establish a
theoretical foundation for LASP, and O’Sullivan (2012), who proposed a specific validation
framework for LASP. While their frameworks have contributed greatly to the conceptualization
of specific purpose language ability, questions still remain regarding the boundaries between the
LASPs and general proficiency tests, which tend to have a broader focus and are mostly
concerned with testing the core components of language ability that could be generalizable
across a range of domains (Basturkmen & Elder, 2004; Brunfaut, 2014). In particular, the
debates have persisted on whether there are clear boundaries 1) between and within TLU

domains (i.e., specificity), 2) between language ability and domK (i.e., inseparability), and 3)
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between test and non-test situations (i.e., authenticity; Elder, 2001; Douglas, 2020). Another
critical limitation of existing LASP frameworks is that they rarely focus on features that can
moderate LASP performance, such as the instructional role of tasks in tests or the role of social
engagement.

Given these limitations in existing frameworks, several researchers have argued that there
is a need for a more comprehensive approach to address the ongoing debates about specificity,
inseparability, and authenticity in LASP assessment (Brunfaut, 2014; Douglas, 2020), as well as
to account for factors that moderate LASP performance. One promising framework that
addresses these gaps is the LOLA framework (Purpura & Turner , 2018; Purpura, 2024). The
LOLA framework systematically accounts for the indicators of LASP performance through its
contextual, proficiency, and elicitation dimensions, enabling a deep analysis of linguistic, topical,
and task demands within specific TLU domains. Additionally, it enables a systematic analysis of
the factors that moderate performance in LASP contexts through the instructional, socio-
cognitive, affective, social-interactional, and technological dimensions.

Notably, the LOLA framework was not originally intended for LASP development or
validation. However, the main goal of the LASP enterprise is to mirror the competency-driven
tasks in the TLU domain closely, and to do so, features that could potentially impact
performance on real-life tasks detailed in the LOLA framework need to be added as an explicit
part of the LASP design. Therefore, deconstructing the LASP through the lens of LOLA could
inform how to better mirror TLU tasks in LASP design and organize validation claims. This
could, in turn, provide insights on how to better define and operationalize the construct of
competency-driven, situated specific purpose writing ability. As a first step in framing the review

of LASP literature, I will propose the guiding questions relevant to each dimension of the LOLA
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framework, considering both the fundamental debates in the LASP field and the factors that
affect specific purpose language ability in the context of performing complex disciplinary
practices.

First, for the contextual dimension, guiding questions for reviewing the pertinent
literature include: what are the approaches for defining the TLU domain; whether the boundaries
between and within TLU domains can be distinguished (i.e., specificity), and what real-life
competencies are required in the science domain, which is the TLU domain of the current study.

Second, the guiding questions pertinent to the proficiency dimension include: how has
the construct of specific purpose language ability been defined, whether domK should be
considered an inseparable component of specific purpose language ability (i.e., inseparability),
and how domK of science is defined, especially in the context of performing disciplinary
practices.

Third, for the elicitation dimension, the guiding question focuses on: how test tasks can
be designed to mirror TLU tasks (i.e., authenticity), how the indigenous criteria, in particular, the
science and language standards in the U.S. K-12 context, define specific purpose language
ability, and whether SBLA, the assessment technique adopted in this study, can provide a way to
authentically mirror the TLU tasks.

Finally, in consideration of the factors that moderate the LASP performances, the guiding
questions examine: what socio-cognitive processes are required to complete LASP tasks (socio-
cognitive dimension), how a LASP test could aim to “teach” examinees something through
input, feedback, or assistance (instructional dimension), what the role, if any, of social
interaction is in an LASP activity (social-interactional dimension), how LASPs could tap into the

examinees’ affective dispositions, such as engagement or motivation (affective dimension), and
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how technological literacy has been accounted for in LASPs (technological dimension). Also,
given that the current study focuses on the moderating effect of the use of simulated agents, the
research on how simulated agents have been utilized in language learning and assessments will
be reviewed. The following sections define each LOLA dimension and address the questions
pertaining to each dimension, informing the implications regarding the instrument design and
validation claims of this study. A series of warrants, assumptions, and potential backings for the
validation claims for each dimension will also be proposed. Additionally, it will be specified if
the assumptions are directly investigated as a research question of the current study.
Contextual Dimension

The contextual dimension is the first and most fundamental dimension of the LOLA
framework (Banerjee, 2019). This dimension concerns the characteristics of the real-life TLU
domain and the competencies required for successful performance within that domain. It situates
the performance event within a specific sociocultural, socio-political, or institutional context and
characterizes the competencies learners need to display in real-world language use domains
(Purpura, 2024). The contextual dimension also considers the types of tasks and settings in which
learners need to demonstrate these competencies, and the performance descriptors used to judge
them (Purpura, 2021). Ideally, these contextual factors should reflect what learners would
encounter or be modeled after how learners would behave in real-life situations so that the test
performance results can be generalizable across similar contexts (Banerjee, 2019; Purpura,
2021). Similarly, the contextual dimension is critical in LASP because LASP presumes that
different TLU domains are associated with distinct language use practices. LASP assessment
thus typically begins with a needs analysis to identify the characteristics of the domain

(Basturkmen & Elder, 2004). Needs analysis, a process of collecting information about the

31



examinees’ present situation and the target goal, including the language used in the target
domain (i.e., TLU domain), is a central component of LASP (Brown, 2016; Dudley-Evans & St
John, 1998; Hutchinson & Waters, 1987; O’Sullivan, 2012).

Given the significance of the contextual dimension in both LOLA and LASP, the
following sections aim to address three guiding questions pertinent to the contextual dimension.
First, I will explore the various approaches to defining the TLU domain. Second, I will
investigate the issue of specificity in TLU domains, examining whether the boundaries between
different TLU domains or boundaries within a single TLU domain can be distinguished. Finally,
as an attempt to define the TLU domain of the current study, the science domain, I will examine
the real-life competencies required in the science domain. To begin addressing these questions, |
will trace the trajectory of the three different approaches to defining the TLU domain.
Approaches to Defining the TLU Domain in LASP

There have been several approaches to defining the TLU domain depending on the unit of
analysis: linguistic functions and skills, tasks, or situations. One of the earliest attempts to
systematically identify features salient in different TLU domains was made by Munby (1978), a
needs analyst who demonstrated how to define the TLU domain through specific linguistic traits
associated with language functions or skills. As the first step of syllabus specification, Munby
(1978) profiled the learners’ needs, their purpose of language learning, and the types of
interactions that they might expect to engage in. Based on this profile, he proposed a taxonomy
of micro-functions (e.g., apology, request) and micro-skills (e.g., discriminating sounds in
minimal pairs, expressing conceptual meaning, transcoding speech/text into a diagram), which

were later mixed and matched to design specific courses or tests. The priority for teaching and
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assessment was given to skills or functions that frequently appeared in the TLU domain (Barber,
1962).

However, because Munby’s (1978) approach to needs analysis produced an enormous list
of linguistic features not originally intended for test design, LASPs based on Munby’s atomistic,
frequency-based micro-skills, such as the British Council’s English Language Testing Service
(ELTS), were criticized for their practical constraints. Although the ELTS claimed that it used
Munby’s taxonomy for item construction, the item review during the ELTS validation study
showed that the items had little correspondence to the micro-skills they were claiming to
measure (Criper & Davies, 1988). Alderson (1981) suggested that specification at the level of
micro-skills was so specific that it was impossible to design test tasks targeting a particular skill.
Instead, the items were designed based on the item writers’ intuition, regardless of what the
specifications required (Clapham, 1996). Due to this impracticality, Munby’s (1978) approach
was criticized in that although it was “thought to be communicative...its implementation was
hasty and its emphasis on the use of direct testing excessive” (Davies, 2001, p. 142). Therefore,
skeptics claimed that LASP could only be justified for practical reasons. These reasons included
positive washback, as LASP could promote domain-relevant test preparation practices, and face
validity, since examinees could perceive the test as being more closely aligned to their personal
goals (Basturkmen & Elder, 2004; Davies, 2001).

The limitation of designing a test based on an exhaustive list of language skills or
functions was also acknowledged by Bachman and Palmer (1996), who pointed out that it was
neither feasible nor necessary to conduct “testing-motivated discourse analysis” (p.46) for the
purpose of developing language tests because it was tasks that create language, not the other way

around (Long, 2005). Instead, Bachman and Palmer (1996) suggested using “task” as the unit of
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analysis through the adaptation of “discourse-motivated test design and analysis” (p.46)
approach, where the TLU domain is defined with a set of specific language use settings and tasks
generated from within each setting. For example, to define the Business English TLU domain,
Bachman and Palmer (1996) first identified settings, such as “negotiating with clients,” then they
defined the tasks in that setting, such as “reading the clients’ financial reports” or writing a
proposal for the client. In addition to the specification of task characteristics, Bachman (2002)
argued that the language ability that underlies tasks should be laid out. He argued that an
approach that considers both language ability and the context of the task and the interaction of
these two aspects should be addressed in test development to provide useful inferences about the
examinees’ ability.

Drawing on these insights, Knoch and Macqueen (2019) proposed a needs analysis
framework for LASP development that laid out the fine-grained analyses needed under the
following topics: domain, means, policy, test requirement, examinee, and gap. Notably, their
domain analysis laid out a set of sub-analyses regarding not only the linguistic (i.e., domain
language analysis, TLU language standards analysis) or task characteristics (i.e., TLU task
analysis, TLU indigenous criteria analysis) but also the cognitive processes learners engage in
during task completion (i.e., domain tasks processing analysis). While this model is by far the
most extensive LASP needs analysis framework encompassing linguistic characteristics, tasks,
and cognitive processes, the model does not conceptualize the interrelationship of these needs
nor the final real-life goals that need to be accomplished by completing these tasks. From a
LOLA perspective, however, a clear definition of real-life competencies or a set of cognitive,
contextual, and dispositional resources to accomplish a recognizable goal is imperative (Purpura

& Banerjee, 2021; Purpura, 2021). In other words, what people need to do with the language and
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what they need to ultimately achieve should be defined first. By doing so, we can obtain a more
accurate description of a series of tasks that are conducted to fulfill that goal, as well as the
knowledge, skills, and abilities (KSAs) that people draw from to accomplish that goal. An
approach to specifically defining these real-world competencies has been proposed by the
evidence-centered design (ECD; Mislevy et al., 2003).

Taking a step beyond the use of “task™ as the unit of domain analysis, evidence-centered
design (Mislevy et al., 2003) uses competencies, or real-life problems central to the domain, as
the unit of analysis, as well as how knowledge is constructed, acquired, used, and communicated
in that domain (Mislevy et al., 2017). Test developers analyze problems people deal with within
that domain, what KSAs domain insiders draw upon to solve those problems, and what
characterizes good work in that domain. This information serves as the basis of the assessment
argument, or what examinees know or can do in the domain. In sum, given the foundational role
of domain definition in LASP, the insights from ECD on how competencies are defined should
be incorporated into LASP needs analysis. In the end, by going beyond the individual tasks to
clearly define the competencies—or a set of resources required to perform a series of tasks
leading up to real-life goals—better inferences can be made about the examinee’s ability to use
language effectively within the TLU domain (Douglas, 2000; National Academies of Sciences,
Engineering, and Medicine, 2012).

While it has been well accepted that the triangulation of various sources of data and the
consideration of multiple stakeholders are required to understand how language is used in a
certain context (Purpura & Graziano-King, 2004; Long, 2005), debates have persisted on
whether it is possible to identify the exact limits to the language used in that specific context

(O’Sullivan, 2019). In other words, whether one specific TLU domain could be distinguished
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from another TLU domain, and if so, whether specific language and general language could be
distinguished within a specific TLU domain, is yet another layer of complication of LASP. The
next section will discuss how the issue of specificity has been addressed in the LASP literature.
Specificity: Boundaries between and within the TLU Domains

In the LOLA framework, defining the TLU domain is a critical starting point for test
design. Similarly, LASP uses the TLU domain to make inferences about the examinees’ ability
to perform in that domain. Because specificity is the critical characteristic that differentiates
LASP from general language assessments, the distinguishability of ‘specific purpose’ TLU
domains has remained one of the most significant challenges in the LASP field (Brunfaut, 2014;
Curtis, 2021; Fulcher, 1999). Researchers have questioned to what degree the test should be
diversified and whether it is feasible to define the boundaries between and within specific TLU
domains.

Alderson (1981) was among the first to problematize the fuzzy boundaries between TLU
domains. He responded to the ELTS specification document (Carroll, 1978) that claimed to
introduce five specific modules (i.e., Life Sciences, Medicine, Physical Sciences, Social Studies,
and Technology) to diversify the tests to meet the varying demands of the different TLU
domains. Alderson (1981) pointed out that if tests were to be specific enough to match the
diversity of the TLU domains, the test should theoretically target only one individual at one point
in time and place. Because of the impracticality of devising a test for a single individual, tests
tend to target a broader audience, resulting in an arbitrary degree of specificity. For these
reasons, Alderson (1981) questioned, “How specific is specific?” (Alderson, 1981, p. 126), a
conundrum widely echoed in the field ever since (e.g., Alderson & Clapham, 1992; Brunfaut,

2014; Curtis, 2021; Fulcher, 1999). These ‘more or less’ specific tests are problematic because

36



they result in an overlap between TLU domains. To illustrate this challenge, Alderson (1981)
provided a hypothetical example of an Urban Studies major student who will be taking classes
not only in technology but also in law and economics. He explained that it is impossible for this
student to make a principled decision on whether to take the Technology or the Life Science
module test due to the overlapping nature of these TLU domains.

The problem with overlapping domains identified by Alderson (1981) was supported by a
series of ELTS validation studies examining the validity of its five specific modules (Alderson &
Urquart, 1985a; 1988; Criper & Davies, 1988). The comparison between the students’ majors
and their performance on ELTS’s specific and general modules showed that students did not
outperform the modules related to their majors. Furthermore, the general module, not the specific
modules, had the highest correlation with the total composite score, lending evidence that ELTS
is unifactorial (Criper & Davies, 1988). It was concluded that the specific modules, however
carefully designed, would inevitably overlap and could never be specific enough or suitable to
cover the range of the student’s specialization because there are a number of sub-branches within
each module (Clapham, 1996). These studies led ELTS to be revised into the International
English Language Testing System (IELTS), collapsing all the specific modules into a single
academic module.

The challenges of distinguishing distinct specific purpose contexts were corroborated by
Elder’s (2001) analysis of the domain of teacher communication. Elder (2001) concluded that the
domain of teacher communication could not be easily defined since there was not sufficient
information about the interrelationships or weights between different genres, and thus it is
impossible to accurately model these less restricted domains (Stevenson, 1985). In sum, the

attempt to define specific contexts and then design tests targeting those confined contexts, and no
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other, have been problematic because specific domains overlap with each other and with the
more general domain.

Responding to the challenge of defining distinct boundaries to specific purpose contexts,
O’Sullivan (2012) argued that “there are no exact limits” (p.73) to the language that is used in a
specific context because specific TLU domains can never be detached from the general language
domain but interact with it. Language use between different TLU domains, in turn, cannot be
completely disconnected from one another. In line with this view, Douglas (1997) asserted that
specific and general tests should not be viewed as a dichotomy because all tests are designed for
a purpose, which can be placed somewhere on the continuum of specificity between very
specific to very general.

Douglas (2000) illustrated this concept by placing examples of LASPs on the continuum
of specificity. Large-scale LASPs in the academic domain, such as the Test of English as Foreign
Language (TOEFL) and the IELTS Academic, were placed on the general end of the continuum,
as they encompass a wide range of disciplines within a school setting (Knoch & Macqueen,
2016). Similarly, in the professional domain, the Test of English for International
Communication (TOEIC) or Cambridge ESOL’s Business English Certificates and the Business
Language Testing Service (BULATS), represent a general proficiency test situated within, not
reflective of, the business domain. For instance, the TOEIC speaking section consists of
independent monologic tasks such as read-aloud, picture description, or narrating personal
anecdotes. While the prompts for these tasks were roughly related to business (e.g., to talk about
one’s office experience), the task characteristic is not representative of the business domain in

that there are no interlocutors or audiences (O’Sullivan, 2012).
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In contrast, tests on the specific end of the continuum, such as the test for air traffic
controllers (e.g., Park, 2020; Teasdale, 1994) or healthcare workers (e.g., Occupational English
Test, 2021), tend to focus on a narrower TLU domain defined through a more fine-grained,
context-specific, and comprehensive needs analysis (Hamp-Lyons & Lumley, 2001). In addition,
these tests tend to be highly localized in that they are tailored to the individual, cultural, and
social characteristics of examinees and test users of that particular population (Brunfaut, 2014;
O’Sullivan, 2011). In this regard, these highly specific tests are not suitable to be used outside of
the intended purpose and their narrowly defined TLU domains tend to have clearer boundaries.

While the notion of specificity as a continuum has allowed us to better conceptualize the
boundaries between different TLU domains, there has been no framework to conceptualize the
boundaries within a single TLU domain until Knoch and Macqueen (2019), who proposed a
conceptual framework entitled the ‘Codes of Relevance.” This framework illustrates how even
within a domain, there are different degrees of specificity in the linguistic and semiotic patterns,
or the “language codes” (p.61) used, depending on the audience and the communicative purpose.
Their framework, focusing on the professional TLU domain, proposes four levels of language
codes overlapping with one another as concentric circles. The circles closer to the core have
denser professional codes with more specialist terminology to communicate more professional
and technical content. This concept was illustrated through the example of doctors’
communication. The innermost circle is the intra-professional register, which is the language
used when doctors talk to other doctors. The second circle to the core is the inter-professional
register used when doctors talk to nurses or other medical professionals in the hospital. The third
circle is the workplace community repertoire, as the language doctors use when talking to non-

medical people in the hospital, such as example patients or cleaners. Finally, the outermost circle
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represents lingua franca, the non-professional language used in everyday conversation. Knoch
and Macqueen (2019) suggested that LASP should sample from all four levels of specificity
within a domain to fully capture the language used in that domain. In sum, the Codes of
Relevance framework contributed to a refined understanding of specificity by visualizing how
general language and domain-specific language interact at different levels.

In conclusion, debates on how to define boundaries between and within specific domains
have led researchers to recognize that a specific TLU domain cannot be conceptualized
independently from the general language domain. Therefore, it is imperative to lay out both the
unique and general aspects of the domain through a comprehensive, fine-grained, and context-
specific needs analysis (Skehan, 1984; Hamp-Lyons & Lumley, 2001). The needs analysis can
guide the definition of real-life competencies, comprising a set of cognitive, contextual, and
dispositional resources to accomplish real-life goals. Given that the TLU domain of the current
study is the science domain, the next section will review the literature on competencies required
in the science domain.

Competencies Required in the Science Domain

The growing emphasis on real-life competencies extends to science education,
significantly influencing science teaching and assessment practices. Researchers have recognized
that to prepare students for the demands of rapid scientific advancements and complex
technological issues affecting society, mere memorization of scientific facts and procedures is
insufficient; instead, individuals need real-life science competencies encompassing the ability to
explain natural phenomena, evaluating and designing scientific inquiry, and interpreting
scientific evidence (Abd-El-Khalick, 2012; National Academies of Sciences, Engineering, and

Medicine, 2012; OECD, 2018). Research highlights that the engagement of science practices,
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such as asking questions, carrying out scientific experiments, and analyzing data to support
scientific arguments, facilitates deeper, transferable learning by building on robust,
interconnected conceptual understanding and scientific reasoning skills. This flexible retrieval
and application of knowledge enable learners to transfer what was learned in one situation to
solve complex problems in new situations (National Research Council, 2012; Hilton &
Pellegrino, 2012; Sotiriou et al., 2017).

This emphasis on real-life science competencies is evident in the standards and
frameworks across various countries (e.g., National Curriculum Information Center, 2022;
OECD, 2023). A recurring theme in these international frameworks and national standards is the
emphasis on "doing science," viewing students as scientists and engineers actively participating
in scientific inquiry while shifting away from the traditional view of students as passive receivers
of established science information. This significant shift from traditional science education,
positioning students as active contributors to scientific knowledge, is evident in various
frameworks and standards, including those from South Korea and the U.S., and the Programme
for International Student Assessment (PISA) 2025 science framework.

To illustrate, the South Korean national science standards highlight this shift by defining
science competency not only in terms of scientific knowledge but also the practices and attitudes
required to nurture scientifically competent citizens who can easily adapt to a rapidly changing
world (National Curriculum Information Center, 2022). For instance, standards related to the
energy topic require learners to design experiments based on their understanding of concepts
such as triboelectricity, while fostering attitudes supportive of sustainable energy use. To
reinforce these competencies, the national curriculum also mandates a course entitled "Science

Inquiry Experiment" for high school students, focusing on developing scientific inquiry skills,
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attitudes, and the ability to apply scientific knowledge to real-life situations through hands-on
experiences (Kim & Jeong, 2018; National Curriculum Information Center, 2022). An empirical
investigation involving 489 high school freshmen on the impact of this course has demonstrated
significant increases in science core competencies measures of students who took the hands-on
inquiry course for 16 weeks when compared with those who took the minds-on classes that
involved non-lab lectures on the same scientific concepts (Lee et al., 2020). The study
highlighted the positive effects of inquiry-based science learning in the South Korean context,
underscoring the importance of experiential learning in developing science competencies.

Like the South Korean standards, the PISA 2025 science framework emphasizes the
application of scientific skills to real-world issues by defining scientific literacy through three
key competencies: explaining phenomena scientifically, evaluating and designing scientific
inquiry, and interpreting data and evidence scientifically (OECD, 2023). Additionally, the
framework outlines how the assessment of these competencies should be framed, going beyond
merely assessing content knowledge to include procedural and epistemic knowledge. Content
knowledge covers the grasp of scientific facts, concepts, ideas, and theories. Procedural
knowledge pertains to the methods and practices of scientific inquiry necessary for generating
valid and reliable data. Complementing these, epistemic knowledge focuses on how to validate
and justify scientific theories, such as the importance of controlling variables in experiments to
ensure the validity of conclusions. By integrating these three interconnected knowledge types,
the PISA assessments aim to evaluate students’ ability to design research, interpret data, and
determine if conclusions are warranted, reflecting the sophisticated thinking processes required
in authentic scientific activities. Aligning with the South Korean approach of contextualizing

learning, PISA 2025 assessment items are situated in personal, local, national, and global
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contexts relevant to students’ lives, measuring their ability to engage with real-world science
problems (OECD, 2023).

In line with these international trends, several frameworks have been proposed in the U.S.
K-12 context to define real-world science competencies for college and career readiness (CCR).
These frameworks (e.g., NGSS Lead States, 2013; National Curriculum Information Center,
2022) also build on the idea that the ability to do science, not just know about science, is crucial
for 21st-century needs (National Academies of Sciences, Engineering, and Medicine, 2012;
Pellegrino, 2017). New science competency models or standards, such as the National Research
Council (NRC) Framework for K-12 Science Education (NRC, 2012), the Next Generation
Science Standards (NGSS, NGSS Lead States, 2013), and the Cognitively Based Assessment of,
for, and as Learning (CBAL) competency model of science (Liu et al., 2013), collectively define
the scientific practices needed for the 21C, with the consensus that active participation in these
practices makes learning more meaningful, sparks curiosity, and helps students appreciate the
creative nature of these fields. It also helps internalize concepts more effectively than passive
learning, encouraging continued interest in science and engineering (National Academies of
Sciences, Engineering, and Medicine, 2012). For example, the NGSS’s first dimension, Science
and Engineering Practices, defines eight practices, or behaviors that scientists engage in as they
explore and interpret the natural world and develop new systems (NGSS Lead States, 2013).
These practices encompass a range of behaviors such as questioning, investigation,
argumentation, and modeling. In line with the hands-on approach of the South Korean “Science
Inquiry Experiment” course, one of the key scientific practices defined in the NGSS is “planning
and carrying out investigation,” which involves the formulation of a question that can be

answered through hands-on experiments.
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Collectively, these frameworks and standards underscore a global shift towards
emphasizing the importance of actively “doing science” through planning and carrying out
investigations. By doing so, they aim to prepare learners to think and act like scientists, become
scientifically literate, and engage critically with scientific issues in an increasingly complex
world.

Summary and Implications for the Present Study

This section reviewed the LASP literature relevant to the contextual dimension of the
LOLA framework. In particular, the different approaches to defining the TLU domain of the
assessment were examined. The review highlighted that LASPs closer to the specific end of the
continuum require a comprehensive, context-specific needs analysis (Hamp-Lyons & Lumley,
2001) in order to lay out both the unique and general aspects of the TLU domain (Skehan, 1984;
Knoch & Macqueen, 2019). The needs analysis should guide the definition of the real-life
competencies inherent to the domain as well as how knowledge within this domain is
constructed, acquired, used, and communicated in the domain (Mislevy et al., 2017). As this
study focuses on the TLU domain of science, the competencies required in the science domain
were also reviewed. The science framework reviewed collectively emphasized real-life
competencies that prepare students not just to understand scientific concepts but to apply them in
real-world contexts through active involvement in the practice of scientific inquiry.

Based on the literature pertaining to the contextual dimension, several implications can
be drawn about the instrument design and the validation claims. Regarding the instrument
design, the SBLA-SP was aligned to the key competency, “planning and carrying out
investigations,” as defined by the NGSS, given the growing emphasis on scientific inquiry in the

science domain. Examinees were guided through a scenario narrative carefully sequenced to
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elicit the habits of mind required for this practice (NGSS Lead States, 2013), involving five
steps: 1) asking questions, 2) generating hypotheses, 3) designing experiments, 4) collecting and
recording data, and 5) analyzing and interpreting data (Liu et al., 2013). This methodical
approach enables the assessment of not only students’ knowledge but also their ability to think
and act like scientists and engineers, thereby evaluating their ability to actively participate in and
contribute to the scientific process, embodying the role of scientists in real-world contexts.

In terms of the validation argument, one claim pertaining to the contextual dimension
could be that the SBLA-SP tasks are designed to reflect the real-world tasks in the science
domain. The warrant supporting this claim is that observations of performance on the SBLA-SP
reflect the ability to plan and carry out investigations that are relevant and representative of the
target domain of science use in real-life contexts. This warrant is based on two assumptions.
First, the SBLA-SP tasks elicit the real-life competencies required in the TLU domain of science,
which potentially can be empirically supported by a needs analysis conducted through the pre-
scenario LOLA survey, which investigates the real-life competencies required in the TLU
domain. The second assumption is that the SBLA-SP scenario narrative aligns with the cognitive
process required in the domain, in particular those involved in the key science practice of
planning and carrying out investigations. As a potential empirical backing, the standards and
frameworks in the science domain can be reviewed regarding the cognitive process involved in
the key science practice of planning and carrying out investigations. Table 2.1 summarizes
inferences, claims, warrants, assumptions, and backing for the interpretation argument pertinent

to the contextual dimension.
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Table 2.1

Summary of claims, warrants, assumptions, and potential backings for the contextual dimension

LOLA Dimension | Contextual
Claim SBLA-SP tasks are designed to reflect the real-world tasks in the TLU domain of science
Warrant (W) Assumptions (A) Potential Backing (B)
CD.A.1.1 Performance in the CD.B.1.1 A needs analysis conducted through the
CD.W.1 SBLA-SP tasks represents the real- | pre-scenario LOLA survey, which investigates the

Observations of
performance on the
SBLA-SP reflect the
ability to plan and
carry out
investigations that
are relevant and
representative of the
TLU domain of
science.

life competencies required for
planning and carrying out
investigations in the TLU domain
of science

real-life competencies required in the TLU domain,
can provide evidence that the competencies assessed
by the SBLA-SP tasks align with those required in
the TLU domain.

CD.A.1.2 The SBLA-SP scenario
narrative aligns with the cognitive
processes required in the TLU
domain, in particular, those
involved in the key disciplinary
practice of "planning and carrying
out investigations."

CD.B.1.2 A review of the standards and frameworks
in the science domain related to the cognitive
process involved in the key science practice of
"planning and carrying out investigations” can
provide evidence that the SBLA-SP narrative is
reflective of the cognitive processes required in the
domain.

As the key competency of the TLU domain for this study has been defined, the next step

is to define the underlying construct, situated specific purpose language proficiency, or the range

of resources, including language knowledge and domK, required while performing the practice

of planning and carrying out investigations. The next dimension of the LOLA framework, the

proficiency dimension, guides the definition of the construct. Therefore, the literature relevant to

the proficiency dimension, including the approaches to defining specific purpose language

ability, the conceptualization of the role of domK, and how the science field defines situated

specific purpose writing ability, will be reviewed.

Proficiency Dimension

The proficiency dimension of the LOLA framework relates to the underlying construct,

or what the test is supposed to measure, and what the examinees are expected to demonstrate in

the test (Banerjee, 2019; Chapelle, 1998; Turner & Purpura, 2016). Since the key consideration
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in the proficiency dimension is what is being measured, a clear definition is needed for the real-
life competencies and the linguistic KSAs that the examinees need to access to demonstrate those
competencies defined by a model of S/FL proficiency (Purpura & Banerjee, 2021). Therefore,
the following sections will discuss how the construct of specific purpose writing ability has been
defined using three guiding questions. First, I will review how different theoretical models of
S/FL proficiency have influenced the definition of situated specific purpose language ability.
Second, in addition to the linguistic resources, LOLA requires a clear definition of the domK that
the test taker needs to have to perform the test task. I will thus review how domK, which is
essential to the LASP construct, has been conceptualized. Finally, focusing on the specific
domain of this study, I will examine how domK has been defined in the context of science,
particularly in relation to the disciplinary practice of planning and carrying out investigations. To
begin this investigation, attention will first be directed to the models of S/FL proficiency that
have shaped the understanding of specific purpose language ability.

Theoretical Models Guiding the Definition of Situated Specific Purpose Language Ability

While various models of S/FL proficiency have been proposed throughout the history of
S/FL assessment (for a review of this evolution, see Bachman, 2007; Purpura, 2016), the LASP
field has been mainly influenced by three approaches to construct definition: trait-based, task-
centered, and the interactionist approach.

First, the trait-based approach attributes language proficiency to the underlying traits,
such as isolated linguistic elements or cognitive strategies, of individual examinees. Responding
to the need for a model of S/FL proficiency that can address the communicative aspect of
language, Canale and Swain (1980) proposed a model of communicative competence,

encompassing three knowledge components: grammatical, sociolinguistic, and strategic
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competence. Grammatical competence was defined as knowledge of the lexicon and rules of
morphology, syntax, semantics, and phonology, which enables learners to accurately express the
literal meaning of utterances. Sociolinguistic competence involves understanding the social
context of language use, including the appropriateness of register and sociocultural norms.
Sociolinguistic competence also includes the knowledge of the rules of discourse, later separated
as discourse competence by Canale (1983), which refers to rules governing ways to achieve
unity in the text through cohesive devices and adherence to coherence rules. Finally, strategic
competence was defined as the strategies learners adopt to overcome the communication
breakdown or to enhance the rhetorical effect of utterances.

Building on the groundwork that Canale and Swain’s (1980) framework laid, Bachman
(1990) and later Bachman and Palmer (1996, 2010) proposed a model of communicative
language ability, comprising two interacting components: language knowledge and strategic
competence. Language knowledge is comprised of organizational and pragmatic knowledge.
Organizational knowledge covers the structural aspects of language, including grammatical and
textual knowledge, such as phonology, morphology, syntax, rhetorical organization, and
cohesion. Pragmatic knowledge, on the other hand, pertains to using language effectively in
context by understanding both literal and implied meanings. Pragmatic knowledge includes
functional knowledge (e.g., speech acts) and sociolinguistic knowledge (e.g., register, cultural
references). Strategic competence, the other component of the model, refers to metacognitive
strategies used to assess communicative needs or one’s knowledge, set goals, or plan when using
the S/FL, such as identifying the task or goal and deciding how to use one’s knowledge. While
Canale and Swain’s (1980) and Bachman and Palmer’s (1996, 2010) models provide a

comprehensive view of S/FL ability, these models do not explicitly detail how contextual factors
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influence language performance in specific situations, not able to fully account for the context-
specific demands of S/FL. communication.

In contrast to the trait-based approach that focuses on making reliable inferences about
the examinees’ underlying traits, the fask-centered or performance-based approach to construct
definition proposes that direct assessment of performance can better predict how well a test taker
might perform in a similar context (Clark, 1975; Wesche, 1987). Performance assessments for
specific purposes have been further categorized into two types: the strong and weak versions
(McNamara, 1996). The strong performance assessment prioritizes communicative effectiveness
or task fulfillment rather than the underlying language ability and uses real-world tasks and
criteria (Knoch & Macqueen, 2016). This strong version, however, is limited in that it is difficult
to generalize one-time performance to the ability to perform in future real-life contexts
(Brindley, 1994). In contrast, the weak version of performance assessment highlights the
importance of establishing a theoretical model that identifies factors underlying performance.
Through a clear construct definition, the inference about the underlying examinee’s language
ability can be made from test performance.

Influenced by these approaches, Douglas (2000) proposed the first comprehensive LASP
framework, which defined the first fundamental characteristic of LASP as adopting authentic
tasks reflective of real-world demands. Citing the strong and weak performance assessment
distinction, Douglas (2002) generally concurred with McNamara’s (1996) weak performance
hypothesis, stating that LASP should not measure language performance per se, but the language
knowledge and ability that enables the performance. Douglas (2000), however, disagreed with

McNamara’s (1996) view of considering nonlinguistic factors entangled with S/FL performance,
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such as domK or personality traits, as construct-irrelevant. He claimed that features related to the
context were, in fact, construct-relevant, influenced by the interactionist approach.

The interactionist approach to construct definition (Chapelle, 1998), which is another
theoretical foundation that impacted the LASP construct definition, assumes that language use
varies with context and thus, a language user’s ability can only be defined within the boundary of
a specific context (Chalhoub-Deville, 2003; Chapelle, 1998; Douglas, 2000). In other words, if
the context changes, the ability will change as well. This dynamic view of language ability, as
represented in the term “ability-in language user-in context” (Chalhoub-Deville, 2003, p.372)
implied that ability and context features are intrinsically connected. Context specificity, in turn,
should be reflected in the construct definition. Reflecting this view, Douglas (2000) argued that
some context-specific nonlinguistic factors, especially domK, are essential to LASP performance
and defined domK as the second foundational characteristic of LASP.

Also drawing on an interactionist approach, the meaning-oriented model (MOM) of
situated S/FL proficiency (Purpura, 2017; Purpura & Oh, 2024, shown in Figure 2) is particularly
relevant for defining specific purpose language ability necessary to meet complex goals in the
21st century as it postulates that the construct of S/FL proficiency should account for “the trait,
context, content, and the ensuing sociocognitive and affective interactions” (Purpura, 2017, p.
201). The MOM (Purpura, 2017; Purpura & Oh, 2024) suggests that effective communication is
a result of an interaction among several resources: context, language knowledge, domK, socio-
cognitive, dispositional, and technological resources. Situated S/FL proficiency, in turn, is
conceptualized as the ability to coordinate a range of these resources to effectively engage in
situational contexts and achieve competency-based goals both independently and collaboratively.

A crucial implication of the MOM in defining specific purpose language ability is the importance
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of situating language ability within the context of performing real-life disciplinary practices to
meet authentic goals. This perspective broadens the construct to what can be termed “situated”
specific purpose language ability, emphasizing the use of a range of resources for practical, goal-
oriented applications in specific domains.

Figure 2

Meaning-Oriented Model of Situated S/FL Proficiency

SITUATIONAL CONSIDERATIONS
= Purpose: Assess ability 1o ...
= Domain of generalization: Social-
interpersonal, social-fransactional,
demi ional, combination

>,
= Link to standards: CEFR, ACTFL..

* Participatory roles: symmetry = Pyychalvgical requir : stance, affect

* Topical requirements: domain- « Rhetorical requirements: coherence,
general; domain specific SIPUCTUFING eXpectations,

« Task goal(s)/functions: to... *» Fnteractional requirements: turn-taking,

* Subtask goal(s)/functions: to... preference, structuring expectations

* Semantico-grammatical * Socio-cognitive considerations: cognitive
requirements: forms, meanings load expectations, processability—rate of

= Socielinguistic requiremenis: recall, processing, fluid reasoning

TASK CONSIDERATIONS (related to

the input & expected response) register, identity considerations * Dispositional consid, = level of
* Task Setting: location * Sociocultural requirements: engagement, effort, interest
* Event within setting: discursive practice inter/cross-cultural expectations
l . Sociocognitive

Semantico- leration of D (individually/group)

Grammatical (5-G) Related Features * Architecture:

Knowledge attention span

* Knowledge of forms - Ll; Socio-Cogniti : . ;‘nem‘o_,-_-y c?‘{ma.cﬁy.
& associated : Language ated SFL & Dispositi I e Hﬂbﬂo_ﬂﬂ' i
semantic meanings Resources Pmﬁdeney T : .&'Irruegnz.'

* Propositional i : pmces:.mg,
Knowledge reasoning
(tapical information) Topical Resources |

Dispositional

’ e K, o T (perceptions &

H4 Iz -

« Functional Explicit Semantic Memory Explicit Episodic Memory  Implicit Memory dispusitions)
Knowledge « Access to ideas. facts. * Access to episodes, * Access to scripis & * Psychological
(intended or concepts, principles, rules, states, siluations, or algorithms based on (engf:ffmf“:'

functional meanings) seripts, frames, & habits of evenis experienced in proceduralized ‘-":f‘ _‘“-"‘-j)

* Implicational mind for solving problems real life or vicariously performance et _’(‘?‘TO”J

r exs ks ) . grit, initiative
Rnowledge s Access to networks Autobi hical M. Visuo-Spatial Memory | | . Social (trust
(contextualized arganized in categories = - . - docal (s,

. N » Aceess to facts about * Access to mental cooperation,)
meanings) classifications, hierarchies, : . ) A g
v . P ourselves & past (also images, objects, or
CXFOCTEIIORS, Soflemas N i .
Adapted from Purpura ¢ ! < invalves semantic & locations Adapted from
(2004; Purpura & Adapted from Baddeley, episodic memory) Purpura (2014b,
Dakin, ) Eysenck, & Anderson (2009) 2018)

Note. From “Assessing the Linguistic Resources of Meaningful Communication” by Purpura, J. E., & Oh, S, 2024,
The Companion to Language Assessment. Copyright 2024 by Oxford: Wiley.

Notably, the MOM (Purpura, 2017; Purpura & Oh, 2024) conceptualizes domK to be
essential for meaningful communication, as without it, communication is impossible. Thus,
domK should be rigorously examined not only for construct definition but also for test design,
operationalization, and evidence collection for validation argument (Purpura, 2018). Purpura
(2017) also argues that the type of domK (e.g., dom-specK or dom-genK) required for effective

communication varies depending on the context of language use or the nature of the assessment,
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and therefore, it is essential to examine the role of different types of domK to better understand
the complexities of language use.

While domK has been considered a critical component in the theoretical
conceptualization of specific purpose language ability, problems have persisted in disentangling
the interrelationship between domK and language knowledge, due to the difficulty of interpreting
their relative impact on test performances (Bachman & Palmer, 2010; Douglas, 2000). The
following section reviews the empirical studies that have attempted to tease apart the effects of
domK and language knowledge on S/FL performance (Alderson, 1983; Elder, 2001,
McNamara,1996).

Inseparability: Empirical Studies on the Role of Domain Knowledge in LASP

DomK-—also known as specific purpose background knowledge, topical knowledge,
content knowledge, subject matter knowledge, or discipline knowledge—is a fundamental
component of specific purpose language ability. Noting the importance of distinguishing the
meaning of these terms, researchers (e.g., Alexander et al., 1991; Banerjee, 2019; Dochy &
Alexander, 1995; O’Reilly & Sabatini, 2013; McCarthy et al., 2018, 2023) have attempted to
clarify the nuanced differences among these terms.

A conceptual map proposed by Dochy and Alexander (1995) illustrates the differences
between the terms based on the specificity of the knowledge, with each term representing a
“more specialized” (p.233) concept. At the broadest level is fopical knowledge, a broad
definition of an individual’s world knowledge, or the sum of what an individual knows. Within
topical knowledge lies content knowledge, encompassing an individual's factual and theoretical
understanding gained both through formal education and informal experiences. Within this

category lies subject-matter knowledge, which refers to the content knowledge typically acquired
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via formal instructional settings. A more focused subset of subject-matter knowledge is domK,
which pertains specifically to a particular field of study (e.g., science). The most specialized
category within this hierarchy is discipline knowledge, which focuses on specific sub-fields
within a broader domain (e.g., life science, physical science).

Numerous studies have attempted to conceptualize the role of domK and language
knowledge and their interrelationship, especially in listening and reading comprehension
(Alderson & Urquhart, 1985b; 1988, Clapham, 1996; Cai & Kunnan, 2018; McCarthy). One of
the earliest studies exploring whether examinees with expertise in a specific domain (i.e., domK)
would outperform the non-experts was Alderson and Urquhart (1985a; 1988). They investigated
whether students majoring in specific fields (i.e., Finance and Economics; Engineering; Liberal
Arts; Science and Math) performed better in reading comprehension of the texts related to their
field. Students took a reading comprehension test consisting of five texts of similar linguistic
complexity and length but on three different topics. Two of those topics were specific to the
domain (i.e., economics, engineering), but one text entitled “Quixote” was considered to be a
general topic since it was not related to either of the specific domains. The results were mixed in
that engineering, as well as science and math students, performed well on the texts on the
engineering topic, but worse than other groups on the other two topics. Liberal arts students
outperformed the other groups on all texts except for the one on engineering, in which they
performed similarly to the engineering students. These results led Alderson and Urquhart (1988)
to claim that linguistic proficiency and domK might have compensatory effects. For instance,
highly proficient examinees might have made up for their lack of domK with their reading
comprehension ability, while those with high domK might have used this knowledge to

compensate for their limited linguistic proficiency. Based on these insights, Alderson and
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Urquhart (1988) called for further exploration of the combined effect of domK and language
proficiency.

One
of the most comprehensive studies that attempted to disentangle the relationship between domK
and language proficiency was Clapham (1996), who acknowledged that defining domK solely
through students’ fields of study is insufficient because domK is built up from a wide range of
sources. Therefore, she attempted to gain as much information about these sources through a
questionnaire surveying past and present fields of study, academic subject areas, reading habits
(e.g., how often examinees read materials on the subject area), and familiarity with the subject
area and topic. In addition to the self-report questionnaire, examinees took a grammar test taken
from the original IELTS general module, designed to assess vocabulary, syntax, reference, and
cohesion. She then investigated whether the IELTS reading comprehension scores were affected
more by the level of S/FL proficiency or domK in three broad academic areas (i.e., Business and
social sciences [BSS], life and medical science [LMS], and physical science and technology
[PST)).

Using the results from a multiple regression analysis, she concluded that the examinees’
S/FL proficiency was the major contribution (44% of the variance) to the test score variability.
Students’ domK was also significantly related to the reading score, but much less strongly so
than S/FL proficiency. She further inspected whether the effect of domK on the reading scores
varied according to S/FL proficiency and found that there was a threshold level of language
proficiency below which students were unable to take advantage of their domK. Intermediate

learners seemed to take the most advantage of their previous knowledge about the text. The low-
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proficiency learners, on the contrary, could not utilize their domK, while the high-proficiency
learners performed well regardless of their different levels of familiarity with the text.

Building on Clapham’s (1996) observation that domK can have a varying impact on
reading comprehension across various proficiency levels, Romhild et al. (2011) investigated the
impact of domK on the performance of the reading and listening sections across 12 test forms of
the ACCESS for ELLs® test, each targeting different proficiency levels. This assessment
operationalizes five standards, each representing a specific domain of language (i.e., the
language of social and instructional contexts, language arts, mathematics, science, and social
studies), defined by the World-Class Instructional Design and Assessment (WIDA) consortium
(Bauman et al., 2007)

Their confirmatory factor analysis indicated that general language proficiency,
represented in their model by reading and listening factors, and domK, represented by factors for
each of the five WIDA domains, both had a significant impact on test performance. They also
found that while general language proficiency is more influential at lower proficiency levels,
domK becomes increasingly important at higher proficiency levels. However, general language
proficiency remained dominant across all levels, a result in line with Clapham’s (1996)
observation. The results suggest that domK, or linguistic aspects specific to particular domains,
may involve a developmental process, where specific knowledge becomes more important in
higher proficiency levels. The authors argued that the developmental acquisition of domK has to
be accounted for during test development, scaling, and validation of academic language
assessments.

Taking a step beyond comparing the effect of domK as a whole to general knowledge,

O’Reilly and McNamara (2007a) conducted a study that touched upon the distinction between
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different levels of specificity in domK of science. Their science knowledge test consisted of 18
items assessing dom-genK of science across a range of topics, including scientific tools, energy
types, space, scientific inquiry, earth science, and mathematics. O’Reilly and McNamara
(2007a) found that performance on this test correlated with scores on a reading comprehension
test on a specific topic in science, air mass, and weather fronts (i.e., a measure of dom-specK
comprehension). While the study demonstrated how dom-genK of science can affect the
understanding of texts that contain dom-specK, it was inconclusive on whether the correlation
was driven by broader science knowledge (dom-genK) or specific knowledge about weather
(dom-specK), as their science knowledge test did not differentiate between dom-genK and dom-
specK. The authors noted that dom-specK within the science knowledge test might have been
driving the correlation with the reading comprehension test, though they could not investigate
this due to the lack of a separate measure for dom-specK. This limitation suggests the need for
future research that explicitly differentiates and measures dom-genK and dom-specK to better
understand their respective roles in reading comprehension.

Building on this idea of different levels of domK specificity, Cai and Kunnan (2018)
explicitly subdivided domK, in this case knowledge of nursing, into dom-genK and dom-specK,
based on the level of specificity and disentangled their effect on reading for nursing purposes test
performance. Their study administered a nursing English reading test and a nursing knowledge
test conducted in their native language to 1,491 Chinese nursing students. Both tests measured
four disciplines, or sub-domains, of nursing (i.e., gynecological nursing, pediatric nursing, basic
nursing, and internal medicine nursing). Cai and Kunnan (2018) performed a bifactor-
multidimensional item response (bi-factor MIRT) analysis, which allows for the calculation of a

composite score based on the estimated weight of the factors. They also performed a
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confirmatory factor analysis on the composite score to examine whether the identified factors
and their relative importance corresponded to the components identified in the bi-factor MIRT.

The results showed that nursing English reading test performance was determined by five
factors: four domain-specific factors, each corresponding to the sub-domains of nursing, and a
domain-general factor, general clinical nursing knowledge common to the aforementioned four
disciplines. This supported the hypothesis that dom-specK plays an essential role in the reading
scores. Also, even controlling for the effect of dom-specK factors on the reading score, the dom-
genK had a statistically significant effect on the reading scores, which suggested that dom-genK
is inseparable from reading ability. To explain these results, Cai and Kunnan (2018) cited
Purpura’s (2017) meaning-oriented model of S/FL proficiency. Since the purpose of reading is to
extract meaning or to build a mental representation of the information proposed in the text, it is
impossible to exclude domK from reading ability. In the end, Cai and Kunnan (2018) concluded
that domK is integral not only in LASP but also in any general language tests.

In line with Cai and Kunnan’s (2018) attempt to disentangle the effect of different types
of domkK, efforts have been made to identify the distinct aspects of domK. Notably, there has
been research in the U.S. K-12 context conceptualizing the various dimensions of domK.
McCarthy and McNamara (2021) proposed a framework, the Multidimensional Knowledge in
Text Comprehension (MDK-C) framework, which identifies four dimensions of domK: amount,
accuracy, specificity, and coherence. The MDK-C framework articulates how these intersecting
dimensions of domK independently and interactively influence reading comprehension. The first
dimension, amount, is defined as the quantity of relevant concepts known to the learner. Second,
accuracy is the correctness of the learner’s domK. Third, specificity is defined as the relevance

of this knowledge to the target text. The final dimension, coherence, is defined as the
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interconnectivity of the knowledge within the learner’s mental model. McCarthy and McNamara
(2021) argued that acknowledging the multidimensionality of domK can enhance our
understanding of its impact on comprehension and inform the development of targeted
assessments and interventions. They, therefore, call for empirical research on isolating these
dimensions as well as their combined effects.

To investigate the different dimensions of domK identified by the MDK-C framework,
several empirical studies have been conducted. Among those, O’Reilly et al. (2019) and
McCarthy et al. (2023) investigated the impact of domK in an SBA measuring reading
comprehension in the U.S. K-12 context. Focusing on the amount and specificity of domK,
O’Reilly et al. (2019) attempted to investigate the concept of a knowledge threshold, or when
domK becomes critical for reading comprehension, and if any topic-specific words are critical in
predicting the threshold. O’Reilly et al. (2019) defined knowledge threshold as a quantifiable
point below which comprehension is limited and not predicted by knowledge, and above which
knowledge and comprehension are strongly correlated. Examining 3,534 high school students’
performance on the domain-specific vocabulary test, domain-specific factual knowledge test, and
the SBA on the topic of ecosystems, O’Reilly et al. (2019) concluded that, in terms of the
amount, there was a knowledge threshold of 59% correct on a dom-specK test about ecology.
Below this threshold, the relationship between domK and comprehension was weak (B = 0.18),
but above it, a strong positive relationship emerged (f = 0.81).

In addition, focusing on the specificity of domK, O’Reilly et al. (2019) found that certain
domain-specific vocabulary words were more critical in predicting the threshold status (i.e.,
above vs. below threshold). In other words, knowing certain domain-specific keywords was

crucial in determining whether a reader would understand a text well or struggle with it. To
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figure out which words were most important, O’Reilly et al. (2019) used natural language
processing (NLP) techniques to create a co-occurrence matrix that shows how often words
appear together in natural texts on the topic. This matrix was used to rank domain-specific
vocabulary words based on how closely they related to the subject. Interestingly, the words most
closely related to the topic were also the best at predicting whether someone would understand
the text well, suggesting that the words’ relevance to the topic is a key factor in determining their
importance for comprehension. The empirical evidence presented by O’Reilly et al. (2019)
provides strong support for the MDK-C framework’s assertion that not only the amount of
domK, but also the specificity of the domK, or the relevance to the domain-specific propositional
content presented in the passage, is a critical dimension to consider in reading comprehension.

Also investigating the dimensions of domK specified by the (MDK-C) framework
(McCarthy & McNamara, 2021), McCarthy et al. (2023) conducted an empirical study focusing
on the impact of specificity and coherence of domK on the performance of reading
comprehension SBAs. The participants were required to complete an SBA centered on either one
of the two topics: ecology or women’s suffrage. They also completed an assessment of
foundational reading skills and a domK test on both topics. The domK test consisted of three
tasks, reflecting increasingly more coherent knowledge: 1) topical vocabulary, which assessed
simple concept recognition; 2) basic knowledge, which evaluated understanding of fundamental
concepts; and 3) conceptual knowledge, which gauged the depth of interconnections between
concepts.

The findings revealed that all three knowledge types positively predicted SBA scores,
even when controlling for foundational reading skills. Among the two SBAs, students on average

performed better on the ecology SBA than the women’s suffrage SBA. However, the coherence
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and specificity of readers’ prior knowledge differently contributed to SBA performance. To
illustrate, for the ecology SBA, which was the easier SBA form, the conceptual knowledge task
scores, measuring in-depth interconnection between concepts, were the strongest predictor of the
SBA performance, indicating that the coherence of domK has a significant impact on reading
comprehension. Conversely, for the women’s suffrage SBA, the more difficult of the two SBAs,
conceptual knowledge was less strongly related, while topical vocabulary was more important.
McCarthy et al. (2023) interpreted that because the topic of women’s suffrage was more
unfamiliar to most students, the overall amount of domK was limited, and examinees tended to
rely more on the familiarity of the basic topical vocabulary, rather than the more complex,
coherent relationship between the concepts. McCarthy et al. (2023) provided evidence that
different dimensions of domK uniquely influence performance on a complex reading task,
demonstrating the importance of considering not just the amount but also the quality of students’
domkK, in terms of the organization and depth of interconnections between concepts.

In summary, domK has been conceptualized as a crucial component of specific purpose
language ability. Douglas (2000) claimed that language knowledge alone is insufficient to
complete specific purpose S/FL tasks, such as taking part in a radiotelephony communication
between air traffic controllers and pilots, which uses highly routinized language and phraseology
that those without domK on aviation will likely experience communication breakdown (Park,
2020; Teasdale, 1994; Kim, 2018). This is an example of a LASP in a highly restricted domain,
which lies at the specific end of the continuum of specificity. The more specific the TLU domain
is, the closer domK lies at the core of the performance (O’Sullivan, 2020). In ‘strong’ forms of
LASPs, thus, highly specific language cannot be separated from that specific context

(O’Sullivan, 2019). In turn, growing efforts have been made to disambiguate the effects of the
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various dimensions of domK (i.e., amount, accuracy, specificity, and coherence, as defined in
MDK-C, McCarthy & McNamara, 2021) on specific purpose language ability. While prior
research has primarily explored how the specificity of domK affects reading comprehension
(O’Reilly & McNamara, 2007a; Cai & Kunnan, 2018; O’Reilly et al., 2019; McCarthy et al.,
2023), this study aims to extend this line of inquiry by examining the independent and interactive
influence of dom-genK and dom-specK on specific purpose writing performance. Given that the
current study focuses on a specific domain of science, it is crucial to investigate how different
dimensions of domK in science have been conceptualized to inform the definition of dom-genK
and dom-specK in the study. The following section will therefore review how domK of science
has been conceptualized in science education literature.
Definition of the Domain Knowledge of Science

The conceptualization of domK of science has evolved significantly over time, shifting
from a focus on scientific concepts to a more multifaceted understanding that includes scientific
practices (Hilton & Pellegrino, 2012; Harris et al., 2019). Traditional approaches to science
education viewed science proficiency primarily through the lens of the accumulation of scientific
concepts and theories (Harris et al., 2019). In turn, in science assessment, the emphasis on
scientific concepts and theories prioritized the precision of knowledge - the accurate
understanding and communication of scientific concepts (Grapin et al., 2019). This focus is
evident in how each subfield of science defines its distinct core ideas—in physical science,
understanding matter and its interactions helps explain what is made of and predicts why things
happen in the natural world, while in biology, evolution serves as a core idea that explains the
diversity of life on Earth (Harris et al., 2019). However, research in developmental, cognitive,

and learning sciences over the past 40 years, as captured in seminal reports like How People
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Learn (Bransford et al., 2000) and Education for Life and Work (Hilton & Pellegrino, 2012), has
established that this view is insufficient for developing true scientific expertise.

Contemporary views on learning emphasize that deep scientific understanding develops
not simply through accumulating scientific concepts and theories, but through actively engaging
in science practices. This perspective has gained prominence as educators, policymakers, and
business leaders increasingly recognize that addressing current and emerging global challenges
requires the ability to use and apply knowledge in novel ways (Harris et al., 2019). This
recognition has led to a “knowledge-in-use” perspective, which emphasizes that learners develop
deeper understanding when they have opportunities to solve problems, reason with evidence, or
make sense of phenomena, just as professional scientists do (Hilton & Pellegrino, 2012).
Consequently, science assessment has expanded to include the measurement of the “grasp of
practices” - students’ ability to understand and demonstrate the decisions and rationales scientists
employ as they engage in disciplinary activities like modeling and investigation (Grapin, 2022).
This shift reflects a broader recognition that science proficiency involves not just knowing
scientific concepts, but also engaging in the authentic practices of scientists.

This reconceptualization of science domK, encompassing both the understanding of
disciplinary content knowledge and the ability to engage in scientific practices, is systematically
reflected in the Next Generation Science Standards’ (NGSS) three-dimensional framework, as
shown in Table 2.2. The NGSS framework defines the knowledge required in the science domain
through three interconnected dimensions: Disciplinary Core Ideas, Crosscutting Concepts, and
Science and Engineering Practices. Disciplinary Core Ideas comprise the fundamental concepts
and theories across four main subdomains of science: physical sciences, life sciences, earth and

space sciences, and engineering. These core ideas are carefully selected for their explanatory
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power within specific subdomains, such as matter and its interactions in physical science or
evolution in biology (Harris et al., 2019). Crosscutting Concepts are broad organizational themes
that bridge different scientific disciplines, helping students develop a coherent, scientifically-
based worldview. In addition to the core ideas and concepts required in specific subdomains of
science, NGSS also highlights the ability to engage in science practices through science and
engineering practices. Science and Engineering Practices encompass the processes scientists and
engineers engage in to investigate the natural world, such as explaining phenomena scientifically
and interpreting data. These practices represent the fundamental processes of scientific inquiry

that characterize how scientists work across various scientific endeavors (Harris et al., 2019). By

taking a tri-dimensional approach, the NGSS emphasizes the importance of engaging in hands-

on science practices and processes, applying key concepts across scientific disciplines, and

overarching themes that connect different areas of science.

In conclusion, domK required in science education encompasses not only the concepts

and theories relevant to the subdomain of science, such as physical science or biology, but also

the practices that any proficient scientist would engage in.

Table 2.2

The Three Dimensions of the NGSS Framework (National Science Academies, 2013)

Scientific and Engineering Practices

Crosscutting Concepts

Disciplinary Core Ideas

1. Asking questions (for science) and

defining problems (for
engineering)
. Developing and using models
3. Planning and carrying out
investigations
4. Analyzing and interpreting data
5. Using mathematics and
computational thinking
6. Constructing explanations (for
science) and designing solutions
(for engineering)
7. Engaging in argument from
evidence

N

1. Patterns

2. Cause and effect: Mechanism
and explanation

3. Scale, proportion, and quantity

4. Systems and system models

5. Electrical Interactions: Flows,
cycles, and conservation

6. Structure and function

7. Stability and change

e Physical Sciences
o PS1: Matter and Its
Interactions
e Life Sciences
e Earth and Space Sciences
e Engineering, Technology, and
Applications of Science
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8. Obtaining, evaluating, and
communicating information

* The topics relevant to the current study are marked in bold
Summary and Implications for the Present Study

This section reviewed the literature regarding the proficiency dimension, starting with
providing an overview of the various approaches to defining the construct of specific purpose
language ability, then examining the role of domK in specific purpose language ability, and
exploring how domK has been conceptualized in the science domain. The most recent
conceptualization of specific purpose language ability, influenced by the interactionist approach
to construct definition, underscores the crucial role of domK in effective communication.

Backed up by the empirical studies commonly pointing to the critical role of domK in
S/FL performance, a growing number of theoretical models of S/FL proficiency have included
domK as a pivotal component of specific purpose language ability (O’Sullivan, 2006). For
instance, Purpura’s MOM of situated SFL proficiency (Purpura, 2017; Purpura & Oh, 2024)
postulates that domK, or having "something to say", plays a pivotal role in any language
performance, as without it, S/FL learners may struggle to engage meaningfully with
communicative tasks, regardless of their linguistic proficiency. Additionally, research has
demonstrated that the impact of domK varies across proficiency levels and depends on its
dimensions (specificity, amount, accuracy), particularly in reading comprehension tasks

(O’Reilly & McNamara, 2007a; Cai & Kunnan, 2018; McCarthy & McNamara, 2021).
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Building on the review of the construct of specific purpose language ability, several
implications can be drawn for the present study. To begin, the current study adopted the MOM of
situated SFL proficiency (Purpura, 2017; Purpura & Oh, 2024) to define the construct of situated
specific purpose writing ability. Importantly, this model prioritizes the communication of domK
as a pivotal component of meaningful S/FL communication (Purpura & Oh, 2024). In addition,
the MOM defines language ability in terms of the semantico-grammatical resources needed to
generate propositional meanings and the pragmatic resources needed to situate these meanings
(Purpura & Oh, 2024). Therefore, the scoring rubric for situated specific purpose writing
performance was operationalized in terms of performance descriptors related to domain-general
content quality, domain-specific content quality, rhetorical control, and language control,
organized in an analytic rubric.

In addition, to further inform the definition of domK of science, the NGSS’s three-
dimensional framework was adopted, as the indigenous criteria (Jacoby & McNamara, 1999)
from the science domain. In particular, this study is aligned with the high school physical science

standard HS-PS1-3, Matter and its Interactions, as outlined in Table 2.3.
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Table 2.3

Performance Expectations and Framework for HS-PS1-3 (NGSS Lead States, 2013)

HS-PS1-3

Students who demonstrate understanding can:

plan and conduct an investigation to gather evidence to compare the structure of substances at the bulk scale to
infer the strength of electrical forces between particles.

The performance expectation above was developed using the following elements from A Framework for K-12

Science Education:

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations

Planning and carrying out investigations in 9-12
builds on K-8 experiences and progresses to
include investigations that provide evidence for
and test conceptual, mathematical, physical, and
empirical models.

Plan and conduct an investigation individually
and collaboratively to produce data to serve as
the basis for evidence, and in the design: decide
on types, how much, and accuracy of data
needed to produce reliable measurements and
consider limitations on the precision of the data
(e.g., number of trials, cost, risk, time), and
refine the design accordingly.

PS1.A: Structure and
Properties of Matter

The structure and interactions
of matter at the bulk scale are
determined by electrical
forces within and between
atoms.

Patterns

Different patterns may be
observed at each of the scales
at which a system is studied
and can provide evidence for
causality in explanations of
phenomena

Guide the definition of the scenario narrative
and dom-genK in the current study

Guide the definition of dom-specK
in the current study

Note. From Performance Expectations and Framework for HS-PS1-3, by NGSS Lead States, 2013. Italics were
added to highlight how the framework relates to the purpose of this study. Retrieved from
https://www.nextgenscience.org/pe/hs-ps1-3-matter-and-its-interactions

The first dimension, Science and Engineering Practices, focuses on the skills and

methodologies scientists and engineers use to investigate the natural world and design and build

systems. The Science and Engineering Practices dimension of standard HS-PS1-3 expects

students to engage in key practice, Planning and Carrying Out Investigations. In SBLA-SP, a

series of investigative steps involved in this key practice was interwoven into the scenario

narrative. The final culminating goal of the scenario is to complete a lab report, recording the

examinees’ investigation process and results. In addition, the knowledge necessary for this key
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practice, such as the knowledge about dependent and independent variables, how to show the
directional relationship in the hypothesis, and how to report the procedures, guided the definition
of dom-genK.

In contrast, the second and third dimensions of the standard guided the definition of dom-
specK. The second dimension, Disciplinary Core Ideas, comprises the key concepts and theories
across four disciplinary areas: physical sciences, life sciences, earth and space sciences, and
engineering, technology, and applications of science. In alignment with the physical science
standard HS-PS1-3, this research focused on the core idea PS1.A: Structure and Properties of
Matter, focusing on the structural composition of particles and the electrical forces at play
between particles. Lastly, the third dimension, Crosscutting Concepts, are broad organizational
themes (e.g., patterns; cause and effect) that cut across scientific disciplines, helping students
develop a coherent and scientifically-based view of the world. Aligning with HS-PS1-3, this
study focused on the concept of ‘Patterns,” which entails the ability to identify and analyze
patterns related to the interactions between differently charged particles, contributing to their
understanding of forces and electrical interaction.

Both dom-genK and dom-specK were measured through MCQ items in the pre- and in-
scenario domK tasks, as well as the domain-general and domain-specific content control scale in
the lab report writing task rubric. A more detailed explanation of how the rubric operationalizes
situated specific purpose writing ability defined by the MOM and informed by the NGSS will
follow in Chapter II1.

In terms of the validation argument, one claim pertinent to the proficiency dimension is
that the expected scores of the SBLA-SP are attributed to the construct of situated specific

purpose writing ability as defined by the MOM of situated S/FL proficiency and informed by the
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NGSS. The first warrant for this claim, investigated as the second research question, is that the
facets (i.e., examinee ability, rater severity, task difficulty, and rating scale difficulty) of the
culminating lab report writing task support meaningful interpretations of situated specific
purpose writing performance (PD.W.1). This warrant is grounded in the assumptions that
examinee ability estimates reflect meaningful variability (PD.A1.1), rater severity does not
introduce construct-irrelevant variance (PD.A1.2), rating scales function in an ordered and
interpretable manner (PD.A1.3), and that the facets collectively demonstrate acceptable model-
data fit indicative of a unified construct (PD.A1.4). These assumptions are empirically supported
by evidence from the logit spread and strata of examinee ability, rater severity, and rating scale
difficulty (PD.B2.1-PD.B2.3), as well as fit statistics demonstrating coherent facet functioning
(PD.B2.4).

The second warrant, investigated as the fourth research question, is that examinees’ dom-
specK and dom-genK contribute to their lab report writing performance, thereby reflecting their
situated specific purpose writing ability (PD.W.2). This warrant is based on the assumptions that
domK is systematically associated with writing performance (PD.A2.1), that dom-specK and
dom-genK exhibit a coordinated interplay across pre- and in-scenario stages (PD.A2.2), that in-
scenario domK contributes substantially to writing outcomes (PD.A2.3), that the hypothesized
structural relationships are supported by the data (PD.A2.4), and that these relationships vary
across proficiency levels (PD.A2.5). These assumptions are supported by correlation and
structural modeling evidence, including significant associations between domK and writing
components (PD.B2.1), systematic relationships between dom-specK and dom-genK (PD.B2.2),
substantial contributions of in-scenario domK to writing performance (PD.B2.3), overall model

fit (PD.B2.4), and multi-group SEM results demonstrating proficiency-related variation in these
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relationships (PD.B2.5). Table 2.4 summarizes the claims, warrants, assumptions, and potential

backing for the interpretation argument pertinent to the proficiency dimension.

Table 2.4

Summary of claims, warrants, assumptions, and potential backing for the proficiency dimension

LOLA Dimension Proficiency Dimension (PD)
Claim The expected scores of the SBLA-SP are attributed to the construct of situated
specific purpose writing ability.
Warrant (W) Assumptions (A) Potential Backing (B)

PD.W.1. The facets (i.e.,
examinee ability, rater
severity, task difficulty, the
difficulty of the rating scales)
of the culminating task of the
SBLA-SP, the lab report
writing task, support
meaningful interpretations for
their function as a measure of
situated specific purpose
writing performance (RQ2)

[Meaningfulness of Writing Task
Facets]

PD.A1.1. Examinee ability estimates
reflect meaningful variability
indicative of situated specific
purpose writing ability.

PD.A1.2. Rater severity differences
do not introduce construct-irrelevant
variance into examinee ability
estimates.

PD.A1.3. Rating scale components
function with meaningful and
ordered difficulty.

[Construct Validity]

PD.A1.4. The facets demonstrate
acceptable model-data fit,
confirming the measurement of a
unified construct.

[Construct-Relevant
Representations of Facets]

PD. B2.1. The logit spread and strata
of the examinee ability estimates can
provide evidence about whether
meaningfully variability in examinee’s
writing ability is observed.

PD. B2.2. The logit spread and strata
of the rater severity estimates can
provide evidence about whether the
raters had measured the target
construct reliably

PD. B2.3. The logit spread and strata
of the rating scale difficulty estimates
can provide evidence about whether
the meaningful differentiation among
rating scale is observed

[Fit Statistics from Steps 1&2]
PD.B2.4. Infit and outfit MNSQ

values can provide evidence that the
facets functions coherently

PD.W.2. Examinees’ dom-
specK and dom-genK
contribute to their lab report
writing performance,
reflective of their situated
specific purpose writing
ability (RQ4)

[Contribution of DomK to
Performance]

PD.A2.1. DomK is systematically
associated with lab report writing
performance.

PD.A2.2. Dom-specK and dom-
genK exhibit systematic interplay
across pre- and in-scenario stages.

[Correlation and Path Coefficient]

PD.B.2.1. Pearson-product moment
correlation can provide evidence
about the systematic relationships
between domK and the components
of the writing performance
PD.B.2.2. The path coefficients
between dom-speK and dom-genK
can provide evidence that the domK
subconstructs are systematically
linked
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PD.A2.3. In-scenario dom-specK and
dom-genK contribute substantially to
writing performance.

PD.A2.4. The hypothesized
structural relationships are consistent
with the observed data

[CEFR Group Comparison]

PD.A2.5. The contribution of
knowledge components to writing
performance is different across
proficiency levels.

PD.B.2.3. The coefficients of the path
from in-scenario dom-speK and dom-
genK to writing performance can
provide evidence that the both types
of domK contribute substantially to
writing

PD.B.2.4. The fit statistics from the
SEM can provide evidence that the
model fits the data

[Multi-group SEM]

PD.B.2.5. Multi-group SEM can
provide evidence on whether the
hypothesized relationships are
consistent across learners of different

proficiency levels

With a refined understanding of the construct of situated specific purpose writing ability
as defined by the MOM of situated S/FL proficiency, the next important issue is how to
operationalize this construct through authentic assessment tasks and rubrics. The following
section explores how the contextual and elicitation dimensions of LOLA interact to ensure that
tasks effectively mirror real-world language use situations while measuring the intended
construct.

Authenticity: Interaction Between the Contextual and Elicitation Dimensions

Along with defining the real-life task situation and the underlying construct, another
pivotal consideration in LOLA is how to build the correspondence between the test tasks and
real-life tasks. Therefore, careful consideration is given to the authenticity of the assessment. In
LOLA, authenticity concerns two interacting dimensions: elicitation and contextual. The
elicitation dimension considers how to lay out the task characteristics, assemble the tasks, and
deliver the test to sample the data. When these characteristics are expected to be generalizable to
the TLU domain as defined in the contextual dimension, the correspondence between the test
tasks and the specific TLU situation should be established (Purpura, 2021). Similarly,

authenticity is a foundational characteristic of LASP (Clark, 1975; Clark, 1979; Egbert and
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Maxim, 1998; Grapin, 2017). This section will follow the frameworks that have been proposed
to guide authentic LASP task development.
Frameworks for Authentic Task and Rubric Development

Authenticity has been defined as the level of correspondence between the characteristics
of the test task and the characteristics of the task in the TLU domain (Bachman & Palmer, 1996).
As a framework to guide LASP task design reflective of the TLU task characteristics, Douglas
(2000) adapted Bachman’s (1991) concept of test method characteristics and laid out the TLU
characteristics that should be mirrored into test tasks (i.e., rubric, input, the expected response,
interaction between the input and response). This allows us to make more accurate inferences
about the examinees’ ability to carry out similar tasks in the actual TLU domain (O’Sullivan,
2012).

Extending the idea that the TLU tasks should be specified, Knoch and Macqueen (2019)
illustrated how TLU tasks could be mapped onto the aforementioned codes of relevance
framework. They claimed that, in addition to the linguistic characteristics of each circle, the TLU
tasks representative of the four levels should be defined. For example, a task related to the intra-
professional register in the healthcare domain would be nursing handover, where nurses discuss
the health condition of a patient during the change of a shift. An example task relevant to the
inter-professional register would be a junior doctor filling out a radiological request. A doctor-
patient consultation was provided as an example of the task using the workplace community
repertoire. As shown in these examples, this framework allows for a more systematic approach to
sample the test tasks representative of the different levels of specificity within a TLU domain.

While both frameworks provide a guideline to establish the authenticity of task types, the

authenticity of the rating scales or who the raters should be is more complicated due to the
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interdisciplinary nature of LASP. Studies have shown that content expert raters and language
expert raters tended to prioritize different aspects of rating scales in LASP performances (Brown,
1995; Plough et al., 2010). For instance, Brown (1995) examined the effect of the occupational
background of raters on a LASP for tour guides. The ratings from raters with experience in tour
guiding but not in language teaching were compared with those of language expert raters. The
result showed that language expert raters tended to be harsher on the rating scales related to
linguistic accuracy, such as grammar or vocabulary, while the content expert raters tended to
focus on task completion.

As a solution to this mismatch, Jacoby and McNamara (1999) proposed the idea of
‘indigenous criteria,” which are the localized criteria that insiders of a domain consider essential
for specific communicative contexts. In developing the rating criteria for the research
presentation of a team of physicists in a graduate seminar, Jacoby (1998) analyzed the feedback
physicists provided to each other’s presentation rehearsals through a comprehensive
ethnographic study and conversational analysis. The researchers, who were domain outsiders,
could construct highly context-specific rating criteria (e.g., newsworthiness, content accuracy,
clarity) based on the information that is only available to domain insiders through extensive,
sustained observations. Jacoby and McNamara (1999) concluded that for highly specific
contexts, using the indigenous assessment criteria is more appropriate than having an
independent set of assessment criteria for language. Other studies that built on this study to adopt
indigenous assessment criteria (e.g., Erd6sy, 2005; Sato, 2014) commonly pointed to the
importance of collecting the input from the domain insiders, since those, in the end, are the users

of the assessment information.
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Given that this study focuses on the TLU domain of science, it is critical to investigate
how domain insiders view and assess situated specific purpose writing ability, especially in the
context of performing the disciplinary practice of scientific inquiry. The following section will
examine how the existing standards conceptualize language ability in the context of planning and
carrying out investigations.

The Indigenous Criteria of Science

As an effort to investigate the indigenous assessment criteria (Jacoby & McNamara,
1999; Erdosy, 2005; Sato, 2014) of science, this section reviews the literature on how the
existing standards have defined specific purpose writing ability in the context of performing
disciplinary practice of science. The section will start by providing a background on what has
driven standards to focus on the language demands in performing science practices. Then it will
illustrate this trend by examining the alignment between language and science standards, with
particular attention to the writing ability necessary to perform the science practice of planning
and carrying out investigations. This focus aligns with the indigenous criterion selected for this
study: NGSS’s physical science standard HS-PS1-3, the practice of planning and conducting
investigations to infer the strength of electrical forces between particles. The review of these
standards will inform the task design and the descriptors in the rubric of this current study.

Research on language ability necessary to perform science practices has been most
actively conducted in the U.S. K-12 context. This is mainly driven by the growing number of
S/FL learners required to learn both science and language simultaneously, as well as the growing
emphasis on performing the science practices, which inherently require high linguistic demands.

This growing emphasis on both language and science learning in this context is reflected

in two parallel emphases in educational standards (Lee & Grapin, 2024). First, ELL standards

73



highlight "language-in-use" (p. 319), the practical application of language in scientific inquiry to
support S/FL learners. Similarly, science standards emphasize "knowledge-in-use" (Harris et al.,
2019, p. 53, as cited in Lee et al., 2019), encouraging learners to apply domK in scientific
practices that mirror professional work. This dual emphasis promotes an inclusive educational
environment where all learners, including S/FL learners, can apply their topical and cognitive
resources in scientific practices (Lee & Grapin, 2024). These theoretical perspectives have
directly informed federal policies addressing the integration of language development and
science education.

This interconnected view of language and scientific practice is institutionalized in U.S.
federal legislation through the Every Student Succeeds Act (ESSA) of 2015, which mandates
alignment between English language standards and state academic content standards so that the
kinds of language that S/FL learners might use to meet content standards are explicitly defined
(Lee & Grapin, 2024). By mandating this alignment, ESSA acknowledges that mastering content
provides a context for language development, and vice versa (US Department of Education,
2015). The policy is rooted in the idea that the goals of language and content learning are not
separate, but are interdependent and mutually supportive (Lee et al., 2013; National Academies
of Sciences, Engineering, and Medicine, 2012).

In response to the policy, there has been a growing effort in the U.S. K-12 context to
align the language standards for S/FL learners, such as the WIDA 2020, with science standards
for all learners, including the S/FL learners, such as the NGSS. Lee and Grapin (2024) detail
how the NGSS and WIDA 2020 standards reflect each other, promoting integrated content and
language learning. Since the indigenous criteria selected for this current study is NGSS physical

science standard HS-PS1-3, which requires students to plan and conduct investigations
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comparing substance structure at the bulk scale to infer electrical forces between particles
(NGSS Lead States, 2013), the relevant standards from WIDA 2020 and NGSS will be reviewed
to exemplify their parallelism.

WIDA 2020 English Language Development (ELD) standards outline the language
competency necessary for each content area in the K-12 context, including science, math, and
social studies. Their ELD Standard 4 (WIDA, 2020), entitled “Language for science,” outlines
language expectations necessary for effective communication in science contexts, such as
explaining and constructing scientific arguments. For instance, the ELD Standard 4 for high
school learners (i.e., grades 9-12) emphasizes two key linguistic functions, explain and argue,
which are both pivotal for the disciplinary practice of scientific investigation. For "explain,"
S/FL learners are expected to interpret and construct scientific explanations, which involves
defining investigable questions, evaluating reasoning, and describing evidence from multiple
sources. For "argue," S/FL learners are expected to interpret and construct scientific arguments,
including identifying appropriate evidence, comparing claims, and defending or refuting
positions based on data.

In relation to the functional meaning, the standard also defines the semantico-
grammatical forms and the associated meanings crucial for science. The semantico-grammatical
forms relevant to the practice of scientific investigation include the use of conditional clauses to
discuss potential outcomes, for instance, in hypotheses (e.g., "If the pH exceeds 7, the indicator
will turn blue"), passive voice to report the procedures for objectivity (e.g., "The solution was
heated to 100°C"), abstract nouns and nominalizations to introduce scientific concepts (e.g., "The
precipitation occurred rapidly"), and connectors to show logical relationships (e.g., "As a result

of the temperature increase, the reaction rate doubled"). Additionally, it promotes the use of
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expanded noun groups for precise descriptions (e.g., "A 250mL round-bottom borosilicate glass
flask"). This approach aims to define the linguistic characteristics necessary to engage deeply
with scientific content at the high school level, particularly in practical applications like
laboratory experiments and their documentation.

Conversely, the NGSS aims to engage all students, including S/FL learners, in science
practices, which inherently involve sophisticated language use. As mentioned in the previous
section, the NGSS framework defines domK of science through three interconnected dimensions:
Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts. In
addition to defining the domK required, NGSS also defines the linguistic demands required for
these science practices by aligning each science standard with English Language Arts
(ELA)/Literacy standards from the Common Core State Standards. To illustrate, the NGSS
performance expectation of the standard HS-PS1-3, which is the indigenous criteria selected for
this study, emphasizes the practice of planning and conducting investigations to infer the strength
of electrical forces between particles, an activity that naturally incorporates significant language
demands. The associated ELA/Literacy standards relate to learners’ ability to analyze,
synthesize, and communicate scientific information effectively when conducting and reporting
the scientific inquiry. Specifically, HS-PS1-3 includes one reading standard and three writing
standards. The reading standard, RST.11-12.1, requires students to cite specific textual evidence
to support analysis of science and technical texts, which is crucial when interpreting scientific
data. The writing standards highlight the ability of students to engage in sustained research
projects to answer questions about scientific phenomena, narrow or broaden the inquiry when
appropriate (WHST.9-12.7), as well as gather, assess, and integrate information from multiple

sources (WHST.11-12.8), and draw evidence to support analysis and research (WHST.9-12.9).
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These ELA standards aligned with HS-PS1-3 can inform the definition of situated specific
purpose writing ability required when performing the practice of planning and carrying out
investigations on electrical forces between particles. They outline the range of resources,
including language knowledge and domK, required for this scientific practice.

The parallel emphasis on language and science practices in both WIDA 2020 and NGSS
standards demonstrates the growing need to capture learners’ ability to engage in scientific
practices while employing appropriate language resources. This integration aligns with recent
shifts in language assessment for science purposes, moving beyond discrete linguistic elements
such as academic vocabulary and sentence structures toward evaluating how learners use
language meaningfully to perform scientific practices (Grapin, 2022). Both WIDA 2020 and
NGSS standards provide detailed indigenous criteria for the language and domK required in
performing science practices, offering valuable guidance for assessment design and rubric
development. To measure specific purpose writing ability in the context of performing science
practices, an assessment technique that can situate the learners in authentic scientific practices
while eliciting evidence of both their domain and language knowledge is necessary. This need
motivated the adoption of SBLA in the current study. The following section will discuss this
assessment technique in detail.

Scenario-based Language Assessment

As a response to the complex demands of the 21C and the need to measure complex,
contextualized competencies in educational settings, scenario-based assessment (SBA) has
emerged as a promising assessment technique. The foundations of scenario-based design in
education can be traced through its implementation across various domains, including e-learning,

video games, job training, and virtual reality technology (Brown & Voltz, 2005; Gee, 2004).
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Adapting scenario-based design for assessment, SBA situates learners in carefully constructed

scenarios that simulate real-world problems or goals they are likely to encounter (Clark &

Mayer, 2012), allowing for the measurement of integrated skills and competencies in authentic

contexts. SBAs are specifically engineered to measure 21st-century language competencies

through technology-enhanced assessment designs that exemplify the knowledge, processes,

strategies, practices, and habits of mind of language learners (Bennett, 2010). The SBA can be

characterized by several key design principles, or features that are fundamentally different from

those in traditional assessments (Banerjee, 2019; O’Reilly & Sabatini, 2013; O’Reilly et al.,

2014; Shore et al., 2017):

1.

The use of authentic, goal-oriented scenarios to provide a realistic purpose for examinees
to integrate thematically related sources, ensuring the assessment reflects real-world
cognitive demands

Delivered via computer to enable appropriate sequencing and task modeling, with digital
literacy included as part of the measured construct when relevant

Incorporation of performance moderators, such as background knowledge, cognitive
strategies, and metacognitive strategies, into the assessment design

Use of simulated characters to provide instruction or pose problems, mirroring real-life
collaborative interactions and promoting interest, motivation, and engagement

Parallel emphasis on macro-level (e.g., integration, critical thinking, application) and
micro-level (e.g., understanding main ideas, extracting details) foundational skills to gain
deeper insights into the examinee’s strengths and weaknesses

Due to its potential to measure real-life competencies relevant in the 21st, SBA has

increasingly been adopted in both classroom-based formative assessments and large-scale
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standardized testing programs across various educational domains. Several studies have
demonstrated SBA’s potential for measuring various competencies, including the Programme for
International Student Assessment (PISA) for measuring problem-solving and global competence
(OECD, 2004, 2013, 2016, 2019), the Cognitively Based Assessment of, for, and as Learning
(CBAL®) for L1 English Language Arts (Bennett & Gitomer, 2009; Bennett, 2010) and STEM
(see Liu et al., 2013 for science, and see Fife, 2013 for Mathematics) and Global Integrated
Scenario-Based Assessment (GISA) for L1 reading comprehension (O’Reilly & Sabatini, 2013;
Sabatini et al., 2014).

One of the earliest implementations of SBA in education was the Cognitively Based
Assessment of, for, and as Learning (CBAL) initiative. CBAL identified 11 key practices in
English Language Arts, spanning fundamental literacy, model building, and application (Bennett
& Gitomer, 2009; Bennett, 2010). Early validation studies of CBAL demonstrated promising
results regarding its psychometric properties. Analysis of data from 10,000 pilot administrations
showed high reliability (median a = .82 for writing and .88 for reading) and strong correlation
with external measures such as the Gates-MacGinitie Reading Tests (median r = .79), providing
evidence for concurrent validity (Bennett, 2011).

Building on CBAL’s foundation, the Global, Integrated Scenario-Based Assessment
(GISA) was developed to specifically target higher-order reading comprehension skills. GISA’s
extensive validation studies, involving over 250,000 administrations across 28 states,
demonstrated robust reliability (o = .80 or higher) despite its novel interface and complex task
types (Sabatini et al., 2014, 2020). The assessment proved particularly effective at measuring
students’ abilities to engage with disciplinary reading and digital literacy skills while maintaining

strong correlations with traditional reading measures (O’Reilly & Sabatini, 2013).
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Another thread of research on SBA has focused on addressing validity concerns,
particularly the potential impact of topic effect, or the construct-irrelevant variance introduced by
scenario familiarity. Bennett et al. (2016) investigated this issue using the CBAL framework to
assess how lead-in tasks influenced test reliability. Lead-in tasks, defined as scaffolded,
preparatory tasks sequenced to mirror expert practices and support examinees in achieving the
final scenario goal (Deane, 2011; Deane & Song, 2015), provide input and context for the topic.
Their generalizability theory analysis showed that including lead-in tasks increased the
proportion of person variance from 57% to 87%, compared to presenting examinees with only an
essay prompt. This finding suggested that requiring examinees to write about a topic without
prior input would allow differences in background knowledge to significantly influence scores.
However, lead-in tasks mitigated this effect by enabling examinees to build foundational
knowledge before engaging with the tasks, providing an equal leveling field. It was also
demonstrated that scenarios based on different topics but constructed from common test
specifications performed similarly, alleviating concerns about topic effects on measurement
accuracy. These findings underscore the importance of lead-in tasks in reducing topic effects and
ensuring the validity of SBA.

Building on these successful implementations of SBA in mainstream assessment contexts
for English Language Arts, researchers have recognized the potential of scenario-based
approaches for measuring language-driven competencies of second language (S/FL) learners.
This led to the development of scenario-based language assessment (SBLA), an approach that
allows for measuring the ability not only to coordinate an array of linguistic and other resources
(e.g., topical, socio-cognitive, contextual, affective, technological) to meet a real-life goal, but

also to develop new understandings during an assessment protocol (Purpura & Oh, 2024).
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Several studies have demonstrated SBLA’s potential in investigating various constructs: S/FL
reading comprehension (Shore et al., 2017), the role of topical knowledge as part of the
broadened construct of communicative competence (Banerjee, 2019; 2025), strategic
competence in academic speaking (Seong, 2023; 2025), the role of scaffolding in supporting
S/FL spoken argumentation (Beltran, 2024), and cross-linguistic generalizability of SBLAs
measuring situated SFL proficiency designed with an identical collaborative problem-solving
scenario (Akbari-Saneh et al., 2022) across English (Purpura et al., 2026), Korean (Joo et al.,
2023; Joo et al., 2026), Italian (Peri et al., 2025), and Persian, developed by the SBLA lab at
Teachers College, Columbia University. Each of these studies has contributed unique insights
into how scenario-based approaches can be adapted to measure different aspects of S/FL
proficiency while addressing the specific challenges faced by S/FL learners.

Of particular relevance to the current study are Banerjee’s (2019), Seong’s (2023), and
Purpura et al.’s (2026) investigations into the role of domK in S/FL performance. Banerjee
(2019) investigated the relationship between domK and S/FL performance as well as whether it
is possible to track domK development in an SBLA. Banerjee (2019) first explored the
relationship between S/FL learners’ pre-scenario domK, post-scenario domK, and their
performance in her SBLA using a nutrition-themed scenario. The study demonstrated that pre-
scenario and post-scenario domK had distinct relationships with learners’ performance,
providing evidence for the dynamic and evolving nature of domK (Dochy & Alexander, 1995).
The findings from the correlation and path analysis revealed that pre-scenario domK, in
particular, learners’ factual knowledge about food additives before the assessment, had a limited
influence on S/FL performance, showing only weak correlations with listening ability and

minimal connections to other language tasks. Pre-scenario lexical knowledge, defined as
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knowledge of food-additive-related lexical meanings, demonstrated slightly stronger but still
modest correlations with various S/FL tasks, such as listening, reading, and summary writing
dimensions, including language use and topical sufficiency. In contrast, post-scenario content
knowledge, assessed after learners completed the SBLA, exhibited moderate positive
correlations with all aspects of S/FL performance. This trend suggests that while pre-scenario
domK plays a limited role, post-scenario domK is more strongly associated with S/FL
performance, reflecting the knowledge learners acquired during the scenario and its contribution
to their ability to engage in thematically-related tasks within the scenario. Banerjee (2019) noted
that this supports the cognitive design of the SBLA, which facilitates knowledge building and
sharing through interconnected tasks, enabling learners to integrate new information into their
mental representations.

Banerjee (2019) further investigated whether the examinees can develop domK
throughout the scenario using Rasch analysis, focusing on shifts in item difficulty and examinee
ability parameters between pre- and post-scenario tasks. First, the fit statistics confirmed the
construct validity of the domK tasks, showing that they appropriately measured the intended
construct. Then, the comparison of the item difficulty parameters revealed that items measuring
domK became easier after the scenario, indicating successful knowledge acquisition during the
SBLA. The study also highlighted the effectiveness of interactive scenario features, such as
embedded feedback, scaffolding, and virtual agent interactions, in enabling learners across
proficiency levels to gain domK, with high-proficiency learners benefiting the most. These
findings underscore SBLA’s dual role as an assessment tool and a vehicle for content learning,
supporting the dynamic and evolving nature of domK (Dochy & Alexander, 1995) and the

cognitive design of SBLA in facilitating meaningful, purposeful S/FL learning.
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Further advancing the understanding of competency-based S/FL proficiency, Seong
(2023) adopted Purpura’s (2017) MOM, the theoretical model for the current study, to examine
the crucial role of strategic competence in academic speaking performance. Through scenarios
simulating discussion tasks in an online journalism course, the study demonstrated how SBLA
could effectively measure the strategic competence needed to complete an S/FL academic
speaking goal. Notably, her study, adopting the structural equation modeling (SEM) to
investigate the constructs of academic speaking ability, emphasized the distinct roles of two
levels of domK: pre-scenario dom-genK and in-scenario dom-specK. Pre-scenario dom-genk,
defined in her study as the topical control using topical background knowledge, was measured
through an independent speaking task before going through the scenario, designed to activate
background knowledge about a generic topic on journalism. In contrast, in-scenario dom-specK,
defined in her study as topical control using domain-specific topical knowledge, was measured
through the final culminating speaking task of the scenario, probing the specific topic of
journalism acquired throughout the scenario.

The SEM results revealed the distinct roles of these two levels of domK. Pre-scenario
dom-genK knowledge was found to be intrinsically linked to language knowledge, suggesting
that such background knowledge is essential for conveying meaning in academic discourse.
Meanwhile, in-scenario dom-specK was modeled as distinct from language knowledge,
indicating its unique contribution to academic speaking performance. These findings underscore
the intricate interplay between language knowledge, domK (both general and specific), and
strategic competence, offering valuable implications for understanding how different levels of

domK contribute to S/FL proficiency.
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In another seminal study on SBLA, Purpura et al. (2026) further advanced the
engineering of SBLAs by utilizing the LOLA framework (Purpura & Turner, 2018) to design
and validate a collaborative problem-solving scenario. Moving beyond a focus on individual
skills, this study conceptualized SBLA as a technique designed to measure the display and
development of situated S/FL proficiency. By using the LOLA framework to guide SBLA
engineering, the study explicitly embedded opportunities for building domK, defined as topical
knowledge (i.e., factual and lexical knowledge on a topic, as a core characteristic of the
assessment. Structuring the narrative around a key literacy practice of “building and sharing
knowledge,” allowed the researchers to demonstrate how instructional inputs embedded within
the scenario impacted examinees’ ability to communicate those understandings in a culminating
speaking task.

Empirical evidence from the study strongly supported the claims related to the
instructional dimension of the SBLA, demonstrating significant gains in examinees' domK as
they progressed through the scenario. A paired-samples t-test revealed that mean scores on
topical knowledge tasks rose from 15.53 (59.72%) at the pre-test to 19.96 (76.75%) at the post-
test, representing a statistically significant increase with a large effect size (d = 0.85). Notably,
these gains were most pronounced in factual knowledge, which saw a 21.32% improvement,
compared to a more modest 2.75% increase in lexical knowledge. These findings provide robust
support for the claim that SBLAs can promote domK development, reinforcing the idea that
language proficiency is inextricably linked to the co-construction and application of domK.

As SBLA demonstrates the ability to integrate content and language assessment, it is
essential to examine its application in STEM domains, where scenario-based assessments

(SBAs) have already been implemented in U.S. K-12 contexts. Initiatives such as the CBAL
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Science Model of Cognition have developed comprehensive frameworks for assessing science
competencies (Liu et al., 2013). The CBAL science model identified five key dimensions: core
ideas (subdisciplinary conceptual knowledge), science practices (knowledge of how to produce
knowledge), crosscutting concepts (concepts bridging disciplinary boundaries), epistemic
beliefs/metacognition (beliefs about knowledge and knowing), and motivation (values, interest,
and engagement). The model was particularly innovative in its alignment with the Next
Generation Science Standards (NGSS, 2013) and reform-based curriculum (Krajcik et al., 2004)
to promote integrated understanding. Tasks were designed to assess the examinees’ ability to
simultaneously apply conceptual knowledge, engage in scientific practices, and utilize
crosscutting concepts to address scientific questions (NRC, 2012).

However, these science SBAs were primarily designed for native English learners, with
S/FL learners’ needs being largely disregarded (Turkan et al., 2014). This gap has become
increasingly significant as more S/FL learners are required to engage with complex science
practices in educational settings. Given the increasing number of S/FL learners, there is a critical
need for an SBLA tailored to measure the situated specific purpose language ability required in
science contexts. Such an assessment can authentically measure how learners coordinate various
linguistic and other resources (e.g., topical, socio-cognitive, contextual, affective, technological)
to achieve real-world science goals.
Summary and Implications for the Present Study

To conclude, the LASP field has made considerable progress in establishing authenticity
not only in the task and its contextual features but also in the rating process regarding who the
raters should be and what the rating scale should contain. Building on the consensus that highly

specific contexts require the use of the indigenous assessment criteria employed by the domain
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insiders, the indigenous criteria in the field of science were reviewed, with a focus on how the
science standards defined the linguistic requirements in performing the science practice of
planning and carrying out investigations.

Based on this review, the instrument for this study, SBLA-SP, was aligned with the
indigenous criteria of science, the Next Generation Science Standards (NGSS) physical science
standard HS-PS1-3, Matter and its Interactions. HS-PS1-3 states that students who demonstrate
an understanding of this standard can plan and conduct an investigation to gather evidence to
compare the structure of substances at the bulk scale to infer the strength of electrical forces
between particles (NGSS Lead States, 2013). The SBLA-SP scenario narrative particularly drew
from an NGSS-aligned ninth-grade physical science curriculum titled “Interactions” (Kaldaras et
al., 2021), endorsed by the National Science Teachers Association. This curriculum emphasizes
the understanding of electric interactions, encapsulated in driving questions such as “Why do
some clothes stick together when they come out of the dryer?” The topic of electrical interaction,
especially the generation of triboelectricity or static electricity, is both relevant and compelling
for students, making it an ideal focus for the SBLA-SP. In line with this curriculum, in the
SBLA-SP scenario, examinees were invited to participate in a virtual online internship at a
science lab researching triboelectric nanogenerators (TENGs), a new energy harvesting device
utilizing triboelectricity. During this internship, examinees undertook activities integral to
planning and carrying out investigations, which is the focal disciplinary competency being
examined.

In terms of the validation argument, one claim of the elicitation dimension is that the
SBLA-SP tasks elicit performance consistencies of the situated specific purpose language ability,

as defined by the model of situated S/FL proficiency and informed by the NGSS. This claim is
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supported by two warrants. The first warrant, which was explored as the first research question
of this study, is that the SBLA-SP performance indicators display adequate psychometric
properties, providing a meaningful and consistent measure of S/FL learners’ situated specific
purpose language ability (ED.W1). This warrant is based on the assumptions that each SBLA-SP
task provides a meaningful (ED.A1.1-ED.A1.4) and reliable (ED.A1.5-ED.A1.6) indicator of the
ability. This assumption can be empirically supported by descriptive statistics that provide
evidence about examinee performance and score distributions (ED.B1.1-ED.B1.4) and by the
inter-rater reliability of the lab report writing tasks (ED.B1.5) as well as the reliability analyses
that assess the internal consistency of the SBLA-SP tasks (ED.B1.6).

The second warrant, investigated as research question 3-1, is that the facets of the domK
task reliably elicit construct-relevant evidence of domK. This warrant is based on the
assumptions that each facet of the domK task provides a meaningful and reliable indicator of
domK (ED.A2.1-ED.A2.3) and the items are measuring a unidimensional construct (ED.A2.4).
Table 2.5 summarizes the claims, warrants, assumptions, and potential backing for the validation

argument related to the elicitation dimension.
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Table 2.5

Summary of claims, warrants, assumptions, and potential backing for the elicitation dimension

LOLA Dimension Elicitation Dimension (ED)
SBLA-SP tasks elicit performance consistencies of the situated situated
Claim specific purpose language ability as defined by the MOM of situated S/FL
proficiency and informed by the NGSS
Warrant (W) Assumptions (A) Potential Backing (B)
ED. Al. The performance [Meaningfulness] [Descriptive Statistics]

indicators of the SBLA-SP
display adequate
psychometric properties as a
meaningful, consistent
measure of S/FL learners’
situated specific purpose
language ability. (RQ1)

ED.A1.1. The pre-scenario tasks
are meaningful indicators of
examinees’ baseline domain
knowledge (domK) and writing
ability.

ED.A1.2. The pre-scenario tasks
distinguish learners across CEFR
proficiency levels as expected.

ED.A1.3. The in-scenario tasks
provide meaningful indicators of
examinees’ domain knowledge and
writing ability within the scenario.

ED.A1.4. The in-scenario tasks
distinguish learners across CEFR
proficiency levels as expected.

[Consistency]

ED.A1.5. The four raters
consistently rate the writing
performance.

ED.A1.6. The SBLA-SP tasks
demonstrate adequate internal
consistency reliability.

ED. B1.1. Descriptive statistics can
provide evidence about whether the pre-
scenario tasks provides meaningful
information about examinee's baseline
performance.

ED.A1.2. Mean score across CEFR
groups can show whether the pre-
scenario tasks distinguish learners’
baseline level as expected.

ED. B1.3. Descriptive statistics can
provide evidence about whether the in-
scenario tasks provides meaningful
information about examinee's
performance.

ED.B1.4. Mean score across CEFR
groups can show whether the in-
scenario tasks distinguish learners’ level
as expected.

[Reliability]

ED.B1.5. Inter-rater reliability can
provide evidence about the consistency
of the raters.

ED. B1.6. Cronbach’s alpha analysis
can provide evidence about the internal
consistency of the tasks

ED.W2. The facets (i.c.,
examinee ability, pre- and in-
scenario domK, occasion
difficulty, item difficulty) of
the SBLA-SP domain
knowledge task reliably elicit
construct-relevant evidence
of domK. (RQ3-1)

[Reliability of DK task Facets]

ED.A2.1. The domK tasks reliably
distinguish among examinees
across administrations.

ED.A2.2. Item difficulty estimates
are stable and well-separated on the
measurement continuum.

[Steps 1 & 2 of the 4-step Analysis]

ED. B2.1. The logit spread and strata of
the examinee ability estimates can
provide evidence about whether the
domK task distinguishes examinee
ability meaningfully and reliably

ED. B2.2. The logit spread and strata of
the item difficulty estimates can provide
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ED.A2.3. Administration occasion |evidence about whether the domK task

(pre- vs. in-scenario) functions had appropriate item difficulty
systematically and is reliably ED. B2.3. The logit spread and strata of
represented in the model. the administration occasion estimates

can provide evidence about whether the
[Item Fit] two occasions functioned well

ED.A2.4. Domain knowledge items | [Fit Statistics from Steps 1&2]

function coherently as a
unidimensional construct. ED.B2.4. infit and outfit MNSQ values

can provide evidence that the items
functions coherently

As important as establishing the authenticity of the test task and rating process, however,
is engaging examinees’ underlying affective, socio-interactional resources or cognitive or
metacognitive processes in a manner that they would do so in the TLU domain. The LASP field
has struggled to operationalize the authenticity of the interaction between the test task
characteristics (e.g., time limits, cognitive or meta-cognitive strategies associated with task
performance) and the examinees (Bachman, 2004) because the test task and the examinee’s
performance are moderated by multiple socio-cognitive, interactional, and affective factors.
Although these dimensions significantly impact examinee performance, traditional LASP
frameworks have not provided systematic ways to conceptualize or account for these moderating
factors in test design and validation. As an alternative, the LOLA framework offers a systematic
approach to investigating these moderators and their influence on performance. Therefore, the
next section will review the LASP literature relevant to each dimension of the LOLA framework.

Moderators in LASP Performance

In LOLA, the performance moderators of assessment are taken into account in the socio-
cognitive, instructional, social-interactional, affective, and technology dimensions implicated in
task engagement (Purpura, 2024). As Purpura (2024) noted, traditional LASP frameworks, while
valuable for identifying critical real-world language use situations through domain analysis and

specifying performance indicators, have been inadequate for capturing complex performance
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moderators (Purpura et al., 2026). This limitation is particularly evident when examinees must
deploy their situated SFL proficiency in collaborative, problem-solving contexts within specific
sociocultural settings.

For example, Purpura et al. (2026) illustrate the importance of accounting for these
moderators through a speaking task, which can be applied to the LASP context. In this task,
examinees deliver a high-stakes oral presentation (elicitation dimension) at a science conference
(contextual dimension), necessitating speaking skills, involving domK about the science topic,
sophisticated science terms, and formal register (proficiency dimension). While traditional
assessment frameworks have been useful for specifying these performance indicators, they fail to
account for critical moderating factors such as presentation anxiety (affective dimension),
synthesis of information from science articles or data visualizations through graphs and charts
(socio-cognitive dimension), the incorporation of peer feedback during collaborative planning
sessions (social-interactional dimension), and the management of digital presentation tools
(technological dimension).

These multifaceted influences on performance highlight why traditional LASP
frameworks, which primarily focus on linguistic factors, are insufficient for understanding and
evaluating complex language assessment events. As a result, several researchers adopting the
SBLA approach have turned to the LOLA framework for guidance (e.g., Banerjee, 2019;
Beltran, 2024; Seong, 2023; Purpura et al., 2026), as the LOLA allows the performance
moderators to be engineered into the assessment design and in forming the validation claims.

To date, no LASP frameworks have allowed a systematic account of the performance
moderators. These dimensions, in turn, have been rarely examined in the LASP literature. To

address this gap, the following section will examine how LOLA defines the performance

90



moderators and systematically investigate their effects on LASP performance by each dimension.
Where relevant LASP literature is unavailable, implications for assessment will be drawn from
research on LSP pedagogy. Furthermore, I will present specific implications for the current
study, particularly in terms of instrument design and validation claims.
The Socio-Cognitive Dimension

The fourth dimension of the LOLA framework, the socio-cognitive dimension, is related
to the cognitive (e.g., cognitive and metacognitive processes, including attention span, memory
capacity, and reasoning abilities), socio-cognitive (e.g., collaboration within activity systems
involving people, artifacts, and settings in socially and culturally structured contexts), and
strategic (e.g., planning and executing tasks) demands required to complete LASP tasks
(Banerjee, 2019; Purpura, 2024). This dimension also highlights the importance of accounting
for the learning process as examinees engage with and process information, potentially acquiring
new knowledge while completing assessment tasks (Purpura, 2024). For example, failure to
remember information may hinder performance, such as summarizing content, even if the
examinee possesses the necessary linguistic resources.

The LASP researchers have generally acknowledged the effect of cognitive processes on
LASP performances. For instance, Douglas (2000) acknowledged strategic competence, or the
ability to use metacognitive and communicative strategies, as an essential component of the
LASP construct and conceptualized it as the mediator between the external context and the
internal language and domK. Furthermore, O’Sullivan (2012) proposed a socio-cognitive model
of LASP validation, where the evidence of cognitive validity, or how well the test task utilizes
the internal processing of the TLU task, is collected (O’Sullivan, 2019). Mostly overlooked in

these frameworks, however, is how new information or assistance from the test task is processed
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or what executive functions are required to accomplish a particular goal through an accumulation
of those tasks, which are important considerations in LOLA.

One assessment technique that allows the mapping of the cognitive processes, as a way to
ensure cognitive validity, is SBLA. The scenarios can be used to map the habits of mind that the
domain insiders follow to accomplish a specific purpose or goal. The SBLA technique can not
only map these cognitive processes but also simulate the processing of learning through
assistance embedded in the scenario. For instance, Seong (2023) demonstrated how SBLA can
be used to examine strategic competence, or the cognitive resources necessary for utilizing
language knowledge, in an academic domain. In the study, a scenario-based academic speaking
test (SBEST) was designed to examine the cognitive dimension of S/FL academic speaking
ability. Situated in an online journalism class, examinees were assessed on their ability to utilize
eight different cognitive and metacognitive strategies to achieve the scenario goal-- submitting a
spoken response in a class discussion forum. Seong (2023) found that the cognitive resources, in
addition to the linguistic and topical resources, were critical to S/FL academic speaking
performance. Additionally, the study demonstrated that the SBEST not only assessed but also
facilitated learning, as examinees showed improvement, particularly in domK. Seong’s (2023)
work underscores the potential of incorporating an SBLA technique to measure the cognitive
resources in S/FL assessments and to facilitate learning. Further research using SBLA could
provide a more complete picture of the socio-cognitive resources required for LASP
performance.

Recognizing the importance of accounting for the cognitive processes in LASP and the
potential for SBLA to incorporate these, the instrument for the study, SBLA-SP, required

examinees to engage in the cognitive demands of planning and conducting investigations. To
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meet the scenario goal of writing a lab report of their scientific investigations, examinees were
required to process and, to some extent, remember the information presented from the listening
and reading input of the scenario. To this end, the goal is to make the SBLA-SP a worthwhile
educational experience.

In terms of the interpretation argument, one claim of the socio-cognitive dimension is that
the SBLA-SP provides a viable educational experience for examinees, supported by a series of
warrants, assumptions, and empirical backing, as outlined in Table 2.6. This claim is grounded in
two key warrants, which were investigated as the third research question of the current study.
The first warrant, examined as research question 3-2, is that examinees develop dom-specK
about electrostatic interactions and dom-genK about the method of scientific investigations. This
warrant is backed up by a series of assumptions that the domK item level difficulty will decrease
from pre- to in-scenario as examinees develop domK throughout the SBLA-SP (SCD.A.1-A.1.2).
Empirical evidence for this warrant could be gathered through a paired t-test comparing pre-
scenario to in-scenario domK item difficulty (SCD.B.1-B.1.2).

The second warrant is that the examinees’ proficiency levels moderate their domK
learning (SCD.W.2). As detailed in the previous section on domK, Clapham (1996)
demonstrated that learners with low proficiency struggled to utilize domK, intermediate learners
benefited the most from their familiarity with the subject, and high-proficiency learners
performed well regardless of domK levels. Similarly, Romhild et al. (2011) found that the
relationship between domK and performance could vary depending on the proficiency level
targeted by assessments. These findings suggest that proficiency levels could influence the extent

to which domK is developed during the SBLA-SP. To investigate these assumptions (SCD.A.2-
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SCD.A.2.2), an ANOVA comparing domK gains across proficiency groups (SCD.B.2-

SCD.B.2.2) can be conducted.

Table 2.6

Summary of inferences, claims, warrants, assumptions, and potential backing for the socio-

cognitive dimension

LOLA Dimension Socio-Cognitive Dimension (SCD)
Claim SBLA-SP tasks provide a viable educational experience for examinees
Warrant (W) Assumptions (A) Potential Backing (B)

SCD.W.1. Examinees
develop new understandings
about electrostatic
interactions (i.e., dom-
specK) and the method of
scientific investigations (i.e.,
dom-genK) (RQ3-2).

[Overall DomK]

SCD.A1. The domK item level
difficulty will decrease from pre- to
in- as examinees develop domK
throughout the SBLA-SP.

[Types of DomK]

SCD.A1.1. The dom-specK item
level difficulty will decrease from
pre- to in- as examinees develop
dom-genK throughout the SBLA-SP.

SCD.A1.2. The dom-genK item level
difficulty will decrease from pre- to
in- as examinees develop dom-genK
throughout the SBLA-SP.

|T-test on Overall DomK]
SCD.B.1. Paired t-test comparing the
pre- to in-scenario domK item level
difficulty can provide evidence about
the domK development

| T-test on Subconstructs of DomK]
SCD.B.1.1. Paired t-test comparing
the pre- to in-scenario dom-specK
item level difficulty can provide
evidence about the dom-specK
development

SCD.B.1.2. Paired t-test comparing
the pre- to in-scenario dom-genK item
level difficulty can provide evidence
about the dom-genK development

SCD.W.1 Examinees with
different S/FL proficiency
levels vary in their
development of dom-specK
and dom-genK (RQ3-3)

[Overall DomK]
SCD.A2. Proficiency level explains
variance in domK development.

[Types of DomK]

SCD.AZ2.1. Proficiency level
explains variance in dom-specK
development.

SCD.A2.2. Proficiency level explains
variance in dom-genK development.

[ANOVA on Overall DomK]
SCD.B.2. ANOVA comparing domK
gain of the different proficiency levels
can provide evidence that levels
explains the variance in their ability to
develop domK

[ANOVA on Subconstructs of
DomK]

SCD.B.2.1. ANOVA comparing dom-
specK gain of the different
proficiency levels can provide
evidence that levels explains the
variance in their ability to develop
dom-specK

SCD.B.2.2. ANOVA comparing dom-
genK gain of the different proficiency
levels can provide evidence that

94



levels explains the variance in their
ability to develop dom-genK

The interpretation argument outlined here provides the foundation for understanding how
the socio-cognitive dimension is accounted for in the SBLA-SP. The following sections will
examine the remaining performance moderators (i.e., social-interactional, instructional, affective,
and technological dimensions), with each section highlighting the implications for the instrument
design. Note that the implications for the validation arguments for these dimensions will be
synthesized at the end of this discussion.

The Instructional Dimension

Fifth, the instructional dimension accounts for the role of informational texts as well as
any feedback or assistance. The instructional dimension is related to how information from the
test input, assistance, or feedback can be used for further learning (Banerjee, 2019; Purpura &
Oh, 2024). In other words, tests in LOLA are considered a viable educational experience in their
own right. While these instructional factors have been rarely researched in LASP, McLaughlin
and Parkinson (2018) investigated unplanned assessments embedded in an occupational context.
They analyzed the transcripts of tutors and learners involved in vocational training for trading to
identify episodes of unplanned assessment embedded in instruction, with a particular focus on
domain-specific vocabulary. The attention to lexical items on meaning or pronunciation was
initiated by both tutors and learners. The tutors either provided explicit instruction on vocabulary
or elicited information from the learners while learners recast or reformulated their utterances
based on the teacher’s feedback. Out of the 123 occurrences of these types of vocabulary-related
interactions, 113 related to word meaning, again lending support to the centrality of meaning in

LASP. Further research is needed on how to operationalize instructional elements in planned
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LASPs and whether these elements can support the development of domain-specific language
and topical information.

As an implication for the current study, the instructional elements in the SBLA-SP were
designed to facilitate learning through explicit instruction and feedback. For example, instruction
pertinent to dom-specK, particularly the concept of electric interaction, was introduced through a
short informational video about TENG (i.e., listening input) and an online science post about
electric interactions (i.e., reading input). Additionally, explicit instruction on dom-genK—such
as how to write a hypothesis, procedure, and discussion sections of a lab report—was provided
by the simulated mentor. Examinees also received feedback on their responses to domK items
from the simulated agents, including whether their answers were correct or incorrect,
accompanied by brief explanations. In sum, scaffolding, explicit instruction, and feedback were
integrated to promote further learning.

The Social-interactional Dimension

The sixth dimension of LOLA is the social-international dimension, which considers the
social contract among interlocutors and the interactional practices (e.g., turn-taking) that are
shaped by the social and cultural norms, assumptions, preferences, and expectations relevant to
language use events (Purpura, 2024).

In the LASP field, studies have primarily examined the authenticity of social-
interactional features in test tasks through discourse or conversational analysis. Ducasse and
Brown (2009), for instance, compared the interactional demands of IELTS interviews with those
in university settings. They found that while both required the production of information and
opinions, the IELTS test lacked critical interactional management functions, such as seeking

clarification or confirmation, raising questions about construct validity. Similarly, Fulcher et al.
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(2011) extended this work by integrating occupational interactional patterns into the rating scale
for service encounters, using insights from travel service discourse to develop a scale for
interactional competence. However, these studies primarily focused on replicating interactional
features rather than investigating whether these interactions support or hinder learning—an
essential component of LOLA (Banerjee, 2019). With an advanced understanding of the different
interactional patterns, as laid out in the Codes of Relevance framework (Knoch & Macqueen,
2019), these patterns could be embedded in LASP.

Recent advances in generative Al technology provide a compelling opportunity for
designing assessments that embed authentic social-interactional patterns. Specifically, text-to-
speech (TTS) technology, which generates synthetic speech from written input, has enabled the
creation of simulated agents with lifelike vocal characteristics. These agents can embody various
social roles and communication styles, making them valuable tools for replicating authentic
interactional practices relevant to specific TLU domains. Albeit not on S/FL assessment, studies
from the field of instructional technology have begun to explore how the voice features of
simulated agents impact the authenticity of social interaction. For example, Edwards et al. (2019)
investigated factors influencing students' perceptions of a simulated instructor generated using
TTS technology. Results showed that students who have identified themselves as being high in
age rated the simulated agent with an older Al voice higher in credibility, motivation, and social
presence compared to students low in age. The authors suggest the older voice may have
activated positive age stereotypes related to wisdom and teaching competence for high-age
identified students. This provides initial evidence that social identity factors like age should be

considered in designing computerized voices for roles like classroom instruction.
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Kim et al.’s (2021) experimental study expanded on earlier research by exploring the
impact of the communication style (relational vs. functional) of a TTS-generated simulated
instructor and course topic (natural science vs. social science) on students’ attitudes toward Al-
based education. Their findings showed that relational communication styles enhanced social
presence, which in turn improved attitudes and intentions toward Al-based education. While
these studies demonstrate the potential of TTS technology to mirror social-interactional
practices, they focused primarily on the influence of voice characteristics and communication
styles, without addressing multimodal interactional features, such as visual or nonverbal cues.
These gaps highlight the need for research that investigates how more advanced generative Al
technologies, such as text-to-video (TTV), can simulate more dynamic and immersive
interactions. Unlike TTS, TTV technology integrates synthetic speech with realistic visual
avatars, enabling the inclusion of facial expressions, gestures, and other nonverbal cues essential
for authentic social-interactional practices.

Building on these insights, the SBLA-SP incorporated the interactional practices of the
science domain by introducing three simulated agents: one mentor and two peers in an online
science internship to guide and support examinees through the scenario narrative. These
interactional partners were generated using TTV generative Al technology using Synthesia
(synthesia.io, n.d.). The simulated agents, who embody different roles engaged in a collaborative
science investigation, presented examinees with input through scripted chats and instructional
videos that reflect authentic interactional practices of the science domain. Additionally, the
LOLA survey probed examinees’ perceptions of the simulated agents, specifically focusing on
their support for learning (socio-cognitive), psychological or emotional support (affective), and

technological functionality (technology).
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The Affective Dimension

Seventh, the affective dimension is characterized by the socio-psychological dispositions
of learners, such as engagement or anxiety, that potentially promote or hinder performance
(Purpura, 2024). The affective dimension considers the degree to which the features of the
assessment protocol attempt to engineer how examinees feel about the test experience—that is
how it engages non-cognitive dispositions and attitudes. While O’Sullivan’s (2012) framework
recognizes that the psychological characteristics of the examinee, such as personality, affective
schemata, and motivation, can affect LASP performance, little work has been done to
operationalize these elements. Further, LASP studies could adopt instruments that explicitly
address these affective factors, such as SBLA, that promote examinees’ motivation and
engagement (Banerjee, 2019).

For the present study, the simulated agents (i.e., mentor and peers) in the SBLA-SP are
specifically designed to engage examinees and provide emotional support throughout the
assessment process. These simulated agents aim to establish a psychologically safe and
encouraging environment, reducing performance anxiety and fostering positive emotional
engagement. By modeling empathetic communication styles and providing constructive
feedback, these agents help to create a supportive atmosphere that encourages examinees to
persist through complex tasks. In addition, the LOLA survey examined examinees’ perceptions
of the affective support by the simulated agents, specifically in terms of whether the virtual
mentor and peers succeeded in providing emotional support and fostering engagement.

The Technology Dimension
The final dimension of the LOLA framework is the technological dimension, which

considers the role of technology in teaching, learning, assessment, and everyday language use.
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This dimension is defined by learners’ digital and computer literacy skills and acknowledges that
technology can moderate performance (Purpura, 2024).

In alignment with this dimension, the SBLA-SP was delivered fully online, with the
scenario narrative mirroring a virtual science internship. Examinees conducted scientific
experiments through online interactive simulations, enabling them to visualize scientific
phenomena, engage with interactive explorations, record observations on an online lab report,
and analyze results (Liu et al., 2013). Additionally, the simulated agents provide multimodal
interactions, reflecting authentic digital collaboration in contemporary STEM contexts.
Familiarity with these technologies and openness to interacting with Al tools will likely
influence examinees' performance and perceptions. To account for digital literacy, the pre-
scenario LOLA survey assessed examinees’ familiarity with digital tools and openness to using
Al technologies in educational contexts. The post-scenario LOLA survey gathered insights into
examinees’ perceptions of the technological aspects of the assessment, including the
functionality and authenticity of the simulated agents, as well as their willingness to engage with
similar Al-driven educational tools in the future.

In conclusion, research has increasingly highlighted the importance of accounting for the
moderating roles of social-interactional, instructional, affective, and technological dimensions on
S/FL performance (O’Reilly & Sabatini, 2013; Purpura, 2024). Despite their recognized
importance, there remains a paucity of research exploring how these dimensions can be
systematically integrated into LASPs and their effects on specific purpose language ability. This
gap underscores the need for assessments that account for these moderating dimensions to

provide a more holistic view of examinee performance.
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As an attempt to address this gap, these dimensions are accounted for in the assessment
design of the SBLA-SP. Specifically, it incorporates simulated agents designed to facilitate
collaboration (social-interactional dimension), provide explicit instruction and feedback
(instructional dimension), and offer affective support (affective dimension), all while functioning
in a technologically mediated environment (technological dimension). These features enable
examinees to engage with the assessment in ways that simulate the social, instructional, and
emotional dynamics of real-world scientific investigations. Additionally, these elements are
hypothesized to moderate examinees’ ability to develop domK and produce high-quality lab
reports, aligning the SBLA-SP with its dual purpose of assessing and facilitating learning.

In terms of the validation argument, one claim pertaining to the moderating dimensions is
that the SBLA-SP assesses the intended construct of situated specific purpose language ability,
which is defined as the examinee’s capacity to marshal language knowledge, domK, and a range
of performance moderators—including socio-cognitive, socio-interactional, affective, and
technological resources—to plan and carry out scientific investigations (MD.W.1). This warrant
is supported by the assumption that examinees’ perceptions of the simulated agents (social-
interactional dimension), in terms of their explicit instruction and feedback (instructional
dimension), affective support (affective dimension), and technological functionality
(technological dimension), moderate their ability to develop dom-specK and dom-genK and
record the results of scientific investigations in a lab report (MD.A.1). Empirical evidence for
this assumption could be gathered through SEM, which would provide insights into how
examinees’ perceptions of these dimensions influence their domK scores and lab report writing
performance (MD.B.1.1). Table 2.7 summarizes the claim, warrants, assumptions, and potential

backing for the validation argument related to these dimensions.

101



Table 2.7

Summary of claims, warrants, assumptions, and potential backing for the social-interactional,

instructional, affective, and technological dimensions

social-interactional, instructional, affective, technological (moderator)

LOLA Dimension dimensions (MD)
Claim SBLA-SP assesses the intended construct of situated specific purpose
language ability as defined by the MOM of situated S/FL proficiency
Warrant (W) Assumptions (A) Potential Backing (B)

MD.W.1. The perception of
the simulated agents, as
measured through the survey
items, is attributed to the
construct of situated specific
purpose language ability,
which includes the
examinees’ ability to marshal
socio-interactional,
instructional, affective, and
technological resources in
order to plan and carry out
scientific investigations

MD.A.1. The examinees’
perceptions of the simulated agents
(social-interactional dimension) in
terms of their explicit instruction and
feedback (instructional dimension),
affective support (affective
dimension), and their technological
functionality (fechnological
dimension) moderate their ability to
develop domK and record the
process and results of scientific
investigations in a lab report

MD.B.1.1 Thematic Analysis of the
open-ended responses can provide
evidence of how the perceptions
moderate LASP-SP performance

Summary

Chapter II reviewed the literature pertinent to the present study through the lens of the

LOLA framework. Using guiding questions from the LOLA framework, the major debates and

issues in the LASP field pertinent to each dimension were reviewed. This structured approach

provided a comprehensive exploration of critical gaps in LASP and informed both the design and

validation claims of the SBLA-SP. The next chapter will present the methodology, detailing the

participants, instruments, data collection and scoring procedures, and data analysis.
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Chapter 111

METHODOLOGY

Chapter III presents the methodology used to investigate the construct of situated specific
purpose writing ability in the context of an SBLA. The chapter starts by introducing the study
participants. After this, a comprehensive description of the instruments is provided. This includes
a description of the SBLA-SP, which incorporates both writing and domK tasks for science
purposes. This is followed by an overview of the data collection and scoring procedures. The
chapter concludes with an explanation of the data analysis procedures adopted for the research.

Participants

The current study's participants comprised examinees who are English language learners
and two S/FL assessment experts recruited as raters. Given that the focus of this study is to
assess the ability of S/FL learners to write for science purposes in the context of a secondary
school environment, a purposeful sampling design was utilized. This design, as outlined by
Wiersma and Jurs (2009), ensures that the sample accurately represents the population of
interest, thus allowing for a thorough examination of the writing ability of S/FL learners in the
field of science.

Examinees

Examinees were S/FL learners recruited from three high schools in South Korea. Two of
the schools were regular (non-specialized) high schools, including one co-educational school (N
= 116) and one girls-only school (N = 56), both of which follow the national curriculum and do
not employ selective admission procedures. The third school was a specialized science high

school (N = 8) with a rigorous, competitive admissions process, which represented a context with
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stronger domK. Because English instruction across these schools follows a nationally
standardized curriculum broadly aligned with the B1-B1+ range of the Common European
Framework of Reference for Languages (CEFR; Choi et al., 2022) but does not employ a leveled
instructional approach, classrooms consequently encompass a broad spectrum of general
English-proficiency levels. To capture this variation in S/FL proficiency, participants were asked
to complete a free online test (Test Your English: General English; Cambridge English, n.d.),
which provides an approximate CEFR classification from Al to C2.

However, some participants could not complete the general English test due to time
constraints, so they instead reported their most recent College Scholastic Ability Test (CSAT)
English level. CSAT English is a high-stakes Korean national examination that reports
performance using a nine-level absolute grading system (Levels 1-9), with lower numerical
levels indicating higher relative performance. Although CSAT levels are defined by fixed score
thresholds, they are internally referenced and not anchored to externally defined proficiency
standards such as the CEFR. In the absence of scores aligned with external standards (Lee et al.,
2018), the CEFR proficiency for participants without screening-test results was estimated by
prior CSAT complexity research showing that CSAT passages frequently meet or exceed CEFR
B2-level linguistic demands (Choi et al., 2022; Kim, 2025) and institutional admissions practices
that accept CSAT English Levels 1-2 as evidence of English proficiency as broadly equivalent to
CEFR B2 or above (Tennessee Technological University, n.d.), reflecting heuristic policy
decisions rather than formal psychometric linking.

In addition, exploratory analyses of examinees who reported both the CSAT-CEFR levels
(N = 56) indicated that lower CSAT levels (5-9) predominantly corresponded to A2

classifications, mid-range levels (3-4) clustered around B1, and top CSAT levels (1-2) was
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typically clustered around B2-or-higher classifications. Based on this converging evidence,
CSAT Levels 1-2 were classified as approximately B2, Levels 3-4 as B1, and Levels 5-9 as A2.
Based on the test scores or CEFR level provided, 49 participants (27%) were classified at the
CEFR A2 level, 51 (28%) at the B1 level, 52 (29%) at the B2 level, 18 (10%) at the C1 level,
and 10 (6%) at the C2 level (see Figure 3.1).

Figure 3.1

Participants’ Proficiency Level According to the CEFR (N=180)

c2

Bl

The test-takers also varied across other background characteristics, as shown in Table
3.1. In terms of gender, 134 participants (74%) identified as female and 46 (26%) as male. The
age of the test-takers ranged from 15 to 19 years, with the largest proportion being 17 years old
(N=170, 39%), followed by 16-year-olds (N = 56, 31%) and 15-year-olds (N = 48, 27%). Only a
small number of participants were 18 (N =15, 3%) or 19 years old (N =1, 1%). Regarding the
academic track, 99 participants (55%) were willing to pursue STEM majors in college, while 81

(45%) were not. With respect to prior experience running scientific investigations in English, 54
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participants (30%) reported having such experience, whereas 126 (70%) reported none. Finally,
only 24 participants (13%) indicated that they were able to explain electrical interaction
phenomena in English, while the majority (n = 156, 87%) reported that they were not able to do
SO.

Table 3.1

Test-takers’ Background Characteristics (N=180)

Background Characteristics Categories N (%)
General English Proficiency (CEFR) A2 49 27%
B1 51 28%
B2 52 29%
Cl 18 10%
C2 10 6%
Age 15 48 27%
16 56 31%
17 70 39%
18 5 3%
19 1 1%
Gender Female 134 74%
Male 46 26%
Academic Track STEM 99 55%
Non-STEM 81 45%
Prior Experience Running Scientific Investigations in Yes 54 30%
English
No 126 70%
Able to Explain Electrical Interaction Phenomena in  Yes 24 13%
English
No 156 87%
Raters

Four raters with extensive rating experience in S/FL writing assessments and familiarity
with SBAs and NGSS were recruited to judge the examinees’ responses.
Instruments
Three main instruments were utilized in this study. The first was the Scenario-Based
Language Assessment for Science Purposes (SBLA-SP), the main assessment tool. Embedded
within the SBLA-SP was the LOLA survey, designed to gauge the examinees' self-assessment of

their domK and their perceptions of the SBLA-SP experience during the scenario. The third
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instrument was a writing performance scoring rubric, which served to evaluate the examinees'
responses to the lab report writing tasks. Detailed descriptions of each instrument follow.
The Scenario-Based Language Assessment for Science Purposes (SBLA-SP)

To assess writing ability in the context of performing complex disciplinary practices, a
scenario-based language assessment for science purposes (SBLA-SP) was used for this study. As
detailed in the literature review, each dimension of the LOLA framework (Turner & Purpura,
2016; Purpura, 2024) was considered in the design process. The indicators of language
performance, as well as factors that may moderate performance, were engineered into the
assessment design (Purpura, 2024). Because high school English instruction in South Korea
follows a national curriculum targeting CEFR B1-B1+, the SBLA-SP was aligned with this level.
For discipline-specific vocabulary that may exceed this level, scaffolding strategies were
implemented to aid comprehension and facilitate learning.

It should be noted that while the participants of the SBLA-SP were recruited from South
Korea, the assessment was designed for any high school S/FL learners who aim to use language
for science purposes, not just for those in South Korea. The SBLA-SP mirrors the real-life
science practice of planning and carrying out investigations through carefully chosen settings,
scenarios, and themes that drive the narrative of the assessment. Such alignment aims to ensure
that the performance results are generalizable across similar contexts (Banerjee, 2019), in this
case, the context of performing a scientific investigation.

The SBLA-SP was developed and delivered on Qualtrics software Version May 2024
(Qualtrics, Provo, UT), with some customization using HTML and JavaScript. The videos of the
simulated agents (i.e., mentors and teammates) guiding the examinees through the scenario

narrative were created using Synthesia (n.d., synthesia.io), a platform that generates videos from
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text input. These videos were checked for listenability using an online CEFR analyzer from

Cathoven Language Hub (n.d., https://hub.cathoven.com/). The analyzer assesses the video's
listenability by considering factors such as vocabulary, verb forms, clauses, and prosody. This
ensured that the videos were appropriate for the target CEFR level of B1. Then, these videos
were embedded into the Qualtrics platform using HTML. Furthermore, the examinees conducted
experiments using open-source interactive simulations, which allowed them to demonstrate their
inquiry practices of science by interacting with the representation of phenomena of electrical
interactions (Quellmalz et al., 2012). These simulations were embedded into the test using
HTML and JavaScript.
Overall Structure of the Test

The SBLA-SP was developed around a scenario narrative in which examinees participate
in an imaginary science internship designed for high school students. This online internship
program was set in a laboratory called the TENG lab, where the examinees research
triboelectricity nanogenerator (TENG), an energy harvesting technology that uses electric
interactions. Examinees were guided through a scenario narrative carefully sequenced to elicit
the habits of mind required for planning and carrying out investigations (NGSS Lead States,
2013). The following five steps involved in this key practice (Liu et al., 2013) were interwoven
into the SBLA-SP scenario narrative: 1) asking questions, 2) generating hypotheses, 3) designing
experiments, 4) collecting and recording data, and 5) analyzing and interpreting data. These steps
culminated in the final task of lab report writing. To achieve their culminating goal of writing a
lab report about their experiment, examinees received extensive scaffolding and opportunities to

build their knowledge about lab report writing and electric interactions.

108


https://hub.cathoven.com/

For the first step, asking questions, examinees watched a short informational video about
TENG (i.e., build dom-specK on TENG) and used this information to formulate a research
question. For the second step, generating hypotheses, they learned about control, dependent, and
independent variables in hypotheses (i.e., build dom-genK on hypothesis writing) and used this
knowledge to write a testable hypothesis for their lab report. For the third step, designing
experiments, examinees read about electrical interactions in a science blog post (i.e., build dom-
specK on electrical interactions), then design the experiment, focusing on how to manipulate the
variables in the interactive simulation. For the fourth stage, collecting and recording data,
examinees learned how to report the procedure of the experiments on their lab report (i.e., build
dom-genK on procedure writing). Then they ran the experiment on the interactive simulation,
collected the data, and recorded their procedures in the lab report. For the final stage, analyzing
and interpreting data, they made interpretations about the findings and suggested the next steps
in the discussion section, all the while building on all that they have learned throughout the
scenario. These steps culminated in the final task of lab report writing.

Throughout this process, two sets of performance indicators were derived from the
SBLA-SP: the specific purpose writing performance, measured from the lab-report writing task,
and domain-knowledge, measured from the domain-knowledge tasks. The overall test flow is

detailed in Figure 3.2.
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Figure 3.2

Scenario Narrative of the SBLA-SP

Pre-test survey Pre-scenario LOLA survey demographics & familiarity with the domain

Pre-scenario domain knowledge task

Pre-scenario writing task lab report for the balloon simulation

Listening input: what is TENG?
Asking questions

In scenario domain-specific knowledge task: TENG

Explicit Instruction: How to write a hypothesis +
Generating In scenario domain-specific knowledge task: hypothesis

hypothesis
In-scenario writing task lab report for Coulomb's Law part 1: hypothesis

Reading input: the concepts of triboelectricity
In scenario domain-specific knowledge task: triboelectricity

Explicit Instruction: How to report your procedures +
In scenario domain-general knowledge task: procedures
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In-scenario writing task lab report for Coulomb's Law part 2: procedures

In-scenario writing task lab report for Coulomb's Law, building on parts
1&2

Post-test survey Post-scenario LOLA survey reflections about the study

Domain Knowledge Tasks

In addition to the lab report writing task, the SBLA-SP includes domK tasks to measure
the examinees' knowledge gain throughout the scenario. The current study defines domK of
science operationalized by means of dom-genK and dom-specK. Dom-genK items probe into the
knowledge about the methods of scientific investigation, which is a practice general to any

subfield of science, as defined by the Science and Engineering Practice, Planning and Carrying
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Out Investigations (NGSS lead states, 2013). In contrast, dom-specK items measure the
knowledge about electrical interactions, a topic pertinent to a particular subfield of science,
physical science. Dom-specK is anchored in the Disciplinary Core Idea, PSI1.4: Structure and
Properties of Matter, and the Crosscutting Concept, Patterns (NGSS lead states, 2013).

Before the scenario begins, the examinees complete a pre-scenario domK task, which
consists of multiple-choice questions (MCQs) designed to assess their baseline domK or their
background knowledge about the topic of electric interactions (dom-specK) and planning and
carrying out investigations (dom-genK). Then, throughout the scenario, the examinees had
opportunities to build domK through auditory or textual input or explicit instruction from
simulated agents. After each knowledge-building opportunity, the examinees completed a series
of domK tasks identical to those delivered in the pre-scenario task. By using the same set of
items for both the pre-scenario and in-scenario tasks, the domK learning throughout the scenario
can be measured.

In both pre-scenario and in-scenario domK tasks, examinees were provided with the
option to respond with 'T don't know' if they are uncertain about the answers. This approach aims
to provide a chance for examinees to acknowledge their uncertainty rather than encourage
guessing or the adoption of misinformation (O'Reilly et al., 2019).

In addition, the in-scenario domK tasks provided personalized corrective feedback from
the simulated agents. Based on the examinees' submitted answers, the agents indicated whether
each response was correct or incorrect and provided concise explanations for the correct answers,
as shown in Figure 3.3. This feedback helped the examinees understand the correct answers and

improve their domK.
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Figure 3.3

Personalized Corrective Feedback in In-scenario Domain Knowledge Tasks

Thank you for answering the questions.

Before we move on, please check my feedback.

Ms. Rosie

1. When does Triboelectrification happen? ® Oh no! Let's check this again.

You selected "a) when a moving object stops," but triboelectrification (or static electricity effect, A&7 f= &
4) happens when two different materials are brought into contact.

2. What can we learn about TENG from this videa? ® Oh no! Let's check this again.

You selected "e) | don't know," but the answer is "d) When it was first developed, the power was weak." Dr.
Wang mentioned that the output was just three volts when it was first developed.

3. Why are nanomaterials used in TENG?..'You're right!

You selected "a) to increase the surface area," and you're right! Dr. Wang mentioned that nanomaterials were
used to increase the surface area.

Building on prior research investigating various types of domK (Cai & Kunnan, 2018;
McCarthy et al., 2018; McCarthy & McNamara, 2021), this study conceptualized domK based
on its specificity of content, dividing it into two types: dom-genK and dom-specK. The dom-
genK and dom-specK items were aligned with the NGSS’s three-dimensional performance
expectation for the physical science standard HS-PS1-3, Matter and its Interactions, as detailed
in the definition of key terms section. Specifically, the dom-genK items were aligned with the
first dimension, Science and Engineering Practices, which assesses the examinees’ understanding

of the best practices for hypothesis generation, experiment design, data collection and analysis,
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and experimental refinement. The dom-genK items were operationalized as MCQs evaluating the
guidelines for hypothesis formation and documenting the data collection process in the procedure
section of the lab report. In particular, the examinees were asked to determine whether a list of
guidelines relevant to hypothesis and procedure writing is correct or incorrect.

On the other hand, the dom-specK items were aligned with the second dimension,
Disciplinary Core Ideas (DCI), PS1.A: Structure and Properties of Matter, and the third
dimension, Crosscutting Concepts, Patterns. The dom-specK items measured the knowledge
about electric interactions, the structure of matter and particle interactions, and how these
interactions can be applied in real life. In particular, the dom-specK MCQ items probed the
understanding of particle structure and the interparticle electrical forces between charged and
neutral particles, as well as how the TENG technology operates. The alignment of the domK

items with the NGSS framework is detailed in Table 3.2.
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Table 3.2

Domain Knowledge Tasks Embedded in SBLA-SP Scenario

Test Stage Tasks k NGSS Framework Knowledge Item type
Pre-scenario dom-specK Disciplinary Core PS1.A: Structure and MC
task 1 (TENG) Ideas Properties of Matter

Pre-scenario dom-specK Disciplinary Core PS1.A: Structure and

task 2 (electrical Ideas . Properties of Matter MC
. . Crosscutting Patterns
interaction)
Concepts
. Science and . .
Pre-scenario dom-genK . . Planning and Carrying out
. 5 Engineering oy MC
task 1 (hypothesis) . Investigations
Practices
Pre-Test . : . i :
Pre-scenario dom-genK Smep ce apd Planning and Carrying out
5 Engineering oy MC
task 2 (procedure) . Investigations
Practices
'Science and IPlanning and Carrying out
Engineering Investigations
Pre-scenario lab report Practices Extended
writing task (report onthe 1 Disciplinary Core PS1.A: Structure and Production
balloon simulation) Ideas Properties of Matter
Crosscutting Patterns
Concepts
Asking In-scenario dom-specK 5 Disciplinary Core PS1.A: Structure and MC
Questions task 1 (TENG) Ideas Properties of Matter
Generating In-scenario dom-genK Smep ce apd Planning and Carrying out
Hypothesis task 1 (hypothesis) > Engincering Investigations MC
yp Practices
. IDisciplinary Core IPSI.A: Structure and
L In-scenario dom-specK .
Designing . Ideas Properties of Matter
. task 2 (electrical . MC
Experiment . . Crosscutting Patterns
interaction)
Concepts
Collecting and  In-scenario dom-genK Smep ce a.nd Planning and Carrying out
. 5 Engineering L2 MC
Recording Data  task 2 (procedure) . Investigations
Practices
IScience and IPlanning and Carrying out
In-scenario lab report §?§S§:§mg Investigations
Analyz1gg and  writing ta’sk (report on the I Disciplinary Core PSI.A: Structure and Extende.d
Interpreting Data Coulomb’s law . Production
simulation) Ideas Properties of Matter
Crosscutting Patterns
Concepts
Total 42

Note. Dom-specK=domain-specific knowledge; Dom-genK=domain-general knowledge
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As these domK tasks were embedded within the SBLA-SP narrative, the test tasks of the
SBLA-SP will be described in sequence in the following section. First, it will describe how the
examinees were introduced to the scenario through the SBLA-SP introduction. Then, the pre-
scenario tasks, framed as a warm-up quiz, including the pre-domK tasks and pre-lab report
writing tasks, will be detailed. Next, the scenario goal was explicitly stated, followed by the five
steps required for scientific investigations. Notably, within the scenario narrative, pre-scenario,
in-scenario, and post-scenario LOLA surveys were also embedded. However, the LOLA survey
will be discussed in more detail later, once the scenario narrative has been fully explained.
Scenario Narrative

SBLA-SP Introduction. The SBLA-SP begins with an introduction to the internship
from a simulated mentor, Ms. Rosie. As shown in Figure 3.4, Ms. Rosie briefly introduces the
research focus of the lab (i.e., TENG) in which the internship took place. She also mentioned that
she, along with the simulated peers, supports the examinees throughout the process of the TENG

internship project.
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Figure 3.4

Introduction from the Mentor

Triboelectric
Nanogenerator
(TENG) lab

- Ms. Rosie,

project manager
internship mentor

You might not know much about the TENG project, :
but it's okay because | am here to help youl!

Also, you'll be working with other high school
students as a team.

Ms.Rosie

Following the introduction, Ms. Rosie prompted the examinees to complete the pre-test
survey. The details of the pre-test survey will follow in the LOLA survey section.

Pre-scenario Tasks. After completing the pre-test LOLA survey, the examinees were
asked to complete three pre-scenario tasks, framed as a warm-up quiz: a dom-specK task, a dom-
genK task, and a lab report writing task. The mentor explained that the purpose of the pre-
scenario task is to gather information about the examinees’ baseline domK and situated specific

purpose writing performance to better support them during the project, as shown in Figure 3.5.
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Figure 3.5

Introduction to the Pre-scenario Tasks

Id like to check how much you already know
about electricity and science experiments
so that | can guide you better.

Please complete a short warm-up quiz with 3 parts.

Ms.Rosie
== — |\ WL el TN - ALY »

Task 1. Task 2. Task 3.

How much Howdoyou Y Canyou
do you know run an _, writealab
about experiment? —  report?

electricity?
=

As the mentor introduced the pre-scenario tasks, she provided affective support by

reassuring examinees that the pre-scenario task results would not be included in the grading

process, allowing them to respond with "I don't know" whenever they were unsure of the

answers. As depicted in Figure 3.6, the mentor emphasized that the goal is to facilitate

examinees' learning and support their growth as science investigators. By creating a safe and

non-judgmental environment, the mentor aimed to encourage examinees to openly share their

background knowledge without fear of criticism or penalty.
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Figure 3.6

Affective Support Provided by the Mentor

+ It's okay to answer |
don't know"
] |+ Youlllearn about
| _these in the lab
* Youwontbe
| graded for this quiz

The first pre-scenario task is a dom-specK task consisting of MCQs about to electrical
interaction and TENG (see Appendix A). The second task is a dom-genK task consisting of
MCQs about the guidelines for planning and carrying out investigations, with a focus on
hypothesis and procedure writing (see Appendix B). Figure 3.7 shows how the task instruction
was integrated into the interaction between Ms. Rosie and the examinees, as well as a sample
dom-specK item.

Figure 3.7

Sample Domain Knowledge Task Instruction and Item

Now look at Task 1. How much do you know
about electricity?

Read each sentence and choose the correct
answer.

Ms. Rosie

If you are not sure about the answer, please
choose "l don't know.” When you are done, click
"submit.”
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1. When does triboelectrification happen?

{O) when a moving object stops

(O} when electricity flows through cables

() when two materials touch each other

() when cbjects made of the same material are rubbed
{C) 1 don't know

Finally, the lab report writing task required the examinees to conduct an experiment using
an interactive simulation (i.e., the Triboelectricity Simulation, Javalab, n.d., see Figure 3.8), in
which they can rub the balloon on a cat and put it near the wall to observe electrical interactions.
In the simulation, examinees observed how positive charges, as represented by plus signs, and
negative charges, as symbolized by the minus signs, accumulate and examined the resulting
attractive or repulsive forces between objects. Based on this experiment, they were then asked to
complete a lab report.

Figure 3.8

Interactive Simulation: Exploring Triboelectricity with Balloon and Cat

Triboelectricity

Note. Screenshot from "Triboelectricity" by Javalab. (n.d.). Retrieved from
https://javalab.org/en/triboelectricity_en/. Usage and distribution of this image are permitted by Javalab with proper
citation.
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Instructions about the Scenario Goal. Following the pre-scenario tasks, the mentor
introduced the examinees to the simulated teammates, Jimmy and Anika, who briefly introduced
themselves as high school peers participating in the TENG internship project.

As shown in Figure 3.9, the mentor then provided an overview of the science investigation
project, emphasizing that the ultimate goal of the scenario is to submit a lab report detailing the
team's scientific investigation, building on all they have learned about the topic.

Figure 3.9

Overview of the Project

/
1.learn about/ triboelectricity & TENG

2. plan and run experiment in our
virtual lab

| 3. submit a report

'Q.What steps do you usually take to

Weriments? !

Then, the mentor elicited the five steps of planning and carrying out investigations from
the teammates to enhance their metacognitive awareness of the entire process. As shown in
Figure 3.10, the mentor emphasized that the teammates will be following these five steps to

complete the project, providing a structured approach to guide their scientific investigation.
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Figure 3.10

Introducing the Five Steps of Scientific Investigations

Thanks for sharing. Scientists usually take these
steps, so we will also follow this order.

. Asking questions
. Generating a hypothesis
3. Designing experiments

Ms. Rosie . Collecting and recording data

5 Analyzing and interpreting data

As you can see, the first step to running a
meaningful experiment is coming up with a good
question.

Step 1. Asking Questions. The first step of the investigation project is asking questions.
As shown in Figure 3.11, the mentor prompted the team to develop a research question related to
electrical interaction.
Figure 3.11

Prompting to Develop Research Questions

Asking
guestions

You're right!

Your team will develop a research question that

can be answered through an experiment.

It can be any question related to triboelectricity
or TENG.
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To effectively formulate research questions and verify responses to the pre-test dom-
specK items related to TENG, the virtual teammates expressed a need to understand TENG
technology. Consequently, examinees were provided with an opportunity to enhance their dom-
specK by watching an informational video (National Science Foundation News, 2013) of a
length of 2 minutes and 40 seconds. The video features a renowned TENG researcher discussing
how this innovative method harnesses electrical interaction. He mentioned that TENG utilizes
the triboelectrification process, where electricity is generated by contact between different
materials.

The listenability of this video was evaluated using the online CEFR analyzer

(https://hub.cathoven.com/). According to the analysis, the video's overall listenability level is

B2.9, indicating that it requires an upper-intermediate level of proficiency for comprehension.
This corresponds to an IELTS score of 6.5 or a Cambridge score of 178.

Breaking down the analysis further, the video's vocabulary level is rated B2.1, suggesting
that learners need upper-intermediate language knowledge to comprehend 95% of the words.
However, since the target level of the SBLA-SP is B1, the words coded beyond this level were
examined. Most of these words are domain-specific vocabulary, such as motion (B2), volt (C2),
and nanomaterials (C2). To support learners, extensive scaffolding was provided throughout the
scenario through Ms. Rosie's instructions and visualization.

The complexity of verb forms, regarding the expression of tense, aspect, mood, and
modality, is evaluated at A2.4, indicating that learners should have a basic grasp of verb forms to
follow the video's content accurately. Clause structure is rated B1.0, indicating a moderate level
of syntactic complexity that requires familiarity with a range of complex sentence structures.

Finally, prosody is assessed at a higher C1.8 level, reflecting the need for advanced listening
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skills to comprehend the rapid syllable rate of 240 per minute. Given the rapid speech and the
video's coding beyond the SBLA-SP's target level of B1, subtitles were provided to support
learners. In conclusion, although the video was analyzed as B2, it was included in the assessment
due to its authentic nature and ability to showcase real-life applications of the topic. To make the
video more accessible to B1 learners, extensive support was provided for vocabulary, and
subtitles were included to facilitate comprehension.

Based on the information presented in the video, examinees revisited the same dom-
specK items that were presented in the pre-test, allowing for a direct assessment of knowledge
building related to TENG. Upon submitting their answers, examinees received personalized
feedback from Ms. Rosie, who indicated whether each response was correct or incorrect and
provided concise explanations for the correct answers.

Building on their refined knowledge of TENG, examinees were asked to craft their own
research questions, as shown in Figure 3.12. Once the research question was submitted, the
virtual teammates also proposed research questions, ultimately converging on a single, group-
agreed research question: “What are the factors that affect the electric force between objects?”
This question was chosen for its direct relevance to TENG technology and its capacity to
encourage a deeper analytical inquiry into the mechanisms of electrical interaction, effectively
exploring the ‘how’ and ‘why’ behind the observed phenomena, which is crucial for a thorough

scientific investigation (Liu et al., 2013).
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Figure 3.12

Eliciting a Research Question

OK, it's now time to come up with our own
research question about triboelectricity.

What do you want to learn about?

Can you write a one-sentence research question?

We're just brainstorming, so any ideas are fine for
Now.

Step 2. Generating Hypothesis. In the second step of the scientific investigation,
examinees generated hypotheses based on the group-agreed research question established in the
previous step. Ms. Rosie provided explicit instructions on hypothesis formulation, emphasizing
the roles of independent, dependent, and control variables, as illustrated in Figure 3.13.
Following the instruction, examinees revisited the dom-genK items that assess their
understanding of hypothesis writing, identical to those from the pre-test. After submitting their
responses, examinees received personalized feedback from simulated teammates.

Figure 3.13

Explicit Instruction on Hypothesis Writing

~™ Hypothesis

‘W ... writing guidelines

e o e d® L K

. hyp()thesis a testable sentence about the relationship between variables.

. Variable any factor that can be manipulated, controlled for, or measured
in an experiment

[ balloonweight e B dependent variable

what the study is trying to understand;
room humidity what is measured

¢x) how long the balloon sticks on the
wall

controlled
variables

rubbing period
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Building on the refined understanding of hypothesis writing, the team brainstormed
potential variables for their research question on electric force. They decided on 'distance
between objects' as the independent variable and 'electric force' as the dependent variable. The
examinees were asked to draft a hypothesis for their lab report, reflecting the directional
relationship between the independent and dependent variables, as shown in Figure 3.14.
Figure 3.14

Lab Report Writing Task (Hypothesis)

Here is our first part of the lab report! Please
complete the "hypothesis.”

Remember, we want to vary the distance and
measure the electric force between particles!

Lab Report
Title: Distance between charged objects and the strength of the electric force
1. Introduction: This experiment investigated the relationship between distance and electric force. All other variables were
controlled. The purpose of this experiment was to understand how the distance between charged objects can affect the

strength of the electric force.

2. Hypothesis:

| |

Step 3. Designing Experiments. The third step of scientific investigation is designing
experiments. Upon the review of the hypothesis, Ms. Rosie proposed an interactive simulation
suitable for examining the team’s hypothesis. The interactive simulation, entitled Coulomb’s
Law (PhET Interactive Simulations, n.d.; see Figure 3.15), allowed examinees to set the charges
of the objects and manipulate the distance between charged particles to observe the electric force

between them.
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Figure 3.15
Interactive Simulation: Coulomb’s Law

Force on g, by q; = 319.557 N

Force on g, by g, = 319.557 N

el

Charge 1 Charge 2 ( Force Values
< > < > (O Scientific Notation

Coulomb's Law H = E .

Macro Scale ©

Note. Screenshot from "Coulomb’s Law" by PhET Interactive Simulations, University of Colorado Boulder. (n.d.).
Retrieved from https://phet.colorado.edu/en/simulations/coulombs-law. Licensed under CC-BY-4.0. Usage and
redistribution are permitted under this license with proper attribution.

Before discussing how to conduct the experiment, examinees were given the opportunity
to build additional knowledge on electrical interaction by reading a science blog post about
electrical interaction created for this study (see Appendix C). The readability analysis indicated
that the blog post requires upper-intermediate proficiency (approximately CEFR B2.6). This is
equivalent to an IELTS score of 6 or a Cambridge score of 172. The vocabulary level is rated
B2.7, indicating that learners need to have upper-intermediate proficiency to understand 95% of
the words. Given that the target level of the SBLA-SP is B1, the vocabulary beyond this level
was examined. Most were again domain-specific vocabulary, such as "static" and "proton" (C2),

which are unavoidable for the specific purpose context. Thus, to support learners, extensive
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scaffolding was provided through explicit instructions, feedback, and visualizations. The
complexity of sentence structure was evaluated at B1.0, indicating a moderate level of syntactic
complexity that requires familiarity with a range of complex sentence structures. The post's verb
forms, including tense, aspect, mood, and modality, are evaluated at A2.5, indicating that
learners should have a basic understanding of verb forms to follow the content accurately.

After reading the blog post, examinees revisited the dom-specK items on electrical
interaction that were presented in the pre-test, allowing for a direct comparison of knowledge on
electrical interaction before and during the scenario. Upon submitting their answers, examinees
received feedback. Then, the team was asked to design the experiment, mainly by deciding the
values for the control variable, the charge of the two particles, and the independent variable, the
distance between the two particles, in the interactive simulation for Coulomb’s Law, in which
they conduct the experiment.

Step 4. Collecting and Recording Data. The fourth stage of the scientific investigation
process involved collecting and recording data by running the experiment on the interactive
simulation. Prior to the experiment, Ms. Rosie delivered explicit instructions on how to record
the procedures in the lab report. She shared Jimmy’s paragraph as a sample and prompted him to
explain the linguistic characteristics, including the organizational structure of the paragraph, as

shown in Figure 3.16.
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Figure 3.16

Explicit Instruction on Procedure Writing

Sure. For each paragraph, | tried to include
these details.

1) action (using past passive verbs)

2) observed result (including the unit of
measurement)

3) interpretation (using logical connectors)

First, the balloon was rubbed on the cat for O seconds

Action and then placed on the wall. The time was measured

using a stopwatch. The balloon fell off the wall
Results immediately. In other words, it stayed on the wall for O

) seconds. Therefore, no electric force was observed
Interpretation . -

Then, the examinees revisited the dom-genK items, assessing examinees' understanding
of procedure writing. After receiving personalized feedback on the dom-genK items, the
examinees collected and recorded data from the interactive simulation of Coulomb's law.
Specifically, they documented the procedures on their lab reports, including the steps taken to set
up the simulation, the variables measured, and the data collected.

Step 5. Analyzing and Interpreting Data. The final stage of the scientific investigation
project was analyzing and interpreting data, where examinees integrated the information they
collected to complete the culminating task. Ms. Rosie first provided explicit instructions on how

to write the conclusion part of the lab report, as shown in Figure 3.17.
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Figure 3.17

Explicit Instruction on Conclusion Writing

Asking Generating “\\Designing Collecting Interpreting
questions hypothesis / experiments / data data

 ~*™ Conclusion
5w writing guidelines

B write whether the hypothesis was correct or incorrect
conclude based on the analysis of data

B cexplain how you reached that conclusion
include relevant details about triboelectricity in the explanation

Then, the examinees were asked to complete a final version of their lab report for the
Coulomb's Law simulation, building on what they had already written in the previous stages (i.e.,
hypothesis, data, procedures). As a closing task, examinees completed a post-test survey, sharing
their thoughts on the study, which is discussed in the following section.

Learning-Oriented Language Assessment (LOLA) Survey

Embedded within the SBLA-SP were survey items that measure examinees' self-
assessment of their domK and perceptions about the SBLA-SP across eight dimensions within
the LOLA Framework (Purpura & Turner, 2018; Purpura, 2024). Each item in the survey was
coded for the primary and secondary dimensions in the LOLA framework. The LOLA survey
collected both quantitative and qualitative data, and for the Likert scale items, participants
indicated on a 4-point Likert scale (i.e., 1=Strongly Disagree, 2 = Somewhat Disagree, 3 =

Somewhat Agree, 4 = Strongly Agree) to what degree they agreed or disagreed with the
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statement. The survey was provided in the examinees' native language to ensure language
proficiency does not impact participation.

The LOLA survey was administered at three points: before the scenario, during the
scenario, and after the scenario. The pre-scenario LOLA survey gathered demographic
information, examinees' familiarity with the topic, and openness to technology. The in-scenario
LOLA survey was delivered following instances of feedback from the simulated mentor to the
domK tasks, probing examinees' perceptions of the feedback. The post-scenario LOLA survey
captured the examinees' reflections and opinions about the test features. The details for each
survey are provided below.

Pre-scenario LOLA Survey

At the beginning of the test, Ms. Rosie briefly introduced herself and the TENG lab and
then asked the examinees to complete the pre-scenario LOLA survey. She prompted them to
briefly provide information about themselves and their familiarity with the topic so that she
could group participants with teammates who share similar interests (as depicted in Figure 3.18).
Figure 3.18

Introduction to the Pre-scenario LOLA Survey

Before we start, please tell me about yourself, so |
can understand who you are and what you're
interested in.

Id like to group you with teammates with similar

. interests.
Ms.Rosie

Don't worry. | will never share your personal
information with others.
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The pre-scenario survey gathered demographic data, such as gender, proficiency level,
and field of study, distinguishing between STEM and non-STEM tracks. Additionally, it gauged
prior knowledge and familiarity with the topic through the Likert scale and open-ended items
coded with the LOLA framework, as detailed in Table 3.3. With a primary focus on the
proficiency dimension, the items probed examinees’ experience and their prior knowledge
related to the science practice of planning and carrying out investigations and the topic, of
electrical interactions. For instance, the item “I can explain the relationship between atoms and
electric force in English” aimed to gather information about the examinees’ self-assessment of
their specific purpose language ability. Also, with a focus on the technology dimension, it
inquired about their comfort level with the technological aspects they would encounter during
the assessment, such as the use of Al-generated avatars.

Table 3.3

Taxonomy of the Pre-scenario Survey by LOLA Dimension (k= 15)

Primary Secondary
Scale LOLA LOLA Item type k
Dimension Dimension
Demographics
Gender MC 1
Proficiency level MC 1
Field of study MC 1
Background knowledge
Tell us about your background knowledge. Proficiency Contextual Likert 7
Scale
When conducting scientific investigations, what specific Proficiency Socio- Open 1
steps do you typically follow, and what factors do you Cognitive Ended
consider?
Openness to New Technology
Tell us if you are open to adopting new technologies and Technology Affective Likert 4
tools (e.g., Al avatars leading educational activities). Scale
Total 15

Note. Likert Scale: 1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, 4 = Strongly Agree
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In-scenario LOLA Survey

The in-scenario LOLA survey probed the examinees' perceptions of the feedback
provided by Ms. Rosie on the domain-knowledge task. Given that the feedback was provided by
Al-generated simulated agents, which can be novel to the examinees, the survey was designed to
gather examinees' thoughts about the feedback and their willingness to adopt the mentor's
suggestions. The survey items were coded using the LOLA framework, as shown in Table 3.4.
The primary dimension of the items was coded as social-interactional, as the feedback is
provided by the simulated agent. Regarding the secondary dimensions, the perceived
effectiveness of the feedback, or the willingness to adopt it, was coded as the socio-cognitive
dimension. Additionally, an open-ended item was included to collect qualitative comments about
the examinee’s thoughts about the mentor's feedback. Also, the affective factors related to the
interaction with Ms. Rosie, such as reliability, trustworthiness, or respectfulness, were coded as
the affective dimension.
Table 3.4

Taxonomy of the In-scenario Survey by LOLA Dimension (k= 14)

Primary Secondary

Scale LOLA LOLA Item type k
Dimension Dimension

Effectiveness of Feedback

Tell us if Ms. Rosie’s feedback helped you learn. Social- Socio- Likert 2
interactional cognitive Scale

Give us your opinion about Ms. Rosie’s feedback. Social- Socio- Open
interactional cognitive Ended

Ms. Rosie

Tell us your thoughts about Ms. Rosie. Social- Affective Likert 3
interactional Scale

Total 6

Note. Likert Scale: 1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, 4 = Strongly Agree
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Post-scenario LOLA Survey

As a closing, examinees completed a post-scenario survey, which gathered their

perceptions regarding the SBLA-SP across eight dimensions defined by the LOLA Framework,

as detailed in Table 3.5. The survey initially assessed overall perceptions of the test, inquiring

about the technological features (technology dimension, k=2), its authenticity (contextual

dimension, k=3), and the examinees’ affective dispositions (affective dimension, k=3), their self-

assessment of the performance (proficiency dimension, k=3), and learning (socio-cognitive

dimension, k=3). These aspects were evaluated using Likert scale items, complemented by an

open-ended question to capture detailed opinions more effectively.
Table 3.5

Taxonomy of the Post-scenario Survey by LOLA Dimension (k = 24)

Primary Secondary

Scale LOLA LOLA ftem k
Dimension Dimension type
Overall Perceptions of the Test
Give us your opinion about the tech features of this test Technology Elicitation Likert 2
Scale
Tell us if you think the test was realistic. Contextual Elicitation Likert 3
Scale
Tell us if you enjoyed the test. Affective Elicitation Likert 3
Scale
Tell us about your performance. Proficiency Socio- Likert 3
cognitive Scale
Tell us how much you learned. Socio- Instructional Likert 3
cognitive Scale
Give us your overall opinion about the test. Open 1
Ended
Perceptions of the Simulated Agents
Tell us if the teammates and the mentor helped you learn. Social- Socio- Likert 2
interactional cognitive Scale
Tell us if the teammates and the mentor helped you feel Social- Affective Likert 2
less nervous. interactional Scale
Tell us about the naturalness of the teammates and the Social- Technology Likert 2
mentor. interactional Scale
Tell us about your willingness to participate in future Social- Technology Likert 2
educational activities with Al avatars. interactional Scale
Give us your overall opinion about the teammates and the Social- Open 1
mentor. interactional Ended
Total 24
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Note. Likert Scale: 1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, 4 = Strongly Agree

Subsequently, the survey focused on the examinees’ interactions with simulated agents
who act as a mentor and teammates (primary code: social-interactional dimension). In particular,
it explored how interactions with Al-generated mentors and teammates supported learning
(socio-cognitive dimension, k=2), influenced the affective dispositions (affective dimensions,
k=2), as well as the functionality of the technology (technology dimension, k=2) and their
willingness to participate in future educational activities with Al avatars (technology dimensions,
k=2). An additional open-ended item invites examinees to share their overall views on the
mentors and teammates (socio-interpersonal dimension, k=1), offering qualitative insights into
their experiences. This part of the survey seeks to understand whether the social-interactional
factors can moderate domK learning and situated specific purpose writing performance. It aims
to highlight the complex interplay between social interaction, technology, affective dispositions,
and socio-cognitive processes in a controlled assessment environment.
Scoring Rubric for the Writing Task

Based on the meaning-oriented model (MOM) of situated SFL proficiency (Purpura,
2016; Purpura & Oh, 2024), the construct of situated specific purpose writing ability in this
current study is defined as the ability to marshal language knowledge and domK, as well as the
socio-cognitive, social-interactional, affective, and technological resources to plan and carry out
scientific investigations. In particular, the scoring rubric for situated specific purpose writing
performance is operationalized in terms of performance descriptors related to domain-general
content quality, domain-specific content quality, rhetorical control, and language control,
organized in an analytic rubric. All four components carried equal weight and were scored on a
0-to-4-point scale. A score of 0 signified no evidence of the component (absolute beginner); 1

denoted limited quality (high beginner); 2 indicated fair quality (low intermediate); 3 reflected
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good quality (high intermediate); and 4 represented excellent quality (advanced). The first two
components focused on the examinee's responsibility for accurate scientific content, aligned to
the NGSS’s three-dimensional performance expectation for the physical science standard HS-
PS1-3, Matter and its Interactions. The latter two assessed examinees' ability to use their
semantic and grammatical resources to clearly document the scientific investigation process in
the lab report, ensuring accuracy in form and clarity of meaning. The rubric descriptors were
derived from the indigenous criteria of science selected for this study, the NGSS performance
expectation of the standard HS-PS1-3, genre analysis of lab reports, existing lab report rubrics,
and insights from research on learning progression for the NGSS framework (Brookhart, 2013;
Kaldaras et al., 2021; NGSS Lead States, 2013; Parkinson, 2017; Ranawake & Wilson, 2016).

The first component, domain-general content quality, assessed the extent to which the lab
reports showed evidence of the examinees’ ability to plan and carry out investigations. This
component was aligned with the first dimension of the NGSS’s standard, planning and carrying
out investigations. Specifically, it assessed the extent to which the lab reports demonstrated the
ability to 1) write a testable hypothesis based on sound reasoning, 2) write a detailed description
of how the experiment was performed, and 3) derive a logical conclusion about the hypothesis
based on an accurate analysis of the data.

The second component, domain-specific content quality, assessed the extent to which the
lab report provided accurate scientific content. It was aligned with the second and third
dimensions of the NGSS standards. This component was concerned with whether the dependent
and independent variables were properly identified in the hypothesis. The precision of the
directional hypothesis in specifying the relationship between these variables was also examined.

Additionally, this component was concerned with accurate procedural details regarding how the
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experiment was conducted, as well as whether accurate interpretations were made on the
relationship between the dependent and independent variables based on the gathered data.

The third component, rhetorical control, assessed the examinees' ability to use logical
connectors and cohesive devices to organize information in the lab report in a coherent manner.
In particular, the logical flow and clarity of the ideas in the hypotheses, procedures, and
conclusions were examined.

Finally, the knowledge of grammatical forms and semantic meanings, as well as their
pragmatic appropriateness for the context, was measured through language control. Language
control was defined broadly as the extent to which the response displayed the linguistic
characteristics appropriate for writing a formal lab report. More specifically, this component
involved accurate and appropriate use of lexical, morphosyntactic forms and meanings and
pragmatic appropriateness (e.g., register, tone, stance). The complete situated specific purpose
writing performance scoring rubric is presented in Appendix D.

In addition to the indicators of the situated specific purpose language performance rated
with these four components of the rating rubric, this study investigated the factors that moderate
language performance. These performance moderators were operationalized as the perception of
socio-cognitive, social-interactional, affective, and technological factors. The LOLA survey
probes the socio-cognitive, social-interactional, affective, and technological resources utilized
during the scientific investigation process. Figure 3.19 presents the operationalized model of

situated specific purpose writing ability.
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Figure 3.19

Operationalized Model of Situated Specific Purpose Writing Ability
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Data Collection Procedures

The current study collected data from English learners in high schools in South Korea.
Once Institutional Review Board (IRB) approval was obtained, high school English teachers in
South Korea were contacted to collaborate on participant recruitment and test administration.
The teachers assisted in coordinating the logistics of the study, ensuring a smooth and efficient
process for the participants. The collection of the examinees’ CEFR level, as determined by the
general language proficiency test, as well as the SBLA-SP test data, LOLA survey data, and
raters’ scoring data will be detailed below.
General English Proficiency Data Collection

The general language proficiency test was conducted online using the Cambridge English

Test Your English: General English platform (Cambridge University Press & Assessment, n.d.).
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Scheduled to last approximately 10-15 minutes, the test was administered during a regular
English class and overseen by the high school English teacher. Upon completing the test,
examinees captured a screenshot of their results page indicating their CEFR level (A1-C2),
which was submitted as part of the demographics section of the SBLA-SP pre-test survey.
Because some examinees were unable to complete the screening test within the allotted class
time, these participants instead reported their most recent CSAT English level, which was
collected as an alternative indicator of general English proficiency.

SBLA-SP Administration Procedures

The SBLA-SP was administered online through Qualtrics during a regular English class.
The English teacher, taking the role of a proctor, addressed any technical issues that arose and
provided support to examinees. The researcher also monitored the test administration and
assisted the teacher in resolving any technical problems that may occur.

Before the test began, the teacher informed students that the test included simulated
agents generated using Al technology, ensuring transparency regarding the technology used. The
test was conducted on the Chrome browser, and examinees had access to a computer, keyboard,
and headphones. The examinees were instructed to review and electronically consent to
participate in the study by checking the appropriate box on the electronic consent form. This
indicates their voluntary agreement to participate in the research. The examinees completed the
test within the 50-minute time period of the class. The assessment platform recorded the
responses automatically.

LOLA Survey Administration Procedures
The LOLA survey was integrated into the SBLA-SP to be administered at three points of

the test: before the scenario begins, during the scenario, following feedback on the domain-
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knowledge task, and after the test concludes.
Scoring Procedures

The SBLA-SP consists of both selected response (i.e., multiple-choice) and constructed
response (i.e., lab report writing) tasks. The scoring details for each task are outlined below.

For the domK tasks, which consist of multiple-choice items, a correct response was
scored as 1. For scoring purposes, both an "I don't know" response and an incorrect response
were scored as 0. The raw response data were retained for further descriptive and qualitative
analyses, where "I don't know" responses and incorrect responses were examined separately. No
partial credit was awarded.

For the lab report writing tasks, four experienced raters rated the responses. The raters
participated in a norming session to examine the rubric, discussed the ratings of the sample
responses, and resolved any major discrepancies in the understanding of the rubric descriptors.
After the norming session, the raters received the rating packet, which included the writing
prompt, the rubric, the rating sheet, and all of the examinees' blinded written responses. All of
the responses were rated on four components (domain-general content control, domain-specific
content control, rhetorical control, and language control) on a 0-4 scale.

Data Analysis Procedures

This section outlines the statistical methods that were used to address each research
question and investigate the construct of situated specific purpose writing ability. Unless
otherwise noted, all analyses were performed using the R programming language (Version 4.4.3;
R Core Team, 2025) within the RStudio (Version 2025.09.2; RStudio Team, 2025), a free and

open-source statistical software environment.
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RQ1. Psychometric Properties of SBLA-SP: Descriptives and Reliability Analysis

The first research question aims to investigate the extent to which the performance
indicators of the SBLA-SP (i.e., lab report writing tasks; domK tasks) display adequate
psychometric properties as a meaningful and consistent measure of S/FL learners’ situated
specific purpose writing ability. Focusing on the elicitation dimension of the LOLA framework,
the functionality of the SBLA-SP tasks was first explored through classical test theory analysis.

To provide an overview of the examinees' performance, descriptive statistics, such as
measures of central tendency, dispersion, and distribution, were calculated for the performance
indicators of the SBLA-SP, which are the domK tasks and lab report writing tasks. Then, the
reliability analysis examined the internal consistency of the SBLA-SP tasks. Cronbach's alpha
(Cronbach, 1951) was used to explore whether the items or descriptors consistently measure the
same construct. As the lab report writing task was scored by four raters, inter-rater reliability was
also calculated to ensure consistency in scoring examinees' lab report writing performance. Table
3.6 summarizes the analytical procedures adopted for the first research question.
Table 3.6

Analyses for Research Question 1

Research Question Data source Analytical procedures Purpose of the analysis
RQI. To what extent do to examine central tendency (mean,
the performance descriptive statistics median), variability (range, standard
indicators of the SBLA- domK tasks deviation), and distribution (skewness,
SP (i.e., lab report . kurtosis)
writing tasks; domK lab report writing tasks

i internal consistency to examine the consistency of the
tasks) display adequate reliability (Cronbach’s y

psychometric properties alpha) scores

as a meaningful and
consistent measure of
S/FL learners’ situated
specific purpose writing 1ab report writing tasks inter-rater reliability
ability? (elicitation

dimension)

to examine the agreement between the
four raters for the writing task
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RQ?2. Specific Purpose Writing Performance: Many-Facet Rasch Measurement Analysis

The second research question seeks to examine the extent to which the facets (i.e.,
examinee ability, raters, components of the writing rubric, rating scales) of the culminating task
of the SBLA-SP, the lab report writing task, support meaningful interpretations for their function
as a measure of situated specific purpose writing performance. In CTT, variation attributable to
facets such as rater severity and rating-scale use cannot be separated from examinee ability and
is therefore treated as undifferentiated measurement error, meaning that observed scores reflect a
mixture of examinee performance and measurement conditions (McNamara, 1996). Many-facet
Rasch measurement (MFRM), by contrast, explicitly models these facets simultaneously, placing
examinees, raters, and rating-scale components on a common logit scale and allowing examinee
ability to be estimated while statistically accounting for rater severity and scale functioning
(Bond & Fox, 2015; Linacre, 2018). Accordingly, Rasch analysis was conducted using FACETS
(Linacre, 2018) to support more interpretable and comparable estimates of examinee writing
ability.
Many-Facet Rasch Measurement Analysis

Contrary to CTT, the Rasch model adjusts for other facets of the assessment event that
can potentially affect the examinees' situated specific purpose writing ability scores. This is done
by estimating the variability associated with each facet (e.g., examinees, raters, tasks, and rating
scales). In this respect, the Many-Facet Rasch Measurement (MFRM) analysis was conducted to
examine the nature of specific purpose writing ability as part of the investigation of the
proficiency dimension. An extension of the Rasch model, the MFRM model allows the
examination of how different facets, such as rater severity and rating scales, systematically

contribute to score variance. In particular, the Partial Credit Model (PCM, Wright & Masters,
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1982) allows the analysis of data that involves partial credit, such as extended responses with
partial scoring. This study used FACETS (Linacre, 2018) to examine the main effects of
examinees’ specific purpose writing ability (Bn), the severity of the rater (Cj), and scale difficulty
(Dx) using a three-facet PCM model. Mathematically, the MFRM model was expressed as:

Pn' T
log(—jk) =B, — C; — Dy — Ey,
Prjkz—1

Py = probability of examinee, 7, a score of category, x, on scale, k, by rater, j

Py - 1= probability of examinee, 7, a score of category, x-1, on scale, &, by rater, j

B, = ability of examinee n

C; = severity of rater j

Dy = difficulty of scale £

E}. = step (threshold) parameter for scale, k, representing the difficulty of moving from category x-/ to category x

The facet parameters of the MFRM model were investigated to examine the nature of
examinees' performance on the lab report writing tasks designed to measure the ability to record
the process and results of scientific investigations. Rasch analysis produces an equal interval
measurement scale, called logits (i.e., log-odd units), allowing for the comparison of differences
in the facets and providing insights into the examinees' specific purpose writing ability.

The examinee ability parameter was the focus of the investigation, as it shows the spread
and distribution of specific purpose writing abilities among examinees. A wide range of logit
values would suggest that the writing task effectively captures varying levels of writing abilities,
indicating that the tasks are well-designed to measure the intended construct. Conversely, a
narrow range may indicate inadequate discrimination between abilities. Furthermore, analyzing
the examinee ability parameter helped identify outliers or unusual patterns in examinee
performance, which may warrant further investigation.

To gain a deeper understanding of the nature of the examinees' performance, the rater
severity and scale functionality were also investigated. Significant differences in rater severity

may indicate leniency or harshness in scoring. Scale functionality, in terms of the logit spread of
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the rating scales and thresholds between scoring categories, was examined. Unevenly distributed
scale difficulty levels or rarely used categories may suggest the need for scale revision or
additional rater training.

Furthermore, the reliability of the measurement was examined through the separation
indices for the facets and the reliability of the separation. These indices determined the extent to
which the test can differentiate between different levels of ability, task difficulty, rater severity,
and scale difficulty. Ultimately, the MFRM analysis shed light on the examinees' specific
purpose writing ability to record the process and results of scientific investigations in a lab
report. Table 3.7 summarizes the analytical procedures adopted for the second research question.
Table 3.7

Analyses for Research Question 2

Research Question Data source Analytical procedures Purpose of the analysis

Q2. To what extent do
the facets (i.e., examinee
ability, raters, the rating
scales) of the culminating

task of the SBLA-SP, the to examine the parameters of the

lab report writing task,  In-scenario lab report Many Facet Rasch writing task with respect to examinee
support meaningful writing task Analysis ability, rater severity, and scale
interpretations for their difficulty

function as a measure of
situated specific purpose
writing performance

(proficiency dimension)

RQ3. Tracking Domain Knowledge Development: Rasch Analysis, Paired T-Test, One-way
ANOVA

The third research question examined the extent to which examinees develop new
understandings about electrical interaction (i.e., dom-specK) and the methods of scientific
investigation (i.e., dom-genK) during the SBLA-SP. To track this development, pre-scenario and

in-scenario domK task scores were analyzed using Rasch analysis. Based on the item difficulty
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logit measures generated from the Rasch analysis, a paired t-test was conducted to compare the
scores. Additionally, to determine whether examinees with different S/FL proficiency levels
differ in their development of domK, a one-way ANOV A was performed.

Rasch Analysis

Rasch analysis was incorporated to investigate the pre-scenario and in-scenario domK
task scores. While classical test theory (CTT) provides insights into overall mean gains, it has
notable limitations, such as being sample-dependent and failing to account for critical factors like
item difficulty or differences across measurement occasions. In contrast, Rasch analysis offers a
more robust framework by ensuring that item properties are evaluated independently of the
specific sample and capturing item-level contributions to the measurement of domK.

It is important to acknowledge, however, that the domK task, which used the same set of
items to compare pre-scenario and in-scenario domK, may compromise the assumption of local
independence in Rasch models. To address this concern, a four-step Rasch analysis approach, as
outlined in Table 3.8, was employed, following Banerjee (2019), who adapted Chang and Chan’s
(1995) approach to analyze repeated measures outcome data using Rasch.

Table 3.8

Summary of the Four-Step Approach to Rasch Analysis

Steps Purpose Facets K N

Purpose: To examine the construct validity of the domK task

Step 1 To examine unidimensionality through a Rasch analysis by Person ability 21 180%2
treating examinees from both pre-scenario and in-scenario Item difficulty =380
domK tasks as different individuals

Step 2 To examine unidimensionality through a Many-facet Rasch ~ Person ability 21 180
analysis with an “occasion” (i.e., pre-scenario, in-scenario) Item difficulty
facet Occasion severity

Purpose: To track item difficulty changes

Step 3 To track item difficulty changes through two separate Rasch  Person ability 21 180
analyses: pre-scenario and in-scenario domK tasks Item difficulty

Step 4 To track item difficulty changes through Rasch analysis with ~ Person ability 21x2 180
combined items from both pre-scenario and in-scenario domK Item difficulty =42
tasks
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Note. 1. Due to uncertainty about the number of examinees to be recruited at the time of proposal submission, n is
set as the notation for the potential number of examinees.

2. The k and n values in Step 3 reflect those in each analysis.

3. Each domK task had 11 dom-specK and 10 dom-genK items.

The first two steps assessed the effectiveness of the items in measuring domK, and the
last two steps were used to track changes in domK over time. The first two steps of this analysis
specifically addressed research question 3-1, which examined the extent to which the facets of
the domK tasks support meaningful interpretation of examinees’ domK. This was achieved by
evaluating construct validity through the examination of fit statistics, expressed as mean square
(MNSQ) values, which indicate the degree of alignment between model-predicted responses and
observed performance patterns. Step 1 applied a single two-facet (i.e., examinee ability, item
difficulty) Rasch analysis, treating the pre-scenario and in-scenario domK tasks as a single task
while considering each examinee as a different individual. This approach, known as stack
analysis (Marais, 2009), provided a baseline for evaluating the psychometric properties of the
items.

Step 2 incorporated a many-facet Rasch analysis, adding an occasion (i.e., pre-scenario
and in-scenario) facet as the third facet. A single set of fit statistics was generated while
accounting for item functionality across the two administrations. The fit statistics from these two
steps helped evaluate the unidimensionality of the items. Well-fitting items, with MNSQ values
in the acceptable range of 0.5 to 1.7 (Bond & Fox, 2015; Wright & Linacre, 1994), suggested
that all items measure the same construct, i.e., domK. Items outside this range indicated potential
measurement issues, with underfitting items (MNSQ > 1.7) introducing unexplained variance
and overfitting items (MNSQ < 0.5) suggesting overly predictable data (Wright & Linacre,
1994). These analyses ensured that the domK items were functioning as intended and measuring

a single construct, which is central to establishing construct validity.
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The last two steps of the four-step analysis addressed research question 3-2, which
examined the extent to which examinees developed dom-specK and dom-genK over the course
of the scenario, by tracking changes in item difficulty parameters across administrations. In Step
3, separate two-facet (i.e., examinee ability, item difficulty) Rasch analyses were conducted
twice, one for the pre-scenario and the other for in-scenario administration. This approach
enabled the independent comparison of item difficulty estimates between administrations while
considering each administration separately.

Step 4 combined the pre-scenario and in-scenario domK tasks into a single analysis,
treating each administration's items as unique but completed by the same group of examinees,
thereby placing all items on a common latent logit scale and enabling direct comparison of item
locations across occasions. This method, referred to as rack analysis (Marais, 2009), facilitated
the tracking of changes in item difficulty levels across administrations while holding examinees’
ability levels constant. The item difficulty differences between the pre- and in-scenario items
were used as indicators of examinees’ learning. Specifically, if learning occurred, the logit value
of an item would decrease from pre- to in-scenario, indicating that the item became easier for the
group after the knowledge-building experience. This interpretation follows the rationale that
systematic reductions in item difficulty reflect shifts in group capability to successfully answer
items, which provides evidence of ability development over the course of the scenario (Banerjee,
2019). This analysis revealed how dom-specK and dom-genK developed over time by comparing
item difficulty between pre-scenario and in-scenario administrations.

Paired T-Test
Next, the systematic differences between pre- and in-scenario domK scores were

investigated using a paired t-test. The paired t-test is a statistical analysis method used to
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determine if there is a significant difference in mean scores between two dependent samples
(Field, 2018). It can be used when the same group of participants is measured before and after an
intervention. Following prior empirical studies adopting Rasch logits for parametric group
comparisons (e.g., t-tests, ANOVA; Oon & Fan, 2017; Vafaee, 2016), the item difficulty logits
derived from the combined pre- and in-scenario tasks (step 4) were used for this analysis. Rasch
modeling converts ordinal raw scores into interval-level log-odds units (logits) that lie on a linear
latent continuum. This transformation satisfies the interval-scale requirements of parametric
statistics while mitigating the non-linearity inherent in raw scores, particularly at the scale
extremities (Wright & Stone, 1979; Bond & Fox, 2015).

Although logits provide interval-level measurement, the paired t-test still assumes that the
distribution of the paired difference scores approximates normality; this was verified using the
Shapiro-Wilk test and Q-Q plots. If this assumption is substantially violated, a non-parametric
alternative (e.g., Wilcoxon signed-rank test) was considered. Additionally, each pair of
observations must be independent of other pairs, a requirement met by treating each examinee's
domK task performance as an independent observation. Lastly, it was ensured that no significant
outliers exist in the differences between paired observations to avoid distorting the results.
One-Way ANOVA

After confirming systematic gains in domK by comparing item difficulty logits, research
question 3-3 examined whether the extent of domK development differed as a function of
general English language proficiency. Accordingly, person-level domK gains were compared
among S/FL learners at different proficiency levels (A2, B1, B2, and C1+).

Because the combined Rasch calibration (Step 4) produced a single set of examinee ability

estimates across both administrations, learning gains could not be obtained by subtracting
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separate pre- and post-ability measures. Instead, gains were derived from expected performance
scores obtained from the FACETS output. These expected scores represent the Rasch model-
predicted performance for each examinee based on the estimated person ability and item
difficulty parameters. Under the Rasch model, the probability of a correct response is defined as
a logistic function of the difference between person ability and item difficulty, where 3
represents person ability and § represents item difficulty (Rasch, 1980; Bond & Fox, 2015).
Bn—b;)

T 1t e

B (beta) = person ability
0 (delta) = item difficulty

P(X,=1)

Person-level expected performance scores were obtained separately for the pre-scenario
and in-scenario domK tasks. Individual learning gains were then computed as the difference
between the in-scenario and pre-scenario expected scores, which were used for ANOVA to
compare these across proficiency groups (Smith & Smith, 2004; Wright & Stone, 1979)

Before conducting ANOVA on the gain scores derived from the expected performance
measures, key assumptions were examined. Normality of the ANOVA residuals was assessed
using the Shapiro-Wilk test, homogeneity of variances was evaluated using Levene’s test, and
independence of observations was ensured by treating each examinee as a single independent
observation.

Because preliminary diagnostics indicated violations of the homogeneity of variance
assumption, Welch’s ANOVA was selected to compare mean person-level gain scores across
proficiency groups. The test evaluated the null hypothesis that mean learning gains did not differ
across proficiency levels (Bachman, 2004). When the omnibus test indicated statistical

significance, Games-Howell post hoc comparisons were conducted to identify which proficiency
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groups differed significantly. Table 3.9 summarizes the analytical procedures employed for
research question three.

Table 3.9

Analyses for Research Question 3

Research Question Data source Analytical procedures Purpose of the analysis

RQ3. To what extent do the examinees develop new understandings about electric interaction (dom-specK) and the
method of scientific investigations (dom-genK) during the course of the SBLA-SP?

3-1. To what extent do
the facets (i.e., examinee
ability, pre- and in-
scenario domK occasion
difficulty, and item
difficulty) of the SBLA- domK tasks
SP domK task support
meaningful
interpretations for their
function as a measure of
domK? (proficiency)

to evaluate whether the domK items
First 2 steps of the 4-step function as a coherent, unidimensional
Rasch Analysis construct, as evidenced by acceptable

item fit statistics across administrations.

3-2. To what extent do
the examinees develop
dom-specK and dom-
genK? (socio-cognitive)

Last 2 steps of the 4-step
domK tasks Rasch Analysis
paired t-test

to compare the item difficulty logits of
the pre- and in-scenario domK tasks

Welch’s ANOVA

3-3. To what extent do

examinees with different proficiency levels
S/FL proficiency levels  (demographics)
vary in their development

of dom-specK and dom- domK tasks
genK? (socio-cognitive)

Shapiro-Wilk’s test
Levene’s test for the
homogeneity of variance
assumption, and the
Games-Howell post hoc
test if there are group
differences

to compare the item difficulty logits of

pre- and in-scenario domK tasks across

examinees of different S/FL proficiency
levels

RQ4. Relationship between Domain Knowledge and Writing Performance: Correlation
and SEM Analyses

The fourth research question focused on the proficiency dimension of the LOLA
framework, aiming to investigate how examinees' dom-genK and dom-specK contribute to their
ability to record the process and results of scientific investigations in a lab report.

To address this question, a three-step approach was employed. First, correlation analysis

was conducted to explore the relationships between the examinees’ domK and scales of the
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writing performance in the culminating lab report task of the SBLA-SP. Specifically, Pearson
product-moment correlations were used to examine the correlations between the examinees'
domK in terms of the dom-specK and dom-genK and their specific purpose writing performance,
as measured by the rating scales of the lab report writing task (i.e., domain-specific content
control, domain-general content control, language control, and rhetorical control). The
relationships were explored for both pre-scenario and in-scenario domK tasks, with a focus on
identifying any differences in the strength and direction of these relationships between the two
contexts.

The results of the correlation analysis informed the hypothesized model for the
subsequent structural equation modeling (SEM) analysis, ensuring that the variables are
correlated in a way that makes sense for the research question. SEM is used to examine the direct
and indirect relationships between variables within a hypothesized model. It relies on regression
techniques to estimate the magnitude and significance of these relationships. Third, the SEM
model was examined across CEFR proficiency groups to determine whether these relationships
varied as a function of general English proficiency. The findings from each stage are presented
below. The process involved in SEM analysis is detailed below.

Model Specification

The first step in SEM analysis is specifying the model, which is typically guided by
theories or previous research (Kline, 2023; Schumacker & Lomax, 2016). While the path model
was informed by the correlation analysis, the model was specified considering the two factors:
(1) prior research on the relationships between dom-specK and dom-genK with S/FL
performance (e.g., Cai & Kunnan, 2018; McCarthy et al., 2018, 2023), and (2) the sequence of

tasks embedded within the SBLA, as the task sequence theoretically represents the cognitive
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processing (O’Reilly et al., 2015). Although domK is considered a crucial component of specific
purpose language ability, the relationship between different types of domK at the baseline and at
the scenario, and their effect on specific purpose language ability, remains unclear. Three
hypothesized models were developed to understand the relationship between the pre- and in-
scenario domain knowledge and to identify which type of knowledge had more informative
effects on various components of situated specific purpose writing performance.

Initial structural models were specified to examine how pre-scenario dom-genK and
dom-specK related to their in-scenario counterparts and, in turn, to writing performance. The
first hypothesized path model (Figure 3.20) modeled direct pathways from pre-scenario
knowledge to corresponding in-scenario knowledge and from in-scenario knowledge to writing
performance. Furthermore, the correlation between general and specific knowledge was
represented by connecting arrows at each task (i.e., pre-scenario, in-scenario, writing task).
Figure 3.20

Hypothesized Path Model 1

Pre-scenario
domain-general
knowledge

In-scenario
domain-general
knowledge

domain-general
content control

Pre-scenario
domain-specific
knowledge

in-scenario
domain-specific
knowledge

domain-specific
content control

rhetorical control

language control

3

The second hypothesized path model (Figure 3.21) hypothesized that, in addition to the

domK components in the writing task, the components related to language knowledge (i.e.,
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language control and rhetorical control) were also impacted. Also, it introduced a more intricate
set of relationships between in-scenario dom-genK and dom-specK. In this model, cross-
influences were included. For instance, dom-genK might also impact dom-specK and vice versa.
This cross-influence acknowledged that one type of domK can contribute to another type of
domK. The differences between the first two models could provide insights into the
interrelationships of dom-genK and dom-specK and their impact on content control in the
writing task. Testing both models revealed whether the inclusion of cross-influences offers a
more nuanced understanding and better fit with the data.

Figure 3.21

Hypothesized Path Model 2

Pre-scenario
domain-general
knowledge

Pre-scenario
domain-specific
knowledge

S

In-scenario
domain-general
knowledge

domain-general
content control

In-scenario
domain-specific
knowledge

domain-specific
content control

rhetorical control

language control

Finally, because the analytic writing dimensions were also conceptualized as closely
related manifestations of a broader construct of situated specific-purpose writing ability, the third
model (Figure 3.22) examined that latent-variable specification. In this model, the analytic
writing scores served as indicators of a single latent writing construct, and domK variables were

modeled as predictors of that latent outcome. This specification allowed the structural relations
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among knowledge variables and writing performance to be examined while accounting for
shared variance among the analytic writing dimensions.
Figure 3.22

Hypothesized Path Model 3

domain-specific
/| content control
pre-scenario in-scenario
domain-specific - domain-specific | __ domain-general
knowledge __-" knowledge )/’;Edwm " content control
| A purpose writing  }_
N pre-scenario N in-scenario ability ;__./ . % rhetorical control
domain-general —  domain-general | __f
knowledge knowledge
1 language control
Model Identification

After each model was specified, the model identification requirement was checked. A
path model was considered identified if it is theoretically possible to calculate a unique estimate
for each parameter. The number of observations must be equivalent to (i.e., just-identified) or
greater than (i.e., over-identified) the number of free parameters (Kline, 2023). The number of
observations in the hypothesized path models was calculated using the formula [k(k+1)]/2,
where k represents the number of observed variables. For instance, model 1 had eight observed
variables, so the calculation [8(8+1)]/2=36 yielded 36 unique variances and covariances.
Because this exceeded the 12 free parameters, the model was over-identified. The model

identification requirement was likewise satisfied for all three hypothesized models.

Evaluate Model Fit

Next, the fit indices of the three models were inspected to examine whether each

hypothesized model fits the data. Two types of fit indices were used to investigate model fit:
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absolute and incremental fit indices. Absolute fit indices determine how well the hypothesized
model fits the data by examining their differences, with a smaller value preferred. On the other
hand, incremental indices assess how well a hypothesized model fits relative to a baseline or null
model, with a larger value desirable. Four model fit measures (Kline, 2023) were examined and
reported in the current study: three absolute fit indices, including the chi-square statistic (y2), the
root mean square error of approximation (RMSEA), and the standardized root mean squared
residual (SRMR); and one incremental fit index, the comparative fit index (CFI). Although there
are no universally agreed-upon guidelines for what constitutes good model fit, the cutoff criteria
used to determine good or acceptable model fit in the current study were primarily informed by
guidelines proposed by Hu and Bentler (1999), MacCallum et al. (1996), and Kenny (2023), as
cited in Seong (2023). Table 3.10 summarizes the guidelines for determining good fit, as
summarized by Seong (2023).

Table 3.10

Indicators of Good Model Fit (adapted from Seong, 2023)

Index Guidelines for determining acceptable or good model fit

Chi-square fit statistic (3?) p>.05

< 0.06 (Hu & Bentler, 1999)

< 0.01: excellent fit

0.01-0.05: good fit

0.05-0.08: acceptable fit

0.08-0.10: mediocre fit

> 0.10: poor fit (MacCallum et al., 1996)

Root mean square error of
approximation (RMSEA)

90% Confidence Interval
Lower bound value near zero or below 0.05
Upper bound value does not exceed 0.08 (Kenny et al., 2015)

Standardized root mean

square residual (SRMR) <08 (Hu & Bentler, 1999)

Comparative fit index (CFI) .95 (Hu & Bentler, 1999)

>
YT
Tucker-Lewis Index (TLI) > -95 indicates good fit

.90 acceptable fit (Hu & Bentler, 1999; Kline, 2023)

AIC (Akaike Information

Criterion) Lower AIC indicates better relative fit among competing models (Kline, 2023)
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Identification of the Best-fitting Model

As the next step in the SEM analysis, alternative structural models were compared to
identify the model that best represented the relationships between examinees’ domK and situated
specific-purpose writing ability. Beginning with the baseline model, which represented the most
parsimonious specification, alternative structural models were compared sequentially.
Subsequent models introduced theoretically motivated cross-paths to test whether the two domK
subconstructs, dom-specK and dom-genK, were structurally related beyond their within-
construct pathways. The AIC was used to compare alternative model specifications, with lower
values indicating better relative fit after accounting for model complexity. Final model selection
was based on AIC, global fit indices, and the theoretical interpretability of the resulting path
structure. Based on the results of the respecified models, the model with the best fit was used to
identify the most meaningful interpretations of the effects between the examinees’ domK and
specific purpose writing performance. The standardized path coefficients were examined to
understand the relationships between the variables.
Model Group Comparison by CEFR Level

The last stage of the SEM analysis examined whether the best-fitting model identified in
the previous step also fits well for each CEFR proficiency group (A2, B1, B2, and C1+). In this
step, a multi-group SEM was used to examine whether the structural relationships specified in
the specified model hold consistently across the different proficiency levels. Multi-group SEM
estimates the same structural model simultaneously across two or more groups and evaluates
whether key parameters (e.g., factor loadings and structural path coefficients) are equivalent
across groups by imposing and testing equality constraints (Byrne, 2016; Vandenberg & Lance,

2000). This approach has been used in language assessment research to examine subgroup
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differences in large-scale tests, including Cambridge ESOL’s First Certificate in English
(Purpura, 1998), TOEFL (Shin, 2005), and the Pearson Test of English Academic (Aryadoust,
2020).

Specifically, CEFR levels served as the grouping variable to examine potential
heterogeneity in the relations among pre-scenario domK, in-scenario domK, and writing
performance. The analysis proceeded in stages. First, the best-fitting model from the previous
step was specified as the configural multi-group model, with its structure (i.e., the set of
variables and directional pathways from the best-fitting model) estimated simultaneously across
CEFR groups. In this initial step, all parameter estimates were allowed to differ by group, so that
each proficiency group could exhibit its own pattern of association while still adhering to the
same hypothesized structure.

Following estimation of the configural model, the comparability of the latent writing
construct across CEFR groups was evaluated by testing metric invariance of the factor loadings
for the four components of the writing rubric. This step was included to ensure that the writing
factor was measured in a sufficiently similar way across groups before comparing structural path
coefficients.

After establishing an appropriate level of comparability for the writing factor, a series of
multi-group models was estimated to further examine whether constraining group differences for
each path affected the fit statistics. In each model, a single path was fixed as equal while all other
parameters remained free. The fit of each constrained model was then compared to the fully free
configural model to determine whether imposing the equality constraint significantly worsened
model fit. A statistically significant deterioration in model fit after constraining a specific path

indicated that the group differences in that path are systematic rather than attributable to
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sampling fluctuation. Through this stepwise comparison of models, the analysis assessed which

path varied systematically across CEFR groups. Table 3.11 summarizes the analyses employed

for the fourth research question.
Table 3.11

Analyses for Research Question 4

Research Question Data source

Analytical procedures

Purpose of the analysis

4. To what extent does
the examinees’
performance on the
domK task affect their
performance on the final
culminating lab report

writing task? domK tasks
In other words, to what
extent does domK lab report writing task

contribute to the
successful display of the
test-taker’s competency

Pearson product-moment
correlation

to examine the correlation between pre-
and in-scenario dom-specK and dom-
genK with specific purpose writing
performance, as measured by the rating
scales of the lab report rubric

Structural Equation
Modeling

to examine the relationships between
pre- and in-scenario dom-specK and
dom-genK and their influence on
specific purpose writing performance

Multigroup Structural

to examine whether the structural
relationships vary across CEFR

in achieving the scenario Equation Modeling '
goal? (proficiency proficiency groups
dimension)

Summary

This chapter discussed the research methodology employed in the current study. It began

by introducing the participants, including the examinees and raters. It then described the

instruments used in the study, including the SBLA-SP, the scoring rubric for the writing tasks,

and the LOLA survey. Finally, the chapter outlined the procedures for data collection, scoring,

and analysis.
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Chapter IV

FINDINGS AND DISCUSSION

Research Question 1: Psychometric Properties of SBLA-SP

The first research question pertained to the extent to which the performance indicators of
the SBLA-SP (i.e., lab report writing tasks and domK tasks) demonstrate adequate psychometric
properties as substantively meaningful and consistent measures of S/FL learners’ situated
specific-purpose writing ability. First, to examine the substantive meaningfulness of the domK
and lab report writing tasks, a series of descriptive analyses was conducted. The characteristics
of the domK items were examined through calculating measures of central tendency (mean,
median, and mode), dispersion (standard deviation, minimum, and maximum scores), and
distribution (skewness and kurtosis). These descriptive analyses were also conducted for the lab
report writing task scores. In addition, the consistency of the measures was examined through
computing reliability estimates, including Cronbach’s alpha for internal consistency and inter-
rater correlations for the writing task scores. All descriptive and reliability analyses were
conducted using RStudio (Version 2025.09.2).
Domain Knowledge Tasks

Descriptive statistics and reliability estimates for the SBLA-SP domK tasks are presented
in Table 4.1. The table summarizes the dom-specK, dom-genK, and total domK scores for the
pre-scenario and in-scenario tasks, including measures of the central tendency (mean, median,
and mode), dispersion (standard deviation, maximum score, and minimum score), distribution
(skewness and kurtosis), and internal consistency (Cronbach’s alpha), along with the mean and

median differences between the two tasks.
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Table 4.1

Descriptive Statistics of the DomK Tasks (N=180)

Subscores Domain Knowledge
(general & specific)

Total Score

dom-specK dom-genK
(knowledge of triboelectricity)  (knowledge of planning and carrying
out investigations)

Pre-scenario Domain Knowledge Task

a 0.70 0.83 0.84
Max possible 11 10 21
min 0 0 0
max 9 10 19
mean' 3.79 (34%) 4.69 (47%) 8.48 (40%)
S.D. 2.45 3.01 4.85
median 4 5 8
mode 3 8 6
skewness 0.10 -0.01 0.07
kurtosis -1.00 -1.15 -1.00
In-scenario Domain Knowledge Task

o 0.84 0.85 0.90
Max possible 11 10 21
min 0 0 0
max 11 10 21
mean 6.78 (62%) 6.61 (66%) 13.39 (64%)
S.D. 3.17 2.97 5.61
median 7 7 14
mode 11 10 21
skewness -0.38 -0.52 -0.22
kurtosis -0.87 -0.90 -1.13

Central Tendency Differences between the Two Tasks?

mean
median

2.99 (27%)
4

1.92 (19%)
2

4.91 (24%)
5

Note. 1. The item means are highlighted in yellow.
2. The differences were calculated by subtracting the mean and median values of the pre-scenario domK task from
those in the post-scenario domK task.

As shown in Table 4.1, before engaging in the SBLA-SP scenario, examinees
demonstrated limited domK. On average, they responded correctly to 3.79 out of 11 dom-specK
items (34%), indicating that their initial understanding of triboelectricity was minimal. Their pre-
scenario dom-genK performance was comparatively stronger, with a mean of 4.69 out of 10
(47%), suggesting that learners possessed somewhat greater familiarity with general scientific

practices related to planning and carrying out investigations. In terms of distribution, the
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skewness and kurtosis values for both dom-specK and dom-genK were close to zero (skewness
ranging from -0.01 to 0.10; kurtosis ranging from -1.15 to -1.00), indicating approximately
normal distributions in the pre-scenario domK tasks.

Compared to the pre-scenario domK tasks, substantial changes were observed in the in-
scenario domK performance, as also illustrated in Figure 4.1 by the overlaid histograms and
normal curves, which show a clear rightward shift in the score distributions from pre- to in-
scenario administration and a greater concentration of scores at higher performance levels. The
mean score for the in-scenario dom-specK task increased to 6.78 out of 11 (62%), representing
an improvement of 2.99 points, while the in-scenario dom-genK mean increased to 6.61 out of
10 (66%), an improvement of 1.92 points. These gains suggest that examinees developed both
types of knowledge through the scaffolded, inquiry-oriented tasks presented within the SBLA-SP
scenario.

Figure 4.1

Score Distribution of Pre and In-scenario Domain Knowledge Tasks
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Although skewness and kurtosis values remained within acceptable bounds for normality,

both in-scenario dom-specK (skewness = -0.38) and dom-genK (skewness = -0.52) distributions
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became negatively skewed, a pattern expected in post-scenario assessments where learners have
received structured support. Compared to the pre-scenario distributions, the increased negative
skewness indicates that a larger proportion of learners achieved higher scores after engaging with
the scenario. Additionally, the in-scenario dom-specK kurtosis value (-0.87) and dom-genK
kurtosis value (-0.90) remained moderately negative, suggesting relatively flatter distributions
with fewer extreme scores, which is consistent with the expectation for in-scenario performance.
Overall, the descriptive statistics provide preliminary evidence that the domK tasks functioned at
appropriate difficulty levels and were sensitive to knowledge development across the scenario.
Next, to investigate the extent to which different items were measuring the same
construct or the degree to which they were measuring it in the same way (Bandalos, 2018),
Cronbach’s alpha was calculated for the domK items. As shown in Table 4.1, the internal
consistency estimates for the separate subscores were acceptable to high. For the pre-scenario
tasks, dom-specK demonstrated an alpha of .70, dom-genK an alpha of .83, and the combined
total domK score an alpha of .84. Similarly, for the in-scenario tasks, internal consistency
improved, with dom-specK showing an alpha of .84, dom-genK an alpha of .85, and the total
score reaching .90. These reliability estimates indicate that both pre- and in-scenario items
showed strong internal consistency despite the relatively small pool of items within each
subscale. The high alpha values provide strong evidence of systematic measurement of the
underlying constructs, supporting the interpretation that the domK tasks functioned reliably.
Overall, the descriptive and reliability results indicate that the domK tasks functioned as
psychometrically sound and substantively meaningful indicators within the SBLA-SP. The tasks
showed appropriate difficulty levels, strong internal consistency, and clear pre- to in-scenario

gains, demonstrating their sensitivity to learning across the scenario. Given this solid
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measurement foundation, the domK tasks provide a suitable basis for the subsequent analyses
addressing the third research question, in which development in dom-specK and dom-genK was
examined using Rasch modeling, paired t-tests, and one-way ANOVA.
Writing Tasks

To assess the psychometric properties of the two writing tasks and evaluate their
suitability as measures of L2 learners’ situated specific-purpose writing ability, several classical
test theory (CTT) analyses were conducted. Descriptive statistics, as shown in Table 4.2, were
used to examine the central tendency, variability, and distribution of the writing scores,
providing a general overview of examinees’ performance. Inter-rater reliability was then
examined to assess the degree of agreement between the two raters, followed by internal
consistency reliability analyses to evaluate the coherence of the four rating dimensions within

each task.
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Table 4.2

Descriptive statistics of the writing tasks (N=180)

Int. Rel. Central Tendency Dispersion Distribution

(porr) Mean  Median Mode SD Min Max Skew. Kurt.

pre-scenario r=.97** 1.4l 1 0.13 1.4 0 4 0.38 -1.53
writing task (35%)

Pre DomGen p=.96** 1.37 1 0 1.46 0 4 0.44 -1.46
(34%)

Pre DomSpec p=.90** 1.56 1 0.5 1.42 0 4 0.47 -1.34
(39%)

Pre Rhet p=.94%*% 132 1 0 1.41 0 4 0.46 -1.38
(33%)

Pre Lang p=.94%¥* 138 1 0 1.39 0 4 0.29 -1.57
(35%)

In-scenario r=.99%* 1.6l 1.19 0 1.51 0 4 0.32 -1.56
writing task (40%)

In DomGen p=.96** 1.61 1 0 1.57 0 4 0.34 -1.53
(40%)

In_ DomSpec p=.93** 1.73 1.5 0 1.55 0 4 0.33 -1.52
(43%)

In_Rhet p=.96%* 154 1 0 1.59 0 4 0.4 -1.5
(38%)

In Lang p=.97*% 1.55 1 0 1.43 0 4 0.3 -1.4
(39%)

Writing r=.99** 1.51 1.39 0.06 1.39 0 3.88 0.35 -1.5
Performance (38%)

Note. DomGen=Domain-general content control, DomSpec=Domain-specific content control, Rhet=Rhetorical
control, Lang=language control; All four components (DomG, Organization, Language Use, Mechanics) were
weighted equally and scored on a 0-to-4 rubric: 0 = No evidence (Absolute Beginner); 1 = Limited quality (High
Beginner); 2 = Fair quality (Low Intermediate); 3 = Good quality (High Intermediate); 4 = Excellent quality
(Advanced).

The two writing tasks were parallel in structure and scoring, but differed in the dom-
specK required: the pre-scenario writing task required examinees to report on a triboelectricity
simulation involving balloon-object interactions, whereas the in-scenario writing task addressed
Coulomb’s Law, a more conceptually abstract relationship involving charge, distance, and force.
The mean composite score for the pre-scenario writing task was 1.41 out of four, and the mean

score for the in-scenario writing task was 1.61 out of four. For both tasks, examinees as a group
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demonstrated performance levels between one (limited) and two (fair) in their specific-purpose
writing ability.

A closer inspection of examinees’ performance across the four rating dimensions
revealed a consistent pattern of generally low performance across both tasks. Examinees’
performance on the pre-scenario writing task reflected generally limited control across all four
analytic dimensions of the rubric. For domain-general content quality (X = 1.37), the examinees
showed only emerging evidence of the ability to plan and carry out investigations, such as
writing a testable hypothesis, describing procedural steps, and drawing conclusions based on the
data. Domain-specific content quality (X = 1.56) was slightly stronger, though still limited; many
responses included only partially accurate scientific content or incomplete representations of the
relationships between variables. Rhetorical control was the weakest dimension (x = 1.32),
indicating that many examinees struggled to organize hypotheses, procedures, and conclusions in
a coherent, logically connected manner. Language control (x = 1.38) was also limited, with
constrained grammatical accuracy, lexical range, and pragmatic appropriateness for formal lab-
report writing. Overall, Task 1 responses demonstrated insufficient control of the content,
rhetorical structure, and linguistic conventions required for a scientific explanation. Although
some participants had high general-language proficiency, as indicated by their CEFR levels, the
participants, as a group, performed poorly on Task 1. This pattern suggests that, despite solid
general English proficiency, the participants overall lacked the genre-specific knowledge and
specific writing ability needed to produce a lab report.

Examinees showed a broadly similar pattern of performance on the in-scenario writing
task; however, their scores reflected a slight overall increase across all subcomponents compared

to the pre-scenario writing task, substantiated by the difference in mean scores (A). When

164



compared to pre-task, the examinees’ domain-general content quality (X = 1.61) score on the in-
scenario writing task indicated a somewhat stronger ability (A = +0.24) to articulate the science
investigation by formulating hypotheses, describing procedural steps, and deriving conclusions
grounded in the data. Domain-specific content quality (X = 1.73) also improved modestly (A =
+0.17), with responses demonstrating clearer and more accurate information on triboelectric
interactions, though precision and interpretive depth remained limited. Rhetorical control (X =
1.54) showed the greatest improvement (A = +0.22), but many examinees continued to exhibit
abrupt transitions or inconsistently connected ideas in their lab report. Language control (X =
1.55) similarly reflected improvement (A = +0.17) but still constrained grammatical, lexical, and
pragmatic appropriateness for formal lab-report writing. These slight improvements in overall
writing performance across tasks suggested that the scenario provided examinees with learning
opportunities on how to express scientific relationships, and use linguistic resources more
effectively in the in-scenario writing task, which is notable given that the in-scenario writing task
required examinees to communicate understanding of a more conceptually complex scientific
concept. Overall, while the in-scenario writing task performance remained within the “limited”
to “fair” range, the results suggested incremental growth in examinees’ ability to communicate
scientific content and reasoning.

Regarding score distributions, both the pre-scenario writing task (skewness: 0.29-0.47)
and the in-scenario writing task (skewness = 0.30-0.40) exhibited slight positive skewness,
indicating that more examinees clustered toward the lower end of the scale, with fewer achieving
higher levels of performance. Likewise, the kurtosis values for both tasks were consistently
negative (pre-scenario writing task = -1.58 to -1.34; in-scenario writing task = -1.56 to -1.40),

indicating platykurtic distributions, where scores were more spread out and less peaked than a
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normal distribution. This pattern, positively skewed and platykurtic, suggests that while overall
performance was low, examinees varied widely in how they engaged with the scientific and
linguistic demands of the task.

Regarding the elicitation of performance consistencies, inter-rater reliability was
examined using Spearman’s rho for the four subcomponents and Pearson product-moment
correlations for the task-level averages. The inter-rater reliability coefficients for pre-scenario
writing task ranged from .90 to .96 across the subcomponents, with a task-level Pearson
correlation of r = .97, all statistically significant at the p <.01 level. For the in-scenario writing
task, the coefficients ranged from .93 to .97, with a task-level Pearson correlation of r = .99.
These results indicate a high level of agreement between the two raters across both tasks. In
addition, internal consistency reliability, measured by Cronbach’s alpha, was a = .99 for the pre-
scenario writing task and o = .99 for the in-scenario writing task, indicating an excellent degree
of internal consistency among the four rubric subcomponents.

Overall, while examinees generally demonstrated limited specific-purpose writing ability,
modest improvements were observed in the second task. The inter-rater reliability results
confirmed strong agreement between raters, and internal consistency estimates suggested that the
four rating dimensions functioned cohesively within each task.

SBLA Performance by Proficiency Level

The final step of the preliminary analyses examined the extent to which the SBLA tasks
differentiated L2 learners across CEFR proficiency levels (A2-C2). Table 4.3 presents the mean
scores for the different CEFR proficiency groups (A2 to C2) across the four SBLA-SP tasks (i.e.,
pre-scenario domK, in-scenario domK, pre-scenario writing performance, and in-scenario

writing performance).
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Table 4.3

Mean SBLA Performance by Proficiency Level (N = 180)

SBLA-SP Tasks A2 B1 B2 Cl1 C2
(N=49) (N=151) (N=152) (N=18) (N=10)
Pre-scenario Domain Knowledge 4.88 6.75 10.67 14.22 13.30
In-scenario Domain Knowledge 8.20 12.20 16.31 19.50 18.70
Pre-scenario Writing Performance 0.31 0.99 2.12 2.93 2.48
In-scenario Writing Performance 0.29 1.14 242 3.28 3.19

When comparing proficiency groups, mean scores generally showed a gradual increase as
proficiency level increased, particularly from A2 through C1. Across all four components, the
most pronounced mean differences were observed between the B2 and C1 levels, whereas
differences between adjacent levels (A2 and B1, B1 and B2, or C1 and C2) were relatively
smaller. A slight leveling of performance was observed at the highest proficiency level for pre-
scenario domK and pre-scenario writing, with the C2 group not consistently outperforming the
C1 group. This pattern suggests that general language proficiency does not translate directly into
superior domK or writing performance, particularly among learners at the upper-most
proficiency levels. Overall, these findings, also visualized in Figure 4.2, indicate that the SBLA
tasks were sensitive to differences in general English proficiency, providing preliminary
evidence that the assessment differentiated learners across proficiency levels in both knowledge

and writing performance.
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Figure 4.2

SBLA Performance by CEFR Proficiency Level (N = 180)
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Summary of Findings from Research Question 1

With respect to the first research question, the performance indicators of the SBLA-SP
demonstrated generally adequate psychometric properties as substantively meaningful and
consistent measures of S/FL learners’ situated specific purpose writing ability. Internal
consistency estimates for the SBLA components were satisfactory, and the descriptive statistics
showed appropriate score variability across tasks, indicating that the measures were neither
overly restricted nor subject to ceiling or floor effects. Building on this foundation, the
proficiency-based analyses further suggested that the SBLA tasks were sensitive to differences in
general English proficiency, providing preliminary evidence that the assessment differentiated
learners across proficiency levels in both domK and writing performance. At the same time, the
consistently higher in-scenario scores relative to pre-scenario scores across all proficiency

groups indicate that performance was not driven solely by general proficiency, but also reflected
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engagement with the scaffolded, inquiry-oriented supports embedded in the scenario. Taken
together, these patterns provide preliminary evidence that the SBLA-SP performance indicators
function as psychometrically stable yet substantively meaningful measures of situated writing
ability.
Research Question 2: Facets of the Writing Task

As the culminating task represents the achievement of the scenario goal in SBLA, the
final lab report writing task, produced as the result of the scientific investigation conducted
throughout the SBLA-SP scenario, warrants close examination. Accordingly, a many-facet
Rasch measurement (MFRM) analysis was conducted to examine the extent to which the facets
of this task (i.e., examinee ability, rater severity, and rating-scale difficulty) functioned as valid
measures of the core competency elicited by the scenario: situated specific-purpose writing
ability, encompassing the use of domain-general and domain-specific content knowledge, as well
as rhetorical and linguistic resources. To provide a graphic overview of the results, FACETS
produces a Wright map (Figure 4.3) on a single probabilistic logit scale, allowing comparison of
the facets. The first column of this map shows this logit scale, an equal interval representation for

all the facet measures.
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Figure 4.3

Map for Three Facets (Examinee, Rater, and Scale) of the SBLA-SP Writing Tasks
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RHET=Rhetorical control, LANG=language control

Examinee ability

The second column of the Wright map presents the distribution of examinee ability
estimates, with higher-ability writers appearing toward the top of the logit scale and lower-ability

writers toward the bottom. The culminating SBLA-SP writing task produced a very wide
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distribution of ability measures, ranging from -12.89 logits to 11.78 logits, a spread of
approximately 24.67 logits, reflecting substantial variability in learners’ writing performance.
Such extensive dispersion is consistent with the broad proficiency variation typically found in
public high-school EFL classrooms, where students differ markedly in both linguistic proficiency
and ability to engage in disciplinary writing tasks.

The mean examinee ability was -2.73 logits, corresponding to an expected fair average
score of approximately 1.9 on the 4-point rubric, indicating that, on average, the task was
difficult for the proficiency level of the test-takers. This outcome aligns with expectations for
emerging EFL writers performing on a cognitively demanding task that requires writing in a
foreign language while simultaneously engaging in a disciplinary practice. A closer examination
of the distribution revealed substantial clustering at the extremes: 29 examinees received
minimum scores and 8 examinees received maximum scores, indicating that these learners
produced responses too extreme for FACETS to estimate a stable logit measure. Such patterns
are indicators that the examinee proficiency distribution was broader than the measurement range
the task was optimized to target (Bond & Fox, 2015; Linacre, 1999). Because the culminating
SBLA-SP writing task was aligned with the B1-level, learners performing below B1 tended to
produce minimal or non-differentiable responses, yielding extreme low scores, while a smaller
subset of examinees performing above B1 produced high-quality responses, yielding extreme
high scores. This suggests that the task functioned appropriately for learners within the intended
B1 band, but it had limited capacity to discriminate meaningfully among examinees substantially
below or above that range.

Because the examinee facet contained a substantial number of extreme scores,

interpretations of the reliability of the facet relied primarily on the strata values, instead of
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separation, as strata provide a more stable indication of measurement precision (Bond & Fox,
2015; Linacre, 1999; Eckes, 2019). The examinee facet had a strata of 9.82 with a reliability

of .98, indicating that the task could reliably distinguish about ten statistically significantly
distinct levels of writing performance. The fit statistics (MNSQ values) for nearly all examinees
fell within the acceptable range of 0.7 to 1.3 (Bond & Fox, 2015), demonstrating close alignment
with Rasch model expectations. Only four examinees (2.22%) showed misfit, well below the 5%
guideline (Linacre, 2002), and thus all examinees were retained in the analysis. Table 4.4 shows
the summary of the examinee ability parameters of the writing task.

Table 4.4

Summary of Examinee Ability Parameters of the Writing Task

Summary Statistics

Min. estimate (S.E.) -12.89 (1.88)
Max. estimate (S.E.) 11.78 (1.91)
Mean estimate (S.E.) -2.73 (1.15)
Logit spread 24.67
Strata 9.82
Strata reliability 98
Rater Severity

The third column of the Wright map presents the distribution of rater severity, with more
severe raters positioned toward the top and more lenient raters toward the bottom. Rater
measures ranged narrowly across a 0.78-logit spread, with Rater 1 the most lenient (-0.34 logits)
and Rater 3 the most severe (0.44 logits), indicating that the four raters differed only minimally
in harshness or leniency. The strata value of 2.25 was greater than 2, but the relatively low
reliability coefficient (.67) suggests that these differences were not statistically meaningful,
which is a desirable outcome in performance assessments as it indicates minimal divergence in

rater severity. This pattern suggests that rater training and calibration effectively aligned raters’
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interpretations of the rubric. Examination of the MNSQ values revealed that no raters
demonstrated misfit, indicating that their scoring behavior conformed well to model expectations
and that the raters consistently rated the responses. Table 4.5 summarizes the parameters of the
rater severity facet.

Table 4.5

Summary of Rater Severity Parameters of the Writing Task

Rater Measure S.E. Infit MNSQ Outfit MNSQ
Rater 1 (most lenient) -0.34 0.10 0.87 0.79
Rater 2 -0.17 0.19 1.04 0.95
Rater 4 0.07 0.18 0.83 0.65
Rater 3 (most severe) 0.44 0.18 0.87 0.79
Mean estimate 0.00 0.16

Summary Statistics

Logit spread 0.78

Strata 2.67

Strata reliability .76

Rating Scale Difficulty

The fourth column of the Wright map presents the relative difficulty of the four rating
scale subcomponents, with more difficult estimates of situated specific-purpose writing
appearing toward the top of the logit scale and easier ones toward the bottom. Dom-spec content
control was the easiest subcomponent with a difficulty estimate of -0.91 logits, implying that
learners found it manageable to express factual or conceptual scientific information. In contrast,
rhetorical control was the most difficult with a difficulty estimate of 0.69 logits, suggesting that
organizing scientific explanations into a rhetorically coherent and communicatively effective text
posed the greatest challenge for examinees. The difficulty estimates ranged from -0.91 (dom-
spec content control) to 0.69 logits (rhetorical control), producing a 1.60-logit spread, indicating
that, overall, the four subcomponents had comparable levels of difficulty. With regard to

variability, the scale facet had a strata of 5.43 with a reliability of .94, indicating that the
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subcomponents could reliably be differentiated into roughly six distinct levels of difficulty. This
level of separation supports the construct validity of scoring the four subcomponents as
distinguishable elements of scientific writing performance.

Fit statistics for all four scales fell within the commonly accepted MNSQ range of 0.7 to
1.3 (Bond & Fox, 2015). Three of the four subcomponents (i.e., dom-gen content control,
language control, and rhetorical control) exhibited infit values below 1.0, while the dom-spec
content control scale showed a higher infit MNSQ of 1.24, reflecting modestly greater variability
than expected in how examinees demonstrated domain-specific scientific understanding;
however, this value remains well within acceptable limits for rating-scale functioning. Table 4.6
summarizes the parameters of the rating scale difficulty facet.
Table 4.6

Summary of Rating Scale Difficulty Parameters of the Writing Task

Rating Scale Measure  S.E. Infit MNSQ Outfit MNSQ
Dom-spec Content Control (easiest) -0.91 0.14 1.24 1.13
Dom-gen Content Control -0.07 0.15 0.81 0.77
Language Control 0.29 0.15 0.87 0.82
Rhetorical Control (most difficult) 0.69 0.16 0.82 0.59
Mean estimate 0.00 0.15

Summary Statistics

Logit spread 1.60

Strata 543

Strata reliability 94

Rating Scale Functionality

The fifth to eighth columns of the Wright map display the threshold, or step calibrations,
for the five-point (0 to 4) rating scales, indicating the points along the logit continuum at which
examinees are most likely to transition from one score category to the next. In a well-functioning

rating scale, these thresholds should appear in a monotonically ordered sequence, show sufficient
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distance between categories, and demonstrate that each score point is being meaningfully utilized
(Purpura et al., 2026).

The thresholds were orderly and logically spaced across the four subcomponents, and all
categories were used, suggesting that the 5-point scale functioned adequately, with the category
thresholds on the 0 to 4 scale being monotonically ordered and reasonably well separated,
indicating that raters were able to distinguish adjacent score levels with acceptable precision. At
the extremes, the Wright map showed that both the lowest (0) and highest (4) score categories
were used across the four scales, confirming that the full range of the rubric was functional and
that raters could recognize “lacking” as well as “excellent quality” performances when they
occurred. The somewhat lower frequency of these extreme categories is consistent with the
expectation that relatively few responses would fall at either minimal performance or fully
proficient disciplinary writing, and this pattern does not indicate scale malfunction.

When the probability curves for each subcomponent were further examined, they
displayed distinct modal regions, indicating that the rubric categories were sufficiently
discriminating for this population of EFL high-school writers.

Taken together, the Wright map and FACETS threshold analysis suggest that the 4-point
rating scales functioned appropriately for this assessment context. The scales overall
demonstrated ordered thresholds, meaningful category distinctions, and functional alignment
with the construct of situated specific-purpose writing ability.

Summary of Findings from Research Question 2

Research Question 2 examined the extent to which the facets of the culminating SBLA -

SP lab report writing task functioned as meaningful and consistent measures of situated specific-

purpose writing performance. Overall, the MFRM results provided strong evidence that the
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writing task effectively captured substantial variability in examinee ability, reflecting the
heterogeneous proficiency levels characteristic of secondary-school EFL contexts. While the
examinee distribution extended beyond the intended B1 target range, with some clustering at the
floor and ceiling, the task successfully differentiated performance within the core ability range
for which it was designed. Rater severity showed minimal differences across raters and no
evidence of misfit, indicating consistent application of the scoring criteria. The analytic rating
scales demonstrated clear ordering and meaningful differentiation in difficulty, with content-
related dimensions generally easier than rhetorical and language control, and all components of
the rating scale functioning within acceptable fit limits. Taken together, these findings suggest
that the culminating SBLA-SP writing task, supported by a well-calibrated rating system and
stable rater behavior, provided a coherent and interpretable measure of situated specific-purpose
writing ability.
Research Question 3: Development of Domain Knowledge

The third research question investigated the extent to which examinees develop new
understandings of dom-genK related to planning and carrying out scientific investigations and
dom-specK knowledge related to electrical interaction and triboelectricity. To measure domK,
the same set of 21 items was administered twice: once before the scenario (pre-scenario domK
task) and once during the scenario (in-scenario domK task). The repeated use of identical items
raises a well-documented concern in Rasch modeling: responses across occasions may violate
the assumption of local independence (Chang & Chan, 1995; Marais, 2009; Wolfe & Chiu,
1999). To address this challenge, the analyses followed Banerjee’s (2019) adaptation of Chang
and Chan’s (1995) four-step Rasch procedure as delineated in Table 3.5, which was specifically

developed to mitigate local-dependence threats in repeated-measures designs and to permit valid
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comparison of item and examinee measures over time. The four-step Rasch procedure delineated
in Table 3.5 was used to structure the analyses for research question 3. The first two steps, which
considered the pre-scenario and in-scenario domK tasks as a single task and produced one set of
fit statistics per item, provided a preliminary check of item functioning to examine the construct
validity of the domK tasks (RQ3-1). The latter two steps, which treated the pre-scenario and in-
scenario items as distinct to permit direct comparison of item difficulty estimates, examined
changes in item difficulty between tasks and were supplemented by paired t-tests on Rasch logits
to evaluate learning-related differences (RQ3-2). RQ3-3 further extended this analysis by using
ANOVA on Rasch-derived logits to examine systematic differences across proficiency levels.
Construct Validity of the Domain Knowledge Tasks

Before examining domK development during the SBLA-SP, the degree to which the
domK items functioned as a coherent, unidimensional measure across administrations was
evaluated (RQ 3-1). To evaluate the overall psychometric functioning of the items, two
complementary approaches were first used. Step 1 treated the pre-scenario and in-scenario
administrations as a single task but treated the 180 examinees as different persons across the two
occasions, resulting in a combined dataset with N = 180 x 2 = 360 response patterns and K = 21
items. Step 2 introduced an occasion facet (pre-scenario vs. in-scenario) along with the examinee
ability facet and item difficulty facet, yielding a many-facet Rasch analysis (N = 180; K = 21).
These two approaches produced a unified set of item fit statistics and generalized item difficulty
estimates that reflected functioning across both administrations. Together, Steps 1 and 2
provided evidence addressing research question 3-1 by examining whether the facets of the
domK tasks (examinee ability, item difficulty, occasion severity) supported meaningful

interpretation of examinees’ dom-genK and dom-specK.
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As
a first step to examining the construct validity of the domK task, Step 1 first estimated the facet
parameters associated with examinee ability and item difficulty using a Rasch model that treated
the pre-scenario and in-scenario administrations as a single task with distinct examinee instances.
This step provided an overview of the overall functioning of the 21 items and the distribution of
examinee abilities on a common logit scale. To support interpretation, Figure 4.4 presents the
Wright map for Step 1, displaying the relative locations of examinee ability estimates and item
difficulty estimates on the same probabilistic measurement continuum derived from the Rasch
model. The first column displays the Rasch logit scale, which serves as the common
measurement continuum for both examinee ability and item difficulty. The second column lists
the examinee ability estimates, with each number representing an individual examinee’s logit-

based measure.
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Figure 4.4

Wright Map from Step 1 (N=180%2=380, K=21) of the Four-Step Rasch Analysis
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As shown in Table 4.7, examinee ability estimates ranged widely from -4.67 (S.E. =
1.84) to 4.79 (S.E. = 1.85), producing a substantial logit spread of 9.46 logits. This wide
distribution indicates that the Step 1 model captured a broad range of domK levels and was able
to differentiate effectively among high and low-performing examinees. Importantly, this
unusually large spread is a direct methodological consequence of Step 1, which treated
examinees in the pre- and in-scenario administrations as distinct individuals. Moreover, the
breadth of the examinee distribution reflects the heterogeneous domK typically found in South
Korean high-school EFL contexts, where students’ exposure to and mastery of STEM content

vary widely across instructional settings.
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Table 4.7

Summary of Parameters from Step 1 (N=180 x2=380, K=21) of the Four-Step Rasch Analysis

Summary Statistics Examinee ability Item difficulty
Min. estimate (S.E.) -4.67 (1.84) -1.57 (0.15)
Max. estimate (S.E.) 4.79 (1.85) 2.29(0.17)
Mean estimate (S.E.) 0.21 (0.69) 0.00 (0.14)
Logit spread 9.46 3.86
Strata 3.46 10.28
Strata reliability .85 98

A closer inspection of the distribution revealed that examinees who demonstrated the
strongest domK, almost all from the in-scenario administration and color-coded in orange, were
concentrated toward the upper end of the logit scale and appear as distinct high-ability cases. In
contrast, examinees from the pre-scenario administration, color-coded in red, are predominantly
located at lower logit levels, indicating comparatively weaker domK prior to engaging with the
SBLA-SP scenario. Comparing the minimum and
maximum estimates of examinee ability and item difficulty revealed that while a small number
of examinees from the pre-scenario administration (N=2; ID= 173, 180) had a strong probability
of answering the most difficult item (dom-specK?2) correctly, most examinees were located well
below the item set, suggesting that most examinees did not already possess background
knowledge of the target scientific concepts. This pattern is desirable given the learning-oriented
design of the SBLA-SP, which was intended to provide opportunities for domK development.

The third column displays the item difficulty estimates for the 21 domK items. As
summarized in Table 4.7, item difficulties ranged from -1.57 (S.E. = 0.15) to 2.29 (S.E. = 0.17),
resulting in a comparatively narrower logit spread of 3.86 logits. The high item strata value of
10.28 and reliability of .98, however, suggest that the items were well separated and stable in

their relative placement on the logit scale.
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Next, item fit statistics from Step 1 were examined to evaluate whether the domK items
cohered to a single underlying dimension. Table 4.8 presents the infit and outfit mean-square
(MNSQ) statistics for the 21 items. Following Rasch guidelines (Banerjee, 2019; Bond & Fox,
2007; Wright & Linacre, 1994), infit and outfit MNSQ values between 0.5 and 1.7 were
considered acceptable.

Table 4.8

Item Fit Statistics from Step 1 (N=180 x2=380, K=21) of the Four-Step Rasch Analysis

Item Infit MNSQ Infit ZSTD Outfit MNSQ Outfit ZSTD
dom-specK1 1.25 4.7 1.42 33
dom-specK?2 0.99 -0.1 1.95 2.7
dom-specK3 0.82 2.7 0.91 -0.3
dom-specK4 1.08 1.4 1.00 0.0
dom-specK5 1.22 3.1 1.45 2.8
dom-specK6 1.09 1.5 1.08 0.7
dom-specK7 0.96 -0.5 1.09 0.5
dom-specK8 0.82 -2.8 0.78 -1.3
dom-specK9 0.79 -3.7 0.69 2.3
dom-specK10 1.08 1.2 1.11 0.8
dom-specK11 1.06 0.9 1.12 1.0
dom-genK1 0.84 -2.8 0.68 2.4
dom-genK?2 1.27 34 1.49 2.7
dom-genK3 1.16 2.1 1.51 3.0
dom-genK4 0.82 -3.2 0.69 -3.0
dom-genK5 0.90 -1.5 0.83 -1.0
dom-genK6 0.87 -2.1 0.76 -1.5
dom-genK7 1.09 1.5 1.27 2.2
dom-genK8 0.88 -1.8 0.71 -2.0
dom-genK9 0.81 -3.2 0.65 -2.5
dom-genK10 0.95 -0.7 0.92 -0.7

Note. ZSTD values represent standardized fit statistics. Infit and outfit MNSQ values between 0.5 and 1.7 were
considered acceptable. The values that fell outside the acceptable range were bolded.

As shown in Table 4.8, under the Step 1 model, where responses from the pre- and in-
scenario administrations were treated as originating from distinct examinees, the infit MNSQ
values ranged from 0.79 to 1.27. All items demonstrated acceptable infit values, indicating stable

functioning for examinees whose ability levels were well targeted by the items. One domain-
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specific item (dom-specK?2) exhibited a slightly elevated outfit MNSQ value, suggesting greater-
than-expected variability among lower-ability responses; however, given that its infit MNSQ
value remained within the acceptable range and that all other items met the fit criteria, this
deviation was judged to be minor and non-threatening to the construct validity of the domK task
at this stage.

Building on the Step 1 findings, Step 2 further examined the construct validity of the
domK task by introducing an occasion facet to explicitly model potential differences between the
pre-scenario and in-scenario administrations. Using a many-facet Rasch model, this step allowed
the examination of examinee ability, severity of the two administration occasions (i.e., pre-
scenario, in-scenario), and item difficulty on a common logit scale, as shown in the Wright map

from Step 2 (Figure 4.5).
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Figure 4.5

Wright Map from Step 2 (N = 180, K = 21, with an occasion facet) of the Four-Step Rasch

Analysis
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The second column of the Wright map lists the examinee ability estimates, with each
number representing an individual examinee’s logit-based measure. Examinee abilities are
distributed across a wide portion of the logit scale, indicating continued variability in domK
levels even after accounting for occasion severity. As summarized in Table 4.9, examinee ability
estimates ranged from -2.79 (S.E. = 0.55) to 3.65 (S.E. = 0.75), yielding a logit spread of 6.44
and a strata reliability of .92, suggesting that the Step 2 model was able to differentiate

examinees into multiple ability strata.
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Table 4.9
Summary of Parameters from Step 2 (N = 180, K = 21, with an occasion facet) of the Four-Step

Rasch Analysis

Summary Statistics Examinee ability ~ Occasion severity Item difficulty
Min. estimate (S.E.)  -2.79 (0.55) 0.74 (0.04) Pre-scenario -1.50 (0.14)
Max. estimate (S.E.)  3.65(0.75) -0.74 (0.04) In-scenario 2.05 (0.15)

Mean estimate (S.E.)  0.14 (0.40) 0.00 0.00 (0.13)
Logit spread 6.44 1.48 3.55
Strata 4.78 23.99 10.01
Strata reliability 92 1.00 .98

The third column displays the occasion severity estimates for the two administrations. As
shown on the Wright map, the pre-scenario administration is located higher on the logit scale,
indicating greater severity, whereas the in-scenario administration appears lower on the scale,
indicating reduced severity. The numerical estimates in Table 4.9 confirm this pattern, with
severity measures of 0.74 (S.E. = 0.04) for the pre-scenario task and -0.74 (S.E. = 0.04) for the
in-scenario task. This separation resulted in a logit spread of 1.48, 23.99 strata, and a reliability
of 1.00, indicating a clear and highly stable distinction between the two administration occasions.
Consistent with Step 1 findings, where in-scenario examinees were consistently located at higher
ability levels than pre-scenario examinees, the lower severity of the in-scenario administration
suggests that examinees had a higher probability of success during the in-scenario domK task.
Taken together, the upward shift in examinee ability observed in Step 1 and the reduced occasion
severity observed in Step 2 provide converging evidence that the SBLA-SP supported domK
development over the course of the scenario, rather than merely reflecting differences in task
difficulty across administrations.

The fourth column presents the item difficulty estimates for the 21 domK items.
Consistent with the Step 1 results, the items cluster within a narrower band of the logit scale

relative to examinee ability. As reported in Table 4.9, item difficulty estimates ranged from -1.50
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(S.E.=0.14) to 2.05 (S.E. = 0.15), producing a logit spread of 3.55 and a high strata reliability
of .98. This pattern indicates that the items maintained stable relative locations on the logit scale
while functioning coherently across administrations.

Following the examination of facet distributions, item fit statistics from Step 2 were
inspected to evaluate whether the domK items continued to function coherently when an
occasion facet was introduced. Table 4.10 presents the infit and outfit statistics from the many-
facet Rasch model.

Table 4.10

Item Fit Statistics from Step 2 (N = 180, K = 21, with an occasion facet) of the Four-Step Rasch

Analysis
Item Infit MNSQ Infit ZSTD Outfit MNSQ Outfit ZSTD

dom-specK1 1.31 4.7 1.37 2.9
dom-specK?2 0.94 -0.7 1.21 2.9
dom-specK3 0.81 2.7 0.83 -0.9
dom-specK4 1.09 1.4 1.17 1.3
dom-specK5 1.22 3.1 1.43 2.9
dom-specK6 1.10 1.6 1.19 1.6
dom-specK7 0.99 -0.1 0.90 -0.4
dom-specK8 0.83 -2.6 0.71 -1.8
dom-specK9 0.79 -3.5 0.62 -2.8
dom-specK10 0.96 -0.5 1.01 0.1
dom-specK11 1.05 0.8 1.09 0.7
dom-genK1 0.86 2.2 0.68 2.4
dom-genK2 1.19 2.7 1.77 4.4
dom-genK3 1.11 1.7 1.64 4.0
dom-genK4 0.86 2.3 0.74 2.4
dom-genK5 0.91 -1.3 0.77 -1.3
dom-genK6 0.87 2.1 0.74 -1.6
dom-genK7 1.12 1.8 1.27 2.2
dom-genK8 0.90 -1.5 0.75 -1.7
dom-genK9 0.83 -2.6 0.65 2.4
dom-genK10 1.03 0.4 1.06 0.5

Note. ZSTD values represent standardized fit statistics. Infit and outfit MNSQ values between 0.5 and 1.7 were
considered acceptable.
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Using the same criterion applied in Step 1, infit and outfit MNSQ values between 0.5 and
1.7 were considered indicative of acceptable fit to a unidimensional measurement model. As
shown in Table 4.9, all 21 items demonstrated infit MNSQ values within the acceptable range,
indicating that the items consistently measured the intended domK construct after accounting for
differences in administration occasion. Although two items (dom-genK2 and dom-genK3)
exhibited slightly elevated outfit MNSQ values, these deviations were confined to outfit statistics
and did not coincide with misfitting infit values. Given that outfit statistics are more sensitive to
unexpected responses from examinees whose abilities are distant from the item difficulty, these
minor deviations were interpreted as reflecting response variability rather than systematic item
malfunction.

Taken together, the item fit results from Steps 1 and 2 indicate that the domK items
functioned coherently as a unidimensional measure across administrations. In Step 1, where the
pre- and in-scenario responses were modeled as originating from distinct examinees, all items
demonstrated acceptable infit MNSQ values, suggesting consistent alignment with the dominant
domK construct for examinees whose ability levels were well targeted by the items. In Step 2,
after explicitly modeling administration occasion as a separate facet, this pattern was maintained:
all items again showed acceptable infit values, and only minor deviations were observed in a
small number of outfit MNSQ statistics, reflecting response variability rather than systematic
item misfit. Across both analytic steps, the convergence of acceptable infit statistics and largely
stable item behavior provides robust evidence that the domK task measured a coherent construct

across administrations, thereby supporting the construct validity inference addressed in RQ 3-1.
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Tracking Learning Through Item Difficulty Changes

After establishing the overall functionality of the domK task, the next analytic objective
was to determine whether the task functioned properly for each occasion and to quantify the
extent to which item difficulty estimates changed between administrations. Step 3 analyzed the
pre-scenario and in-scenario tasks separately, treating both tasks and all 180 examinees as unique
across occasions (N = 180 for each administration; K = 21). Step 4 combined the two
administrations into a single dataset but treated the 21 items as distinct item instances across the
two occasions (i.e., K =21 x 2 =42), taken by the same 180 examinees. Because Steps 3 and 4
generated independent fit statistics and parameter estimates for the pre- and in-scenario versions
of each item, direct comparisons of item difficulty changes were possible. These findings
addressed RQ 3-2 by examining the extent to which examinees demonstrated development in
dom-genK and dom-specK throughout the scenario. Figures 4.6 and 4.7 display the Wright maps
from Step 3, showing the separate Rasch analyses of the pre-scenario and in-scenario domK

tasks, respectively.
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Figure 4.6

Wright Map from Step 3 (N = 180, K = 21) Pre-Scenario Task of the Four-Step Rasch Analysis
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Figure 4.7

Wright Map from Step 3 (N = 180, K = 21 x2=42) In-Scenario Task of the Four-Step Rasch

Analysis
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As shown in Figures 4.6 and 4.7, substantial overlap between examinee ability and item
difficulty is observed, suggesting that the domK items were sufficiently difficult for the
examinee group in both the pre- and in-scenario administrations, with the items functioning
logically as relatively more difficult in the pre-scenario task than in the in-scenario
administration. In the pre-scenario administration (Figure 4.6), the most difficult item (3.10
logits) aligned with the highest-ability pre-scenario examinees, whose ability estimates reached
approximately 3.05 logits, indicating that the item set was capable of differentiating effectively

at the upper end of the ability distribution. At the same time, examinee ability estimates were
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concentrated in the lower-to-mid range of the logit scale, with a subset of examinees located well
below the easiest item (-1.95 logits), including individuals with ability estimates as low as -4.90
logits. This pattern suggests that while the items were appropriately challenging overall, many
examinees had limited domK.

In contrast, the in-scenario Wright map (Figure 4.7) shows that this mismatch was
reduced, with an upward shift in examinee ability relative to item difficulty. Fewer examinees
fell below the item difficulty range, indicating improved targeting of the items to the examinee
group. During the in-scenario administration, examinee ability estimates extended well beyond
the most challenging item (1.87 logits), reaching as high as 4.68 logits, suggesting that a
substantial number of examinees had very high probabilities of correct responses across items.
The clustering of examinees at the upper end of the logit scale indicates a ceiling effect, whereby
many examinees effectively mastered the domK targeted by the scenario and the item set no
longer fully captured variability at the highest ability levels. At the lower end, fewer examinees
were positioned below the easiest item (-1.21 logits) compared to the pre-scenario map, further
reflecting higher examinee ability during the scenario.

Taken together, the overall alignment between examinee ability and item difficulty
indicates that while the items were appropriately challenging overall, examinees displayed
increased domK during the scenario. The fact that items that were challenging prior to the
scenario became relatively easier for examinees during the scenario supports the interpretation
that the SBLA-SP facilitated domK development. A summary of the corresponding item and

examinee parameter estimates and their reliability statistics is provided in Table 4.11.
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Table 4.11

Summary of Parameters from Step 3 (N=180, K=21) of the Four-Step Rasch Analysis

Step 3: Separate Rasch Analyses - Pre- Step 3: Separate Rasch Analyses - In-

Scenario Scenario
Summary of examinee ability parameter
Mean estimate (S.E.) -0.76 (0.63) 1.06 (0.76)
Min. estimate (S.E.) -4.90 (1.84) -4.58 (1.84)
Max. estimate (S.E.) 3.05 (0.84) 4.68 (1.84)
Logit spread 7.95 9.26
Strata 3.21 3.03
Strata reliability .82 .80
Summary of item difficulty parameter
Mean estimate (S.E.) 0.00 (0.21) 0.00 (0.20)
Min. estimate (S.E.) -1.95 (0.20) -1.21 (0.22)
Max. estimate (S.E.) 3.10 (0.36) 1.87 (0.21)
Logit spread 5.05 3.08
Strata 9.05 6.43
Strata reliability .98 .95

In line with the upward move of examinee distribution from the Wright map of pre- and
in-scenario administrations, Table 4.11 shows that the mean examinee ability increased by 1.82
logits (from -0.76 logits pre-scenario to 1.06 logits in-scenario). This shift indicates that, on
average, examinees demonstrated substantially higher levels of domK during the scenario than
prior to it.

With respect to reliability and separation, the strata values for examinee ability indicate
that both the pre-scenario (strata = 3.21, reliability = .82) and the in-scenario domK tasks (in-
scenario strata = 3.03, reliability = .80) could distinguish examinees into approximately three
ability strata. These values suggest moderate differentiation among examinees within each
administration. Although the in-scenario administration exhibited a wider logit spread of
examinee ability estimates (9.26 logits) than the pre-scenario administration (7.95 logits), the
slightly lower strata value indicates that this increase reflected extension at the extremes rather
than greater overall dispersion in examinee ability. This interpretation is corroborated by the

strata value of the item difficulty facet, which decreased from the pre-scenario (strata = 9.05,
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reliability = .98) to the in-scenario administration (strata = 6.43, reliability = .95), indicating a
narrower range of item difficulty. Together, these converging patterns suggest that while the task
continued to differentiate items across a broad difficulty range, examinee ability became more
tightly clustered relative to the item set during the scenario, consistent with overall growth in
domK and improved targeting of the task to the examinee group.

Following the examination of logit distributions, item fit statistics from Step 3 were
inspected to evaluate whether the domK items continued to function consistently when the pre-
scenario and in-scenario administrations were analyzed separately. Table 4.12 presents the infit
and outfit mean-square (MNSQ) statistics from the Rasch models. Consistent with the criteria
adopted in Steps 1 and 2, item fit statistics were considered acceptable when infit and outfit

MNSQ values fell within the range of 0.5 to 1.7 (Bond & Fox, 2015; Wright & Linacre, 1994).
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Table 4.12

Item Fit Statistics from Step 3 (N=180, K=21) of the Four-Step Rasch Analysis

Item Step 3: Separate Rasch Analyses - Pre- Step 3: Separate Rasch Analyses - In-Scenario
Scenario
Infit Outfit Infit Outfit
MNSQ  ZSTD MNSQ ZSTD MNSQ ZSTD MNSQ ZSTD
dom-specK1 1.35 3.8 1.85 4.0 1.20 2.2 1.32 1.6
dom-specK2 1.12 0.5 5.93 3.2 1.01 0.1 1.19 0.9
dom-specK3 0.90 -0.3 1.90 1.2 0.85 -1.5 0.82 -1.2
dom-specK4 1.38 2.0 2.10 1.9 0.86 -1.6 0.74 -14
dom-specK5 1.32 2.2 2.12 2.6 1.24 2.5 1.47 2.9
dom-specK6 0.97 -0.3 0.91 -0.4 1.25 2.6 1.28 1.7
dom-specK7 0.97 -0.3 0.83 -0.7 0.90 -0.9 1.08 0.3
dom-specK8 0.77 -2.8 0.65 2.3 0.91 -0.8 0.90 -0.2
dom-specK9 0.74 -33 0.70 2.3 0.86 -1.3 0.73 -0.9
dom-specK10 0.95 -0.5 0.92 -0.4 1.00 0.0 0.92 -0.4
dom-specK11 0.97 -0.2 0.88 -0.8 1.03 0.3 1.09 0.6
dom-genK1 0.89 -1.2 0.83 -1.1 0.72 -3.4 0.53 2.4
dom-genK?2 1.19 1.8 1.30 1.2 1.28 2.5 1.60 3.0
dom-genK3 1.11 1.1 1.66 2.3 1.19 1.8 1.34 2.0
dom-genK4 0.88 -1.4 0.78 -1.4 0.80 2.4 0.62 2.1
dom-genK5 0.84 -1.7 0.66 -1.8 0.86 -1.6 0.76 -1.0
dom-genK6 0.79 -2.6 0.66 2.4 1.00 0.0 0.88 -0.3
dom-genK7 1.10 1.1 1.49 2.8 1.09 1.0 1.05 0.3
dom-genK8 0.85 -1.8 0.74 -1.7 0.92 -0.8 0.66 -1.4
dom-genK9 0.75 3.1 0.63 -2.6 0.86 -1.4 0.65 -14
dom-genK10 0.93 -0.9 0.96 -0.1 0.97 -0.3 0.85 -1.0

Note. ZSTD values represent standardized fit statistics. Infit and outfit MNSQ values between 0.5 and 1.7 were
considered acceptable.

In the pre-scenario domK task, the infit MNSQ values ranged from 0.74 to 1.38,
indicating that most items conformed well to the expectations of the Rasch model. However, the
outfit MNSQ values exhibited a wider range, from 0.63 to 5.93, with several items exceeding the
upper threshold. In particular, PreS2 displayed a markedly high outfit MNSQ value (5.93), and a
small number of additional items (e.g., PreS1, PreS3, PreS4, PreS5) showed outfit values above
1.7. Given that outfit statistics are especially sensitive to unexpected responses from examinees

whose ability levels are far from the item difficulty, these misfit patterns likely reflect erratic
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responding by lower-ability examinees in the pre-scenario administration, rather than systematic
item malfunction. Notably, these items targeted knowledge related to TENG (triboelectric
nanogenerator) technology, an applied extension of core triboelectricity concepts, that is unlikely
to have been encountered in examinees’ high school science curriculum. As such, the elevated
outfit statistics likely reflect unpredictable responding among lower-ability examinees when
confronted with novel, unfamiliar technological content, rather than systematic item malfunction.
Importantly, the corresponding infit MNSQ values for these items remained within the
acceptable range, suggesting that they functioned adequately for examinees whose ability levels
were better aligned with the intended construct. Accordingly, the observed outfit misfit in the
pre-scenario task was deemed acceptable within the context of measuring baseline domK.

In contrast, the in-scenario domK task exhibited more stable item fit overall. The infit
MNSQ values ranged from 0.72 to 1.28, and the outfit MNSQ values ranged from 0.53 to 1.60,
with all items falling within the acceptable range. This pattern indicates improved
correspondence between item difficulty and examinee ability during the scenario, consistent with
the upward shift in examinee ability observed in the Wright maps. Taken together, the Step 3
results suggest that while some domK items showed elevated outfit misfit prior to the scenario,
likely due to limited prior knowledge and unpredictable responding among lower-ability
examinees, the same items functioned more consistently during the scenario, providing
additional evidence that the SBLA-SP supported meaningful domK development while
maintaining acceptable psychometric properties.

While the Rasch analyses in Step 3, running the pre-scenario and in-scenario tasks
separately, provided important information about item functioning within each task, a more

precise examination of domK development at the item level requires direct comparison of item
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difficulty across time. To this end, Step 4 implemented a combined Rasch analysis in which the
pre-scenario and in-scenario tasks were analyzed together, treating items from each
administration as unique (K = 21 x 2 = 42) while retaining a common examinee scale. According
to Banerjee (2019), this combined approach enables more accurate estimation of changes in item
difficulty over time.

Figure 4.8 presents the Wright map from Step 4 to visualize the relative locations of
examinee ability and item difficulty across administrations, and Table 4.13 reports the item
difficulty estimates in logits along with their changes between the pre- and in-scenario tasks.
Item difficulty change was computed by subtracting the pre-scenario difficulty estimate from the

in-scenario estimate, with negative values indicating that items became easier during the SBLA -

SP.
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Figure 4.8

Wright Map from Step 4 (N = 180, K = 21%x2 = 42) of the Four-Step Rasch Analysis
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According to the Step 4 Wright map, where pre- and in-scenario domK items were
analyzed together on a common probabilistic scale, item difficulty estimates align with and
overlap the examinee spread. This indicates that the items, when jointly calibrated across both
administrations, were appropriately targeted to the examinees’ ability range. Pre-scenario items,
particularly those related to TENG technology (e.g., PreS2-PreS5, color-coded in pink), are
generally located toward the more difficult end of the continuum. In contrast, most in-scenario
items, color-coded in blue and green, were positioned lower on the scale, indicating reduced
difficulty. This downward shift in item difficulty suggests that, when placed on the same

measurement scale, examinees had a higher probability of answering the in-scenario items

196



correctly than their pre-scenario counterparts, suggesting increased domK. Taken together, the
Step 4 Wright map provides visual evidence that item difficulty decreased from the pre-scenario
to the in-scenario administration, consistent with learning-related changes in examinees’ domK
during the SBLA-SP.

Table 4.13

Summary of Parameters from Step 4 (N = 180, K = 21x2 = 42) of the Four-Step Rasch Analysis

Summary Statistics Examinee ability Item difficulty
Min. estimate (S.E.) -2.81(0.55) -1.88 (0.21)
Max. estimate (S.E.) 4.04 (0.81) 3.96 (0.37)
Mean estimate (S.E.) 0.10 (0.41) 0.00 (0.20)
Logit spread 6.85 5.84
Strata 4.84 9.52
Strata reliability .92 98

Consistent with the findings from Steps 1-3, Table 4.13 shows that the combined analysis
in Step 4, in which pre-scenario and in-scenario items were treated as unique items within a
single measurement model, also indicated that the domK had an appropriate range of difficulty
and high reliability for distinguishing examinee ability across administrations. Examinee ability
estimates ranged from -2.81 to 4.04 logits, with a mean near zero (0.10), indicating a broad yet
centered distribution of domK ability when both administrations were placed on a common
measurement scale. Item difficulty estimates also spanned a wide range (-1.88 to 3.96 logits),
with high item separation (strata = 9.52) and reliability (.98), reflecting strong differentiation
among items.

Building on these parameter estimates derived from the combined Rasch analysis, item fit
statistics were subsequently examined. Table 4.14 shows the fit statistics used to determine

whether the domK task functioned as a unidimensional measure with stable item functioning.
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Table 4.14

Item Fit Statistics from Step 4 (N = 180, K = 21x2 = 42) of the Four-Step Rasch Analysis

Item Step 4: Combined Rasch Analyses - Pre-  Step 4: Combined Rasch Analyses - In-Scenario
Scenario
Infit Outfit Infit Outfit
MNSQ ZSTD MNSQ ZSTD MNSQ ZSTD MNSQ ZSTD
dom-specK1 1.56 5.3 1.88 4.3 1.15 1.6 1.12 0.6
dom-specK?2 1.21 0.8 3.40 2.1 0.93 -0.7 1.02 0.1
dom-specK3 0.95 -1.2 2.20 1.5 0.81 2.3 0.73 2.0
dom-specK4 1.55 2.8 3.96 3.9 0.85 -1.7 0.75 -1.2
dom-specKS5 1.59 3.9 2.82 3.9 1.10 1.1 1.04 0.2
dom-specK6 1.05 0.6 1.33 1.8 1.18 2.0 1.07 0.4
dom-specK7 0.95 -0.5 0.75 -1.1 0.88 -1.1 0.80 -0.5
dom-specK8 0.78 -2.8 0.67 -2.2 0.88 -1.1 0.72 -0.8
dom-specK9 0.76 -3.0 0.70 -2.2 0.84 -1.6 0.75 -1.6
dom-specK10 0.87 -1.4 0.89 -0.6 0.86 -1.6 0.75 -1.8
dom-specK11 0.98 -0.2 0.92 -0.5 0.95 -0.5 0.94 -0.3
dom-genK1 0.89 -1.3 0.82 -1.1 0.70 -3.6 0.50 2.3
dom-genK?2 1.29 2.6 2.09 3.6 1.12 1.3 1.23 1.5
dom-genK3 1.18 1.8 2.18 3.9 1.09 1.0 1.07 0.5
dom-genK4 0.97 -0.2 0.92 -14 0.81 2.3 0.60 2.0
dom-genK5 0.79 2.5 0.64 -1.9 0.81 2.1 0.64 -14
dom-genK6 0.82 2.2 0.72 -1.9 1.02 0.2 0.74 -0.7
dom-genK7 1.15 2.0 1.40 2.8 1.08 0.9 0.98 0.0
dom-genK8 0.83 -2.0 0.80 -1.2 0.92 -0.8 0.66 -1.2
dom-genK9 0.87 -2.6 0.72 -1.8 0.82 -1.9 0.56 -1.7
dom-genK 10 1.02 0.2 1.17 1.0 1.02 0.2 0.86 -0.8

Note. ZSTD values represent standardized fit statistics. Infit and outfit MNSQ values between 0.5 and 1.7 were
considered acceptable.

As shown in Table 4.14, all pre-scenario items exhibited acceptable infit MNSQ values,
falling within 0.5 to 1.7 (Bond & Fox, 2015; Wright & Linacre, 1994). However, consistent with
the results from Step 3, the outfit MNSQ values of seven pre-scenario items (dom-specK1-5 and
dom-genK2-3) exceeded the acceptable bounds. This pattern is consistent with the known
sensitivity of outfit statistics to unexpected responses from examinees whose ability levels are far
below the targeted item difficulty, rather than evidence of systematic item malfunction. As such,
the elevated outfit values plausibly reflect erratic guessing or disengaged responding among very
low-ability examinees prior to engaging with the scenario, rather than multidimensionality or
construct representation. In contrast, all in-scenario items exhibited acceptable infit and outfit

statistics, indicating stable item functioning once learning occurred. The fact that the same items
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functioned well in the in-scenario administration provides strong evidence that they are
construct-relevant, supporting their retention for tracking item-level domK development. Taken
together, these results support the use of the Step 4 combined analysis as an appropriate basis for
examining item-level domK change across the SBLA-SP.

To do so, item-level difficulty estimates were extracted and compared across the pre-
scenario and in-scenario administrations to evaluate the extent to which each item became more
or less difficult within the scenario-based context. Figure 4.9 presents a box plot comparing the
distribution of item difficulty estimates in logits across the pre-scenario and in-scenario
administrations. This visual summary provides an overall view of how item difficulties shifted
from before to during the scenario.

Figure 4.9

Box Plot of the Item Difficulty Estimates from Step 4 (N = 180, K = 21x2 = 42) of the Four-Step

Rasch Analysis
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As shown in Figure 4.8, the distribution of item difficulties shifted downward in the in-

scenario task, with the median moving from above zero in the pre-scenario administration to
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below zero in the in-scenario administration. This pattern indicates that, when placed on the
same measurement scale, examinees had a higher probability of answering the in-scenario items
correctly than their pre-scenario counterparts. The narrower interquartile range in the in-scenario
task further suggests reduced variability in item difficulty following engagement with the
scenario. Taken together, these distributional changes corroborate the visual representations from
the Wright map and support the interpretation that examinees demonstrated increased domK
during the SBLA-SP. To examine these shifts in greater detail, Table 4.15 displays the item-level
logit estimates from pre- to in-scenario, and Figure 4.10 visualizes this trend with directional
arrows and change values illustrating how each item became more or less difficult from pre- to
in-scenario use.

Table 4.15

Item Difficulty Estimates from Step 4 (N = 180, K = 21x2 = 42) of the Four-Step Rasch Analysis

Item Pre-Scenario (logits) In-Scenario (logits) Difficulty Change
dom-specK1 0.92 -0.99 -1.91
dom-specK?2 3.96 0.81 -3.15
dom-specK3 3.71 0.22 -3.49
dom-specK4 2.92 -1.03 -3.95
dom-specK5 2.26 -0.36 -2.62
dom-specK6 1.02 -0.52 -1.54
dom-specK7 -1.13 -1.88 -0.75
dom-specK8 -0.52 -1.84 -1.32
dom-specK9 -0.10 -1.71 -1.61
dom-specK10 0.95 0.58 -0.37
dom-specK11 -0.10 -0.55 -0.45
dom-genK1 -0.42 -1.32 -0.90
dom-genK2 1.62 0.48 -1.14
dom-genK3 1.62 0.22 -1.40
dom-genK4 0.68 -1.13 -1.81
dom-genK5 -0.96 -1.39 -0.43
dom-genK6 -0.39 -1.84 -1.45
dom-genK7 0.61 -0.65 -1.26
dom-genK8 -0.42 -1.55 -1.13
dom-genK9 -0.46 -1.55 -1.09
dom-genK 10 0.74 -0.49 -1.23

Note. The values represent item difficulty parameters in logits. The negative difficulty change values indicate that
the item became easier in the post-scenario domK task.
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Figure 4.10
Item Difficulty Estimates Changes in Step 4 (N = 180, K = 21x2 = 42) of the Four-Step Rasch Analysis
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negative difficulty change values indicate that the item became easier in the post-scenario domK task.



As shown in Figure 4.10, the distribution of item difficulties shifted downward in the in-
scenario administration, indicating that the same items became less difficult when placed on a
common measurement scale. Across items, difficulty decreases ranged from -0.37 logits to -3.95
logits, suggesting that examinees generally required lower levels of ability to answer the in-
scenario items correctly than their pre-scenario counterparts. This decrease in item difficulty
implies a higher probability of correct responses during the scenario, providing direct item-level
evidence of domK development during the SBLA-SP.

To examine the systematicity of the changes in item difficulty across administrations, a
paired-samples #-test was conducted on item difficulty logits derived from the combined Rasch
analysis (i.e., Step 4 of the 4-step analysis). Results indicated a statistically significant decrease
in item difficulty from the pre-scenario (M = 0.79, SD = 1.46) to the in-scenario administration
(M =-0.79, SD = 0.86), #(20) = 7.36, p < .001. The mean difference between administrations was
1.57 logits (SD = 0.98), corresponding to a large effect size, Cohen’s d = 1.60, indicating a
substantial shift in item difficulty following engagement with the SBLA-SP scenario.

To further examine whether the magnitude and consistency of difficulty change differed
by knowledge type, separate paired-samples #-tests were conducted for dom-specK and dom-
genK items. Notably, the magnitude of difficulty reduction was more pronounced for dom-specK
items (mean change = -1.92 logits, Cohen’s d = 1.56), which targeted specific disciplinary
knowledge of electrical interactions in physical science and were generally more difficult at the
pre-scenario. In contrast, dom-genK items, which assessed knowledge of scientific investigation
practices, showed a smaller absolute decrease in difficulty (mean change = -1.18 logits) but a
substantially larger standardized effect size (Cohen’s d = 3.27). This divergence reflects greater

variability in difficulty change among dom-specK items, compared to a more uniform reduction
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across dom-genK items. Taken together, these findings suggest that while examinees developed
both types of domK during the SBLA-SP, they exhibited larger absolute gains in dom-specK,
whereas they showed more consistent improvements across dom-genK items.

In conclusion, with respect to RQ 3-2, to what extent do the examinees develop dom-
specK and dom-genK throughout the scenario, the results from Steps 3 and 4 provide converging
evidence that examinees developed both domain-specific and dom-genK over the course of the
SBLA-SP, with learning gains manifested as increased probabilities of correctly responding to
the same set of domK items. Across pre- to in-scenario tasks, item difficulty estimates
consistently decreased when placed on a common measurement scale, reflecting an upward shift
in examinee ability relative to item difficulty. Item-level analyses from Step 4 showed
statistically significant decreases overall and a large effect size, confirming systematic learning
across the item set. Further analyses indicated that examinees demonstrated both larger absolute
gains in dom-specK related to electrical interactions and more consistent gains in dom-genK
related to scientific investigation practices. Having established that examinees, as a group,
developed both types of domK during the SBLA-SP, the next section examines whether learners
at different proficiency levels demonstrated differential patterns of domK development across
the SBLA-SP.

Effect of General Language Proficiency on Learning

After establishing that the examinees, as a group, developed domK throughout the SBLA,
the next step was to investigate whether general English language proficiency moderated domK
development (RQ 3-3). Specifically, examinees’ domK, as represented by Rasch-scaled logits,
was examined in relation to their general English proficiency levels, to determine whether

learning patterns varied systematically across proficiency groups.
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Before running the ANOVA, the mean Rasch-based expected scores for pre- and in-
scenario items were calculated by CEFR level to provide an overview of group differences. In
addition, the gain scores were calculated by simply subtracting the pre-scenario mean scores
from those of the in-scenario. Table 4.16 presents mean pre-scenario, in-scenario, and gain
scores for overall domK, dom-specK, and dom-genK across CEFR proficiency levels, and Figure
4.11 visualizes this through bar charts.

Table 4.16

Mean of the Expected Domain Knowledge Performance across CEFR proficiency levels

Overall domK dom-specK dom-genK
Proficiency Pre (k=21) In (A~=21) Gain Pre (k=11) In (A=11) Gain Pre (k=10) In (k=10)  Gain
A2 (N=49) 4.28 8.83 4.56 1.86 4.37 2.51 242 4.46 2.04
B1 (N=51) 6.94 12.00 5.06 3.06 6.03 2.98 3.89 5.97 2.09
B2 (N=52) 10.8 16.2 5.35 4.82 8.24 3.42 5.99 7.92 1.93
Cl+ (N=28) 14.4 18.7 4.33 6.63 9.65 3.02 7.74 9.05 1.31

Note. Values represent mean expected scores computed from Rasch-calibrated person ability and item difficulty
parameters. Expected scores were derived separately for pre-scenario and in-scenario administrations by summing
expected probabilities of correct responses across items. Proficiency levels were grouped as A2, B1, B2, and C1+
(C1 and C2 combined).

Figure 4.11

Mean of the Expected DomK Performance across CEFR Proficiency Levels

Domain Knowledge Performance by Knowledge Type, Task Stage, and Proficiency Level (N = 180)

CEFR Level
17.5 1 . A2
s Bl
. B2
. Cl+

15.0 4

12.5 4

10.0

Mean Score

754

o R o A0 A0
‘J?e(' ‘ﬁe‘-‘e & & r_.,z“'e

@ W 20
¥ (" O
G A
el o o2

Knowledge Type and Task Stage

Identical with the pattern observed with the CTT scores in RQ1, pre- and in-scenario

scores across all three knowledge types showed a clear incremental increase as proficiency

204



increased, with higher-proficiency groups consistently outperforming lower-proficiency groups.
The most pronounced differences were observed between the B2 and C1+ levels, whereas
differences between adjacent lower proficiency levels were comparatively smaller.

In contrast, gain scores exhibited a less strictly monotonic pattern, with higher
proficiency groups, particularly at the C1+ level, naturally showing smaller gains, especially for
dom-genK, most likely since they already had a high level of domK before the scenario.
Nevertheless, the overall patterns suggest that the SBLA-SP domK tasks were sensitive to
proficiency-related differences while also capturing scenario knowledge development before and
during the scenario.

Building on the descriptive differences for gain score across CEFR levels, the next step
was to confirm whether these group differences are significant using ANOVA. Before running
ANOVA, the assumptions of independence, normality of residuals, and homogeneity of variance
were examined. Independence of observations was ensured by the study design, with each
examinee getting a single gain score. Shapiro-Wilk tests indicated statistically significant
deviations from normality for the residuals of the overall domK gain (W = .95, p <.001),
domain-specific gain (W = .95, p <.001), and domain-general gain (W = .96, p <.001) scores;
however, visual inspection of the Q-Q plots suggested that these deviations were moderate and
primarily reflected tail departures, which are expected given the sample size and the use of gain
scores. Levene’s tests indicated that the assumption of homogeneity of variance was violated for
all three dependent variables (overall domain-knowledge gain, domain-specific gain, and
domain-general gain; all ps <.001). Given violations of the homogeneity of variance assumption,
Welch’s one-way ANOV A, which provides a robust test of mean differences when group

variances and sample sizes are unequal (Welch, 1951; Field, 2018), was used for all proficiency-
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level comparisons. Accordingly, the post hoc comparisons were conducted using the Games-
Howell post hoc procedure, which is specifically recommended as a companion test to Welch’s
ANOVA under conditions of heteroscedasticity (Games & Howell, 1976; Maxwell, Delaney, &
Kelley, 2018). Rank-based alternatives (e.g., Kruskal-Wallis test, Mann-Whitney tests) were not
adopted because the dependent variables consisted of Rasch-derived gain scores with interval-
level measurement properties, and the research questions focused on mean-level differences
across proficiency groups, for which parametric procedures are appropriate and preferred (Bond
& Fox, 2015; Wright & Masters, 1982).

First, to get a big-picture view of overall domK gains, Welch’s one-way ANOVA was
conducted to examine the effect of general English proficiency on these gains. To examine
whether overall domK gains differed across English proficiency levels (A2, B1, B2, C1+),
Welch's one-way ANOVA was conducted on the overall domK gain scores. Results indicated a
significant effect of proficiency, F(3, 80.91) = 8.40, p <.001. A follow-up pairwise comparison
using the Games-Howell test was conducted, as shown in Table 4.17.

Table 4.17

Post Hoc Games-Howell test for Proficiency Level on Overall DomK Gain

Comparison Mean Difference 95% CI P
A2 -Bl1 0.51 [-0.03, 1.04] .069
A2-B2 0.79 [0.30, 1.29] <.001
A2 -Cl+ -0.23 [-1.05, 0.59] .880
B1-B2 0.28 [-0.15, 0.72] 319
Bl -Cl1+ -0.74 [-1.52,0.05] .075
B2 -Cl1+ -1.02 [-1.78,-0.26] .005

The Games-Howell test revealed that examinees at the B2 level demonstrated
significantly greater overall gains than those at the A2 level, and significantly greater gains than

those at the C1+ level. No statistically significant differences were observed between the A2 and
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B1 groups, between the B1 and B2 groups, or between the A2 and C1+ groups. These results
suggest that overall domK development during the scenario was strongest for learners at the

upper-intermediate (B2) proficiency level, while gains at the highest proficiency level (C1+)
were comparatively smaller.

To gain a clearer understanding of whether proficiency level might affect the gains of the
two types of knowledge differently, the same set of analyses was separately performed for dom-
specK and dom-genK. Focusing on dom-specK, a Welch’s one-way ANOVA revealed a
significant effect of English proficiency on dom-specK gains, F(3, 80.06) =22.70, p <.001.
Games-Howell post hoc comparisons (Table 4.18) showed that examinees at the B1, B2, and
C1+ levels all demonstrated significantly greater domain-specific gains than A2 examinees. In
addition, B2 examinees exhibited significantly greater gains than B1 examinees, indicating
continued growth in dom-specK with increasing proficiency from intermediate to upper-
intermediate levels. No statistically significant differences were observed between the B1 and
C1+ groups or between the B2 and C1+ groups. These findings suggest that dom-specK gain was
most pronounced at the B2 proficiency level, with evidence of a plateau at higher proficiency
levels.

Table 4.18

Post Hoc Games-Howell Test for Proficiency Level on Dom-specK Gain

Comparison Mean Difference 95% CI p
A2 - Bl 0.47 [0.11, 0.82] .005
A2 -B2 0.91 [0.61, 1.20] <.001

A2 -Cl+ 0.51 [0.06, 0.96] .022
B1-B2 0.44 [0.16, 0.72] <.001
B1-Cl1+ 0.05 [-0.40, 0.49] 993
B2 - Cl1+ -0.40 [-0.80, 0.01] .055

Finally, focusing on dom-genK, Welch’s one-way ANOVA indicated a significant effect

of English proficiency on dom-genK gains, F(3, 82.19) = 10.45, p <.001. Games-Howell post
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hoc comparisons (Table 4.19) revealed that the C1+ group demonstrated significantly smaller
domain-general gains than all other proficiency groups (A2, B1, and B2). No statistically
significant differences were observed among the A2, B1, and B2 groups. These results indicate
that while dom-genK development occurred for learners at lower and intermediate proficiency
levels, gains among the most advanced learners were comparatively limited, suggesting a ceiling
or saturation effect for domain-general investigative knowledge within the scenario.

Table 4.19

Post Hoc Games-Howell Test for Proficiency Level on Dom-genK Gain

Comparison Mean Difference 95% CI p

A2 -BI 0.04 [-0.18,0.27] .957
A2-B2 -0.11 [-0.35,0.13] .614
A2-Cl+ -0.74 [-1.13, -0.35] < .001
Bl -B2 -0.16 [-0.39,0.08] .301
Bl-Cl+ -0.78 [-1.16, -0.40] < .001
B2-Cl+ -0.63 [-1.02, -0.23] < .001

In conclusion, general English proficiency played a systematic, but non-linear role in
examinees’ domK development during the SBLA-SP. When overall domK was considered,
learners at the upper-intermediate (B2) level exhibited the largest gains, while gains among the
most advanced learners (C1+) were comparatively smaller. Disentangling the results by
knowledge type revealed distinct developmental patterns. For dom-specK related to electrical
interaction, gains increased from A2 through B2 and then plateaued, suggesting that upper-
intermediate learners benefited the most from the instruction on triboelectricity embedded within
the scenario. In contrast, for dom-genK associated with scientific-investigation practices,
learners at the highest proficiency level showed significantly smaller gains than all other groups.
Because they entered the scenario already possessing a high baseline knowledge of the practice,
the scenario, designed for B1 learners, provided less instructional value for them, as evidenced

by the ceiling effect observed among the C1+ learners on the in-scenario task.
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Together, these findings underscore the importance of distinguishing between dom-specK
and dom-genK when examining proficiency effects and suggest that language proficiency
interacts differently with different types of disciplinary learning within scenario-based
assessments.

Summary of Findings from Research Question 3

Research Question 3 investigated the extent to which examinees developed dom-specK
related to electrical interaction and dom-genK related to scientific investigation over the course
of the SBLA-SP. Overall, the Rasch analyses provided strong evidence that the tasks functioned
as coherent measures of domK across administrations. The item fit results from the first two
analytic steps showed that the items consistently aligned with a unidimensional construct,
supporting the interpretation of the task as a stable measure of science-related knowledge.
Building on this foundation, the results from the t-tests indicated that examinees developed both
dom-specK and dom-genK over the course of the scenario, as reflected in lower item difficulty
estimates and significantly improved probabilities of correct responses. While both knowledge
types showed growth, dom-specK exhibited larger absolute gains, whereas dom-genK showed
more consistent gains across items. Finally, the ANOVA results showed that the effect of general
English proficiency was systematic but non-linear: B2 learners showed the largest overall gains,
whereas C1+ learners showed smaller gains, likely because their higher baseline knowledge
limited room for further improvement. Taken together, these findings suggest that the SBLA-SP
supported meaningful disciplinary learning while revealing distinct developmental patterns

across knowledge types and proficiency levels.
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Research Question 4: Domain Knowledge on Writing Performance

The fourth research question examined the extent to which examinees’ science domK
supports their ability to successfully achieve the overarching scenario goal, as evidenced through
their written lab reports. To investigate how both pre- and in-scenario domK relate to the
examinees’ writing performance, the analyses proceeded in two stages. First, Pearson product-
moment correlations were used to explore the strength and direction of associations between
examinees’ domK (dom-genK and dom-specK) and the four components of writing performance
in the culminating SBLA-SP lab report, namely domain-specific content control, domain-general
content control, rhetorical control, and language control. These relationships were examined
separately for pre-scenario and in-scenario domK measures to identify potential differences
related to engagement with the scenario. Building on the observed correlation patterns, an SEM
analysis was then conducted to model the hypothesized relationships among domK and writing
performance components, allowing for the examination of direct and indirect contributions of
different types of knowledge to successful scenario-based writing performance. Finally, a multi-
group structural equation modeling analysis was conducted to examine whether the strength of
the relationship identified in the SEM differed across learners with different proficiency levels.
Correlation between Domain Knowledge and Writing Performance

To examine the relationships between domK and writing performance, Pearson product-
moment correlation analyses were conducted. DomK scores (pre- and in-scenario; domain-
general and domain-specific) and writing scores for the four analytic components (domain-
specific content control, domain-general content control, rhetorical control, and language
control) served as the variables in the analysis. To reduce redundancy in presentation, only one

triangular half of the correlation matrix was retained. The resulting correlation patterns are
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summarized visually in Figure 4.12, which presents a heatmap of Pearson correlations between
domK and writing performance measures.
Figure 4.12

Pearson Correlation Heatmap of Pre- and In-scenario DomK and Writing Performance
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Note. pre_Dspec = pre-scenario domain-specific knowledge; pre _Dgen = pre-scenario domain-general knowledge;
in_Dspec = in-scenario domain-specific knowledge; in_Dgen = in-scenario domain-general knowledge;

T2 Dspec_AVE = domain-specific content control in writing; 72 _Dgen_AVE = domain-general content control in
writing; 72 Rhet AVE = rhetorical control in writing; 72 Lang AVE = language control in writing.

The Pearson correlation analysis (Figure 4.12) revealed strong, positive associations
among components of domK and writing performance. Pre-scenario dom-specK and dom-genK
were moderately to strongly correlated (» = .575), suggesting substantial, but not redundant,
overlap in learners’ baseline science knowledge. Pre- to in-scenario associations were stronger,
with correlations ranging from » = .605 to .667, indicating meaningful knowledge development
during scenario engagement. In-scenario dom-specK and dom-genK were also moderately
correlated (» = .664), reflecting shared but distinguishable knowledge types activated during the
scenario. Similarly, the components of the writing rubric exhibited very strong correlations, with

correlations ranging from » = .949 to .976. This pattern indicates that domain-specific content
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control, domain-general content control, rhetorical control, and language control were tightly
associated in the culminating SBLA-SP writing task.

Associations between in-scenario domK and writing components were moderate to strong
(r =.654-.755), whereas correlations involving pre-scenario knowledge were comparatively
weaker (r = .448-.632), suggesting that knowledge mobilized during the scenario was more
closely related to writing performance than baseline knowledge alone. Taken together, these
results indicate (a) meaningful differentiation between pre- and in-scenario knowledge, (b)
strong coherence among writing rubric components, and (c) stronger associations between
writing performance and in-scenario domK than pre-scenario domK. These findings motivate the
subsequent modeling strategy, which separates dom-specK and dom-genK across pre- and in-
scenario occasions while addressing multicollinearity among writing outcomes.
The Contribution of Domain Knowledge to Situated Specific Purpose Writing Ability

Inspection of the correlation matrix revealed very strong positive associations among the
analytic writing components (r > .90), indicating substantial shared variance that could not be
meaningfully disentangled at the observed level. Treating these highly collinear indicators as
separate endogenous variables (Figures 3.20-3.21) raised concerns about multicollinearity. When
examined by SEM, these models yielded model strain and poor global fit, suggesting that the
observed scores functioned as inappropriate indicators of a common underlying ability rather
than as distinct outcomes. Accordingly, hypothesized model 3 was examined (Figure 3.22), in
which writing performance was specified as a latent construct rather than represented by separate
observed analytic scores. This specification aligns with the multifaceted nature of writing ability,

as defined in the MOM of situated S/FL proficiency (Purpura, 2024), in which domK, pragmatic
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knowledge, and semantico-grammatical knowledge are jointly mobilized to achieve the scenario
goal. Figure 4.13 shows the standardized path coefficients of this model.
Figure 4.13

Hypothesized Model 3 with Standardized Path Coefficients: Domain Knowledge Score on Latent
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The latent writing model demonstrated strong incremental fit (CFI = .97, TLI = .96) and a
substantially improved overall fit relative to earlier models that treated analytic writing scores as
separate outcomes. Although the chi-square test of model fit was statistically significant, y*(18) =
75.78, p <.001, this result was expected given the sensitivity of the chi-square statistic under
moderate sample size and strong intercorrelations among observed variables (Kline, 2023).
Residual-based fit indices indicated improved, though still moderate misfit (SRMR = .15),
beyond Hu and Bentler’s cutoft score, 0.08, and the RMSEA was elevated (.13, 90% CI
[.10, .17]), beyond the cutoff of 0.06; however, RMSEA should be interpreted with caution given
the relatively low degrees of freedom (df=18), as this index is known to overestimate misfit in
models with small degrees of freedom (Kenny et al., 2015).

At the structural level, pre-scenario dom-specK significantly predicted in-scenario dom-
specK (B=.59, p <.001), and pre-scenario dom-genK significantly predicted in-scenario dom-

genK (B =.58, p <.001), accounting for 35% and 34% of the variance in in-scenario knowledge,
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respectively. Consistent with expectations, pre-scenario domain-specific and dom-genK were
moderately correlated (r = .58, p <.001), indicating shared foundational knowledge resources
prior to task engagement. Similarly, in-scenario Dom-SpecK and dom-genK were moderately
correlated (r = .44, p <.001), suggesting coordinated knowledge activation during the scenario
beyond what was explained by prior knowledge.

In turn, both in-scenario dom-specK (B = .47, p <.001) and in-scenario dom-genK (B
= .45, p <.001) made comparable and substantial contributions to overall writing performance,
jointly explaining 63% of the variance in the latent writing construct. Standardized factor
loadings were very high across components, with domain-specific content loading at A = .97,
domain-general content at A = .98, rhetorical control at A = .99, and language use at A = .97 (all
ps <.001). These loadings indicate that each analytic component contributed substantially and
comparably to the latent construct, with the latent writing factor accounting for approximately
93%-98% of the variance in the observed writing scores. Together, these findings suggest that
writing performance in the SBLA-SP reflects the integrated contribution of multiple knowledge
resources activated during task engagement rather than isolated domain-specific or domain-
general pathways.

To further examine whether dom-genK and dom-specK activation exhibit cross-domain
influence, an expanded structural model (ALT1) was specified (see Figure 4.14). In addition to
the domain-aligned pathways from pre-scenario to in-scenario knowledge (PRE_DSpec —
IN_DSpec; PRE DGen — IN DGen), ALT1 included cross-domain paths (PRE_DGen —
IN_DSpec; PRE DSpec — IN_DGen). This specification was added to examine the possibility

that prior dom-genK on scientific-method may facilitate the activation of dom-specK during the
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scenario, and conversely, that prior dom-specK may support dom-genK on investigation
processes in the scenario.

Figure 4.14

Alternative Path Model 1 with Standardized Path Coefficients: Extension of Model 3 by adding

Cross-loadings in Domain Knowledge
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The ALT1 model, which incorporated cross-domain activation pathways, demonstrated
substantial improvement over the hypothesized model 3. Model fit improved markedly, with
excellent incremental fit, y*(16) = 39.27, p =.001, CFI1 =.99, TLI = .98, and a notable reduction
in residual misfit (SRMR = .05). RMSEA also decreased from .13 in Model 3 to .09 in ALTI
(90% CI [.06, .13]), indicating improved global fit.

At the structural level, pre-scenario dom-specK significantly predicted in-scenario dom-
specK (B = .43, p <.001), and pre-scenario dom-genK significantly predicted in-scenario dom-
genK (B =.61, p<.001). Importantly, a significant cross-domain pathway emerged from pre-
scenario dom-genK to in-scenario dom-specK (f = .36, p <.001), indicating that general
scientific knowledge contributed to the activation of domain-specific understanding during the
scenario. In contrast, the reverse cross-domain pathway from pre-scenario dom-specK to in-
scenario dom-genK was not statistically significant (§ = .10, p = .149). Pre-scenario knowledge

variables were moderately correlated (r = .58, p <.001), and in-scenario knowledge variables
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remained moderately correlated after accounting for cross-domain effects (r = .45, p <.001),
suggesting coordinated but not redundant activation.

Both in-scenario dom-specK (B = .45, p <.001) and in-scenario dom-genK (B = .45, p
<.001) made comparable and substantial contributions to overall writing performance, jointly
explaining 68% of the variance in the latent writing construct. Standardized factor loadings for
the writing indicators remained uniformly high (As =.97-.99, all ps <.001), with the latent
writing factor accounting for approximately 94%-98% of the variance in the analytic writing
scores. Collectively, these findings suggest that while domain-specific and dom-genK are
mutually coordinated during task engagement, general scientific baseline knowledge plays a
particularly important role in facilitating the activation of domain-specific understanding, which
in turn contributes to writing performance in the SBLA-SP.

Although ALTI provided strong evidence for cross-domain influence from pre-scenario
dom-genK to in-scenario dom-specK, inspection of the modification indices suggested a
potentially more structured mechanism where dom-genK activates dom-sepcK. Accordingly, an
alternative model (ALT2; Figure 4.15) was specified to test the hypothesis that dom-genK
supports the activation of dom-specK across phases. In ALT2, dom-genK was specified as
predicting dom-specK both before (PRE_DGen — PRE DSpec) and during the scenario
(IN_DGen — IN_DSpec). The model also retained the pathways from ALT1 connecting the
same type of domK from pre-scenario to in-scenario (PRE_DGen — IN_DGen; PRE DSpec —
IN_DSpec). The writing performance was modeled as a latent construct, indicated by the four
analytic writing components, and regressed on both in-scenario dom-genK and dom-specK. This
specification allowed evaluation of whether the cross-domain effects observed in ALT1 could be

represented more parsimoniously as a hierarchical activation process.
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Figure 4.15
Alternative Path Model 2 with Standardized Path Coefficients: Extension of Model 3 by Adding

General — Specific Domain Knowledge Paths
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ALT?2 demonstrated excellent incremental fit, %*(18) = 43.40, p =.001, CFI = .99, TLI
= .98, with low residual misfit (SRMR = .06) and acceptable global fit (RMSEA = .09, 90% CI
[.06, .12]). Fit was comparable to ALT1, though information criteria marginally favored ALT1
(AIC =4235.67) over ALT2 (AIC = 4235.80).

Critically, baseline dom-genK significantly predicted baseline dom-specK (f =.58, p
<.001), providing evidence that learners' baseline dom-genK facilitates their baseline dom-
specK. Similarly, in-scenario dom-genK significantly predicted in-scenario dom-specK (B = .49,
p <.001), supporting the hypothesized within-scenario general-to-specific activation mechanism.
In other words, knowledge related to planning, organizing, and applying general scientific
reasoning appears to predict learners’ ability to access and use specialized disciplinary concepts
regarding triboelectricity both before and during the scenario.

Consistent with Model 3 and ALT1, pre-scenario dom-specK significantly predicted in-
scenario dom-specK (B = .42, p <.001), and baseline dom-genK strongly predicted in-scenario
dom-genK (B = .66, p <.001). Also, both in-scenario dom-specK (B = .45, p <.001) and in-

scenario dom-genK (B = .45, p <.001) made comparable and substantial contributions to writing

217



performance, jointly explaining 67% of the variance in the latent writing construct (R* = .67).
Standardized factor loadings for the writing indicators remained uniformly high (As =.97-.99, all
ps <.001), indicating that the analytic writing components functioned as strong indicators of a
common underlying writing proficiency. The path estimates are shown in Table 4.20.

Table 4.20

Structural Path Estimates for ALT?2

Unstandardized

Structural Path Estimate SE z P B R’
PRE_DGen — PRE_DSpec 0.467 0.049 9579 <001 0575 0330
PRE DGen — IN_DGen 0.655 0.050 13.184 <.001 0.664 0.441
PRE DSpec — IN_DSpec 0.540 0076 7072 <001 0423 .
IN_DGen — IN_DSpec 0.512 0.067 7678 <.001 0487
IN_DSpec — Writ_lat 0.215 0.024 8.788 <.001 0.449 0.671
IN_DGen — Writ_lat 0.229 0.026 8.707 <.001 0.454

Note. PRE_DGen = pre-scenario domain-general knowledge; PRE Dspec = pre-scenario domain-specific
knowledge;IN Dspec = in-scenario domain-specific knowledge; /N _Dgen = in-scenario domain-general knowledge;
Writ_lat = situated specific purpose writing ability

As shown in Table 4.21, comparisons of model fit indices indicated that ALT2
demonstrates a comparable overall fit relative to ALT1. Nevertheless, ALT2 was selected as the
focal model because it offers a more theoretically coherent and conceptually informative account
of the hypothesized cross-domK dynamics, aligned with prior work distinguishing dom-genK
and dom-specK and viewing dimensions of domK as interactive rather than independent (Cai &
Kunnan, 2018; McCarthy & McNamara, 2021). Specifically, ALT2 represents dom-genK as a
broader disciplinary foundation that supports the activation of dom-specK before and during the

scenario, rather than treating the two as parallel predictors.
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Table 4.21

Summary of Model Fit Statistics

Model (Structural specification) 2 df P RMSEA [90% CI] SRMR CFI TLI AIC

Model 3 (Latent writing model) 75.78 18 <.001 13 [.10, .17] 15 97 96  4268.18

ALT 1 (Latent writing model
with cross-domain paths)

ALT 2 (Latent writing model 4340 18 .001 .09 [.06, .12] .06 99 98  4235.80
with DomGen—DomSpec paths)

39.27 16 .00l .09 [.06, .13] .05 99 98  4235.67

Note. * = Yuan-Bentler scaled chi-square statistic (MLR). RMSEA = root mean square error of approximation;
SRMR = standardized root mean square residual; CFI = comparative fit index; TLI = Tucker-Lewis index; AIC =
Akaike information criterion. All models were estimated with Full Information Maximum Likelihood (FIML) for
missing data and treated observed variables as random (fixed.x = FALSE).

Accordingly, ALT2 was retained as the focal model for subsequent analyses. Given that
the interplay between domK and situated specific purpose writing ability may differ by language
proficiency, ALT2 was compared across CEFR proficiency groups to determine if these
structural pathways remain invariant or diverge across distinct levels.

Group Comparison by CEFR group

Building on the threshold hypothesis (Clapham, 1996; Romhild et al., 2011), which
suggests that learners’ ability to leverage domK depends on their language proficiency, a multi-
group SEM was employed to examine whether systematic differences across CEFR level groups
are present. In the first step, the ALT2 model was fitted across groups as a configural model
through multi-group SEM, with the overall model structure remaining constant while parameter
estimates allowed to vary across groups. The overall configural model showed acceptable fit:
CFI=.985, TLI =.976, SRMR = .060, and RMSEA 1is .082. This configural model provides an
initial descriptive comparison of how the relationships among domK and writing performance
operate across proficiency levels. Table 4.22 presents the standardized path coefficients (f) and

corresponding p-values for each structural relation across the four CEFR groups.
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Table 4.22

Configural Multi-group ALT? (fit_cfg): Group-specific Standardized effects () and p-values

Structural path A2:B(p) B1: B (p) B2: B (p) Cl+:B (p)
PRE_DGen — PRE_DSpec 151 (.335) 409 (.002) 424 (<.001) 498 (<.001)
PRE_DGen — IN_DGen 271 (.060)  .601 (<.001) .571(<.001) 206 (.253)
PRE_DSpec — IN_DSpec 305 (.015) 473 (<.001) 221 (.022) .500 (.001)
IN_DGen — IN_DSpec .265 (.053) .329 (.010) 599 (<.001)  .603 (<.001)
IN_DGen — Writ_lat 281 (.082)  .535(<.001) 331 (.004) 361 (.243)
IN_DSpec — Writ_lat 443 (.011)  .383(<.001) 314 (.033) .239 (.273)

Note. Values represent standardized path coefficients (B) with p-values from the configural multi-group ALT2
model. Bolded rows mark the paths that were later found to differ significantly across CEFR groups in the
subsequent equality-constraint tests.

As shown in Table 4.22, at the descriptive level, the strength and significance of the paths
vary across proficiency groups, with the most consistent and robust effects observed among
intermediate learners (B1-B2), a pattern consistent with the threshold hypothesis (Clapham,
1996).

For the A2 group, two paths involving dom-specK were the strongest: pre-dom-specK
significantly predicted in-dom-specK (B =.305, p =.015), and in-dom-specK, in turn,
significantly predicted writing performance (f =.443, p = .011). This indicates that A2 learners’
dom-specK possessed before and during the scenario was meaningfully related to their writing
performance. In contrast, paths involving dom-genK showed weaker, non-significant effects. In
particular, the contribution of in-dom-genK on writing performance was not significant (3
=.281, p = .082). Interpreted through Clapham’s (1996) threshold hypothesis, these results
suggest that A2 learners may not yet have reached the proficiency level required to fully leverage
their dom-genK related to planning and carrying out scientific investigations when writing their
lab report. Nevertheless, when provided with sufficient scaffolding throughout the scenario, they

were able to draw on dom-specK about electrical interactions
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In contrast, the B1 and B2 groups showed the most consistent pattern with the originally
specified ALT2 model. For the intermediate groups, pre-dom-genK significantly predicted both
pre-dom-specK and in-dom-genK, and in-dom-genK significantly predicted in-dom-specK,
indicating that dom-genK and dom-specK were systematically related across the scenario.
Importantly, both in-dom-specK and in-dom-genK significantly predicted writing performance
for these groups (B1: p=.383 and .535, ps <.001; B2: B =.314 and .331, ps <.033). Overall,
these results suggest that domK was consistently associated with writing performance at the
intermediate proficiency levels.

For the C1+ group, some domK paths remained significant, such as pre-dom-genK

predicting pre-dom-specK (B =.498, p <.001) and in-dom-genK predicting in-dom-specK (3

.603, p <.001). However, the path from pre-dom-genK to in-dom-genK was not significant (3

206, p = .253). Furthermore, neither in-dom-specK nor in-dom-genK significantly predicted
writing performance (f =.239 and .361, ps > .243). This pattern is consistent with Clapham’s
(1996) observation that high-proficiency learners may perform language tasks well regardless of
domain familiarity. In other words, their writing performance may be supported more by
linguistic resources than by domK. Thus, although both types of domK remained related to one
another for the highest-proficiency group, domK was not strongly reflected in writing outcomes.
Taken together, the multi-group ALT?2 results provide pattern-level support for the
threshold hypothesis: (a) below the threshold (A2), dom-specK was the primary knowledge
component associated with writing; (b) around the threshold (B1-B2), both dom-genK and dom-
specK showed the strongest and most stable relations with writing performance; and (c) above
the threshold (C1+), writing performance appeared less directly related to variation in domK,

even when the knowledge components themselves remained related during task engagement.
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Building on the descriptive patterns observed in the configural model, the next step was
to compare a series of multi-group SEMs to evaluate whether the apparent differences in paths
across CEFR groups were statistically significant (Table 4.23).

Table 4.23

Configural Multi-group ALT? (fit_cfg): Test Results

Test Path constrained equal across groups  Ay? Adf p Interpretation
Partial metric Writing loadings (except Rhetorical 2.58 6 .859  Supported - writing construct
invariance Control) comparable across groups
PRE DGen — PRE DSpec 4.15 3 .246  No group difference
PRE DGen — IN DGen 16.59 3 <.001 Path differs across groups
Structural equality- PRE DSpec — IN_DSpec 3.17 3 .366 No group difference
constraint test IN DGen — IN_DSpec 8.71 3 .033  Path differs across groups
IN_DSpec /IN_DGen 8.82 6 .184 No group difference
— Writ_lat

As shown in Table 4.23, the first model tested was the partial metric invariance model for
the writing factor. In this model, all writing loadings were constrained to be equal across CEFR
groups, except for the rhetorical-control indicator, which was identified as having a loading that
differed across groups, and thus was released and estimated freely. When the fit of this model
was compared to that of the configural model, the chi-square difference was not statistically
significant (Ay*(6) = 2.58, p = .859), indicating that the latent writing construct was measured in
a sufficiently similar way across groups to support subsequent comparisons of the structural
paths.

The next set of models tested whether each structural path could be constrained to
equality across groups. Each constrained model was compared with the partial metric invariance
model using robust scaled chi-square difference tests. If constraining a path significantly

worsened model fit, that was taken as evidence that the strength of that path differed across
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proficiency groups. If model fit did not worsen significantly, the path was interpreted as being
broadly comparable across groups.

Using this procedure, Table 4.23 shows that only two paths showed statistically
significant group differences: the path from pre-dom-genK to in-dom-genK, Ax*(3) = 16.59, p
<.001, and the path from in-dom-genK to in-dom-specK, Ay*(3) = 8.71, p =.033. When
revisiting Table 4.22, a clear intermediate-level advantage is observed, as both paths were
significant for the B1 and B2 groups, while the pre-dom-genK to in-dom-genK path was not
significant for A2 and C2 learners, and the in-dom-genK to in-dom-specK activation path did not
hold for A2 learners. This suggests that intermediate learners showed the clearest pattern for pre-
dom-genK being related to in-dom-genK, which in turn was related to in-dom-specK. In contrast,
constraining the other paths (i.e., from pre-dom-genK to pre-dom-specK, pre-dom-specK to in-
dom-specK, and the two paths from in-domK to writing performance) did not significantly
worsen model fit. In other words, the differences observed in the configural multi-group model
for the other paths were not statistically significant.

Overall, these results suggest that dom-genK played a particularly important role in the
display of situated specific-purpose writing ability, conceptualized in this study as a culmination
of the engagement with the scientific practice of planning and carrying out investigations. The
significant contribution of dom-genK, therefore, indicates that knowledge of scientific
investigation (e.g., how to formulate a hypothesis, what systematic procedures to follow, and
how to report them) was central to successful lab report performance within the scenario, which
reflects the ability to write in the process of doing science.

These findings parallel Phakiti’s (2007, 2008) work on strategic competence in L2

reading, where domain-general strategies regulated the use of domain-specific strategies during
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task performance, and domain-specific strategies, in turn, directly influenced outcomes. This
pattern is also observed in the present study, but extended to domK, in that dom-genK not only
supported the activation of dom-specK, but also contributed directly to situated writing
performance. Interestingly, this pattern, in which dom-genK played a critical role, was especially
pronounced among intermediate learners, consistent with the threshold hypothesis (Clapham,
1996).

Summary of Findings from Research Question 4

Research Question 4 examined the extent to which examinees’ science domK supported
their ability to successfully achieve the scenario goal, as manifested in their culminating lab
reports. The correlation analyses indicated that DomSpec and dom-genK were shared but
distinguishable knowledge types. In addition, in-domK showed stronger correlations with writing
performance than pre-domK, indicating that the domK mobilized during the scenario was more
closely connected to situated specific purpose writing ability than baseline domK alone.

The SEM analysis further confirmed the continuity within each knowledge type before
and during the scenario, with pre-dom-genK predicting in-dom-genK and pre-dom-specK
predicting in-dom-specK. Interestingly, it also specified a general-to-specific pattern, in which
pre-dom-genK predicted pre-dom-specK and in-dom-genK predicted in-dom-specK, suggesting
that the dom-genK about scientific investigation served as a prerequisite for activating the dom-
specK on electrical interaction. This hierarchical pattern aligns with Phakiti’s (2007, 2008)
findings in L2 reading, where domain-general strategies regulated the use of domain-specific
strategies during task performance. Finally, both in-scenario dom-genK and dom-specK

contributed comparably to writing performance.
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When this model was subsequently compared across proficiency groups, the paths
involving dom-genK showed statistically significant variation, with the most consistent patterns
observed for B1-B2 learners. Overall, these findings suggest that domK, particularly knowledge
activated during the scenario, played a meaningful role in supporting writing performance, with
intermediate learners showing the clearest evidence of benefiting from dom-genK within the
scenario, a pattern consistent with Clapham’s (1996) threshold hypothesis.

Summary

In Chapter IV, the findings from the analyses addressing the four research questions were
discussed. First, preliminary analyses examined the functionality of the SBLA-SP tasks. The
results indicated that the tasks demonstrated adequate psychometric properties for both domK
and situated, specific-purpose writing performance. Second, MFRM analyses results showed that
the culminating writing task successfully differentiated examinee ability, that raters reliably rated
the performances, and that the analytic rating scales functioned in an orderly and interpretable
manner. Next, Rasch analyses substantiated meaningful domK development across the scenario,
with dom-specK exhibiting larger gains while dom-genK showed more consistent growth across
items, as substantiated by the larger effect size. Finally, SEM demonstrated that both dom-genK
and dom-specK were associated with situated specific purpose writing ability, with dom-genK
playing an important role in supporting the activation of dom-specK during task engagement.
Subsequent multi-group SEM analyses showed that pathways involving dom-genK varied
significantly across CEFR proficiency groups, with the clearest and most consistent patterns
observed among intermediate learners. In the next and final chapter, these findings are
synthesized and discussed in relation to the LOA framework to build a validation argument, and

the implications of the study for language assessment research and practice are presented.
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Chapter V

CONCLUSION

Recognizing the 21C disciplinary demand for L2 learners to do science beyond merely
knowing science, the current study investigated a broadened construct of specific-purpose
writing ability for science purposes.

Specific purpose language ability, or one’s ability to use the S/FL within a specific
disciplinary or occupational domain for a particular purpose, has long been examined in S/FL
assessment research (e.g., Clapham, 1996; Douglas, 2000; Knoch & Macqueen, 2019). However,
the increasing complexity of 21C disciplinary practices calls for a construct that reflects
disciplinary writing as a goal-directed process that emerges through interaction in authentic
contexts, rather than a decontextualized product (Bunch & Martin, 2021; Grapin, 2022). Building
on Purpura’s (2021; 2025) definition of situated S/FL proficiency (Purpura, 2017; Purpura & Oh,
2024), which recognizes the purpose-driven nature of 21C competencies, this study examined
situated specific purpose writing ability, defined as the ability to marshal a range of resources,
including language and domK, to meet real-life goals.

In order to systematically disentangle the resources examinees drew on to meet a
disciplinary goal, the study adopted the LOLA framework to guide the design of an SBLA for
science purposes (SBLA-SP). The scenario immersed examinees in the five-step process of the
science practice of planning and carrying out investigations. Across sequenced tasks, learners (1)
asked investigable questions, (2) generated hypotheses, (3) designed experiments, (4) collected
and recorded data, and (5) analyzed and interpreted results, culminating in a lab report that

required them to synthesize evidence and communicate findings.
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The current study also investigated the role of domK as a core component of the
construct. Although domK has long been recognized as inseparable from specific purpose
language ability (e.g., Clapham, 1996; Romhild et al., 2011; Snow & Katz, 2014; Purpura, 2016,
2024), prior research has varied in how domK has been defined, operationalized, and measured,
making it difficult to compare findings. Furthermore, although some LASP studies have
acknowledged that the specificity of domK might have a differing impact on language
performance, evidence has largely come from studies on reading and listening comprehension,
with limited investigation in productive skills (e.g., Cai & Kunnan, 2018; McCarthy et al., 2018;
McCarthy et al., 2023). To address this gap, the study examined how distinct types of domK,
namely dom-genK, conceptualized as knowledge of general science practices, and dom-specK,
conceptualized as knowledge of a specific sub-domain (physical science), related to and jointly
predicted situated specific-purpose writing ability.

The psychometric quality of SBLA-SP was examined using CTT indices and many-facet
Rasch modeling for the culminating lab report. The change in domK throughout the scenario was
then examined through Rasch-based comparisons and mean tests. Associations between domK
and situated writing performance were examined using correlation analyses and SEM.

Given that SBLA-SP was designed within the LOLA framework, this final chapter
synthesizes the findings of the current study through a LOLA-based argument-based validation
(LOLA-ABV) approach (Purpura et al., 2026; Voss et al., 2026). Specifically, this synthesis
examines the extent to which the results supported the design claims laid out in the interpretive
argument in Chapter 2, which specified the intended interpretation and use of the SBLA-SP

scores (Chapelle, 2021; Chapelle & Voss, 2021; Kane, 2013). Following this, the chapter
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discusses the study’s theoretical and practical implications. It then closes by outlining key
limitations and offering directions for future research.
LOLA Validity Argument for SBLA-SP

The results of this study are synthesized through the LOLA framework, the design
framework of SBLA-SP. Each dimension of LOLA was deliberately engineered into the design
of SBLA-SP to systematically account for the range of linguistic, topical, socio-cognitive, and
interactional resources that jointly shape the assessment event. Accordingly, the discussion
revisits the design claims articulated in Chapter 2 for each LOLA dimension and evaluates the
extent to which the study’s findings support those claims.

This approach builds on recent studies using LOLA-ABV (Purpura et al., 2026; Voss et
al., 2026), which allow each dimension of the assessment event to be examined through its own
claim, backed by a coordinated set of supporting evidence while maintaining logical clarity.
Consistent with ABV (Kane, 2013; Chapelle, 2021), each claim is examined through Toulmin’s
(1958) model, in which claims are supported by warrants, explicit assumptions, and empirical or
theoretical backing. This structure ensures that score interpretations and inferences about the
assessment experience can be evaluated systematically. Rather than treating validation strictly as
a linear chain of inferences (Chapelle, 2021), the study adopts LOLA’s multidimensional view to
account for the interacting dimensions in which performance indicators and moderators
dynamically unfold in the language use event (Purpura, 2024; Purpura & Turner, 2018).

Tables 5.1, 5.2, and 5.3 present the resulting partial validity argument for the SBLA-SP
by organizing the findings across three focal LOLA dimensions investigated in this study: the
elicitation, proficiency, and socio-cognitive dimensions. For each dimension, a claim specified

the intended interpretation of performance within that dimension. Each claim is then supported
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by warrants, which correspond directly to the study’s research questions and articulate the
inferential link between observed performance and the proposed interpretation. Under each
warrant, a set of fine-grained assumptions specifies the conditions that must hold for the warrant
to be defensible. The backing column provides a summary of the empirical evidence drawn from
the relevant analyses. Finally, the judgment column summarizes the extent to which the
empirical evidence supports each assumption.

Elicitation Dimension

The validity argument for the elicitation dimension was examined first, as the
functionality of the assessment, or how well the assessment “elicited” the target performance, is
a prerequisite for making any valid interpretations about the underlying construct. As shown in
Table 5.1, the primary design claim examined for this dimension is that SBLA-SP tasks elicit
performance consistencies of situated specific purpose language ability, as defined by the MOM
of situated S/FL proficiency (Purpura & Oh, 2024) and informed by the NGSS. This claim was
supported by two warrants, each corresponding to a research question. The first warrant
addressed the overall functionality of the tasks (RQ1), while the second evaluated whether the
domain-knowledge task facets functioned to measure a unified construct (RQ3-1).

The first warrant (ED.W1) supporting the claim was that the pre- and in-scenario domK
and lab report writing tasks displayed adequate psychometric properties to serve as meaningful
and consistent measures of situated specific-purpose language ability. The plausibility of this
warrant was evaluated through six assumptions. The first four assumptions examined the
meaningfulness of the scores (ED.A1.1-ED.A1.4), with backing provided by CTT analyses,

including descriptive statistics to analyze performance trends across CEFR levels. The final two
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assumptions examined the consistency of the measure (ED.A1.5-ED.A1.6), with backing
provided through reliability analyses evaluating internal consistency and inter-rater agreement.
The second warrant (ED.W2) focused on the domain-knowledge task, by positing that the
facets of the task reliably elicited construct-relevant evidence. The plausibility of this warrant
was supported through four underlying assumptions. The first three (ED.A2.1-ED.A2.3)
examined whether the facets of this task (i.e., examinee ability, item difficulty, and occasion
difficulty) functioned systematically with the backing provided by strata and the reliability of the
strata derived from the first two steps of a four-step facet analysis. The final assumption
(ED.A2.4) focused on the items as a coherent measure of a unidimensional construct. Backing

was derived from item fit statistics from the same MFRM steps.
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Table 5.1

Validity Argument for the SBLA-SP: The Elicitation Dimension

[Elicitation Dimension (ED)]
Claim: SBLA-SP tasks elicit performance consistencies of the situated situated specific purpose language ability

Warrants Assumptions Backing Judgement
ED.W1. The [Meaningfulness] [Descriptive Statistics]
performance indicators
of the SBLA-SP ED.A1.1. The pre- ED.B1.1. The pre-domK task (max =21) shows  Supported

display adequate
psychometric
properties as a
meaningful and
consistent measure of
S/FL learners’ situated
specific purpose

scenario tasks provide
meaningful indicators

of examinees’ baseline

domK and writing
ability.

language ability. (RQ1) ED A1.2. The pre-

scenario tasks
distinguish learners
across CEFR
proficiency levels as
expected.

ED.A1.3. The in-
scenario tasks provide
meaningful indicators
of examinees’ domK
and writing ability
within the scenario.

ED.A1.4. The in-
scenario tasks
distinguish learners
across CEFR
proficiency levels as
expected.

[Consistency]

ED.A1.5. The four
raters consistently rate
the writing
performance.

ED.A1.6. The SBLA-
SP tasks demonstrate
adequate internal
consistency reliability.

adequate central tendency (M = 8.48, 40%; median

= §8; mode = 6), dispersion (SD = 4.85; min-max =

0-19), and distributional characteristics (skew =

0.07; kurt = —1.00). Similarly, the pre-writing task

(max = 4) shows adequate central tendency (M =

1.41, 35%), dispersion (SD = 1.40; min-max = 0-4),

and distribution (skew = 0.38; kurt = —1.53).

ED.B1.2.1. pre-domK: Mean scores increased from Partially
A2 (M=4.88)— Bl (M=6.75) — B2 (M= 10.67) supported
— C1 (M = 14.22), with a slight decrease at C2 (M

= 13.30). pre-writing: Mean scores increased from
A2M=0.31)->Bl1(M=0.99) - B2 M=2.12)

— C1 (M = 2.93), with a modest decrease at C2 (M

=2.48).

ED.B1.3. The in-domK task shows adequate central supported
tendency (M = 13.39, 64%; median = 14; mode =

21), dispersion (SD = 5.61; min-max = 0-21), and

distribution (skew = —0.22; kurt = —1.13). Similarly,

the in-writing task (max = 4) shows adequate

central tendency (M = 1.61, 40%), dispersion (SD =

1.51; min-max = 0-4), and distribution (skew = 0.32;

kurt =—1.56).

ED.B1.4. in-domK: Mean scores increased from A2 Partially
(M=28.20)—Bl (M=1220)—> B2 (M=1631) supported
— C1 (M = 19.50), with a slight decrease at C2 (M

= 18.70). in-writing: Mean scores increased from
A2(M=0.29)—> Bl (M=1.14) > B2 (M =2.42)

— C1 (M = 3.28), with C2 (M = 3.19) performing

comparably to C1.

[Reliability]

ED.B1.5. Inter-rater reliability indicated high
agreement for both writing tasks: pre-writing r
= .97** and in-writing r = .99** supporting
minimal rater-related measurement error.

Supported

Internal consistency was strong-to-excellent across
all four tasks: pre-domK o = .84, in-domK o = .90,
pre-writing o = .99, and in-writing o = .99

Supported

ED.W2. The facets
(i.e., examinee ability,
pre- and in-scenario

[Reliability of DK task [Steps 1 & 2 of the 4-step Analysis]

Facets]
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domK, occasion
difficulty, item
difficulty) of the
SBLA-SP domK task
reliably elicit construct-
relevant evidence of
domK. (RQ3-1)

ED.A2.1. The domK
tasks reliably
distinguish among
examinees across
administrations.

ED.A2.2. Item
difficulty estimates are
stable and well-
separated on the
measurement
continuum.

ED.A2.3.
Administration
occasion (pre- vs. in-
scenario) functions
systematically and is
reliably represented in
the model.

[Item Fit]

ED.A2.4. Domain
knowledge items
function coherently as a
unidimensional
construct.

ED.B2.1. In Step 1 (N = 360 response patterns; K = Supported
21), examinee ability estimates ranged from -4.67 to

4.79 logits (logit spread = 9.46), with strata = 3.46

and strata reliability = .85, indicating adequate

differentiation. In Step 2 (N = 180; occasion facet

included), ability estimates ranged from -2.79 to

3.65 logits (logit spread = 6.44), with strata = 4.78

and reliability = .92, demonstrating widened strata

after modeling occasion severity.

ED.B2.2. In Step 1, item difficulty estimates ranged Supported
from -1.57 to 2.29 logits (logit spread = 3.86), with

strata = 10.28 and reliability = .98. In Step 2, item

difficulties ranged from -1.50 to 2.05 logits (logit

spread = 3.55), with strata = 10.01 and reliability

=98, indicating stable and strong separation of

item difficulties.

ED.B2.3. In Step 2, occasion severity estimates
ranged from 0.74 logits (pre-scenario; more severe)
to -0.74 logits (in-scenario; less severe), yielding a
logit spread of 1.48. Occasion strata = 23.99 and
reliability = 1.00 indicate that the in-scenario
became systematically easier than the pre-scenario.

Supported

[Fit Statistics from Steps 1&2]

Supported
ED.B2.4. In Step 1, infit MNSQ values ranged from
0.79 to 1.27, within the acceptable range (0.5-1.7).
One item (dom-specK?2) showed a slightly elevated
outfit (1.95), but acceptable infit. In Step 2, all
items again demonstrated acceptable infit MNSQ
values; two items (dom-genK2, dom-genK3)
showed slightly elevated outfit statistics (1.77 and
1.64), but infit remained within acceptable limits.
Across both steps, no item exhibited substantial
misfit threatening unidimensionality.

The first four assumptions (ED.A1.1-ED.A1.4) for the first warrant addressed the

meaningfulness of the performance indicators, referring to the extent to which the scores can be

interpreted as construct-relevant representations of performance in relation to the model of

situated specific purpose writing ability and the CEFR (Purpura et al., 2026). Assumptions

ED.A1.1 and ED.A1.3 posited that the pre- and in-scenario tasks provided meaningful indicators

of examinees’ domK and writing ability within the narrative event. Backing for these

assumptions (ED.B1.1, ED.B1.3) was provided by descriptive statistics, which showed that the
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pre-scenario domK (Mpre-pk = 8.48) and writing tasks (Mpre-writing = 1.41), as well as the in-
scenario domK (Min-px = 13.39) and writing tasks (Min-wrising = 1.61) all exhibited adequate
central tendency, dispersion, and distributional characteristics to represent a broad range of
performance expected in a high-school context with varying proficiency levels. Assumptions
ED.A1.2 and ED.A1.4 further examined whether these indicators could distinguish learners
across CEFR levels as expected. Backing for these assumptions (ED.B1.2, ED.B1.4) revealed a
clear monotonic increase in mean scores from A2 through C1 across all four tasks; however, a
consistent plateau or slight decrease at the C2 level was observed, such as in the in-writing task,
where C2 learners (M = 3.19) performed comparably to those at C1 (M = 3.28). Taken together,
because the scores provided a substantively meaningful basis for interpretation across the
proficiency spectrum and the high-end results are consistent with established interaction patterns
between proficiency and domK, these four assumptions were supported.

The second warrant further examined the domK task, with the first three assumptions
(ED.A2.1-ED.A2.3) evaluating whether the examinee, item, and occasion facets of the domain-
knowledge task functioned systematically and remained stable within the measurement model.
Backing for examinee differentiation (ED.B2.1) was provided by MFRM strata reliability, which
reached .92 after modeling the occasion facet, while backing for item stability (ED.B2.2) showed
that item difficulty estimates were well-separated with a reliability of .98. Additionally, backing
for the administration occasion (ED.B2.3) revealed a highly stable and systematic shift in
severity from the pre-scenario (0.74 logits) to the in-scenario (-0.74 logits) task, with a
separation reliability of 1.00. Since the facets demonstrated high reliability and occupied
consistent, predictable positions on the measurement continuum, these three assumptions were

robustly supported.
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The final assumption (ED.A2.4) addressed the requirement that the domain-knowledge
items function coherently as a single, unidimensional construct. Backing for this assumption was
derived from the item fit statistics (ED.B2.4) across the first two steps of the MFRM analysis,
which showed that infit MNSQ values for all items remained within the acceptable range of 0.5
to 1.7. Although minor outfit elevations were noted for specific items like dom-specK?2 (1.95) or
dom-genK?2 (1.77), these values did not indicate substantial misfit that would threaten the
fundamental unidimensionality of the measure. Because the items demonstrated acceptable fit
and contributed systematically to the targeted construct across both administrations, this
assumption was supported.

Socio-Cognitive Dimension

Another core claim of the SBLA-SP is that the assessment provides a viable educational
experience. Rooted in the socio-cognitive dimension, this claim highlights the learning-oriented
nature of the scenario, in which the display and development of domK are fundamental
characteristics of the assessment. This is achieved through the explicit embedding of
opportunities to build domK, encompassing both dom-genK of scientific investigation and dom-
specK of electrical interactions. As shown in Table 5.2, this claim was investigated through two
warrants: the first (SCD.W1) evaluated the extent of both dom-specK and dom-genK
development (RQ3-2), while the second (SCD.W2) examined how these developmental

trajectories varied across S/FL proficiency levels (RQ3-3).
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Table 5.2

Validity Argument for the SBLA-SP: The Socio-Cognitive Dimension

[Socio-Cognitive Dimension (SCD)] Claim: SBLA-SP tasks provide a viable educational experience for

examinees
Warrants Assumptions Backing Judgement
SCD.W1. Examinees [Overall DomK] [T-test on Overall DomK]
develop new SCD.A1. The domK
understandings about item level difficulty will SCD.B1. According to the paired t-test, Supported
electrostatic interactions decrease from pre- to in-  overall domK item difficulty estimates
(i.e., dom-specK) and as examinees develop decreased significantly from pre- to in-
the method of scientific ~ domK throughout the scenario (M_pre = 0.79; M_in = -0.79), t(20)
investigations (i.e., SBLA-SP. =17.36, p <.001, mean difference = 1.57
dom-genK) (RQ3-2) logits, Cohen’s d = 1.60.
[Types of DomK] [T-test on Subconstructs of DomK]
SCD.A1l.1. The dom- SCD.BI.1. According to the paired t-test, Supported
specK item level dom-specK items showed a mean difficulty
difficulty will decrease decrease of -1.92 logits (Cohen’s d = 1.56),
from pre- to in- as indicating substantial improvement in
examinees develop knowledge on electrostatic interaction.
dom-genK throughout
the SBLA-SP.
SCD.A1.2. The dom- SCD.B1.2. According to the paired t-test, Supported
genK item level dom-genK items showed a mean difficulty
difficulty will decrease decrease of -1.18 logits (Cohen’s d = 3.27),
from pre- to in- as indicating consistent gains in knowledge on
examinees develop scientific investigation.
dom-genK throughout
the SBLA-SP.
SCD.W2 Examinees [Overall DomK] [ANOVA on Overall DomK]
with different S/FL
proficiency levels vary ~ SCD.A2. DomK SCD.B2. Welch’s ANOVA for overall domK  Supported
in their development of  development differs gain was significant, F(3, 80.91) = 8.40, p
dom-specK and dom- across S/FL proficiency < .001. B2 learners showed significantly
genK (RQ3-3) levels. greater gains than A2 and C1+ learners
(Games-Howell, p <.01).
[Types of DomK] [ANOVA on Subconstructs of DomK]
SCD.A2.1. Proficiency SCD.B2.1. Welch’s ANOVA was significant,  Supported
level explains variance F(3, 80.06) = 22.70, p <.001. B2 learners
in dom-specK demonstrated greater gains than A2 and B1; a
development. plateau was observed at C1+.
SCD.A2.2. Proficiency SCD.B2.2. Welch’s ANOVA was significant,  Supported

level explains variance

F(3, 82.19) =10.45, p < .001. C1+ learners
showed significantly smaller gains than A2,
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in dom-genK B1, and B2 groups (p < .001), indicating
development. ceiling effects.

The first warrant (SCD.W1) examined the instructional effect of the scenario narrative on
examinees' conceptual understanding. Assumption SCD.A1 posited that examinees develop
dom-specK and dom-genK during the SBLA-SP. This was supported by a paired t-test showing
that item difficulty estimates decreased significantly from pre- to in-scenario, with a substantial
mean difference of 1.57 logits and a large effect size (d = 1.60). Regarding specific knowledge
types, assumption SCD.A1.1 focused on dom-specK development and was supported as
electrostatic interaction items showed a mean difficulty decrease of -1.92 logits (d = 1.56),
indicating significant improvement in core science content. Similarly, assumption SCD.A1.2
regarding dom-genK was supported by a consistent gain in scientific investigation knowledge (d
= 3.27), suggesting that the assessment effectively modeled the methods of scientific inquiry for
the examinees.

The second warrant (SCD.W2) addressed how the socio-cognitive benefits of the SBLA-
SP were distributed across different language proficiency levels. Assumption SCD.A2 asserted
that knowledge development differs across S/FL levels, which was supported by a significant
Welch’s ANOVA (p <.001) showing that B2 learners achieved significantly greater gains than
A2 and C1+ learners.

More specifically, assumption SCD.A2.1 regarding domain-specific gains was supported,
revealing that while B2 learners demonstrated the greatest gains, a plateau was observed at the
C1+ level. Finally, assumption SCD.A2.2 regarding domain-general variance was supported,
though it highlighted clear ceiling effects for the high-proficiency (C1+) group, who showed

significantly smaller gains compared to all other groups. These findings confirm that while the
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SBLA-SP facilitates learning, the magnitude of the educational benefit is significantly mediated
by the examinee’s general proficiency level.
Proficiency Dimension

Building on the validity argument for the elicitation and socio-cognitive dimension, the
design claim for the proficiency dimension was examined last: the expected scores of the SBLA -
SP are attributed to the construct of situated specific-purpose writing ability. As shown in Table
5.3, this claim was supported by two warrants: the first (PD.W1) addressed whether the facets of
the final culminating task of the scenario, including examinee ability, rater severity, and scale
difficulty, functioned as a meaningful measure (RQ2), while the second (PD.W2) evaluated how
dom-genK and dom-specK contributed to this final writing performance (RQ4).
Table 5.3

Validity Argument for the SBLA-SP: The Proficiency Dimension

[Proficiency Dimension (PD)] Claim: The expected scores of the SBLA-SP are attributed to the construct of
situated specific purpose writing ability

Warrants Assumptions Backing Judgement
PD.W1. The facets = [Meaningfulness of Writing [Construct-Relevant Representations of
(i.e., examinee ability, Task Facets] Facets]
rater severity, task
difficulty, and the PD.Al.1. Examinee ability =~ PD.B1.1. Many-Facet Rasch Measurement Supported
difficulty of the rating estimates reflect meaningful (MFRM) results showed a wide distribution of
scales) of the variability indicative of examinee ability estimates ranging from -12.89
culminating task of  situated specific purpose logits (SE = 1.88) to 11.78 logits (SE = 1.91),
the SBLA-SP, the lab writing ability. with a logit spread of 24.67. Examinee strata
report writing task, (9.82) and strata reliability (.98) indicate strong
support meaningful separation and high reliability of ability
interpretations for differentiation. Although some clustering
their function as a occurred at the floor and ceiling, the model
measure of situated demonstrated substantial variability consistent
specific purpose with heterogeneous proficiency levels.
writing performance  ppy A1 2. Rater severity PD.B1.2. Rater severity estimates ranged from Supported
(RQ2) differences do not introduce  -0.34 logits (most lenient) to 0.44 logits (most
construct-irrelevant variance severe), with a modest logit spread of 0.78. Infit
into examinee ability and outfit mean-square statistics for all raters fell
estimates. within acceptable fit ranges (0.65-1.04),

indicating no substantial misfit. Rater strata
(2.67) and strata reliability (.76) suggest
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PD.A1.3. Rating scale
components function with
meaningful and ordered
difficulty.

[Construct Validity]
PD.A1.4. The facets
demonstrate acceptable
model-data fit, confirming the
measurement of a unified
construct.

moderate but controlled severity differentiation
without compromising score interpretation.

PD.B1.3. Rating scale difficulty estimates Supported
ranged from -0.91 logits (DomSpec Content

Control; easiest) to 0.69 logits (Rhetorical

Control; most difficult), with a logit spread of

1.60. Strata (5.43) and strata reliability (.94)

indicate clear differentiation among rating

dimensions.

[Fit Statistics]

PD.B1.4. Across facets, infit and outfit mean- ~ Supported
square statistics fell within the acceptable Rasch

range of 0.70-1.30. No facet demonstrated

substantial misfit.

PD.W2. Examinees’
dom-specK and dom-
genK contribute to
their lab report
writing performance,
reflective of their
situated specific
purpose writing
ability (RQ4)

[Contribution of DomK to
Performance]

PD.A2.1. Domain knowledge
is systematically associated
with lab report writing
performance.

PD.A2.2. Dom-specK and
dom-genK exhibit systematic
interplay across pre- and in-
scenario stages.

PD.A2.3. In-scenario dom-
specK and dom-genK
contribute uniquely and
substantially to writing
performance.

PD.A2.4. The hypothesized
structural relationships are
consistent with the observed
data

[CEFR Group Comparison]

PD.A2.5. The contribution of
knowledge components to
writing performance is
different across proficiency
levels.

[Correlation and Path Coefficient]

PD.B2.1. Pearson correlations showed Supported
moderate-strong associations between in-

scenario domK and writing components (r

=.654-.755), with weaker associations for pre-

scenario knowledge (r = .448-.632). Writing

rubric components were highly intercorrelated (r
=.949-.976).

PD.B2.2. ALT 2 confirmed the same type of Supported
domK connected from pre-scenario to in-

scenario PRE_DSpec — IN_DSpec (8= .42, p

<.001); PRE DGen — IN_DGen (f = .66, p

<.001). A significant cross-domain path from

PRE DGen — PRE DSpec (f = .58, p <.001);

IN_DGen — IN_DSpec (5= .49, p <.001)

indicates that dom-genK activates dom-sepcK.

PD.B2.3. In ALT2, both IN_DSpec (= .45,p Supported
<.001) and IN_DGen (f = .45, p <.001)

significantly predicted latent writing, jointly

explaining 67% of the variance (R’ = .67).

PD.B2.4. ALT2 demonstrated strong global fit: Supported
¥2(18) =43.40, p=.001; CF1=.99; TLI = .98;

SRMR = .06; RMSEA = .09. confirming the

structural validity of the situated construct.

[Multi-group SEM]

PD.B2.5_empirical backing. MG-SEM (ALT2) Supported
showed that intermediate learners (B1/B2)

showed unique, significant activation paths for

PRE DGen — IN_DGen and IN DGen —

IN_DSpec
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PD.B2.5 theoretical backing. Aligns with the
threshold hypothesis (Clapham, 1996),
indicating that intermediate proficiency is
required to “unlock” the ability to use domK
effectively for language performance

The first warrant was supported by four assumptions (PD.A1.1-PD.A1.4), examining
whether the measurement facets provided a basis for substantively meaningful score
interpretations of the writing construct. Assumption PD.A1.1 posited that examinee ability
estimates would reflect meaningful variability indicative of the situated construct. Backing for
this was provided by Many-Facet Rasch Measurement (MFRM) results (PD.B1.1), which
showed a wide distribution of ability estimates spanning a logit spread of 24.67. With a strata
reliability of .98 and strong separation (9.82), the model demonstrated substantial variability
consistent with heterogeneous proficiency levels. Assumption PD.A1.2 addressed whether rater
severity differences meaningfully distorted these estimates. Empirical backing (PD.B1.2)
indicated that while raters exhibited significant baseline differences, a modest logit spread of
0.78 and acceptable fit statistics (0.65-1.04) ensured that rater severity was controlled without
compromising score interpretation. Regarding assumption PD.A 1.3, which examined whether
the rating scale components functioned with meaningful and ordered difficulty, backing
(PD.B1.3) showed a clear differentiation among rating dimensions (strata = 5.43; reliability
=.94). Dimensions ranged from the easier dom-spec content control to the more difficult
rhetorical control.

The final assumption (PD.A1.4) focused on whether all facets demonstrated a high
degree of model fit, confirming the measurement of a unified construct of situated specific-
purpose writing ability. Backing (PD.B1.4) confirmed that all infit and outfit mean-square
statistics fell within the acceptable range of 0.70-1.30, indicating that the observed data

successfully mapped onto the theoretical model without significant construct-irrelevant noise.
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Consequently, because these facets functioned systematically to provide meaningful indicators of
performance quality, these four assumptions were supported.

For the second warrant, examining the extent to which dom-genK and dom-specK
contributed to situated specific purpose writing ability, five assumptions (PD.A2.1-PD.A2.5)
were examined. Assumption PD.A2.1 posited that domK is systematically associated with
writing performance, which was supported by moderate-to-strong correlations between in-
scenario knowledge and writing components (r = .654-.755), while rubric components
themselves were highly intercorrelated.

Assumptions PD.A2.2-PD.A2.4 more closely examined the relationship between these
subconstructs using SEM. PDA2.2 stated that dom-specK and dom-genK exhibit a systematic
interplay across pre- and in-scenario stages, supported by systematic continuity across pre- and
in-scenario for both knowledge types, as well as a clear cross-domain trend where scientific
investigation knowledge (dom-genK) scaffolds the activation of specific knowledge on
triboelectricity (dom-specK). In addition, assumption PD.A2.3 that in-scenario knowledge
contributes uniquely and substantially to performance was supported, as both knowledge types
significantly predicted the latent writing construct, jointly explaining 67% of the total variance.
Finally, PD.A2.4, the assumption that the hypothesized relationships accurately represent the
situated specific-purpose writing construct was supported by the strong global fit of the ALT2
model (CFI =.99, SRMR = .06).

Finally, assumption PD.A2.5 addressed the moderation of these relationships by language
proficiency. MG-SEM results supported this assumption, revealing that intermediate learners
(B1/B2) exhibited significant activation paths for knowledge mobilization (PRE_DGen —

IN_DGen and IN_DGen — IN_DSpec) This finding aligns with the threshold hypothesis
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(Clapham, 1996), suggesting that for intermediate learners, who have reached the linguistic
threshold necessary to effectively leverage domK, knowledge on how to conduct scientific
investigation (dom-genK) plays a particularly critical role in scaffolding performance within the
scenario, mirroring the process of planning and carrying out investigations.

Summary of the Validity Argument for SBLA-SP

The validity argument for the SBLA-SP is built upon a synthesis of empirical evidence
across the three dimensions of the LOLA framework. First, for the elicitation dimension, the
design claim that the SBLA-SP tasks elicit performance consistencies of situated specific-
purpose language ability was supported by evidence confirming the overall functionality of the
assessment as a stable measurement. The results demonstrated that the tasks functioned
systematically to measure a unified construct, thereby providing the evidence required to make
valid interpretations of the underlying construct.

Building on this stable elicitation, the socio-cognitive dimension evaluated whether
SBLA-SP allowed learners to build domK throughout the scenario. This was evidenced by
significant decreases in item difficulty from pre- to in-scenario for both dom-spec and dom-
genK, confirming that the assessment successfully facilitated measurable cognitive development.
However, this developmental "boost" was significantly mediated by initial S/FL proficiency;
while intermediate learners (B2) capitalized most on the instructional features of the scenario,
high-proficiency learners (C1+) reached a plateau or ceiling, suggesting that the socio-cognitive
benefit is most pronounced before a certain linguistic and conceptual threshold is reached.

Finally, the proficiency dimension provided the substantive link between observed
performance and the targeted construct of situated specific-purpose writing ability. Using Many-

Facet Rasch Measurement (MFRM)), the study confirmed that examinee ability, rater severity,
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and rating scale difficulty functioned as construct-relevant representations of facets, with high
strata reliability reflecting meaningful variability in performance quality. This was further
bolstered by path analysis showing that both dom-specK and dom-genK components contributed
uniquely and substantially to writing performance, jointly explaining 68% of the score variance.
Collectively, these findings across the three LOLA dimensions support the SBLA-SP as a valid,
learning-oriented instrument where the scores are substantively meaningful representations of the
integrated knowledge components underlying situated performance.

Implications of the Study

The current study investigated situated specific-purpose language ability as a broadened,
meaning-oriented construct through an SBLA. Below, the theoretical, assessment, and
pedagogical implications of these findings are discussed.

Implications for Theory

The findings of this study offer three major theoretical implications for the
conceptualization and validation of situated specific-purpose language ability.

First, the findings provide empirical support for broadening the construct of specific-
purpose language ability toward a situated, meaning-oriented view. Although the
conceptualization of specific-purpose language ability has broadened over time, from relatively
isolated linguistic and knowledge resources (trait-based approach; Canale & Swain, 1980;
Bachman & Palmer, 2010), to performance on authentic or target-like tasks (task-centered
approach; Clark, 1975; Wesche, 1987; McNamara, 1996), and to the interaction between the
language user and context (interactionist approach; Chapelle, 1998; Chalhoub-Deville, 2003;
Douglas, 2000), its operationalization has largely remained at the level of the individual task,

prioirtzing local independence. As a result, the process-oriented, cumulative nature of 21C
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disciplinary practices has remained underrepresented. Drawing on the MOM of situated S/FL
proficiency (Purpura, 2017; Purpura & Oh, 2024; Purpura, 2021, 2025), which recognizes the
purpose-driven nature of 21st-century competencies (Mislevy et al., 2017) that largely transpire
over several events, the current study provides empirical support for measuring a broadened
construct of situated specific purpose writing ability, defined as the ability to marshal a range of
linguistic, topical, cognitive, and social resources, to achieve a meaningful disciplinary goal
within a scenario. The findings showed that such a situated construct can be operationalized
through SBLA while still yielding meaningful interpretations and sound psychometric properties.
More specifically, the CTT results showed that the SBLA tasks yielded reliable and proficiency-
sensitive indicators of learners’ ability. Also, the MFRM analysis showed that the culminating
lab report task functioned as a meaningful measure of situated specific-purpose writing
performance, indicating that by carefully engineering the resources required for disciplinary
practice in an SBLA, it is feasible to measure this broadened construct, which is essential for
interpreting S/FL learners’ ability to engage in 21st-century disciplinary practices.

Second, the study demonstrates the value of a finer-grained conceptualization and
measurement of domK in specific-purpose assessment. Informed by prior studies investigating
different dimensions and types of domK (e.g., the MDK-C framework, McCarthy & McNamara,
2021), the present study focused on the specificity of domK by distinguishing between dom-
genk related to science practices and dom-specK related to scientific content, and by examining
these knowledge resources both before and during engagement in a disciplinary practice. This
design made it possible to examine how baseline knowledge was activated, how the scenario
supported knowledge development over time, and how different types of domK contribute to

situated writing performance, moving beyond the focus on receptive skills (e.g., Cai & Kunnan,
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2018; McCarthy et al., 2021). In this sense, domK was treated not merely as a precondition for
performance but also as a resource that could be shaped through participation in the assessment,
yielding a more dynamic account of how knowledge operates in situated language use (Banerjee,
2019; Purpura et al., 2026). From this perspective, the study extended the focus on accuracy or
specificity of domK at a single point in time (e.g., MDK-C framework, McCarthy & McNamara,
2021), to accounting for how knowledge is activated, developed, and impacts disciplinary
performances.

Within this finer-grained operationalization, the study also offers a more nuanced
understanding of the role of different types of domK in situated performance than previously
conceptualized. The results suggested that dom-genK played a particularly important role in
organizing and enabling the use of more specific science content within the scenario. Especially
for intermediate learners, dom-genK related to scientific investigation appeared to activate the
mobilization of dom-specK related to electrical interaction and, in turn, successful writing
performance. By effectively leveraging dom-genK, intermediate learners, despite limited
proficiency, were able to navigate the cognitive demands of the scenario, a process that was less
statistically evident in lower-proficiency groups, who were constrained by language, or higher-
proficiency groups, who possessed linguistic automaticity. In this sense, the study not only
verified the threshold hypothesis (Clapham, 1996) but also refined it by showing that within a
situated construct, broader procedural knowledge (dom-genK) serves as a critical enabling
resource to activate specific propositional content (dom-specK). Overall, the findings suggest
that what matters in situated specific-purpose performance is not simply how much knowledge
learners possess, but how different forms of knowledge are activated, coordinated, and further

developed through disciplinary engagement.
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Finally, in line with recent studies adopting the LOLA-ABYV approach (Purpura et al.,
2026; Voss et al., 2026), the current study illustrated how the LOLA framework can be used not
only to guide the assessment design but also as an organizing framework for building and
evaluating the validity argument across the assessment. More specifically, the LOLA framework
provided a principled basis for generating design claims for SBLA-SP that could be
systematically evaluated through Toulmin’s (1958) model in line with argument-based validation
(Kane, 2013; Chapelle, 2021).

The current study demonstrated that the LOLA is especially well-suited to the validation
of broadened, situated constructs, as it accounts for the full range of linguistic, topical, socio-
cognitive, and interactional resources that jointly shape the assessment event, and explicitly
acknowledges that learning and assessment are intertwined processes. By synthesizing empirical
evidence across the elicitation, socio-cognitive, and proficiency dimensions, the validity
argument for SBLA-SP moved beyond a linear chain-of-inferences approach, toward a more
holistic approach to validation by showing that psychometric properties, instructional
opportunities embedded to promote knowledge development, and the moderation of performance
by socio-cognitive factors can all be treated as essential evidence for the meaningfulness of score
interpretation. Overall, the LOLA-ABYV validity argument for SBLA-SP demonstrated how the
LOLA framework can support the formulation, collection of empirical backing, and judgment of
design claims, making it especially suitable for validating broadened constructs of language
ability that are situated, developmental, and disciplinary in nature.

Implications for Assessment Design
The current study has several implications for assessment design. To date, SBLA

research in L2 assessment has focused largely on general language proficiency (Banerjee, 2019,
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2025; Purpura, 2021; Purpura et al., 2026) or broader academic language ability (Beltran, 2024;
Seong, 2023, 2025), with less attention to specific-purpose language ability situated in
disciplinary activity. As such, the findings from this study provide useful guidance for the design
of language assessments for specific purposes (LASPs).

The findings indicate that the elicitation of situated specific-purpose writing ability
requires more than task-level authenticity (Douglas, 2000), which often prioritizes local
independence to maximize psychometric generalizability through tasks that only partially
resemble the TLU domain (Purpura, 2021; Yadi, 2020). Instead, a more process-oriented view of
authenticity is needed, in which the purpose-driven connectivity among tasks becomes a
construct-relevant feature of the assessment. The validation argument for the elicitation
dimension showed that this construct can be elicited when examinees engage in interrelated
meaning-making activities organized around a disciplinary goal, thereby capturing not simply
knowledge about science, but the ability to participate in the doing of science through language
(Grapin, 2020; Llosa, 2016). Rather than relying on disconnected tasks, scenario narratives can
functionally link tasks through interactive characters. SBLA-SP demonstrated how these
characters, leveraging multimodal Al technology, can simulate the collaborative nature of real-
world disciplinary activity, sustain the scenario narrative, shape the social context of
performance, and standardize interactional opportunities that would otherwise be difficult to
control in large-scale assessment.

The findings also suggest that LASPs should intentionally embed opportunities for domK
development as part of the assessment process. The validation argument for the socio-cognitive
dimension illustrated that domK can function as a resource that is activated, supported, and

extended through engagement in the scenario, rather than being treated solely as a fixed
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prerequisite that examinees must bring to the task. Consistent with prior research showing that
the activation of prior knowledge can support performance when it is deliberately scaffolded
(Hattan et al., 2024), the LOLA framework views such learning opportunities as construct-
relevant design features that shape the socio-cognitive conditions under which performance is
elicited (Purpura & Turner, 2018; Purpura, 2021). Of particular importance for STEM
assessments, where successful language performance depends not only on specific content
knowledge but also on the ability to participate in disciplinary practices, is that structured
opportunities to activate or develop dom-genK should be provided throughout the scenario.
Embedding such opportunities can help prevent gaps in prior domK from becoming construct-
irrelevant barriers while enabling a more valid elicitation of learners’ capacity to use language
purposefully within disciplinary contexts (Bennett, 2011; Purpura, 2021).
Implications for Pedagogy

The findings suggest two main pedagogical implications. First, the current study
suggested how integrated content and language classrooms can foreground situated specific-
purpose language ability by anchoring instruction in indigenous criteria that reflect the demands
of 21st-century learning, such as those articulated in the NGSS three-dimensional framework.
Adopting the view of language use as a resource for disciplinary meaning-making, educators can
design activities in which learners use language to build and communicate domain knowledge
within goal-driven practices, such as planning and carrying out investigations. Crucially, these
practices should be understood not only as procedural skills but also as reflecting the nature of
science, that is, learners’ understanding of the epistemology of science, including how scientific
knowledge is generated, evaluated, and validated. In this sense, scenario-based approaches can

support learners in developing both the ability to engage in scientific practices and an
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understanding of how such practices produce valid knowledge. In turn, SBLAs can be leveraged
not only for summative assessment but also for formative assessment and classroom instruction,
as demonstrated in the CBAL initiative (Bennett, 2011; Sabatini et al., 2010). Such scenarios can
provide opportunities for learners to use language to engage in disciplinary practices and to
construct and communicate knowledge in scientifically meaningful ways.

Second, the findings highlight the importance of scaffolding multilingual learners in
STEM settings in ways that are responsive to their proficiency. Consistent with the threshold
hypothesis (Clapham, 1996), the results suggested that intermediate learners may benefit
particularly from instructional support that strengthens dom-genK, which in turn supports the
activation and expression of dom-specK. Pedagogically, this suggests that instruction should not
focus solely on scientific content, but also on explicitly supporting learners’ understanding of
disciplinary inquiry procedures. Such support may include explicit instruction and feedback on
how investigations are structured, how evidence is generated, and how findings are
communicated. For learners at lower proficiency levels, whose limited linguistic resources may
constrain domK development, greater emphasis may be needed on linguistic support, modeling,
and guided participation in disciplinary procedures. For more advanced learners, instruction may
be better directed toward extending the complexity and precision of dom-specK and fostering
greater independence in disciplinary inquiry. Overall, these findings underscore the importance
of instruction that attends to the interaction between learners’ proficiency and the socio-cognitive

demands of disciplinary activity (Purpura & Turner, 2018; Purpura, 2024).

248



Limitations and Suggestions for Future Research

Despite the meaningful contributions of this study to understanding situated specific-
purpose writing ability, several limitations should be considered when interpreting the findings
and their generalizability.

First, there are methodological considerations related to the sample size and the
complexity of the statistical models employed. Although the sample size was sufficient for the
primary SEM analyses, it was relatively modest for multi-group structural equation modeling
(MG-SEM), particularly when comparing across multiple CEFR proficiency groups. This may
have limited the statistical power to detect more subtle differences in structural relationships
across groups. In addition, some model fit indices, particularly the chi-square statistic and
RMSEA, showed less-than-ideal values. Given the sensitivity of these indices to model
complexity and degrees of freedom, these results should be interpreted cautiously. Additionally,
because general language proficiency was represented only through categorical CEFR groupings
rather than modeled as a continuous covariate, the analysis may not have fully disentangled the
extent to which learners’ ability to express domain knowledge in writing was constrained by
their language proficiency. Future research could strengthen the robustness of these findings by
replicating the model with larger samples and more balanced proficiency group distributions, as
well as by incorporating more fine-grained controls for general proficiency (e.g., continuous
measures or hierarchical modeling approaches), allowing for more stable estimation of structural
relationships across proficiency levels.

A second limitation relates to participant recruitment and the representativeness of the
sample. The assessment was designed primarily for B1-level learners studying science in

secondary education, aligned with the Korean national curriculum. However, due to logistical,
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real-world constraints in recruiting participants from science-focused schools, the final sample
included learners across a much wider proficiency range (A2—C2) and with varying levels of
domK. Participants were purposefully recruited from a small number of accessible school sites,
rather than through random or stratified sampling, which may limit the broader generalizability
of the findings. In addition, the sample was unevenly distributed in terms of gender and school
type, with a predominance of female students. Only a small number of participants were drawn
from specialized science high schools, which limited the ability to examine more systematic
differences between domain experts and novices. As a result, the assessment exhibited some
ceiling effects for highly proficient learners, particularly in the in-scenario domK tasks, where
the mode was the maximum possible score. Similarly, the MFRM analysis revealed a number of
extreme scores in the lab report writing task, suggesting that the five-point rubric scale may not
have fully captured the wider range of proficiency levels present in the sample. While this
reflects a common challenge in the design of specific-purpose assessments, which must remain
grounded in the local curricular context, future research could address this issue by recruiting
more homogeneous target populations or by expanding the task and rating scale design to better
capture broader proficiency ranges.

A third limitation concerns the operationalization of domK. In this study, the construct
was examined primarily through the dimension of specificity, distinguishing between dom-genK
and dom-specK. While this focus allowed for a detailed examination of the relationships between
these knowledge types, it did not capture other dimensions of domK identified in prior research,
such as amount, accuracy, and coherence (McCarthy & McNamara, 2021). The inclusion of an “I
don’t know” response option in the domK items created the potential to examine not only the

accuracy but also the amount of knowledge learners were willing to report. However, because “I
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don’t know” responses were scored the same as incorrect responses, this may have obscured the
difference between lack of knowledge and learners’ awareness of what they do not know,
limiting the interpretability of response patterns. Similarly, although the four-step Rasch
approach was used to address local dependence, the reuse of identical items across
administrations means that some observed gains may reflect practice effects rather than true
changes in domK. Future research could build on this design by refining both the measurement
and scoring of domK, as well as the design of assessment tasks, to better capture learners’
knowledge and more accurately interpret changes in performance.

A fourth limitation of this study is that performance moderators, conceptualized as
essential resources marshalled by learners’ situated specific purpose writing ability, were not
analyzed. In line with the LOLA framework, data were collected through a survey capturing
learners’ perceptions of multiple dimensions of the assessment experience, including affective
and social-interactional factors that may influence performance. However, due to space
limitations, these data were not examined in the present study. Future research should analyze
both the Likert-scale responses and accompanying qualitative data to more fully investigate how
these performance moderators shape learners’ engagement with the task and contribute to
variability in performance, thereby providing a more comprehensive account of the socio-
cognitive processes underlying situated specific-purpose language use.

Finally, the scope of the construct examined in this study was limited to a single
disciplinary practice: planning and carrying out scientific investigations. While this practice is
central to science learning and provided a coherent basis for the SBLA scenario design, the
NGSS framework identifies several additional science and engineering practices, such as

developing and using models or engaging in argument from evidence. The structural
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relationships observed in the present study may therefore only be generalized to situated
specific-purpose language ability as it manifests in one disciplinary practice (Banerjee, 2019).
Future research could extend the SBLA framework to design scenarios that elicit other
disciplinary practices, allowing researchers to examine whether similar patterns of interaction
among language ability, domK, and proficiency emerge across different types of scientific
reasoning tasks. Such work would contribute to a broader understanding of how language ability
supports participation across the full range of disciplinary practices.
Conclusion

The current study investigated the nature of situated specific-purpose writing ability by
examining how EFL learners coordinated linguistic, topical, and socio-cognitive resources within
a scenario-based language assessment designed to mirror a collaborative scientific inquiry
process mediated by Al-generated characters. Guided by the LOLA framework, the study
demonstrated the feasibility of eliciting this situated construct while maintaining robust
psychometric properties for meaningful score interpretation. The findings further showed that,
although both types of domK contribute to situated writing performance, dom-genK functions as
a critical prerequisite for the activation and mobilization of dom-specK. By adopting a LOLA-
ABY approach to validating an SBLA centered on a goal-oriented disciplinary scenario, this
study makes theoretical and methodological contributions to the field of LASPs and argues for a
shift from a task-based view of authenticity toward the assessment of situated language use in
disciplinary practices. Finally, the study clearly demonstrated the potential of scenario-based
language assessment as a technique for measuring performance within a context where teaching,

learning, and assessment are an integral part of the language use event.
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Appendix A

Domain-Specific Knowledge Task

Now look at Task 1. How much do you know
about electricity?

Read each sentence and choose the correct
answer.

Ms. Rosie

If you are not sure about the answer, please
choose "l don't know.” When you are done, click
"submit.’

1. When does Triboelectrification happen?
a) when a moving object stops
b) when electricity flows through cables
¢) when two materials touch each other*
d) when objects made of the same material are rubbed
e) Idon’t know

2. When a solid object is positively charged, the atoms in the object...
a) lose protons
b) gain protons
c) lose electrons *
d) gain electrons
e) Idon’t know

[3-5] The picture shows the structure of an atom. Label A~C from the options.

A
+B

¥
%+
J . o

+.
S
9

3. As...

an ion
a) a proton
b) aneutron
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¢) an electron™®
d) Idon’t know

4.Bis...
a) anion
b) aproton*
c) aneutron
d) an electron
e) Idon’t know

5.Cis...
a) anion
b) a proton
¢) aneutron*®
d) an electron
e) Idon’t know

[6-7] Use the following Tribolelectric Series table to answer this question.

dry hands
glass
human hair
nylon
cat fur
silk
cotton
steel
wood
gold
rubber
plastic bag

silicon
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6. To negatively charge the cat fur,

a) silk

b) glass*

c) wood

d) plastic wrap
e) Idon’t know

7. When a plastic bag is rubbed on a glass stick...

glass stick

\

plastic bag

a) electrons are destroyed

b) electrons exchange places with protons

c) protons are transferred to the glass stick
d) electrons are transferred to the plastic bag
e) Idon’t know

8. What is true about TENG?
a) It produces mechanical energy.
b) It cannot be used if the weather is bad.
c) Nowadays, it is commonly used in mobile devices.

d) When it was first developed, the power was weak.*
e) Idon’t know

9. Why are nanomaterials used in TENG?
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10.

1.

a) to increase the surface area™

b) to increase the speed of the device
c) to decrease the weight of the device
d) to decrease the cost of the materials
e) Idon’t know

What are the two methods TENG uses to charge objects?
a) light mode, motion mode

b) fixing mode, moving mode

¢) contact mode, sliding mode*

d) connect mode, approach mode

e) Idon’t know

How can TENG be used in oceans?

a) to get energy from the waves*

b) to send electricity a long distance

c) to store energy from the water flow

d) to change kinetic energy to potential energy
e) Idon’t know
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Appendix B

Domain-General Knowledge Task
Now, look at Task 2. How do you run an experiment?

These are guidelines or tips for how to write some
parts of a lab report. However, some of these
guidelines are not correct. Categorize them as
correct or incorrect.

If you are not sure about the answer, please choose
"I don't know.” When you are doneg, click "submit.’

1. When you write a hypothesis in the lab report, make sure that...

don't

correct incorrect know
you write the hypothesis in a complete sentence. O O O
you mention your independent variable. The independent O O O

variable is what the study is trying to understand.
you mention your dependent variable. The dependent variable

is the variable you manipulate or change because you think it O O O
will influence the independent variable.
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you show the cause-and-effect relationship between the O @) O
independent and dependent variables in an "if-then" format.

you can test the hypothesis through an experiment. O O O

2. When you write the procedures in a lab report, make sure that...

|
don't
correct incorrect know

you describe the exact steps you took in chronological order. O O O

you write in the future tense to explain what you will do in the
lab.

you provide enough details so that anyone else can repeat the
experiment.

you mention the unit of measurement.

nln

you use the pronouns
experiment.

or “we,” to clearly show who ran the

O O O O

O
O
O
O

O O O O
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Appendix C
Reading Passage

the Physics Classroom

You walk across a rug and touch a doorknob. ZAP!! You get a shock.
You touch your cat's fur and see the fur standing up on its end. Did
you ever ask why?

The triboelectric effect

These events are all caused by static electricity, also known as the
triboelectric effect. To understand triboelectricity, you have to
understand the world of atoms. Everything we see is made up of tiny
little parts called atoms. The atoms are made of even smaller parts.
These are called protons, electrons, and neutrons. They are very
different from each other in many ways.

One way they are different is their "charge." Protons have a positive
(+) charge. Electrons have a negative (-) charge. Neutrons have no

charge. _—
',/’ / x\,‘ .Electron
| \\? /)o o

Now, some atoms have a more powerful pull on electrons than others.
When two different materials touch each other, and one pulls
electrons more than the other, electrons can be pulled from one
material to the other. When we separate the materials, the electrons
move to the material that pulls them.

As a result, one of the materials has some extra electrons (and
becomes negatively charged), while the other material has lost some
electrons (and becomes positively charged). When charges are
separated like this, we have triboelectricity!
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Negatively Charged Uncharged Positively charged

The atom has equal

The atom has more The atom has more

numbers of
electrons than protons than
protons and
protons electrons
electrons
The triboelectric series Tend to lose +
lectro
€ s dry hands
If you experiment with different i glass
materials, you find that some materials -
\ human hair
gain more charge than others. It turns
out that we can rank materials in the nylon
order of their ability to hold or lose cat fur
electrons. silk
cotton
This rank is called the triboelectric steel
series. The further apart two materials wood
are in the series, the more
. .. . . gold
triboelectricity will build up when you 0
rub them together. If two materials rubber
are very close in the series, it's hard to v plastic bag
get them to build up any charge at all, | Tend to gain silicon
no matter how hard you rub them. electrons -

Charge as a Quantity

Charged objects create an invisible electric force field around
themselves. If two things have the same charge, they push away from
each other. If two things have different charges, they pull toward
each other. This electric force between charged particles is called
electrostatic force.

Charles Coulomb first described the strength of the electrostatic force
field in the 1780s. The strength of this field depends on many things,
including the distance involved, the shape of the objects, and the
amount of charge.

Like mass, the charge of an object is a measurable quantity. Just as
mass is measured in grams or kilograms, charge is measured in units of
Coulombs (abbreviated C). Because one Coulomb of charge is an
abnormally large quantity of charge, the units of microCoulombs (uC)
or nanoCoulombs (nC) are more commonly used as the unit of
measurement.
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Appendix D

Scoring Rubric

SBA WRITING SCORING RUBRIC: LAB REPORT 1 (balloon experiment)

1. Domain-General 4 = Excellent 3= Good 2 = Fair 1 = Limited 0 = No Evidence

Content Quality Quality Quality Quality Quality (Lacking)
(Advanced) (High Intermediate) (Low Intermediate) (High Beginner) (Absolute Beginner)

Domain general content | ¢ The hypothesis is The hypothesis is The hypothesis is The hypothesis is does not have enough

quality refers to the
extent to which the
information in the lab
report is...

relevant to the task and
shows the ability to
conduct the science and
engineering practice:
planning and carrying
out investigations to
produce data to serve as
the basis for evidence as
part of supporting
explanations for
phenomena. Consider
possible variables or
effects and evaluate the
confounding
investigation’s design to
ensure variables are
controlled.

testable and is based
on research and/or
sound reasoning. The
hypothesis reflects the
title and introduction
of the lab report.

o The procedure includes
a detailed description
or a step-by-step list of
how the experiment
was performed, the
observed result, and
the interpretation. All
steps are included.

o The discussion is fully
developed with an
interpretation of the
key findings, a
conclusion about the
hypothesis, and
suggestions for future
research.

testable and is
somewhat based on
research and/or sound
reasoning. The
hypothesis somewhat
reflects the title and
introduction of the lab
report.

The procedure includes
a somewhat detailed
description or a step-
by-step list of how the
experiment was
performed; however,
not all steps are
included.

A somewhat logical
conclusion about the
hypothesis is derived
based on a somewhat
accurate analysis of
the data and
observations.

stated, although it is
not testable or the
basis for the
hypothesis is not
clear. The hypothesis
may not reflect the
title and introduction
of the lab report.

The procedure includes
a vague description or
step-by-step list of
how the experiment
was performed, and the
experiment would be
hard for someone else
to duplicate.

The conclusion about
the hypothesis is
illogical or derived
from an inaccurate
analysis of the data
and observations.

either vague or
irrelevant to the topic.
The hypothesis does
not reflect the title and
introduction of the lab
report.

The procedure includes
an unclear
description, and the
experiment could not
be repeated because of
a lack of description.
The conclusion is
irrelevant to the
hypothesis and/or is
not derived from the
data and observations.

evidence to evaluate.
contains information
that is
incomprehensible
and/or completely
inaccurate or
irrelevant.

simply states “I don’t
know”

is written in a language
other than English.

Task-specific criteria

The lab report should be written about the balloon experiment simulation, investigating how long the balloon sticks to the wall, depending on

how long it was rubbed

evidence from multiple sources.

e argue: S/FL learners are expected to interpret and construct scientific arguments, including identifying appropriate evidence, comparing claims, and defending or refuting

positions based on data.

FYI: WIDA 2020 English Language Development (ELD) standard 4 for high school learners (i.e., grades 9-12)
e  cxplain: S/FL learners are expected to interpret and construct scientific explanations, which involve defining investigable questions, evaluating reasoning, and describing
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2. Domain-Specific 4 = Excellent 3= Good 2 = Fair 1 = Limited 0 = No Evidence

Content Quality Quality Quality Quality Quality (Lacking)
(Advanced) (High Intermediate) (Low Intermediate) (High Beginner) (Absolute Beginner)

Domain-specific content The dependent and The dependent and The dependent and e The dependent or does not have enough

quality refers to the
extent to which the
information in the lab
report is...

accurate given what was

presented in the simulated

lab and shows an
understanding of the
disciplinary core idea,
PS2.B - Types of
Interactions: Attraction
and repulsion between
electric charges at the
atomic scale explain the
structure, properties, and

transformations of matter,

as well as the contact
forces between material
objects.

independent variables
are accurately
identified in the
hypothesis. The
directional hypothesis
accurately specifies
what happens to the
dependent variable
when the independent
variable is manipulated
The procedure includes
fully accurate
information about how
the experiment was
performed

The conclusion
accurately states the
relationship between
the dependent and
independent variable

independent variables
are somewhat
accurately identified in
the hypothesis. The
directional hypothesis
somewhat accurately
specifies what happens
to the dependent
variable when the
independent variable is
manipulated

The procedure includes
somewhat accurate
information about the
steps

The conclusion
somewhat accurately
states the relationship
between the dependent
and independent
variable

independent variables
are identified, but one
of them is inaccurate.
The hypothesis
inaccurately specifies
what happens to the
dependent variable
when the independent
variable is manipulated
The procedure includes
some
misrepresentations
about the steps

The conclusion
includes some
misrepresentation
about the relationship
between the dependent
and independent
variable

independent variable is
not identified, or both
are inaccurate. The
hypothesis does not
specify what happens
to the dependent
variable when the
independent variable is
manipulated

The procedure includes
many
misrepresentations
about the steps

The conclusion
includes a number of
misrepresentations
about the relationship
between the dependent
and independent
variable

evidence to evaluate.
contains information
that is
incomprehensible
and/or completely
inaccurate or
irrelevant.

simply states “I don’t
know”

is written in a language
other than English.

Information to be included:

e Hypothesis:

o independent variable: how long the balloon is rubbed / how many electrons move to the balloon

o dependent variable: how long the balloon sticks on the wall / how strong the electric force is

o directional change to the dependent variable: sticks onto the wall longer/electric force is stronger

e  Procedure:

o the balloon was rubbed for 0, 1, and 3 seconds and the time stuck on the wall was measured

e Conclusion:

o ifthe balloon is rubbed longer (if more electrons are collected), the longer it sticks on the wall (the stronger the electric

force




3. Rhetorical Control

4 = Well-Organized
(Advanced)

3 = Somewhat Well-
Organized
(High Intermediate)

2= Somewhat
Disorganized
(Lower Intermediate)

1 = Disorganized
(High Beginner)

0 = No Evidence
(Absolute Beginner)

Rhetorical Control refers
to the extent to which...

* The lab report is
organized to show a clear
and logical progression of
ideas (i.e., coherent).

* The relationships
between ideas are
supported with appropriate
logical connectors

A typical response:

A typical response:

A typical response:

A typical response:

A typical response:

o is logically sequenced
with a clear progression
of ideas.

o skillfully use a wide
range of logical
connectors and
cohesive devices (as
needed) to connect the
information within and
across the text.

¢ is somewhat well-
sequenced with a
somewhat clear
progression of ideas.

o is somewhat skilled at
using logical
connectors and
cohesive devices (as
needed) to connect the
information within and
across the text, and
most of them are used
accurately.

e is a bit poorly
sequenced with a
somewhat unclear
progression of ideas.

o is minimally skilled at
using logical
connectors and
cohesive devices (as
needed) to connect the
information within and
across the text and
some of them are used
inaccurately.

e is poorly sequenced
with an unclear
progression of ideas.

o shows unskilled use of
logical connectors
and/or cohesive
devices (as needed) to
connect the information
within and across the
text and a number of
them are used
inaccurately.

¢ does not have enough
evidence to evaluate.

e contains information
that is
incomprehensible
and/or completely
inaccurate or irrelevant.

o simply states “I don’t
know”

e is written in a language
other than English.

o NOTE: Even well-organized responses might list the procedures rather than using connectors to form a paragraph. The logical progression of ideas/a clear display of the
0\10 logical relationship matters more than the use of logical connectors / cohesive devices, as the task does not require a complex use of these devices.
FYI: WIDA 2020 English Language Development (ELD) standard 4 for high school learners (i.e., grades 9-12)
e  connectors to show logical relationships (e.g., "As a result of the temperature increase, the reaction rate doubled").
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4 Language Control

4=
Excellent
(Advanced)

3=
Good
(High Intermediate)

2=
Fair
(Low intermediate)

1=
Limited
(High Beginner)

0=
No Evidence
(Absolute Beginner)

Language Control refers
to the extent to which...
The response displays:
 grammatical accuracy

* a wide range of forms, as
needed

« an effective, efficient,
and appropriate use of
lexical resources

* pragmatic
appropriateness (e.g.,
register, tone, stance).

A typical response:

A typical response:

A typical response:

A typical response:

A typical response:

displays high levels of
accuracy with simple
and complex
grammatical forms (as
needed).

may have a few minor
errors without
obscuring meaning.
displays a wide variety
of grammatical
resources (as needed)
displays effective,
efficient, and
appropriate use of
lexis (as needed).
displays very high
levels of
appropriateness in
contextualized
language use.

displays relatively high
levels of accuracy with
simple and complex
grammatical forms (as
needed).

may have some
systematic minor
errors without
obscuring meaning.
displays a relatively
wide variety of
grammatical resources
(as needed).

displays relatively
effective, efficient, and
appropriate use of
lexis (as needed).
displays relatively high
levels of
appropriateness in
contextualized
language use.

displays a low level of
accuracy with
grammatical forms.
has several errors,
often obscuring
meaning.

displays a narrow
range of grammatical
resources (as needed).
displays marginally
effective, efficient, and
appropriate use of
lexis (as needed).

displays a very low
level of accuracy with
grammatical forms.
has several errors,
often obscuring
meaning.

uses mainly formulaic
and memorized
expressions.

displays mostly
ineffective, inefficient,
and inappropriate use
of lexis (as needed).
displays low levels of
appropriateness in
contextualized
language use.

does not have enough
evidence to evaluate.
contains information
that is
incomprehensible
and/or completely
inaccurate or irrelevant.
simply states “I don’t
know”

is written in a language
other than English.

NOTE:

Some complex structures that can be observed include, but are not limited to:
e  zero conditional using if-(then) (e.g., if the balloon is rubbed longer, (then) it sticks on the wall longer)
e thetcomparatives, the+comparatives (e.g., the more electrons the balloon collects, the stronger the electric force is)
e  passive voice (e.g., the balloon was rubbed for 2 seconds)

e  abstract nouns and nominalizations to introduce scientific concepts (e.g., "The precipitation occurred rapidly")

Some specific purpose lexis that can be observed include but are not limited to:
e electrons, protons, nucleus, electric force
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SBA WRITING SCORING RUBRIC: LAB REPORT 2 (Coulomb’s Law)

quality refers to the
extent to which the
information in the lab
report is...

relevant to the task and
shows the ability to
conduct the science and
engineering practice:
planning and carrying

out investigation
individually and

collaboratively to produce
data to serve as the basis
for evidence as part of
supporting explanations
for phenomena. Consider
possible variables or
effects and evaluate the
confounding
investigation’s design to
ensure variables are
controlled.

testable and is based
on research and/or
sound reasoning. The
hypothesis reflects the
title and introduction of
the lab report.

e The procedure includes
a detailed description
or a step-by-step list of
how the experiment
was performed. All
steps are included.

o A logical conclusion
about the hypothesis is
derived based on an
accurate analysis of
the data and
observations. Trends
are noted in the
conclusion.

testable and is
somewhat based on
research and/or sound
reasoning. The
hypothesis somewhat
reflects the title and
introduction of the lab
report.

The procedure includes
a somewhat detailed
description or a step-
by-step list of how the
experiment was
performed; however,
not all steps are
included.

A somewhat logical
conclusion about the
hypothesis is derived
based on a somewhat
accurate analysis of
the data and
observations.

stated, although it is
not testable or the
basis for the hypothesis
is not clear. The
hypothesis may not
reflect the title and
introduction of the lab
report.

The procedure includes
a vague description or
step-by-step list of how
the experiment was
performed, and the
experiment would be
hard for someone else
to duplicate.

The conclusion about
the hypothesis is
illogical or derived
from an inaccurate
analysis of the data
and observations.

either vague or
irrelevant to the topic.
The hypothesis does
not reflect the title and
introduction of the lab
report.

The procedure includes
an unclear description,
and the experiment
could not be repeated
because of a lack of
description.

The conclusion is
irrelevant to the
hypothesis and/or is
not derived from the
data and observations.

1. Domain-General 4 = Excellent 3= Good 2 = Fair 1 = Limited 0 = No Evidence

Content Quality Quality Quality Quality Quality (Lacking)
(Advanced) (High Intermediate) (Low Intermediate) (High Beginner) (Absolute Beginner)

Domain general content e The hypothesis is The hypothesis is The hypothesis is The hypothesis is does not have enough

evidence to evaluate.
contains information
that is
incomprehensible
and/or completely
inaccurate or
irrelevant.

simply states “I don’t
know”

is written in a language
other than English.

Task-specific criteria

The lab report should be written about the Coulomb’s law experiment simulation, investigating how the electric force between two charged
particles changes depending on the distance.

FYI: WIDA 2020 English Language Development (ELD) standard 4 for high school learners (i.e., grades 9-12)
e  cxplain: S/FL learners are expected to interpret and construct scientific explanations, which involve defining investigable questions, evaluating reasoning, and describing
evidence from multiple sources.

e argue: S/FL learners are expected to interpret and construct scientific arguments, including identifying appropriate evidence, comparing claims, and defending or refuting
positions based on data.



https://phet.colorado.edu/sims/html/coulombs-law/latest/coulombs-law_all.html

06¢C

2. Domain-Specific 4 = Excellent 3= Good 2 = Fair 1 = Limited 0 = No Evidence

Content Quality Quality Quality Quality Quality (Lacking)
(Advanced) (High Intermediate) (Low Intermediate) (High Beginner) (Absolute Beginner)

Domain-specific content | ¢ The dependent and The dependent and The dependent and o The dependent or does not have enough

quality refers to the
extent to which the
information in the lab
report is...

accurate given what was
presented in the simulated
lab and shows an
understanding of the
disciplinary core idea,
PS2.B - Types of
Interactions: Attraction
and repulsion between
electric charges at the
atomic scale explain the
structure, properties, and
transformations of matter,
as well as the contact
forces between material
objects.

independent variables
are accurately
identified in the
hypothesis. The
directional hypothesis
accurately specifies
what happens to the
dependent variable
when the independent
variable is manipulated

o The procedure includes
fully accurate
information about how
the experiment was
performed

e The data is: 2cm —

2246, 4cm — 561, 6¢cm -
249

e The conclusion

accurately states the
relationship between
the dependent and

independent variable

independent variables
are somewhat
accurately identified in
the hypothesis. The
directional hypothesis
somewhat accurately
specifies what happens
to the dependent
variable when the
independent variable is
manipulated

The procedure includes
somewhat accurate
information about the
steps

The conclusion
somewhat accurately
states the relationship
between the dependent
and independent
variable

independent variables
are identified, but one
of them is inaccurate.
The hypothesis
inaccurately specifies
what happens to the
dependent variable
when the independent
variable is manipulated
The procedure includes
some
misrepresentations
about the steps

The conclusion
includes some
misrepresentation
about the relationship
between the dependent
and independent
variable

independent variable is
not identified, or both
are inaccurate. The
hypothesis does not
specify what happens
to the dependent
variable when the
independent variable is
manipulated

e The procedure includes
a number of
misrepresentations
about the steps

e The conclusion
includes a number of
misrepresentations
about the relationship
between the dependent
and independent
variable

evidence to evaluate.
contains information
that is
incomprehensible
and/or completely
inaccurate or irrelevant.
simply states “I don’t
know”

is written in a language
other than English.

Information to be included:

e  Hypothesis:

o independent variable: the distance between the two charged objects/particles
o dependent variable: the strength of the electric force

o directional change to the dependent variable: the closer, the stronger

e Procedure:

o  Manipulate the distance between the two particles (q1 and q2) and measure the electric force (on ql by g2)

e Conclusion:

o if the distance is closer, then the electric force is stronger
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3. Rhetorical Control

4 = Well-Organized
(Advanced)

3 = Somewhat Well-
Organized
(High Intermediate)

2= Somewhat
Disorganized
(Lower Intermediate)

1 = Disorganized
(High Beginner)

0 = No Evidence
(Absolute Beginner)

Rhetorical Control refers
to the extent to which...

* The lab report is
organized to show a clear
and logical progression of
ideas (i.e., coherent).

* The relationships
between ideas are
supported with appropriate
logical connectors

A typical response:

A typical response:

A typical response:

A typical response:

A typical response:

o is logically sequenced
with a clear progression
of ideas.

o may skillfully use a
wide range of logical
connectors and
cohesive devices (as
needed) to connect the
information within and
across the text.

¢ is somewhat well-
sequenced with a
somewhat clear
progression of ideas.

e may be
somewhat skilled at
using logical
connectors and
cohesive devices (as
needed) to connect the
information within and
across the text, and
most of them are used
accurately.

e is a bit poorly
sequenced with a
somewhat unclear
progression of ideas.

o is minimally skilled at
using logical
connectors and
cohesive devices (as
needed) to connect the
information within and
across the text and
some of them are used
inaccurately.

e is poorly sequenced
with an unclear
progression of ideas.

o shows unskilled use of
logical connectors
and/or cohesive
devices (as needed) to
connect the information
within and across the
text and a number of
them are used
inaccurately.

¢ does not have enough
evidence to evaluate.

e contains information
that is
incomprehensible
and/or completely
inaccurate or irrelevant.

o simply states “I don’t
know”

e is written in a language
other than English.

NOTE: Even well-organized responses might list the procedures rather than using connectors to form a paragraph. The logical progression of ideas/a clear display of the

logical relationship matters more than the use of logical connectors / cohesive devices, as the task does not require a complex use of these devices.
FYI: WIDA 2020 English Language Development (ELD) standard 4 for high school learners (i.e., grades 9-12)
e  connectors to show logical relationships (e.g., "As a result of the temperature increase, the reaction rate doubled").
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4 Language Control

4=
Excellent
(Advanced)

3=
Good
(High Intermediate)

9=
Fair
(Low intermediate)

1=
Limited
(High Beginner)

0=
No Evidence
(Absolute Beginner)

Language Control refers
to the extent to which...
The response displays:
 grammatical accuracy

* a wide range of forms, as
needed

« an effective, efficient,
and appropriate use of
lexical resources

* pragmatic
appropriateness (e.g.,
register, tone, stance).

A typical response:

A typical response:

A typical response:

A typical response:

A typical response:

displays high levels of
accuracy with simple
and complex
grammatical forms (as
needed).

may have a few minor
errors without
obscuring meaning.
displays a wide variety
of grammatical
resources (as needed)
displays effective,
efficient, and
appropriate use of
lexis (as needed).
displays very high
levels of
appropriateness in
contextualized
language use.

displays relatively high
levels of accuracy with
simple and complex
grammatical forms (as
needed).

may have some
systematic minor
errors without
obscuring meaning.
displays a relatively
wide variety of
grammatical resources
(as needed).

displays relatively
effective, efficient, and
appropriate use of
lexis (as needed).
displays relatively high
levels of
appropriateness in
contextualized
language use.

displays a low level of
accuracy with
grammatical forms.
has several errors,
often obscuring
meaning.

displays a narrow
range of grammatical
resources (as needed).
displays marginally
effective, efficient, and
appropriate use of
lexis (as needed).

displays a very low
level of accuracy with
grammatical forms.
has several errors,
often obscuring
meaning.

uses mainly formulaic
and memorized
expressions.

displays mostly
ineffective, inefficient,
and inappropriate use
of lexis (as needed).
displays low levels of
appropriateness in
contextualized
language use.

does not have enough
evidence to evaluate.
contains information
that is
incomprehensible
and/or completely
inaccurate or irrelevant.
simply states “I don’t
know”

is written in a language
other than English.

NOTE:

Some complex structures that can be observed include, but are not limited to:
e  conditional to discuss potential outcomes using if-(then) (e.g., if the balloon is rubbed longer, (then) it sticks on the wall longer)
e thet+comparatives, thetcomparatives (e.g., the more electrons the balloon collects, the stronger the electric force is)
®  passive voice to report the procedures for objectivity (e.g., the balloon was rubbed for 2 seconds)

e  abstract nouns and nominalizations to introduce scientific concepts (e.g., "The precipitation occurred rapidly")

Some specific purpose lexis that can be observed include, but are not limited to:
e clectrons, protons, nucleus, electric force
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