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ABSTRACT

Collaborative problem-solving (CPS) is central to science teacher preparation, yet existing assessments often em-
phasize individual outcomes or final products and provide limited evidence of how CPS develops across iterative
stages of group problem-solving. This study developed and preliminarily evaluated a digital assessment system
for science teachers’ CPS across four stages: identifying and representing problems, planning and developing
solutions, testing and refining solutions, and communicating evidence-based results. A multiphase, quantitative-
dominant mixed-methods design involved three expert validators and 118 prospective science teachers from four
intact classes. Quantitative evidence included content relevance (Aiken’s V; expanded Gregory), internal structure
(CFA), expert-judgment consistency (ICC), and multiclass score patterns; expert comments, revision records, and
user feedback provided qualitative evidence integrated through a joint display. Content relevance was mixed, with
CFA showing three dimensions loading above 0.30 and communicating results loading at 0.286. Expert-judgment
consistency was inadequate, and student-score reliability was not established. Class scores differed significantly;
however, intact-class observations preclude causal inference. Thus, the system provides preliminary stage-specific
CPS score patterns rather than dependable individual-level profiles. Its contribution is integrating stage-specific
assessment across an authentic design—test—redesign—retest cycle using analytic-rubric scoring with measurement
and implementation evidence. Further refinement should prioritize communication descriptors, validator calibra-
tion, and student-score reliability.
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INTRODUCTION

Science education must develop critical,
creative, communicative, and collaborative capa-
bilities for solving complex problems (Fauziah et
al., 2024; Hendratmoko et al., 2024; Nurita et al.,
2025; Widodo et al., 2026). This priority aligns
with Sustainable Development Goal 4, particu-
larly its emphasis on developing relevant com-
petencies and preparing qualified teachers who
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can support effective learning. In science-teacher
education, however, advancing these goals requi-
res not only opportunities for collaboration but
also assessment systems that generate evidence of
how prospective teachers perform across different
components of collaborative problem-solving
(CPS). Such evidence can help teacher educators
identify strengths and difficulties in collaborative
performance, provide more targeted instructional
feedback, and make better-informed decisions
about designing and evaluating learning activi-
ties. In this way, improved CPS measurement
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can contribute to quality education indirectly by
strengthening the preparation and assessment of
prospective science teachers rather than by ser-
ving as an outcome of SDG 4 in itself. PISA 2015
underscores the need for such preparation: only
7.9% of students across OECD systems reached
the highest CPS proficiency level, while 28.1%
performed below the baseline (OECD, 2017).
CPS requires learners to understand problems,
exchange information, construct shared represen-
tations, design and evaluate solutions, and coor-
dinate roles (Sun et al., 2020; Tang et al., 2020;
Thornhill-Miller et al., 2023). These processes are
especially relevant to science learning, where in-
vestigation, argumentation, evidence evaluation,
and collective decision-making often require lear-
ners to coordinate cognitive and social activity
(Chen et al., 2020; Rosen et al., 2020; Negron et
al., 2026).

CPS is particularly important for prospec-
tive science teachers, who must master science
while facilitating interactive, collaborative, and
problem-based learning (Magaji, 2021; Anchun-
da & Kaewurai, 2025; Hariyono et al., 2026).
They must manage discussion, promote equi-
table participation, guide problem identification,
and direct inquiry toward scientifically defensible
solutions (Garcia-Carmona, 2020; Gillies, 2023;
Siswanto et al., 2025). Science-education rese-
arch has developed resources for integrating the
4Cs, collaborative problem-solving models, and
measurement models for prospective teachers
(Haryani et al., 2021; Sajidan et al., 2022; Hariyo-
no et al., 2026), but assessment evidence about
how prospective teachers collaborate while sol-
ving scientific problems remains limited.

Conceptually, CPS combines cognitive
processes (understanding problems, planning,
testing, and evaluating) with social processes
such as shared understanding, role coordination,
evidence exchange, joint monitoring, feedback,
and strategy adaptation. The OECD (2017) fra-
mework similarly emphasizes perspectives, roles,
shared representations, plans, monitoring, eva-
luation, and team adaptation. CPS is therefore
a multidimensional performance construct that
a conventional cognitive test or a single group-
product score cannot adequately represent.

Preliminary observations and the assess-
ment-document review conducted before deve-
lopment identified recurring omissions in ob-
servable criteria for role coordination, evidence
exchange, joint monitoring, strategy adaptation,
individual contribution, and collective commu-
nication. Existing practices documented concept
mastery or final products more consistently than

the collaborative process. This practical gap sup-
ports earlier reports that lecturers rarely assess
idea exchange, negotiation, coordination, and
group-strategy evaluation systematically (Alfin et
al., 2019; Meijer et al., 2020).

Existing digital CPS assessments differ
substantially in their target populations, assess-
ment contexts, evidence sources, scoring ap-
proaches, and reported measurement evidence.
PISA 2015 assessed 15-year-old students through
human-to-agent interactions in which students
selected predefined communications and actions
while working with computer-simulated partners;
the resulting responses were scored at the indivi-
dual level within a standardized psychometric
framework (OECD, 2017; Rosen et al., 2020).
The ATC21S assessment, in contrast, employed
human-to-human dyadic tasks and captured ti-
me-stamped actions and communication through
log-stream data, from which behavioral indica-
tors of cognitive and social CPS skills were co-
ded and modeled psychometrically (Care et al.,
2016; Scoular & Care, 2019). The ETS Collabo-
rative Science Assessment Prototype (ECSAP)
moved closer to a disciplinary context by embe-
dding CPS in science-oriented simulation tasks
and capturing both collaboration processes and
outcomes, including text-based interaction; ho-
wever, its primary purpose was to explore stan-
dardized CPS assessment rather than assessment
embedded in authentic science-teacher prepara-
tion (von Davier et al., 2017; Hao et al., 2019).
More broadly, computer-based CPS assessments
vary considerably in task design, participant age,
interaction mode, evidence captured, and scoring
procedures, and reliability and validity evidence
remains incomplete for many available instru-
ments (Chai et al., 2024).

These developments provide an important
foundation for digital CPS measurement, but
they remain insufficiently connected to authentic
science-teacher education. Science-education stu-
dies have strengthened collaboration and prob-
lem solving through instructional interventions
(Garcia-Carmona, 2020; Haryani et al., 2021;
Sajidan et al., 2022; Siswanto et al., 2025; Hariyo-
no et al., 2026), but generally emphasize learning
processes and outcomes rather than a dedicated
system for assessing CPS performance across
successive stages of authentic project work. As-
sessment and digital-learning studies, meanwhile,
have emphasized indicators, analytic rubrics, va-
lidity evidence, data management, performance
profiles, and feedback (Adom et al., 2020; Kaspi
& Venkatraman, 2023; Wilson, 2023; Lin et al.,
2024; Mutmainna et al., 2024; Hendratmoko et
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al., 2026). Digital systems can further improve
accessibility, traceability, data storage, and feed-
back processes (Maier & Klotz, 2022; Nugraha,
2022; Alenezi et al., 2023; Tomar et al., 2024), but
digitalization alone does not ensure meaningful
assessment; score interpretation still depends on
the alignment of tasks, performance descriptors,
scoring procedures, and appropriate validity evi-
dence (Almanasreh et al., 2022; Brod et al., 2023;
Carrillo-Avalos et al., 2025). The remaining gap
is therefore not the absence of digital CPS assess-
ment itself, but the limited integration of stage-
specific CPS assessment with authentic project
performance in prospective science-teacher edu-
cation. The present study addresses this gap by
developing a digital system that uses analytic-rub-
ric evidence to assess cognitive and collaborative
performance across an iterative identifying—plan-
ning-testing—communicating cycle while exami-
ning both preliminary measurement evidence
and classroom implementation. Its contribution
is therefore primarily contextual and integrative
rather than evidence of psychometric superiority,
particularly because student-score reliability has
yet to be established.

Addressing this gap requires more than
transferring a conventional rubric to a digital
platform. The assessment task must elicit the in-
tended cognitive and social processes, the rubric
must differentiate observable performance levels,
and the system must preserve traceable evidence
for scoring and feedback. Accordingly, technolo-
gical functionality and measurement quality are
evaluated as interconnected features rather than
as separate development outcomes.

This study therefore developed and pre-
liminarily evaluated a digital CPS assessment
system for prospective science teachers. The sys-
tem integrates four connected CPS dimensions:
(1) identifying and representing the problem, (2)
planning and developing a solution, (3) testing
and refining the solution, and (4) communicating
evidence-based results, with observable collabora-
tive performance, digital analytic-rubric scoring,
and complementary measurement and imple-
mentation evidence. Rather than positioning
this integration as psychometric superiority over
existing CPS assessments, the study examines its
feasibility and preliminary measurement quality
within authentic science-teacher education.

Accordingly, the study addressed the fol-
lowing research questions: (RQ1) How was the
digital CPS assessment system, including its
task, analytic rubric, and digital workflow, deve-
loped and refined through expert review? (RQ2)
To what extent did the assessment components

demonstrate content relevance based on Aiken’s
V, the expanded Gregory method, and expert
qualitative judgments? (RQ3) What preliminary
evidence supported the internal structure of the
four-dimensional CPS model and the consistency
of expert judgments, as examined through con-
firmatory factor analysis (CFA) and intraclass
correlation coefficients (ICC)? (RQ4) What CPS
score patterns and implementation characteris-
tics emerged across the four intact classes, based
on descriptive statistics, between-class compari-
sons, user responses, and qualitative implementa-
tion evidence? Together, these questions examine
the system’s development, preliminary measure-
ment evidence, and classroom applicability while
maintaining appropriate caution in score inter-
pretation because student-score reliability has not
yet been established.

METHODS

This study employed a multiphase, quan-
titative-dominant mixed-methods design as its
primary methodological framework. Within this
framework, the development of the digital CPS
assessment system followed a Type 1 design and
development research orientation, which focuses
on designing, developing, and evaluating a speci-
fic educational product (Richey & Klein, 2007).
The study comprised three connected phases.
Phase 1 focused on developing and refining the
authentic CPS task, analytic rubric, and digi-
tal workflow through expert review, combining
quantitative content-relevance indices with qua-
litative expert comments and revision records.
Phase 2 examined preliminary measurement evi-
dence, including the internal structure of the four
CPS dimensions and the consistency of expert
judgments. Phase 3 examined multiclass imple-
mentation through CPS score profiles, between-
class comparisons, user responses, and qualitative
implementation evidence.

The quantitative strand was dominant be-
cause the primary evaluative claims relied on nu-
merical evidence on content relevance, internal
structure, expert-judgment consistency, CPS sco-
re patterns, and user responses. The qualitative
strand was necessary because these quantitative
indices alone could not explain why particular
assessment components required revision, how
experts interpreted weaknesses in the task and
rubric, or how the system functioned during clas-
sroom implementation. Integration therefore oc-
curred at two points. During development, expert
comments and revision records were linked di-
rectly to quantitative content-relevance evidence



410

W. B. Sabtiawan, A. N. M. Fauziah, Wasis, T. Rijanto,

K. Wong-akharawin, A. F. Hendratmoko/ JPII 15 (3) (2026) 407-424

to guide revisions to the assessment components.
At the interpretation stage, the study formally
integrated quantitative and qualitative findings
through a joint display to identify convergence,
complementarity, and discrepancies across me-
asurement and implementation evidence (Fetters
et al., 2013; Creswell & Plato Clark, 2018). This
design allowed the study to evaluate not only
whether the digital CPS assessment system pro-
duced favorable quantitative indicators, but also
how to interpret those indicators in relation to de-
sign revisions and classroom applicability.

The generic product-and-tool develop-
ment process was modified into four sequential
and iterative stages: (1) preliminary analysis and
construct specification, (2) assessment blueprint
and digital-prototype development, (3) expert
validation and iterative refinement, and (4) em-
pirical validation and multiclass implementation.
This modification connected each design decisi-
on to evidence, analysis, and revision. Figure 1
summarizes the framework.

Stage 1 Stage 2

Preliminary Assessment

analysis and blueprint and
construct digital-prototype

specification development

Figure 1. Modified Development Stages

The study was conducted in the Science
Education Study Program of a state university
in Indonesia during the second semester of the
2025/2026 academic year. Participants included
three expert validators and 118 first-year pros-
pective science teachers enrolled in the General
Physics course across four intact classes: Class
A (n = 24), Class B (n = 32), Class C (n = 31),
and Class D (n = 31). The expert validators were
purposively selected based on their expertise in
science education, educational assessment and
evaluation, learning technology, and/or collabo-
rative problem-solving. Student participants were
included if they were actively enrolled in the Ge-
neral Physics course, participated in all required
CPS assessment activities, and had complete as-
sessment data; students who did not complete all
stages of the study or had incomplete assessment
scores were excluded. The sample size was also
evaluated for adequacy for the planned confirma-
tory factor analysis. With four observed indica-
tors specified as loading on a single latent factor,
the model estimated eight free parameters (four
standardized loadings and four indicator residual
variances, with the factor variance fixed for iden-
tification), yielding a participant-to-parameter ra-
tio of approximately 14.75:1 for N = 118. This
ratio exceeds the commonly recommended mini-
mum 10:1 for simple, well-defined CFA models
and approaches the general N = 100-150 guide-
line for models with few indicators (Kline, 2023).
Because the model nonetheless has few indicators
and correspondingly low degrees of freedom, N

Stage 3 Stage 4

Expert Empirical
validation and validation and
iterative multiclass

refinement implementation

= 118 was judged minimally adequate for a preli-
minary one-factor CFA rather than sufficient for
more complex or multigroup structural analyses.
We did not assign the four classes to experimen-
tal or control conditions; they served as naturally
occurring implementation contexts. Accordingly,
we conducted between-class analyses to examine
variation in individual CPS score patterns across
these contexts and interpreted them descriptive-
ly rather than as evidence of treatment effects or
causal class differences.

The research product combined contextu-
alized science-project tasks, a four-level analytic
rubric, and a digital system designed to elicit,
record, and score CPS performance. The four
related dimensions were (I1) collaboratively iden-
tifying and representing the problem, (I2) joint-
ly planning and developing a solution, (I3) col-
laboratively testing, evaluating, and refining the
solution, and (I4) communicating evidence-based
results. The performance descriptors embedded
shared understanding, participation, role coor-
dination, evidence exchange, joint monitoring,
and collective decision-making.

Students worked in groups of four to five
across eight sessions to engage in the CPS pro-
cess. Shared group evidence included problem
representations, design plans, prototypes, testing
records, and final group products. These artifacts
documented the collaborative problem-solving
process but were not directly assigned as indivi-
dual CPS scores. Following the group-based CPS
activities, each student completed an individual
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CPS test designed to assess the four CPS dimen-
sions. The individual CPS scores used in the
between-class and dimension-level analyses were
derived from these individual test responses rat-
her than the shared group products. The research
team scored the responses using the developed
analytic rubric, while the digital system facilitated
task delivery, response submission, rubric-based
scoring, score storage, CPS-profile visualization,
and feedback documentation. Although the ana-
lytic scores were generated from individual CPS
test responses, students had previously participa-
ted in collaborative group activities and were also
nested within four intact classes. Accordingly, we
treated the scores as participant-level outcomes,
while considering potential dependence asso-
ciated with shared group and class contexts when
interpreting between-class comparisons. Because
the analyses did not explicitly model this multile-
vel structure, we treated the one-way ANOVA as
preliminary and acknowledged possible within-
group and within-class dependence as a metho-
dological limitation.

We assessed user perceptions of the digital
CPS assessment system using a researcher-de-
veloped questionnaire with 20 items across four
domains: ease of use, assessment effectiveness,
support for collaboration and problem-solving,
and motivation and satisfaction. Items were rated
on a four-point Likert-type scale ranging from 1
to 4. The questionnaire was developed from re-
levant literature, the digital assessment system’s
characteristics and intended functions, and expert
judgment to align items with the user experien-
ce aspects being evaluated. Content validity was
examined through expert judgment and yielded
an Aiken’s V coefficient of 0.954, indicating st-
rong content relevance; internal-consistency reli-
ability was examined using Cronbach’s alpha and
yielded a = 0.956, indicating excellent internal
consistency. The questionnaire was administered
online to all 118 participants after they comp-
leted the digital CPS assessment activities. Scores
for each domain were converted to percentages
by dividing the obtained score by the maximum
possible score and multiplying by 100; the overall
response percentage was calculated from the total
obtained score across all 20 items relative to the
maximum possible total score.

Stage 1: Preliminary Analysis and Construct
Specification

The preliminary study provided an empiri-
cal basis for the research problem and the inten-
ded interpretation of CPS scores. Observations
and assessment-document reviews examined

whether existing practices captured shared prob-
lem representation, participation, role coordinati-
on, evidence exchange, joint monitoring, strategy
adaptation, individual contribution, and collecti-
ve communication.

Each observed or documented feature was
coded as present, partly present, or absent. Fre-
quencies and percentages summarized the repre-
sentation of CPS processes, while directed con-
tent analysis organized field notes and document
evidence according to the predefined indicators.
The findings were converted into a construct map
specifying intended score use, four CPS dimen-
sions, observable evidence, task requirements,
rubric criteria, and required digital functions.

Stage 2: Assessment Blueprint and Digital-
Prototype Development

The construct map guided an assessment
blueprint linking each CPS dimension to con-
textualized science problems, expected evidence,
four-level performance descriptors, and digital-
system functions. Tasks required students to un-
derstand and represent a problem, formulate and
develop a shared solution, test and refine the so-
lution using evidence, and communicate the re-
sults. We checked internal alignment across the
construct, instructions, expected evidence, rubric,
and system workflow. A technical walkthrough
examined navigation, response recording, sco-
ring, data storage, and feedback before expert
validation.

Stage 3: Expert Validation and Iterative
Refinement

The three validators independently evalu-
ated the four principal CPS components invol-
ving identifying and representing the problem,
planning and developing a solution, testing and
refining the solution, and communicating evi-
dence-based results using a four-point relevance
scale. The validation also covered the associated
assessment indicators, tasks, rubric descriptors,
language, and digital-system components. In to-
tal, the validators rated six task-level subcompo-
nents distributed across the four CPS dimensions
involving two subcomponents for identifying and
representing the problem (individual and group
problem identification), one subcomponent for
planning and developing a solution, two sub-
components for testing and refining the solution
(testing and evaluation; redesign and retesting),
and one subcomponent for communicating evi-
dence-based results, in addition to the associated
rubric descriptors, task language, and digital-sys-
tem components described above. We examined
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quantitative content-relevance evidence using
Aiken’s V and the expanded Gregory method,
while written comments addressed construct co-
verage, clarity, task authenticity, differentiation
among performance levels, scoring feasibility,
and system usability. Given the small number of
validators, Aiken’s V was interpreted cautious-
ly using the exact right-tail probability rationale
proposed by Aiken (1985), rather than relying
solely on a conventional descriptive cutoff. With
three validators and four response categories, V
= 1.00 represents unanimous maximum rele-
vance and meets the conventional exact p < .05
criterion, whereas lower coefficients were treated
as descriptive evidence requiring corroboration
from qualitative expert judgments. We integrated
quantitative indices and qualitative comments in
a revision matrix, so decisions to retain, revise,
or remove components were based on converging
evidence rather than a single content-validity
coefficient.

Content relevance was estimated using
Aiken’s V: (V=Zs)/(n(c-1))where s = r — Iy, r is
the validator’s rating, 1, is the lowest rating cate-
gory, c is the number of rating categories, and n
is the number of validators (Aiken, 1985). Values
closer to 1 indicate stronger content relevance.
We revised components with lower coefficients
or substantive expert criticism rather than judging
them solely through a fixed pass—fail threshold.

The expanded Gregory coefficient comple-
mented Aiken’s V to describe unanimous strong
relevance among three validators. We classified
ratings of 1-2 as weak and 3—4 as strong, produ-
cing eight possible rating patterns. We calculated
the coefficientas VG =H/(A+B+C+D+E +
F + G + H), where H represents components ra-
ted strongly relevant by all three validators (Ret-
nawati, 2016; Sincovich et al., 2019).

We examined consistency among expert
judgments descriptively alongside the content-
relevance indices and qualitative comments.
Although an earlier statistical output included
intraclass correlation coefficient (ICC) estimates,
the original analysis specification did not retain
sufficient information on the ICC effects model,
agreement definition, measurement unit, confi-
dence interval, or significance test. Because these
specifications are necessary for reproducible in-
terpretation of ICC estimates (Koo & Li, 2016),
we did not use the incomplete ICC output as for-
mal reliability evidence in the present study. We
therefore interpreted expert-judgment evidence
primarily through Aiken’s V, the expanded Gre-
gory method, individual rating patterns, and qua-
litative comments. We treated student CPS scores

as a separate measurement issue and did not infer
reliability from expert-validation data.

Stage 4: Empirical Validation and Multiclass
Implementation

After expert revision, we implemented the
system with 118 prospective science teachers in
four intact classes. Students completed the CPS
tasks through the digital system, and the valida-
ted rubric scored their performance. The empi-
rical analysis examined the internal structure of
the four CPS dimensions and described score
profiles and implementation consistency across
authentic classroom contexts.

Construct validity is necessary to ensure
that measurement results accurately reflect the
abilities being measured. In instrument develop-
ment, theory-based validation and content validi-
ty are insufficient to ensure a good fit between the
construct and the empirical data. Therefore, CFA
confirms the instrument’s latent structure and
examines the relationships between indicators
and underlying factors (MacCallum & Austin,
2000;Brown & Moore, 2012). CFA also allows
statistical evaluation of model fit using various
goodness-of-fit indices to assess how well the
hypothesized measurement model fits the data
(Brown, 2015; Collier, 2026).

CFA analysis was conducted using JASP
version 0.12. Model fit was evaluated using se-
veral goodness-of-fit indices: Chi-square/df (x%/
df), Comparative Fit Index (CFI), Tucker-Lewis
Index (TLI), Root Mean Square Error of Ap-
proximation (RMSEA), Goodness of Fit Index
(GFI), and Standardized Root Mean Square Re-
sidual (SRMR). A model is considered fit if it
meets the recommended criteria: x2/df < 3 (ide-
ally < 2) and CFI, TLI, and GFI > 0.90, with
RMSEA and SRMR < 0.08 (Hidayat et al., 2019;
Collier, 2026).

In addition to model fit indices, construct
validity was evaluated based on the standardized
factor loading of each indicator on the latent
construct. This value indicates the indicator’s
contribution to representing the construct being
measured. In this study, an indicator was consi-
dered valid if it had a factor loading > 0.30 and
was significant at p < 0.05 (Pergo et al., 2023; Sari
et al., 2024). We further evaluated indicators with
low loadings based on statistical considerations
and theoretical fit before retaining or eliminating
them.

We used a first-order CFA measurement
model because collaborative problem-solving
skills are a multidimensional construct, with se-
veral indicators that directly represent specific
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dimensions without second-order factors. In this
model, each item is directly associated with a
single latent factor (Marsh et al., 2014).

For the four-class implementation, we sum-
marized total and dimension-level CPS scores
descriptively. Normality was examined using the
Shapiro—Wilk test and homogeneity of variance
using Levene’s test. Because both assumptions
were supported, exploratory differences among
the four intact classes were examined using one-
way ANOVA followed by Tukey’s HSD for the
significant omnibus result (Field, 2017). The
CPS scores analyzed came from individual tests
rather than shared group products. Nevertheless,
students had previously participated in collabora-
tive activities in groups of four to five and were
nested within naturally occurring classes. This
hierarchical structure was not explicitly modeled
in the present analysis; therefore, we cannot assu-
me independence of observations. Consequently,
the ANOVA results were interpreted only as pre-
liminary descriptive evidence of variation across
implementation contexts, not as estimates of in-
tervention effects or causal class differences. We
acknowledge potential within-group and within-
class dependence as a limitation that future stu-
dies should address through multilevel or cluster-
adjusted analyses.

Expert comments, revision notes, imple-
mentation records, and open-ended user feedback
were analyzed thematically through familiariza-
tion, initial coding, candidate-theme generation,
theme review, definition and naming, and analy-
tical reporting (Braun & Clarke, 2006). The ana-
lysis initially focused on construct representati-
on, task and rubric clarity, system functionality,
implementation feasibility, and required revisi-
ons, while remaining open to additional patterns
emerging from the data. Three members of the
research team independently coded the qualitati-
ve data to reduce reliance on a single researcher’s
interpretation and to provide multiple perspec-
tives on the emerging patterns. The team then
compared initial codes and candidate themes,
resolving disagreements through discussion and
re-examination of the original data and coding
definitions until consensus was reached. When
needed, the team refined code definitions and
reviewed affected data segments again to ensure
consistent application. The resulting coding de-
cisions and theme revisions were documented to
maintain an audit trail. We addressed reflexivity

by repeatedly comparing emerging interpreta-
tions with the original comments and implemen-
tation records and by distinguishing participants’
and validators’ statements from the researchers’
interpretations. Because the qualitative strand
involved a bounded set of expert comments, re-
vision records, implementation records, and user
feedback rather than iterative theoretical samp-
ling, we did not use conventional data saturati-
on as a stopping criterion. Instead, we assessed
information adequacy by analyzing all available
qualitative records relevant to the development
and implementation phases and examining whet-
her they adequately explained, complemented, or
qualified the corresponding quantitative findings.
The team retained representative excerpts and
documented revision evidence for the major the-
mes and reported them alongside the quantitative
findings, particularly in the joint display, to provi-
de a transparent, auditable evidentiary basis for
the integrated interpretations.

The team integrated quantitative and qua-
litative evidence through a joint display at inter-
pretation. The display connected Aiken’s V, ex-
panded Gregory, ICC, CFA, class-level profiles,
and implementation statistics with expert exp-
lanations, revision records, and user feedback.
Evidence was interpreted as convergent, comple-
mentary, or discrepant according to whether the
sources supported, extended, or qualified one
another (Fetters et al., 2013).

RESULTS AND DISCUSSION

Digital Assessment System and Instrument
Revisions

The developed product combined a pro-
ject-based performance assessment with digital
delivery, recording, and rubric-based scoring. It
operationalized CPS through four related dimen-
sions: collaboratively identifying and represen-
ting the problem, jointly planning and developing
a solution, collaboratively testing and refining the
solution, and communicating evidence-based re-
sults. Students addressed an authentic simple-ma-
chines problem, developed and tested a prototy-
pe, documented evidence, and communicated the
resulting solution. The digital system supported
task delivery, access to supporting resources, sub-
mission, scoring, and documentation of results
and feedback. Figure 2 illustrates the digital CPS
system'’s assessment flow across these four stages.
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[ Collaborative learning groups ]

1. Identifying and representing the problem
Assessed: shared problem representation

2. Planning and developing a solution
Assessed: negotiated strategy and roles

Iterative
refinement

3. Testing and refining the solution
Assessed: joint testing and revision

4. Communicating evidence-based results
Assessed: evidence-based collective reasoning

Group performance profile
Analytic rubric score per stage

Figure 2. Example of a Digital System Display for Delivering Instruments

Figure 3 presents a simplified example of
the digital system interface used to deliver the as-
sessment instruments, specifically the Redesign
module in the Sindig FMIPA learning mana-
gement system for Stage 3 (testing and refining
the solution). To improve readability at journal-
page scale, only the main interface elements are
highlighted: (1) the stage label, (2) reflective fra-
ming text, (3) task instructions, and (4) submis-
sion points for the group worksheet and process

Sindig FMIPA

video. The module was originally administered
to participants in Indonesian. For publication,
we redrew the interface at higher resolution and
translated it into English; however, we preserved
the instructional content, task sequence, submis-
sion requirements, and functional structure wit-
hout substantive modification. The Supplementa-
ry Material provides a more detailed view of the
original interface.

{ Redesign

3o

fellow students. Fresh ideas often emerge through collaboration.

assistance, we are here to help.

®  We have reached the Redesign stage, the re-planning phase of our design journey. It is time to reflect on our solution, identify the aspects that need

improvement, and develop a better solution in the context of the inclined plane as a simple machine.

® Redesigning is an opportunity to improve the quality and effectiveness of our design. Do not hesitate to discuss, collaborate, and share ideas with

®  Keep up your enthusiasm and dedication in creating a better solution through this re-planning process. If you have any questions or need

Instructions:

and evaluation.

™~

w

lecturer.

L I

. Together with their group, students determine the single most relevant solution related to friction, based on the results of the previous trial

Trial results are photographed and recorded, then attached to the Redesign section of Worksheet 2, page 10.
Students scan pages 9-10 of the Redesign worksheet and upload the scan to the Redesign assignment submission point.
Students upload the video of the construction process to the Redesign Video assignment submission point.

Together with their group, students draft a plan for constructing the solution by writing the rationale, the tools and materials, the variables,
and the redesign sketch on Worksheet 2, page 9, based on the results of the previous trial and evaluation. o
Together with their group, students rebuild the solution and record a video of the construction process that has been approved by the

Note:

If the video file is too large, the video may be uploaded to Google Drive and the link submitted to the Redesign assignment submission point

—++o

Redesign Worksheet 2
@ Redesign Worksheet 2
@ Redesign Video Worksheet 2

et —@

Edit

@ Stage label (Redesign module)

© Reflective framing text

© Task instructions (six steps)

© Note on video file size

@ Group submission points: worksheet and video

Figure 3. Example of a Digital System Interface for Delivering Instruments
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Expert review identified two components
requiring substantive revision. The problem-
identification task initially provided insufficient
conceptual exploration before groups formulated
a shared problem; therefore, we added an LMS-
based research-ideas activity to support conceptu-
al synthesis and evidence-based agreement. The

initial solution-testing task ended after the first
test and evaluation; we added redesign and re-
testing so students interpreted evidence, justified
modifications, revised the prototype, and verified
the revised solution. Table 1 summarizes these
changes.

Table 1. Substantive Revisions to the Project-Based CPS Performance Assessment

Component Initial form Expert concern Revision Expecte(.1 assessment
evidence
Problem Students identi- Insufficient evidence Added LMS-based More explicit evidence
identification fied an individual of conceptual analy- research ideas, group of conceptual ground-
problem and se- sisand shared under- synthesis, and evi- ing, negotiation, and
lected one group standing. dence-based  agree- shared problem repre-
problem. ment on the focal sentation.
problem.
Solution test- Students tested The task did not suf- Added redesign, jus- More explicit evidence
ing the  prototype, ficiently elicit itera- tification of modifi- of evaluation, strat-
recorded results, tive evaluation and cations, revised pro- egy adaptation, and
and evaluated the adaptation. totype drawing, and evidence-based group
solution. retesting. decision-making.

Content-Validity Evidence

The three validators’ raw ratings produced
corrected Aiken’s V values of 0.78-1.00. Identi-
fying and representing the problem and testing
and refining the solution each obtained 0.78,
whereas planning and developing a solution and
communicating evidence-based results each ob-
tained 1.00. Expanded Gregory was 1.00 for eve-
ry component because all ratings were classified
as strongly relevant. Thus, the components were
relevant, but the lower Aiken values and expert

comments justified targeted revisions rather than
a binary valid/invalid decision.

These results show that strong categorical
agreement can coexist with meaningful variation
in rating strength. Revision decisions therefore
relied on convergence between numerical indices
and expert explanations, not a single coefficient.
Table 2 summarizes the content-relevance evi-
dence and resulting revision decisions for each
component.

Table 2. Content-Relevance Evidence and Resulting Decisions

Expanded

CPS component El E2 E3 Aiken’sV Decision or revision
Gregory

Identifying and repre- 3 4 3 0.78 1.00 Research-ideas activity and clearer
senting the problem shared-problem instructions
Planning and developing 4 4 4 1.00 1.00 Retained with editorial refinement
a solution
Testing and refining the 4 3 3 0.78 1.00 Redesign and retesting added.
solution
Communicating evie 4 4 4 1.00 1.00 Retained; communication rubric re-
dence-based results quires further empirical refinement.

Internal-Structure Evidence and Expert-
Judgment Consistency
Whole-Sample and Exploratory Subgroup CFA

For the whole sample (N = 118), we con-
ducted a first-order one-factor CFA using ma-
ximum likelihood (ML) estimation, with iden-
tifying, planning, testing, and communicating
specified as observed indicators of the general

CPS factor. The one-factor model produced x*(2)
= 5.77, p = 0.059, CFI = 0.891, TLI = 0.673,
GFI = 1.000, RMSEA = 0.125 (90% CI [0.000,
0.253]), and SRMR = 0.061. The nonsignificant
chi-square and yx2/df were favorable, whereas
RMSEA indicated substantial residual misfit.
The structure therefore received partial prelimi-
nary support rather than full confirmation. The



416

W. B. Sabtiawan, A. N. M. Fauziah, Wasis, T. Rijanto,

K. Wong-akharawin, A. F. Hendratmoko/ JPII 15 (3) (2026) 407-424

subgroup results were descriptive: the high-achie-
ving group showed favorable fit, while the low-
achieving group retained substantial RMSEA

misfit. Table 3 presents the complete CFA fit evi-
dence for the whole sample and both exploratory
subgroups.

Table 3. CFA Fit Evidence for the Whole Sample and Exploratory Subgroups

Analysis n x> d p CFI TLI RM- 90%CI SRMR Interpretation
SEA RM-
SEA
Whole 118 577 2 0.059 0.891 0.673 0.125 [0.000, 0.061 Mixed evi-
sample 0.253] dence; partial
preliminary
support
Explor- 63 6.02 2 0.053 0.860 0.580 0.175 [0.008, 0.081 Mixed evi-
atory low- 0.351] dence; substan-
achieving tial RMSEA
subgroup misfit
Explor- 55 126 2 0.533 1.000 1.282 0.000 [0.000, 0.039 Favorable
atory high- 0.233] within-group
achieving fit;  interpret
subgroup cautiously

Because we did not test constrained mul-
tigroup models, the subgroup analyses do not
demonstrate measurement invariance. We treat
these contrasting subgroup patterns as explorato-
ry findings that require replication with explicit
grouping criteria and formal invariance testing.

Three dimensions exceeded the prespeci-
fied 0.30 criterion: identifying and representing
the problem (I1 = 0.383, p = 0.001), planning

Table 4. Standardized Factor Loadings

and developing a solution (12 = 0.484, p < 0.001),
and testing and refining the solution (I3 = 0.754,
p < 0.001). Communicating evidence-based re-
sults was statistically significant but weaker (14 =
0.286, p = 0.013). I3 was the strongest indicator,
whereas 14 requires more precise performance
evidence and rubric descriptors. Table 4 reports
the standardized loadings for all four indicators.

Indicator Standardized loading P SE 95% CI
Il 0.383 0.001 0.111 [0.162, 0.596]
2 0.484 0.000 0.117 [0.269, 0.728]
I3 0.754 0.000 0.144 [0.468, 1.032]
14 0.286 0.013 0.111 [0.060, 0.496]

The standard errors (SE) ranged from
0.111 to 0.144, reflecting sampling uncertainty
in the estimated standardized loadings. The 95%
confidence intervals (CI) for all four indicators
excluded zero, indicating that the loadings diffe-
red significantly from zero. I3 showed the highest
standardized loading (0.754), although its CI was

0383 0.484

O

relatively wide [0.468, 1.032], indicating uncer-
tainty in the estimate’s magnitude. 14 had the lo-
west loading (0.286), with a CI of [0.060, 0.496],
supporting a positive but comparatively weak as-
sociation with the CPS factor. Figure 4 illustra-
tes these standardized loadings and their relative
magnitudes across the four CPS dimensions.

0.754 0.286

O

Figure 4. Standardized Loadings of the Four CPS Dimensions on the Proposed Factor
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Consistency of Expert Judgments

The available expert-rating analysis yiel-
ded ICC estimates ranging from —0.103 to 0.000.
However, because the original statistical record
did not retain the exact ICC model, agreement
or consistency definition, measurement unit, con-
fidence intervals, and associated significance in-
formation, these estimates cannot be interpreted
as reproducible evidence of inter-validator agree-
ment or reliability. We therefore report them only
as descriptive results from the preliminary expert-
validation analysis. The coefficient of variation
was 11.98%, indicating relatively restricted va-
riability among the expert ratings. The standard
error of measurement (SEM) was 0.4441, and the
standard error of prediction (SEP) was 0.8131;
we also present these values descriptively because
the available statistical record does not provide
sufficient model information to support formal
reliability interpretation. Accordingly, the ICC,
CV, SEM, and SEP were considered supplemen-
tary to the primary content-relevance evidence
derived from Aiken’s V, the expanded Gregory

method, and qualitative expert judgments rather
than as independent evidence of measurement
reliability. Importantly, these statistics concern
expert ratings of the assessment components and
should not be interpreted as reliability evidence
for students’ CPS scores. The present study did
not establish inter-rater reliability or other ge-
neralizability evidence for student CPS scoring;
therefore, interpret the subsequent student score
profiles as preliminary.

Multiclass Implementation and User
Responses
Total-Score Profiles and Class Comparison

The digital assessment system was imple-
mented with 118 prospective science teachers in
four intact classes: Class A (n = 24), Class B (n
= 32), Class C (n = 31), and Class D (n = 31).
No missing CPS scores were reported. Class
B obtained the highest mean total score (87.0),
followed by Class A (80.9), Class D (74.5), and
Class C (73.3). Table 5 presents the Tukey post
hoc comparisons of class total scores.

Table 5. Tukey Post Hoc Comparisons of Class Total Scores

Comparison Mean difference P Decision
A-B 6.11 0.028 Significant
A-C 7.60 0.004 Significant
A-D 6.47 0.019 Significant
B-C 13.72 <0.001 Significant
B-D 12.58 <0.001 Significant
CD -1.14 0.944 Not significant

Normality and homogeneity of variance were
supported, as indicated by the Shapiro-Wilk test (W
= 0.982, p = 0.120) and Levene’s test, F(3, 114) =
0.820, p = 0.486. Under the conventional one-way
ANOVA model, class means differed significantly,
F(3, 114) = 19.70, p < 0.001, n? = 0.341, 95% CI
[0.199, 0.455]. Tukey comparisons showed that Class
B scored higher than Classes A, C, and D; Class A
scored higher than Classes C and D; and Classes C
and D did not differ significantly. However, students
were nested within collaborative groups and intact
classes, and this analysis did not explicitly model that
dependence. Accordingly, the inferential statistics
and effect-size estimate are interpreted cautiously as
exploratory evidence of observed variation across
naturally occurring implementation contexts rather
than as evidence of treatment effects or causal class
differences.

Because the four classes were naturally occur-
ring implementation contexts rather than treatment

groups, the differences demonstrate differentiated
score profiles; they do not establish intervention effec-
tiveness or a causal class effect.

Dimension-Level Profiles

Across classes, identifying and represen-
ting the problem had the highest mean (92.77),
whereas planning and developing a solution had
the lowest (69.16). Testing and refinement avera-
ged 78.73, and communication averaged 80.04.
The pattern identifies a consistent gap between
recognizing a problem and transforming shared
understanding into a systematic, implementable
plan. Class B showed the strongest profile in iden-
tification, planning, and communication, while
Class A had the highest testing score. Classes C
and D showed similar lower profiles in planning
and testing. Figure 5 illustrates these dimension-
level score patterns across classes.
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60.00

40.00

20.00

0.00
Identifying and
representing
the problem

Jointly planning
and developing
a solution

Collaboratively
testing, evaluating,
and refining
the solution

Communicating
evidence-based
results

=8=Class A =@=Class B =@=Class C ==@=ClassD

Figure 5. Mean CPS Dimension Scores Across Four Classes

User Responses and Integrated Evidence

We assessed user responses to the digital
CPS assessment system using the 20-item ques-
tionnaire described in the Method section. The
resulting percentages were interpreted as indica-
tors of perceived classroom applicability and user
experience, not as evidence of the validity or reli-
ability of students’ CPS performance scores.

Student responses indicated favorable
perceptions across all four domains: ease of use
(85.36%), assessment effectiveness (85.83%),
support for collaboration and problem-solving
(85.56%), and motivation and satisfaction
(85.93%). The overall user-response score was

85.67%. These findings indicate favorable percei-
ved classroom applicability and user experience
with the digital CPS assessment system. Howe-
ver, user-response evidence reflects participants’
perceptions of the system and should not be in-
terpreted as evidence of the validity or reliability
of students’ CPS performance scores.

We integrated qualitative comments and
revision records with the quantitative findings
through a joint display. The display distinguishes
areas of convergence from areas in which favo-
rable evidence is qualified by a measurement or
implementation limitation. An integration of the-
se findings is presented in Table 6.

Table 6. Joint Display of Quantitative and Qualitative Evidence

Focus

Quantitative

evidence

Qualitative explanation

Integrated inference

Problem identi-
fication

Testing and re-
finement

Internal structure

Expert  consis-

tency

Multiclass imple-
mentation

User response

Aiken’s V =0.78;
Gregory = 1.00

Aiken’s V=0.78;
Gregory = 1.00

CFI=0.891; TLI
=0.673; RMSEA
=0.125; SRMR =
0.061;14 = 0.286
ICC=-0.103 to
0.000

F(3,114)=19.7,p
<0.001

Overall = 85.67%

Experts requested stronger
conceptual exploration and
shared understanding.

Experts requested redesign
and retesting.

Communication descriptors
and performance evidence
were insufficiently differenti-
ated.

Validators emphasized differ-

ent aspects of analysis, evalu-
ation, and revision.

The system organized tasks,
submissions, rubrics, and doc-
umentation.

Students viewed the system as
usable and supportive.

The content was relevant, but the
instructions needed strengthening
to elicit the intended collaboration.

The content was relevant, but an
iterative structure was needed to
elicit evaluation and adaptation.

The factor received partial support;
communication requires further
operational refinement.

Strong content relevance coexisted
with inadequate expert consisten-
cy; calibration and more explicit
criteria are required.

The system generated differenti-
ated profiles, but class differences
are not treatment effects.

The system was well received; us-
ability evidence does not replace
measurement evidence.
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Authentic and Iterative Representation of
Collaborative Problem-Solving

The system’s contribution extends beyond
transferring a paper-based rubric into an LMS.
Empirically, expert review led to substantive re-
visions that strengthened the evidence elicited at
key CPS stages: the problem-identification task
was expanded to include conceptual exploration,
group synthesis, and evidence-based agreement,
while the solution-testing task was extended to in-
clude redesign, justification of modifications, and
retesting. These revisions enabled the assessment
workflow to document observable task evidence
across shared problem representation, planning,
testing, evidence-based redesign, retesting, and
communication. This design is theoretically con-
sistent with the task-dependent nature of CPS,
in which different tasks can elicit different beha-
vioral patterns and relationships with outcomes
(Andrews-Todd et al., 2023; Sun et al., 2022), and
with evidence that productive CPS involves prob-
lem-solving strategy, regulation, interaction, and
engagement (Baucal et al., 2023). The multiclass
implementation further demonstrated that the
digital system could organize these assessment
activities and was perceived favorably by users.
However, such implementation and usability evi-
dence should not be interpreted as evidence that
the resulting CPS scores are already dependable
for individual-level decisions. Because student-
score inter-rater reliability or other generalizabi-
lity evidence was not established, the system’s ca-
pacity to generate reliable individual CPS profiles
remains an intended function requiring further
empirical verification. Thus, the present evidence
supports the system'’s ability to structure and do-
cument an iterative CPS assessment process, whi-
le stronger claims concerning the reliability and
interpretability of individual CPS scores should
await further measurement studies.

The redesign-and-retest sequence requires
groups to interpret test evidence, negotiate modi-
fications, justify a revised design, and verify the
improved solution. This design aligns with tem-
poral and multimodal evidence that CPS emerges
through changing communication, behavior, and
regulation rather than a static count of participa-
tion (Ouyang et al., 2023).

Complementary Validity Evidence Rather
Than a Single Valid/Invalid Decision

Aiken’s V, expanded Gregory, CFA, and
ICC answer different questions. Content indices
address relevance and representativeness; CFA
addresses relations among the four scores; ICC
addresses consistency in expert scale use. Strong

419

content classification can therefore coexist with
mixed structural fit and inadequate expert agree-
ment. The corrected Aiken values also explain
why the two revised components were relevant
but less strongly endorsed than planning and
communication. The findings support an evi-
dence-based revision process rather than a global
claim that the instrument is simply valid.

The CFA results require equal caution.
The four-indicator model showed supportive and
unsupportive indices, and low-degree-of-freedom
models can make conventional cutoffs unstable.
Fit is interpreted with loading quality, residual
evidence, data characteristics, and substantive
theory rather than mechanically (Goretzko et
al., 2024; McNeish & Wolf, 2022). The current
evidence supports continued development of the
proposed structure but not a claim of fully confir-
med construct validity.

‘Why Planning Was Most Difficult and
Communication Loaded Weakly

Planning and developing a solution ob-
tained the lowest mean score among the four CPS
dimensions. However, the present qualitative and
process data did not directly examine why stu-
dents experienced greater difficulty at this stage.
Therefore, this pattern should be treated as a post
hoc theoretical interpretation rather than an em-
pirically established mechanism. One plausible
explanation is that planning places simultaneous
demands on groups to integrate relevant scientific
concepts, compare alternative solutions, establish
design criteria, coordinate roles, and transla-
te shared ideas into a feasible course of action.
This interpretation is consistent with Baucal et
al. (2023), who emphasize that productive CPS
depends on problem-solving strategies and regu-
lation directed toward both the task and group
members. Accordingly, supports such as explicit
design criteria, decision matrices, and evidence-
based justification may strengthen planning per-
formance, but the present study did not test their
effectiveness. Future research should examine
this hypothesis directly using process evidence
such as interaction logs, observation records, in-
terviews, or think-aloud data to identify the spe-
cific difficulties encountered during collaborative
planning.

Communication had the weakest loading
even though its mean was not the lowest. A di-
mension can receive relatively high scores while
sharing limited variance with the general factor.
The communication task may also reflect presen-
tation fluency, digital production, speaking confi-
dence, or visual design. Communication remains
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theoretically necessary, but the rubric should
distinguish solution quality, use of test evidence,
scientific argumentation, organization and visu-
alization, and each member’s collaborative cont-
ribution.

Why Strong Content Relevance Coexisted
with Very Low ICC

The very low ICC does not negate content
relevance. Validators may classify all compo-
nents as relevant while using the four response
categories differently across only four, uniformly
strong objects. Restricted between-object varian-
ce can yield unstable or negative ICC estimates.
Clearer anchors, calibration examples, more rate-
able subcomponents, independent ratings before
consensus, and reporting the exact ICC model
and confidence interval are therefore necessary.
Student-performance reliability must also be es-
timated separately; expert ICC cannot substitute
for consistency of student scoring.

Meaning of the Multiclass Profiles and User
Responses

The significant class differences show that
the system produced nonuniform and interpre-
table performance profiles. However, because

the classes were not randomly assigned and no
intervention contrast was specified, the findings
indicate between-context variation rather than ef-
fectiveness. CPS performance changes with task
context (Andrews-Todd et al., 2023; Zhang &
Hwang, 2023), and student teachers’ CPS com-
position unfolds differently across authentic on-
line tasks (Gao et al., 2022). The present profiles
should therefore support diagnosis and instruc-
tional planning rather than causal claims.

Positive user responses strengthen the
applicability argument but are not validity coef-
ficients. Their importance is that a complex
performance assessment was acceptable and
manageable across four classes. Integrating usa-
bility with psychometric and qualitative evidence
prevents satisfaction data from masking measu-
rement weaknesses. Joint displays are useful pre-
cisely because they make convergence, comple-
mentarity, and discrepancy explicit (Fetters &
Tajima, 2022).

Novelty and Scientific Contribution

The novelty of the present study lies in its
assessment architecture and implementation con-
text rather than in a claim that digital CPS assess-
ment is unprecedented. It is presented in Table 7.

Table 7. Comparison of the Present System with Prior Digital CPS Assessment Approaches

System/ Target popu- Task Evidence Scoring Reported validity/reli-
Study lation source approach ability evidence
PISA 2015 15-year-old Standardized Selected pre- Individual-level, Large-scale standardized
(OECD, students, human-to- defined com- standardized psychometric validation
2017; Rosen OECD  sys- agent tasks munications psychometric
etal., 2020) tems with simulat- and actions framework
ed partners
ATC21S School-age Human-to- Time-stamped Behavioral in- Psychometric modeling
(Care et al., students, hu- human dyadic actions/com- dicators coded of process indicators
2016; Scou- man—-human online tasks munication and modeled
lar & Care, dyads (log-stream psychometri-
2019) data) cally
E CS AP Assessment- Science-ori- Collaboration Standardized/ Exploratory psychomet-
(Hao et al., development ented simula- process + out- computational ric evidence; standard-
2019;  von samples tion tasks come evidence, scoring ized-assessment  proto-
Davier et al., incl. text inter- type
2017) action
Student- Student teach- Authentic on- Process/log Multidimen- Multidimensional struc-
teacher ers line learning data sional item re- ture supported via pro-
process-data tasks sponse theory cess-data modeling
study (Gao
etal., 2022)
Present sys- Prospective Authentic sci- Group artifacts Digital analytic- Preliminary content
tem science teach- ence project; +  individual rubric scoring, 4 relevance (Aiken’s V,

ers (pre-ser- design—-test— CPS test re- CPS stages Gregory); mixed CFA fit;
vice) redesign-re- sponses expert-consistency  and
test cycle student-score reliability

not yet established
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Therefore, this work offers a transparent,
practice-oriented prototype and a validity-eviden-
ce pathway for making collaboration more obser-
vable and measurable in science teacher educa-
tion.

Limitations of the Current Evidence

The evidence remains preliminary and
should be interpreted in light of several metho-
dological limitations. First, content-relevance evi-
dence was based on only three validators and four
principal CPS components, making the resulting
coefficients sensitive to the small number of ex-
pert judgments. Second, the one-factor CFA in-
volved only four indicators and produced mixed
fit evidence, while the exploratory subgroup ana-
lyses did not establish measurement invariance.
Third, the available expert-agreement statistics
did not provide a reproducible basis for a formal
reliability claim, and the study did not establish
inter-rater reliability or other generalizability
evidence for students’ CPS performance scores.
This limitation matters because dependable in-
terpretation of individual CPS profiles requires
evidence that student scoring is sufficiently con-
sistent across raters or scoring occasions. Fourth,
although the analyzed CPS scores were derived
from individual tests rather than directly assig-
ning shared group-product scores to individual
students, participants had previously worked wit-
hin collaborative groups and were nested within
four intact classes. This hierarchical dependence
was not explicitly modeled; consequently, wit-
hin-group or within-class correlation may have
affected standard errors and between-class sig-
nificance tests. Shared participation in the same
collaborative activities may also have introduced
common contextual influences on individual
performance, even though the study did not use
identical group scores as individual outcomes.
Fifth, all participants were drawn from a single
science-education program at one institution,
which limits the generalizability of the findings
to other institutional, curricular, and student po-
pulations. Sixth, the study did not examine ex-
ternal or criterion-related validity by relating CPS
scores to independent measures of collaboration,
problem solving, academic performance, or other
theoretically relevant outcomes. Finally, differen-
ces among the four intact classes and favorable
user responses cannot establish causal effective-
ness, particularly because the classes were natu-
rally occurring implementation contexts rather
than randomly formed treatment conditions.
Future research should use larger, more diverse
samples; more detailed observable indicators; ca-

librated performance raters; explicit inter-rater or
generalizability analyses of student CPS scores;
multilevel or cluster-adjusted analyses; formal
measurement-invariance testing; and external or
criterion-related validity evidence. Within these
limitations, the present study should be regarded
as providing a transparent preliminary assess-
ment prototype and an initial evidence pathway
for making collaborative problem-solving more
observable in science teacher education.

CONCLUSION

This study developed a project-based digi-
tal CPS assessment system covering four stages:
problem identification and representation, soluti-
on planning and development, testing and refine-
ment, and evidence-based communication. The
system showed strong content relevance (Aiken’s
V = 0.78-1.00; expanded Gregory = 1.00), pre-
liminary structural support with communicati-
on as the weakest dimension, significant score
differences across classes, F(3, 114) = 19.70, p <
0.001, n? = 0.341, and favorable user responses
(85.67%). Its main contribution is a practice-
oriented, stage-specific digital assessment
embedded in an authentic design—test-redesign—
retest cycle. However, limited reliability evidence,
the weak communication dimension, intact-class
sampling, and unmodeled data nesting restrict
stronger interpretation. Future research should
refine communication descriptors, improve
validator calibration and score reliability, and test
structural validity and measurement invariance
across larger and more diverse samples.
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