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Promoting Equitable Accountability in STEM COIL through Multi-Source
Peer Assessment
Abstract
Group-based learning in engineering education fosters technical competence and teamwork
skills; however, assessment practices often struggle to ensure individual accountability,
leading to grading bias and uneven participation. This study implements a multi-source peer
assessment model in a Collaborative Online International Learning (COIL) program jointly
conducted by Shibaura Institute of Technology (Japan) and Institut Teknologi Sepuluh
Nopember (Indonesia). The whole 14-week hybrid online—onsite physics course (Magnetism
and Magnetic Materials) was embedded within an interdisciplinary COIL module that
integrated STEM content. Additionally, a two-week collaboration with a humanities module
(History of Japan) broadened the notion of “contribution” by highlighting sociocultural and
ethical dimensions of teamwork. To promote fairness, a weighted scoring model was
developed, integrating within-group peer evaluations (20%), cross-group peer evaluations
(10%), Indonesia-based instructor evaluations (30%), and Japan-based physics lead instructor
evaluations (40%). Fairness is conceptualized as both procedural and representational,
capturing transparency in evaluation and the visibility of individual contributions. The model
was compared with a conventional instructor-only assessment approach using data from two
cohorts (FY2024 and 2025). Instructor-only averages exceeded peer-inclusive adjusted scores
by approximately 2—5 points across cohorts, suggesting grade inflation under single-source
evaluation. Statistical analysis showed significant differences (p < 0.01) across both academic
years, while maintaining strong correlation (» > 0.87) and rank-order stability (p > 0.82).
These findings indicate meaningful score correction without substantially altering
performance ranking. The proposed multi-source model reduces reliance on a single
evaluator, enhances transparency of individual contributions in collaborative contexts, and
offers an empirically validated assessment framework for interdisciplinary, cross-institutional
STEM COIL environments—an area that remains underexplored in engineering education

research.

Keywords: Peer assessment, COIL (Collaborative Online International Learning), multi-
source evaluation, engineering education, grading bias, individual accountability, international
collaboration



1. Introduction

Group-based learning has become a cornerstone of engineering and physics education
because it fosters essential competencies such as collaboration and communication [1]-[3].
However, assessing individual contributions within collaborative environments remains
difficult. Instructor-only evaluation can result in inflated grades for low contributors or
insufficient recognition for highly active team members [2], [4]. Peer assessment has been
adopted to increase fairness by capturing teamwork processes not visible to instructors [5]—
[7], and it can improve learning outcomes for students with varying achievement levels [8].
Still, students often trust instructor feedback more than peer ratings due to concerns about
credibility and bias [9]. Peer scores may be affected by social relationships, friendship norms,
or reluctance to provide negative feedback [2], [4]. These challenges become more complex
in cross-institutional and culturally diverse COIL environments, where communication norms
differ and accountability is difficult to maintain across distributed work [1], [2], [10]. Thus,
there is a growing need for assessment models that combine multiple viewpoints to
strengthen validity, transparency, and fairness in collaborative STEM learning [6], [11]. To
situate this study within a broader interdisciplinary context, the COIL course examined here
integrates both STEM and humanities perspectives, including a two-week collaboration with
a History of Japan module, expanding the notion of contribution beyond technical tasks to
include sociocultural, collaborative, and ethical dimensions. In this context, peer assessment
becomes particularly valuable, as it provides insight into internal team roles, communication,
and effort distribution [5]-[7]. Evidence from online peer assessment (OPA) indicates
significant positive effects on academic performance [8], [12] and higher-order thinking [13],
and OPA increases scalability and feedback immediacy in hybrid settings [7], [12], [13].
Despite these benefits, peer assessments can be unreliable due to interpersonal dynamics and
bias [2], [4], and their trustworthiness may be questioned by students [9]. These issues are
intensified in culturally mixed teams, where norms of critique and communication differ [2],
[4], [10]. Physics education research emphasizes composite frameworks that triangulate
evaluation sources to maximize validity [11], [12], [14], [15]. Similar triangulation principles
have been discussed in broader assessment and fairness literature, particularly in relation to
validity, transparency, and accountability in group-based and cross-cultural learning
environments. Thus, structured multi-source assessment is an appropriate method to address

both fairness and accountability in global teamwork environments.



The present study introduces a multi-source peer-assessment model integrating instructor
scoring, within-group peer ratings, and cross-group peer ratings into a single composite score.
This model is evaluated in a hybrid, cross-cultural COIL engineering-physics course to
determine whether it reduces grade inflation and better reflects individual contribution.
Research questions:
1. Does the proposed multi-source assessment model significantly reduce score inflation
compared to instructor-only scoring?
2. Does the model preserve alignment with instructor judgment, as reflected in linear
correlation and rank-order stability?
3. How do peer and instructor evaluations differ across academic cohorts, and what do
these differences imply for the feasibility of implementing multi-source assessment in
COIL environments?
Beyond its technical objectives, the course design was informed by humanities perspectives
on fairness, ethics, and social accountability in collaborative work. Students were encouraged
to reflect on invisible labour, contribution asymmetry, and responsibility within multinational
teams—issues commonly examined in humanities and social science scholarship. These
perspectives directly shaped the assessment design by motivating the use of peer-based
evaluation as a mechanism to surface contribution patterns that are not accessible through
product-based evaluation alone. In this study, “fairness” is conceptualized not only as
statistical adjustment of scores, but also as procedural fairness and representational fairness.
Procedural fairness refers to the transparency and consistency of the evaluation process,
while representational fairness refers to the extent to which individual contributions—
particularly those not directly observable by instructors—are appropriately reflected in

assessment outcomes.

2. Methodology

2.1 Course and intervention design

The study was embedded in an undergraduate “Magnetism and Magnetic Materials” COIL
course jointly delivered by Shibaura Institute of Technology (SIT, Japan) and Institut
Teknologi Sepuluh Nopember (ITS, Indonesia). The hybrid learning environment combined
physical lab work with synchronous Zoom discussions and asynchronous collaboration
through Slack. A total of 51 students participated from SIT and ITS, organized into mixed-
nationality teams of 4—-6 members. There were 4 Japanese, 38 Indonesian (online), 2

Brazilian, 1 Korean, 1 Chinese, 1 Finnish, 1 Russian, and 3 Dutch. Teams were formed to



ensure a mix of countries, gender, and research interests. Each team completed the discussion
and oral presentation based on reviewing a research paper addressing a magnetic materials
topic, with distributed responsibilities including reviewing the background study,
experimental and computational methods, analysis results, and the conclusion part. The
research papers were chosen from the part of the research done by the Japan-based instructor
and collaborators and can represent the whole syllabus of the course. Three structured peer-
assessment events were embedded in the project timeline to measure evolving collaborative
contributions and social presence. Because teamwork was partially remote, direct instructor
visibility into internal task distribution was limited — making this setting appropriate to test
multi-source assessment. The 14-week module was conducted as a COIL course between SIT
and ITS. A separate two-week humanities collaboration, involving approximately 40
students, was not included in the peer assessment model due to its limited proportion within
the overall course. Nevertheless, this period contributed to building interaction and
collaborative dynamics among students through discussions of scientific developments in

their respective countries.

2.2 Interdisciplinary course design: Two-week Physics—Humanities collaboration

COIL programs provide opportunities for students to collaborate across cultural and
disciplinary contexts. Prior research in engineering education has shown that integrating
humanities perspectives into STEM courses supports the development of sociotechnical
thinking, contextual awareness, and interdisciplinary communication essential for
engineering practice [17],[18]. Consistent with these findings, prior COIL implementations
also indicated that interdisciplinary collaboration encouraged diverse forms of student
contribution beyond technical task execution [19]. These considerations informed the
decision to incorporate a two-week collaboration with a humanities module, History of Japan,
into the hybrid COIL physics module (Magnetism and Magnetic Materials). This
interdisciplinary integration influenced how students contributed to group work. In addition
to solving physics problems, students contributed by interpreting historical context,
facilitating discussion, connecting ideas across disciplines, and supporting team coordination.
Many of these contributions emerged during group interaction and were not always visible in
final presentations or other instructor-observed outputs. As a result, an instructor-only
assessment may not fully reflect individual participation in collaborative processes. To
implement this collaboration, the humanities module was integrated within the same course

structure and group organization as the physics module. Student teams engaged in both on-



site and online interactions, enabling interdisciplinary contributions to emerge through
multiple forms of participation. Because peer evaluations capture interaction within groups,
they provide information about contribution patterns that may not be directly observable to
instructors. This course design supported the use of a multi-source assessment model that
incorporated both peer and instructor perspectives. During the two-week collaboration,
student groups were encouraged to relate physics concepts, such as the properties and
applications of magnetic materials, to historical developments and socio-cultural contexts
introduced in the humanities module. This interdisciplinary framing expanded the scope of
contribution in student team projects and formed the basis for the assessment model
described in Section 2.3. Although the humanities module was not included as a separate
scoring component in the multi-source assessment model, it broadened the forms of
contribution that emerged during teamwork, including sociocultural interpretation,
facilitation, and coordination. These expanded contribution patterns provided additional
justification for incorporating peer assessments, which capture internal group processes not

directly observable by instructors.

2.3 Multi-source peer-assessment model

Instructor scoring has strong validity for evaluating technical outcomes and presentation
quality, while peer scoring captures internal work dynamics and behavioural contributions
not visible externally [4]-[6]. Within-group peers observe collaboration processes
continuously and can therefore provide direct evidence of individual contribution. Cross-
group peers provide a limited external perspective, primarily based on presentations, on
clarity, communication, and scientific reasoning. Such triangulation improves both fairness
and credibility in collaborative assessment [6], [8], [11]. This need for triangulation becomes
more salient in interdisciplinary COIL settings, where meaningful contributions may include
facilitation and contextual interpretation in addition to technical problem-solving. The final

individual score for student i is defined as having an adjusted score S;:

§;=02XW;+01XC;+03XIyg;+ 04X [py,, (1)
where:
e W, : within-group peer assessment
e (; : cross-group peer assessment
e I;ya; : Indonesia-based instructor evaluation

e Ijpy, : Japan-based physics lead instructor evaluation



In this study, the Japan-based instructor refers to the physics lead instructor (Indonesian) who
continuously observed onsite teamwork processes in Japan, whereas the Indonesia-based
instructors participated remotely. The weighting scheme was designed to reflect both
epistemic authority and visibility of student contributions. Instructor evaluations were
assigned the largest weight because instructors possess disciplinary expertise and
responsibility for summative judgment. However, instructor observation is inherently limited
in collaborative project settings, particularly in COIL environments where internal group
dynamics and task allocation are not fully visible. Peer assessments were therefore
incorporated as corrective inputs, with within-group peers providing the most direct insight
into individual contribution, and cross-group peers offering an external perspective on
collaborative performance. The weighting coefficients were defined a priori and were not
directly adopted from any single prior study. Instead, they were determined based on
pedagogical considerations of epistemic authority and visibility of student contributions. The
weighting factors were fixed prior to analysis and documented in course implementation

records to avoid post hoc optimization, as summarized below.

The 70% weighting assigned to instructor evaluations is analytically justified by their role as

the primary source of domain-specific validity and summative judgment, consistent with

prior literature emphasizing expert evaluation as the anchor in composite assessment systems.

Peer assessments function as corrective signals rather than primary evaluative sources,

complementing instructor judgments by capturing aspects of contribution that are not directly

observable. Specifically:

e Instructor ratings receive 70% total weight, serving as the primary validity anchor based
on disciplinary expertise and summative judgment

e  Within-group peer ratings (20%) capture direct observation of effort and teamwork

e Cross-group ratings (10%) provide external perspectives on communication and
performance

e  Within-peer weight > cross-peer weight reflects stronger access to internal processes [4]—
[6], [11]

This weighting strategy is consistent with prior research recommending composite scoring to

enhance fairness in collaborative STEM settings [9]—[14]. This composite model tends to

reduce inflated scores for low-effort contributors relative to instructor-only evaluation, raises

suppressed scores for high-effort contributors, and increases accountability and alignment

between contribution and grade. The weighting scheme was determined prior to



implementation and was communicated to students at the beginning of the course to ensure
procedural fairness. The selected weights reflect a balance between disciplinary authority and
visibility of contribution. Instructor evaluations were assigned a combined weight of 70% to
preserve the validity of expert judgment, while peer evaluations were incorporated as
corrective signals that capture internal group processes. Alternative weighting schemes (e.g.,
equal weighting or peer-dominant weighting) were considered during course design but were
not adopted due to concerns regarding reliability and student trust in peer scoring. The
adopted scheme therefore represents a theoretically grounded and pedagogically practical
balance between fairness, transparency, and institutional expectations for summative

assessment.

3. Results and discussion

Building on the interdisciplinary COIL course design described in Section 2.2, we evaluated
whether the proposed multi-source assessment model improves transparency and procedural
fairness by reducing score inflation while maintaining ranking stability. Figure 1 compares
the distribution of assessment outcomes across two academic cohorts. In FY2024 (Fig. 1(a)),
instructor assessments were tightly clustered and higher than peer evaluations, resulting in
substantial downward adjustments by the model. In FY2025 (Fig. 1(b)), instructor and peer
scores were more aligned (both higher overall), with the adjusted score distribution showing

less dramatic correction.
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For each year, scores from the Japan-based physics lead instructor (I;py ;), Indonesia-based
instructors (I;y,4;), within-group peers (W;), cross-group peers (C;), and the final adjusted
composite score (S;) are shown. I;py ; refers to the physics lead instructor based in Japan, who

had continuous onsite access to teamwork processes. Grey dots in the S; column indicate
original instructor scores (“before”), while green dots indicate adjusted scores (“after”’). Large

black markers denote means of the data, with error bars representing + SD.
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adjustment compresses extreme instructor scores toward the center while preserving a strong

linear relationship, supporting both fairness and validity.

Figure 2 examines the degree of alignment between adjusted scores S; and instructor
evaluations [;py ; across the two cohorts. In both cohorts, the correlation is strong (R*=0.837
in FY2024 and R?=0.764 in FY2025), indicating that the adjustment model remains closely
aligned with expert judgment. At the same time, the regression slopes are noticeably less than
1 and the intercepts are positive, showing that the transformation compresses very high and
very low instructor scores toward the middle of the scale. In other words, the adjustment
reduces extremes and potential inflation while still preserving the overall ordering of
students, which is a desirable property for a fairness-oriented grading scheme. To evaluate

whether the adjustment procedure altered relative student evaluation, Spearman’s rank



correlation coefficients were calculated between instructor-only scores and adjusted scores.
High rank correlations were observed in both FY2024 (p=0.846) and FY2025 (p=0.826),

indicating that student ranking was largely preserved after adjustment.

Taken together, these results show that the proposed multi-source adjustment model
introduces statistically meaningful corrections while maintaining both linear agreement and
rank-order stability across cohorts. These year-to-year differences likely reflect increased
familiarity with peer-based evaluation and collaborative assessment practices over time,
potentially contributing to reduced inflation. This pattern is particularly relevant in this
interdisciplinary COIL setting, where contributions may include facilitation and contextual

interpretation in addition to technical outputs.

Table 1. Summary of statistical analysis for data in FY2024 and FY2025.

Metric FY2024 FY2025
Mean (Japan-based physics

lead instructor) 84.1 92.2
Mean (Adjusted Score) 82.36 87.23

Paired t-test (p, two-tailed) 0.003 9.8x 10"
Pearson r 0.915 0.873
Spearman p 0.846 0.826
Cohen's d 0.33 1.15

Table 1 summarizes the statistical comparison between J Japan-based physics instructor
scores and the adjusted composite scores for FY2024 and FY2025. In both cohorts, the mean
adjusted score is lower than the instructor-only mean, indicating systematic correction of
grade inflation. In FY2024, the instructor mean was 84.10, while the adjusted mean
decreased to 82.36. A paired-sample t-test revealed a statistically significant difference
between the two score sets (two-tailed p = 0.003). In FY2025, the difference was more
pronounced: the instructor mean reached 92.20, whereas the adjusted mean decreased to
87.23, with a highly significant paired difference (p = 9.8 x 107!"). Despite these mean shifts,
strong linear agreement between instructor-only and adjusted scores was preserved. Pearson
correlation coefficients remained high in both cohorts (»=0.915 for FY2024 and r=0.873 for
FY2025), demonstrating that the adjustment did not disrupt overall alignment with instructor
judgment. The results indicate that instructor-only evaluation in collaborative physics courses
tends to produce inflated and tightly clustered scores, particularly evident in FY2025, where
the instructor mean exceeded 92. The proposed adjustment model systematically moderates

this inflation by incorporating peer-based assessments, leading to lower and more distributed

9



adjusted scores. Importantly, the adjustment does not undermine evaluation validity. High
Pearson correlations 7 indicates strong agreement with instructor judgment, while Spearman
rank correlations p above 0.8 in both cohorts confirm that relative student ranking is
preserved. This balance between correction and stability is critical for acceptance of
alternative assessment schemes in formal engineering curricula, where concerns about
fairness must be weighed against concerns about arbitrariness. The effect size was small-to-
moderate in FY2024 (d = 0.33) and large in FY2025 (d = 1.15), indicating that the magnitude
of correction increased substantially as instructor scores became more inflated. Importantly,
the adjustment does not substantially alter student rank ordering, ensuring that grading
decisions such as pass/fail thresholds or scholarship eligibility would remain stable. The
stronger adjustment observed in FY2025 can be attributed to higher baseline instructor
scores, rather than a failure of the model. In fact, the ability of the model to apply larger
corrections while still maintaining rank-order consistency suggests robustness under varying
grading cultures and cohort characteristics. This finding is particularly relevant in COIL
contexts, where differences in instructional norms and cultural expectations may exacerbate
grading inconsistencies. From a pedagogical perspective, the results support the use of peer
assessment not as a replacement for instructor judgment, but as a corrective lens that reveals
contribution disparities invisible to external observers. Particularly, the implementation of
Humanities encouraged students to relate physics concepts to historical developments and
socio-cultural contexts introduced in the humanities module. This interdisciplinary framing
expanded the scope of contribution in student team projects and may have contributed to
students’ understanding of contribution and collaboration, which in turn may support
acceptance of the proposed assessment model. By weighting peer evaluations appropriately,
the model enhances accountability within collaborative teams while preserving instructor

authority over final grading outcomes.

4. Conclusion

This study proposed and empirically evaluated a multi-source peer assessment framework
designed to improve fairness and accountability in collaborative engineering education,
particularly within COIL-based learning environments. By integrating instructor evaluations
with within-group and cross-group peer assessments through a fixed weighted model, the
framework addresses a central limitation of instructor-only grading: limited visibility into
individual contributions within team-based projects. Across two academic cohorts, instructor-

only evaluation produced systematically inflated and tightly clustered scores, especially in
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highly collaborative contexts. The proposed adjustment model significantly moderated this
inflation while preserving strong agreement with instructor judgment. High Pearson
correlations and Spearman rank-order stability demonstrate that the framework maintains
grading validity while introducing meaningful correction. Importantly, the model proved
robust across cohorts with different grading baselines, applying stronger correction when
inflation was greater without disrupting relative student ranking. From a pedagogical
perspective, these findings support the role of peer assessment as a corrective complement
rather than a replacement for instructor authority. Properly weighted peer input functions as a
mechanism to surface invisible labour and contribution asymmetries that are otherwise
inaccessible in COIL environments, while maintaining institutional expectations for

summative evaluation.

Several directions for future work emerge from this study. First, systematic exploration of
alternative weighting schemes, for example, using constrained optimization or Bayesian
approaches, could further refine the balance between instructor authority and peer insight.
Second, longitudinal analysis at the individual-student level may clarify how repeated
exposure to structured peer assessment influences contribution behavior, feedback literacy,
and collaborative norms. Third, broader validation across disciplines, institutions, and
cultural contexts is needed to assess generalizability, particularly in COIL settings where
communication norms vary. Future studies could explore whether incorporating evaluations
from non-physics instructors (e.g., from the humanities module) into the weighting scheme
would further improve assessment validity in interdisciplinary COIL contexts. Finally,
integrating qualitative components such as reflective self-assessment or rubric-based peer
justification may enhance transparency and further reduce bias, strengthening the fairness and
pedagogical value of multi-source assessment frameworks. In addition, the interdisciplinary
design of the course, which incorporated a humanities module alongside physics content,
broadened the notion of contribution beyond technical tasks by encouraging engagement with
sociocultural perspectives, reinforcing the need for assessment models that capture diverse

forms of participation in COIL environments.
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