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Abstract

This study aims to evaluate the reliability of chemistry laboratory practice assessments for Grade XII senior
high school students by applying Generalizability Theory (G-theory) and Decision Study (D-study). A total
of 79 students were involved in the research, each randomly assigned to perform one of six available
chemistry laboratory practice tasks: electrolytes and nonelectrolytes, exothermic and endothermic
reactions, enthalpy of neutralization between HCI and NaOH, acid-base titration, identification of acidic-
basic properties, and electrolysis of CuSOa. Each student was assessed independently by two chemistry
teachers based on seven performance criteria: equipment selection, procedure, data reading, analysis,
conclusion, cleanliness, and time efficiency. The G-study was conducted using a nested-crossed model in
which students were nested within laboratory practice tasks and crossed with raters. The results revealed
that variance due to raters (43.2%) and residual error (42.2%) dominated the total score variance, while the
variance attributed to students nested within laboratory practice was relatively low (14.6%). The D-study
produced a generalizability coefficient (Ep?) of 0.41 and a dependability index (@) of 0.26, indicating low
reliability for both relative and absolute decisions. A D-study simulation demonstrated that increasing the
number of raters and laboratory practice tasks improved reliability. An optimal configuration of six tasks
assessed by nine raters is required to achieve an Ep? > 0.80. These findings underscore the importance of
well-designed assessment systems, consistent rater training, and diverse task coverage to ensure fair and
dependable laboratory practice scoring. G-theory and D-study prove to be valuable tools for enhancing the
quality of performance-based assessments in science education.
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INTRODUCTION

Chemistry laboratory assessments in
senior high schools are essential for evaluating
students' scientific literacy and process skKills,
including their ability to plan experiments, use
laboratory equipment correctly, interpret data, and
communicate findings [1]. In Indonesia, such
assessments are commonly implemented at the end
of Grade XIlI as part of school-based final
examinations. Tasks often include acid-base
titrations, calorimetry, electrolysis, and qualitative
analysis of household substances [2]. These
assessments are generally performance-based and
carried out using rubrics that address key aspects
such as procedural accuracy, equipment handling,
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data quality, analytical reasoning, and laboratory
discipline [3]. Despite these standardized rubrics,
the implementation varies considerably across
schools depending on resources, teacher expertise,
and institutional policy [2]. Some schools employ
multiple raters or structured observation formats,
while others rely on a single rater scoring in real
time. This variability in implementation raises
serious questions about the consistency and
reliability of student scores across contexts [4], [5].

In the post-Ujian Nasional era, Indonesia’s
educational system has shifted toward a more
decentralized, school-based assessment model.
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year 2022 reinforces this paradigm by emphasizing
authentic assessment that aligns with competency-
based learning. In this framework, laboratory
performance evaluations are expected to serve as
valid indicators of student achievement in science
[1]. However, concerns have been raised regarding
the dependability of such assessments. Variations
in scoring outcomes may stem from differences in
student ability, inconsistency in rater judgment, or
unequal task complexity [3], [4]. These factors can
compromise fairness and validity, especially when
assessment results are used for high-stakes
decisions such as graduation or university
admission [6].

Reliability is a cornerstone of high-quality
educational assessment, particularly in
performance-based tasks such as laboratory
examinations. Reliable measurement ensures that
scores consistently reflect a student’s true level of
competence rather than being unduly influenced by
external factors such as rater bias, task
inconsistency, or environmental variation [7]. In
the context of chemistry practical exams, where
students are assessed on procedural and analytical
skills in real-time, the potential for error introduced
by raters and task variations is particularly high.
Unlike traditional written tests, performance
assessments typically involve greater subjective
judgment and require more deliberate efforts to
ensure consistent scoring [8], [9]. Without
adequate reliability, test scores lose their meaning
and may lead to unfair educational decisions.

Classical Test Theory (CTT), which has
traditionally been used to evaluate assessment
reliability, does not account for multiple sources of
measurement error separately [7]. It provides a
single error term, conflating various sources such
as rater subjectivity, item heterogeneity, and
student variability. As a result, CTT lacks
diagnostic precision and cannot inform targeted
improvements in assessment design.
Generalizability Theory (G-Theory), introduced by
Cronbach, Gleser, Nanda, and Rajaratnam (1972),
overcomes this limitation by allowing researchers
to partition observed score variance into multiple
facets and interactions, such as persons, raters,
tasks, and their combinations [7], [10]. This
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multifaceted approach makes G-Theory especially
well-suited for complex performance assessments
like those in chemistry laboratories.

Building upon G-Theory, Decision Studies
(D-Studies) enable researchers to explore how
changes in assessment design—such as increasing
the number of raters or standardizing task
procedures—would influence the overall reliability
of scores [11]. D-Studies provide a practical
framework for balancing trade-offs between cost,
feasibility, and measurement precision. This makes
G-Theory and D-Study not only diagnostic tools
but also valuable in guiding the development of
evidence-based assessment policies. In technical
and clinical education, G-Theory has been
increasingly used to identify dominant sources of
variance and improve assessment reliability [11],
[12]. For example, Trejo-Mejia et al. (2016)
demonstrated that single-rater assessments in
medical education frequently failed to meet
minimum reliability standards, with
generalizability coefficients below 0.70, indicating
that multiple-rater systems are necessary to ensure
consistent scoring outcomes.

However, despite its growing applications
in higher education and medical training contexts,
the use of G-Theory in secondary science
education—particularly for chemistry laboratory
assessments—appears to be underexplored.
Research indicates that assessment researchers in
education have been generally slow to adopt
generalizability theory approaches [14], with
applications in  school-based  performance
assessments being particularly rare. This gap is
significant given that laboratory work represents a
fundamental component of secondary science
education globally [15], [1]. Additionally, while G-
theory applications exist in controlled assessment
environments and large-scale testing programs,
few studies have examined its utility in authentic
school laboratory settings where multiple sources
of measurement error interact in complex ways
[16].

To date, no known studies have applied
Generalizability Theory (G-Theory) to evaluate the
reliability of chemistry laboratory assessments in
Indonesian high schools. This gap is critical, given
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the increasing reliance on  school-based
assessments for determining student progression
and graduation [17]. Without empirical evidence
on the dependability of these assessments,
educational stakeholders may be making
consequential decisions based on potentially
unreliable data [6], [4]. Furthermore, teachers may
lack the necessary feedback to refine their
assessment practices and ensure that student
performance is judged fairly and consistently [7],
[3].

In response to this gap, the present study
aims to evaluate the consistency of chemistry
laboratory performance assessments conducted in
Grade XII of Indonesian senior high schools by
applying Generalizability Theory and Decision
Study. Specifically, the study seeks to identify and
guantify sources of score variance related to
students, raters, and tasks, and to simulate how
changes in the number of raters or laboratory
practices might affect overall reliability. By
addressing both methodological and practical
concerns, this research contributes to the
development of more dependable, equitable, and
data-driven assessment systems in science
education.

METHOD

This study employed a quantitative
approach with a non-experimental descriptive
design to apply Generalizability Theory (G-theory)
and Decision Study (D-study) within the context of
chemistry laboratory practice assessment. The
primary objective was to evaluate the reliability of
the assessment system by examining various
sources of variance, particularly those related to
students, laboratory practice tasks, and raters.

The research was conducted at a senior
high school in Malang, East Java during the second
semester of the 2023/2024 academic year. The
participants consisted of 79 Grade XII students
enrolled in the science (MIPA) program, who were
required to take part in a chemistry laboratory
practice examination as one of the graduation
requirements. The laboratory practice activities
were carried out in the school’s laboratory
according to a predetermined schedule.
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Each student was required to randomly
select one laboratory practice task from a set of
available options. This random assignment was
intended to simulate the diversity of examination
conditions and to evaluate the reliability of
assessment using a nested design, in which students
were nested within laboratory practice tasks.
During the assessment process, each student was
evaluated independently by two chemistry teachers
who were unaware of each other’s ratings. Both
teachers served as crossed raters, meaning they
assessed all students regardless of the laboratory
practice type.

The assessment instrument employed was
a performance-based rubric that has been
previously undergone content validation by a team
of science subject teachers. This instrument was
currently employed to evaluate practical exams in
Chemistry, Physics, and Biology at the end of
senior high school level. At present, the
observation sheets and scoring rubrics are still
limited-use, primarily within the internal context of
the school. The rubric comprised seven assessment
criteria, including equipment selection, procedural
execution, data interpretation, analysis or
discussion, conclusion formulation, laboratory
cleanliness, and time management. Each criterion
was rated on a 5-point Likert scale, and the total
score was subsequently converted into a
standardized scale with a maximum score of 100.

The score data obtained from two raters for
each student were processed and analyzed using
the Generalizability Theory approach, employing a
(student nested within laboratory practice) x rater
design. The data were structured in a long format
and analyzed using the R statistical software,
utilizing the gtheory package. The G-study was
conducted to estimate the variance components
attributable to the student-laboratory practice
nested facet, rater, and residual error.
Subsequently, the D-study was carried out to
compute the generalizability coefficient (Ep?) and
the index of dependability (®), and to evaluate
hypothetical scenarios involving the addition of
raters and laboratory practice tasks to examine their
effects on improving assessment reliability.
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Table 1. Guidelines for Interpreting G-Theory Coefficients

Coefficient Typlg::rllglealue Interpretation
> 0.80 Very high reliability; suitable for high-stakes decision-making
- and comparing student performance

Ep? (Generalizability 0.70-0.79  Acceptable reliability; suitable for formative evaluation

Coefficient) 0.60-069  Moderate reliability; use with caution
<0.60 Low reliability; not recommended without improvement

@ (Index of >0.80 High reliability; suitable for absolute decisions (e.g., pass/fail)

Dependability) <0.70 Insufficient for dependable absolute decisions

Note: These thresholds are commonly referenced in G-theory literature, including [18], [19], [20], and may
vary slightly depending on context, stakes, and intended use of the assessment scores.

The interpretation of the reliability
coefficients Ep? and @ in this study refers to the
threshold  values  recommended in  the
Generalizability Theory literature, namely > 0.70
for moderate reliability and > 0.80 for high

reliability, particularly in the context of high-stakes
decision-making [18], [19], [20].

RESULTS AND DISCUSSION
A total of 79 twelveth-grade senior high

school students participated as research subjects in
this study by taking part in a chemistry laboratory
practice examination, which served as a component
of their end-of-semester assessment. Each student
was asked to select one laboratory practice topic
through a closed random draw system. Six types of
laboratory practice tasks were available, namely:
(1) Electrolyte and Nonelectrolyte Solutions; (2)
exothermic and endothermic reactions; (3)
determination of enthalpy change in the
neutralization reaction between HCI and NaOh; (4)
acid-base titration; (5) identification of acid-base
properties of solutions; and (6) electrolysis of
CuSO. solution. This random selection was
designed to simulate the diversity of laboratory
practice contexts that might influence assessment
outcomes and to examine the stability of student
scores under varying task conditions.

After completing their assigned laboratory
practice, each student was directly assessed by two
chemistry teachers who served as raters. Both
raters evaluated the students independently and
without consultation, in order to maintain

230

assessment objectivity and minimize potential
collaborative bias.

The assessment was conducted using a
performance-based rubric comprising seven
aspects of practical skills: equipment selection,
procedural execution, data interpretation, analysis
or discussion of results, conclusion drawing,
laboratory cleanliness, and time management. Each
aspect was rated on a 1-5 scale by each rater, and
the total score was calculated by summing all
aspects. The final scores from each rater were then
used to analyze the reliability of the assessment
using Generalizability Theory, with the support of
the R statistical software.

The G-study was conducted to evaluate the
sources of variance in the chemistry laboratory
practice assessment using a design model in which
students were nested within laboratory practice
tasks and assessed by raters (teachers) in a crossed
manner. Based on the analysis, it was found that the
total score variance assigned by two chemistry
teachers to 79 Grade XII students, each of whom
completed one of six laboratory practice tasks,
consisted of three main components: variance
among students nested within laboratory practice
tasks, variance attributable to raters, and residual
variance. The following presents the results of the
G-Theory analysis.

source var percent n
1 SISWA.PRAKTIKUM 6.283511 14.6 1
2 RATER 18.538185 43.2 1
3 Residual 18.120091 42.2 1

d_model$generalizability
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# Koefisien Ep?
[1] 0.4095212

d_model$dependability
# Koefisien ¢
[1] 0.255296

The generalizability theory analysis of
chemistry laboratory assessment scores revealed a
troubling variance decomposition pattern that
fundamentally  challenges the psychometric
integrity of the current evaluation system. The
analysis demonstrated that measurement error
dominated true score variance, with rater effects
contributing 43.2% of total variance, residual
variance accounting for 42.2%, and student-by-
practical interaction representing only 14.6% of the
observed score variation. This distribution
indicates that student scores reflect measurement
artifacts more than actual chemistry competencies,
rendering the assessment system psychometrically
inadequate  for educational decision-making
purposes. The magnitude of error variance
observed substantially exceeds acceptable
thresholds established in the measurement
literature, suggesting systematic flaws in
assessment design and implementation that require
immediate attention.

The dominance of rater variance (o’r =
18.54, 43.2%) represents the most critical
measurement flaw identified in this study,
indicating severe inconsistencies in scoring
practices across different evaluators. This finding
extends beyond typical inter-rater reliability
concerns documented in performance assessment
literature, approaching levels that would render
score interpretations indefensible for consequential
educational decisions. The substantial rater effects
observed suggest fundamental problems in rubric
interpretation, scoring criteria application, or
systematic differences in rater severity patterns that

persist despite existing training protocols.
Compared to  well-designed  performance
assessments where rater variance typically

contributes 15-25% of total variance [22], the
current results indicate that student scores are more
reflective of "who scored them" rather than their
demonstrated chemistry proficiency levels. Such
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pronounced rater dependency threatens the fairness
and validity of assessment outcomes, particularly
in high-stakes contexts where scores influence
academic progression and university admission
decisions.

The substantial residual variance (42.2%)
represents an equally concerning finding,
encompassing unidentified and uncontrolled error
sources that were not explicitly modeled in the
generalizability study design. This elevated
residual component, which exceeds the 20-30%
typically observed in well-controlled assessment
contexts [19], suggests the presence of multiple
confounding factors affecting score reliability.
These unmodeled sources likely include temporal
effects from wvarying testing conditions, task-
specific complexities not captured by the student-
by-practical interaction, equipment and resource
variability across different laboratory settings, and
administrative  inconsistencies  in  testing
procedures. The magnitude of residual variance
may also indicate model misspecification,
suggesting that additional facets such as task
difficulty, laboratory conditions, or school-level
effects should have been explicitly incorporated
into the analysis design [23]. This finding
underscores the complexity of laboratory
assessment contexts and the challenge of achieving
measurement  consistency  across  diverse
educational environments.

The obtained reliability coefficients
provide compelling evidence of the assessment
system's inadequacy for both relative and absolute
decision-making contexts. The generalizability
coefficient of G = 0.41 indicates that only 41% of
observed score variance reflects true differences in
student  chemistry ~ competencies,  falling
substantially below the 0.70-0.80 threshold
typically required for educational assessments
[24]. This level of reliability renders the
assessments unsuitable for rank-ordering students
or making comparative evaluations that influence
academic opportunities. Even more concerning is
the dependability coefficient of D = 0.26, which
indicates that 74% of score variance consists of
measurement error when making absolute
judgments about student proficiency levels. Such
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poor dependability makes the assessments
fundamentally unreliable for mastery decisions,
certification purposes, or minimum competency
determinations, as pass/fail classifications would
be largely arbitrary and potentially discriminatory
[18].

These findings contribute to the growing
body of evidence questioning the psychometric
adequacy of performance-based assessments in
science education, while revealing more severe
measurement problems than typically reported in
international literature. Previous research by Ruiz-
Primo and Shavelson (1996) documented balanced
variance distributions in  hands-on science
assessments, with student variance contributing
40-50% of total variance in well-designed systems.
The inversion of this pattern observed in the current
study—where error sources dominate over true
score  variance—suggests that  Indonesian
chemistry laboratory assessments may require
fundamental redesign rather than incremental
improvements. This finding aligns with concerns
raised by Gott and Duggan (1995) and Hofstein and
Lunetta (2004) regarding the challenges of
implementing reliable practical assessments, but
demonstrates that these challenges may be more
severe in contexts with limited assessment
infrastructure and training resources. The
substantial deviation  from international
benchmarks indicates that local contextual factors,
including  teacher  preparation, resource
availability, and institutional support systems, play
critical roles in assessment quality that deserve
greater research attention.

The psychometric evidence presented
necessitates immediate reforms in assessment
practice and educational policy to protect student
interests and maintain system credibility. Given the
unacceptable reliability levels, scores from current
chemistry laboratory assessments should not be
used for high-stakes decisions affecting student
academic futures until substantial improvements
are implemented. The dominant rater effects
demand comprehensive training  programs
focusing on rubric interpretation, scoring
calibration, and bias recognition, supported by
ongoing quality assurance monitoring.
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Implementation of independent multiple-rater
scoring protocols with systematic consensus-
building procedures represents a critical short-term
intervention to reduce rater-specific variance.
However, the high residual variance suggests that
more fundamental revisions of task design, scoring
procedures, and administration protocols may be
necessary to achieve acceptable measurement
quality. These reforms require coordinated efforts
among curriculum developers, teacher educators,
school administrators, and policy makers to ensure
sustainable improvements in assessment practice.

These findings reinforce the concern that
conducting a single-session laboratory practice
assessment involving two uncalibrated raters
carries a high risk of scoring inconsistency. The
substantial variance attributed to raters reflects
differing interpretations of the rubric or scoring
criteria among teachers, despite prior validation of
the instrument. This underscores the importance of
structured rater training to establish shared
understandings  and improve inter-rater
consistency, as strongly advocated in the literature
on performance assessment in science education
[27].

In addition, the substantial residual
variance indicates that non-systematic factors
during laboratory practice implementation—such
as laboratory conditions, scheduling, or student
anxiety—also contributed to score instability.
Therefore, the assessment design should ideally
incorporate more than one laboratory practice
session or task type, along with a rater pool
exceeding two assessors, to enhance reliability and
reduce error variance. A follow-up Decision Study
can be conducted to simulate the effect of
increasing the number of raters while maintaining
six laboratory practice tasks, in order to determine
the optimal assessment configuration within the
constraints of available resources.
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D-Study Curve: G-Coefficient vs Number of Rater
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The decision study results depicted in the
G-coefficient curves provide critical insights for
optimizing chemistry laboratory assessment design
and reveal the complex interplay between the
number of raters and practice task sets in achieving
acceptable measurement reliability. The horizontal
threshold line at G = 0.80 represents the
conventional minimum standard for educational
assessments involving consequential decisions, as
established by Nunnally and Bernstein (1994) and
reinforced by contemporary  measurement
standards. The systematic examination of these
optimization curves demonstrates that achieving
acceptable reliability in chemistry laboratory
assessments requires careful consideration of both
human and material resources, with profound
implications for assessment feasibility and
educational policy.

The most striking finding from the decision
study analysis is the dramatic impact of practice
task diversity on measurement reliability, as
evidenced by the substantial separation between
the curve representing a single practice task set (red
line) and those representing multiple task sets.
Even with the maximum number of raters
examined (n=10), the single-task condition
achieves only G = 0.63, falling substantially below
acceptable thresholds and confirming that rater
multiplication alone cannot compensate for
insufficient task sampling. This finding aligns with
seminal work by Shavelson and Webb (1991), who
demonstrated that task diversity often contributes
more to measurement reliability than rater
consistency in performance-based assessments.
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However, the magnitude of this effect in chemistry
laboratory contexts exceeds that reported in
previous studies, where single-task designs
typically achieve G-coefficients in the 0.70-0.75
range with adequate rater numbers [18]. The
particularly poor performance of single-task
designs in our context suggests that chemistry
laboratory competencies may be more task-specific
than previously assumed, requiring broader
sampling across different experimental procedures
to achieve generalizable competency inferences.
The convergence of curves representing
three or more practice task sets reveals a critical
threshold effect that has significant implications
for assessment design optimization. Beyond three
practice tasks, additional task sets provide minimal
improvement in  measurement  reliability,
regardless of rater numbers employed. This finding
contradicts the linear relationship between task
sampling and reliability suggested by classical
generalizability theory formulations, instead
supporting a saturation model where measurement
benefits plateau after achieving adequate content
sampling. The convergence pattern observed is
consistent with recent findings by Vispoel et al.
(2018) in performance assessment contexts, who
reported similar diminishing returns in multi-task
designs. However, the rapid convergence observed
in chemistry laboratory assessments occurs earlier
than the five-to-seven task threshold typically
reported in other domains, suggesting that
chemistry practical competencies may be more
efficiently sampled than competencies in fields
requiring more diverse skill demonstrations.
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The optimization curves demonstrate clear
diminishing returns in reliability improvement as
rater numbers increase beyond four evaluators,
with particularly steep improvements occurring
between one and three raters before leveling
substantially. This pattern confirms predictions
from generalizability theory regarding the relative
efficiency of rater sampling compared to other
design facets, but the specific shape of these curves
provides practical guidance rarely available in the
literature. With three practice task sets, acceptable
reliability (G > 0.80) is achieved with
approximately  four raters, while designs
employing four or more task sets can reach this
threshold with three raters. These findings closely
parallel results reported by Lane and Stone (2006)
in large-scale performance assessments, where
optimal designs typically employed three to four
trained raters for complex performance tasks. The
similarity of optimal rater numbers across different
assessment contexts suggests robust principles of
rater sampling that transcend specific content
domains.

The economic implications of these
optimization results are profound and extend
beyond simple reliability considerations to
encompass practical feasibility and sustainability
of assessment programs. Employing four raters
across three practice task sets requires twelve
independent  scoring events per student,
representing a substantial resource commitment
that may be prohibitive for routine assessment
implementation. The marginal improvement in
reliability achieved by moving from three to four
raters (approximately 0.02-0.03 G-coefficient
units) must be weighed against the 33% increase in
scoring costs and logistical complexity. This cost-
benefit analysis aligns with recommendations by
Cardinet et al. (2010), who emphasized that
optimization decisions should balance
psychometric quality with practical constraints.
However, the current analysis extends beyond
traditional optimization by demonstrating that
strategic task selection may offer more cost-
effective reliability improvements than rater
multiplication, suggesting that curriculum design
and assessment planning should prioritize diverse
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practical
protocols.

The interaction effects revealed in these
curves have important implications for assessment
validity  that extend beyond reliability
considerations alone. The poor performance of
single-task designs threatens not only score
consistency but also the representativeness of
competency inferences, as students may
demonstrate highly variable performance across
different laboratory procedures despite consistent
scoring. This wvalidity threat is particularly
concerning in chemistry education, where
laboratory competencies encompass diverse skills
ranging from quantitative analysis to synthetic
procedures, each requiring different cognitive and
psychomotor abilities. The finding that three
practice tasks appear sufficient for reliable
measurement suggests that carefully selected
laboratory experiences can capture the essential
variance in student competencies without
overwhelming  assessment  systems.  This
conclusion supports contemporary trends toward
competency-based assessment design, where
strategic sampling of key skills takes precedence
over comprehensive coverage of all possible
laboratory procedures.

The implications of these optimization
results for assessment policy and practice are
immediate and consequential, particularly given
the current state of reliability inadequacy revealed
in the initial generalizability study. Implementation
of optimal assessment designs (three to four raters,
three practice task sets) would require fundamental
restructuring of current assessment practices,
including  coordinated  training  programs,
standardized scoring protocols, and institutional
resource allocation. The decision study results
suggest that such investments would vyield
substantial improvements in measurement quality,
potentially transforming currently unreliable
assessments into psychometrically defensible
evaluation  systems.  However,  successful
implementation  would  require  sustained
institutional commitment and coordination across
multiple stakeholder groups, challenges that have
historically impeded assessment reform initiatives
in educational contexts.

experiences over intensive scoring
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Several methodological limitations
constrain the interpretation and generalizability of
these optimization results, pointing toward
important directions for future research and
development. The decision study curves assume
that variance component estimates remain stable
across different design configurations, an
assumption that may not hold if rater training
effectiveness varies with group size or if task
difficulty interactions emerge with different
sampling strategies. Additionally, the analysis
focuses exclusively on generalizability coefficients
without examining dependability coefficients for
absolute decision-making contexts, potentially
overlooking important optimization differences for

criterion-referenced interpretations. Future
research should investigate whether these
optimization patterns hold across different

chemistry content areas, educational levels, and
cultural contexts, as the current results derive from
a specific institutional and curricular context that
may not represent broader chemistry education
practices.

The decision study analysis provides clear
guidance for immediate assessment improvement
while highlighting the complex resource allocation
decisions facing chemistry educators seeking to
implement reliable performance assessments. The
finding that optimal designs require significantly
more resources than current practices underscores
the fundamental tension between measurement
quality and practical feasibility that pervades
educational  assessment.  Nevertheless, the
systematic nature of these optimization results
offers evidence-based guidance for assessment
designers willing to invest in measurement quality,
demonstrating  that  substantial  reliability
improvements are achievable through strategic
design modifications. The convergence of
reliability curves around the 0.80 threshold
provides a concrete target for assessment
development efforts, while the clear identification
of optimal design parameters eliminates much of
the guesswork traditionally associated with
performance assessment planning.

CONCLUSION
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This generalizability theory analysis
reveals fundamental psychometric inadequacies in
current chemistry laboratory assessment practices,
with measurement error dominating true score
variance (rater effects 43.2%, residual variance
42.2%). The obtained generalizability coefficient
of 0.41 and dependability coefficient of 0.26 fall
substantially — below acceptable thresholds,
rendering current assessments unsuitable for high-
stakes educational decisions affecting student
academic progression.

The  decision  study  optimization
demonstrates that achieving acceptable reliability
(G = 0.80) requires substantial resource

investments—three to four trained raters across
three  practice task sets—representing a
fundamental shift from current single-rater
approaches. The dramatic performance differences
between single-task and multi-task designs
underscore the critical importance of content
sampling in laboratory competency assessment,
challenging assumptions about the generalizability
of chemistry practical skills across experimental
contexts.

These findings contribute to international
discourse on performance-based assessment
reliability while highlighting unique challenges in
developing educational contexts, where reliability
problems exceed those in well-resourced systems.
The successful application of generalizability
theory methodology demonstrates the value of
sophisticated  psychometric  approaches  for
diagnosing assessment quality issues across
diverse educational environments.

The implications for practice require
coordinated action: immediate implementation of
multi-rater protocols and comprehensive training
programs to address severe rater effects, coupled
with longer-term reforms addressing assessment
design, task selection, and quality monitoring
systems. The substantial resource requirements for
optimal designs necessitate careful consideration
of sustainability and institutional capacity.

Several limitations constrain
generalizability of findings, including the single-
institution design and exclusive focus on reliability
without validity evidence. Future research should
employ multi-site longitudinal designs, investigate
innovative scoring approaches to reduce rater
dependency, and integrate cognitive diagnostic
models with generalizability theory for enhanced
competency profiling.

In conclusion, this study demonstrates that
rigorous psychometric evaluation can reveal
serious assessment quality problems while
providing evidence-based improvement guidance.
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The findings underscore the critical importance of
investing in assessment quality as fundamental to
educational effectiveness, highlighting complex

resource
implementing

decisions
reliable

facing institutions
performance-based

evaluations. The chemistry education community

must

prioritize systematic assessment

improvement to protect student interests and
maintain educational evaluation credibility.
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