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ABSTRACT: Reliable assessment of classroom action research skill is essential for supporting valid 

absolute decisions in teacher education, particularly when performance assessments involve 

multidimensional constructs and rater-mediated judgment. This study investigated how alternative 

measurement designs influence the index of dependability and variance structure of classroom action 

research skill assessment scores within a multivariate generalizability theory (MGT) framework. 

Specifically, the study compared fully crossed and nested measurement designs and examined the 

number of raters required to achieve acceptable dependability for absolute decision-making. The 

participants consisted of 58 fourth-year student teachers majoring in primary education whose 

classroom action research reports were evaluated by four raters using a multidimensional assessment 

form aligned with the Plan–Act–Observe–Reflect (PAOR) framework and supported by double-layer 

scoring rubrics. Data analysis was conducted sequentially using the many-facet Rasch model (MFRM) 

to examine rater effects, followed by MGT-based generalization and decision studies. The findings 

showed that the fully crossed design produced a higher composite index of dependability than the 

nested design (Φ = .8468 vs .7823) and generated different composite universe score variance structures. 

Under the fully crossed design, three raters were sufficient to achieve acceptable dependability for 

individual-level absolute decisions, whereas the nested design required four raters to reach a 

comparable level. The study contributes to educational measurement literature by demonstrating that 

measurement design influences not only the magnitude of dependability but also the variance structure 

underlying multidimensional performance assessment scores. The findings further highlight the 

importance of aligning measurement design with the intended interpretation and use of assessment 

scores in teacher education contexts. 

Keywords: Multivariate generalizability theory, Classroom action research, Performance assessment, Measurement 

design, Index of dependability. 

I.  INTRODUCTION 
Classroom action research focuses on solving problems that arise in instructional practice and on using 

research findings to improve student learning and instructional management in a systematic manner. As 
such, it serves not only as a mechanism for improving classroom practice but also as a means of supporting 
teachers’ ongoing professional development [1-3]. Student teachers, as future teachers, should therefore be 
developed to possess classroom action research skills so that they are able to analyze instructional problems, 
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design appropriate interventions, and apply research findings to improve instructional practice with 
academic justification [4-5]. 

Theoretically, classroom action research is grounded in Lewin’s [6] concept of action research and was 
later developed by Kemmis and McTaggart [7] into a cyclical process that can be implemented repeatedly 
and continuously. This cycle consists of four iterative stages: Plan, Act, Observe, and Reflect (PAOR). These 
characteristics indicate that classroom action research skill is process-oriented and inherently 
multidimensional because each stage reflects distinct but related behavioral indicators. In practice, these 
dimensions are expressed through the writing of a classroom action research report, beginning with problem 
identification and research design, followed by research implementation in accordance with ethical 
principles and research methodology, data collection and analysis, and concluding with reflection on the 
application of research findings [8-9]. Accordingly, the assessment of classroom action research skill should 
reflect its overall multidimensional structure rather than treating each dimension as entirely separate from 
the others. 

Figure 1 illustrates the conceptual framework of the present study and explicitly represents the PAOR 
dimensional structure of classroom action research skill, comprising Plan, Act, Observe, and Reflect as 
related but distinct dimensions within the construct. It also shows how these dimensions were 
operationalized through classroom action research reports, items, behavioral indicators, and a double-layer 
scoring rubric, as well as how the resulting scores were evaluated through MFRM and MGT. 

 

FIGURE 1. Conceptual framework and PAOR dimensional structure of classroom action research skill 

assessment. 

Given these characteristics, classroom action research skill assessment should be based on authentic 
performance and criterion-referenced scoring procedures, particularly scoring rubrics that support clear and 
meaningful score interpretation. Research on performance assessment has consistently shown that scoring 
rubrics help make the quality of complex skills more visible and interpretable [10-12]. Recent performance 
assessment studies have also shown that the choice of scoring format may influence score reliability, rater 
consistency, and the usefulness of assessment results for practical decision-making [13]. However, even 
when scoring rubrics are used, rater-related measurement error remains a major concern, especially in 

https://doi.org/10.48161/qaj.v6n2a2462


 

 

QUBAHAN ACADEMIC JOURNAL 

VOL. 6, NO. 2, May 2026 

https://doi.org/10.48161/qaj.v6n2a2462 

 

 
295 

VOLUME 6, No 2, 2026  

 

assessments involving multiple raters and subjective judgment [14]. Recent studies continue to show that 
variation among raters can affect score quality, particularly when raters differ in experience, interpretation 
of scoring criteria, or severity and leniency in judgment [15]. Recent work also indicates that rater effects may 
introduce construct-irrelevant variance and influence the fairness and validity of performance assessment 
scores [16-17]. These findings suggest that observed scores may reflect not only learners’ actual performance 
but also characteristics associated with the raters and the assessment context. 

Beyond consistency and the index of dependability, the interpretation and use of performance assessment 
scores also require a broader validity perspective [18-19]. Messick’s unified view of validity emphasizes that 
score meaning should be supported by multiple sources of evidence, including the substantive basis of the 
construct, the structural properties of the assessment, and the implications of score use. Similarly, Kane’s 
argument-based approach highlights the need to justify the inferences drawn from observed scores to 
intended decisions. In the present context, these perspectives are particularly relevant because classroom 
action research skill assessment involves multidimensional performance, rater-mediated judgment, and 
criterion-referenced interpretation. Accordingly, evidence regarding rater functioning, variance structure, 
and the index of dependability is important not only for score consistency but also for supporting the 
interpretation and use of scores for absolute decisions. 

In this regard, recent work in educational measurement has increasingly emphasized that score quality 
in performance assessment depends not only on the quality of the rubric or task but also on the underlying 
measurement design, including the number of raters, the number of items, and the arrangement of scoring 
facets. Recent studies further suggest that the number and configuration of raters can materially affect the 
reliability of performance scores and the defensibility of score-based decisions [13, 20]. This issue is especially 
important when scores are used for absolute decisions, because such decisions require a sufficient index of 
dependability for individual-level interpretation. Nunnally and Bernstein [21] noted that assessments 
involving human judgment must carefully consider multiple sources of variation; otherwise, obtained scores 
may not adequately represent learners’ actual ability. 

Within the framework of Generalizability Theory (GT), the rater can be treated as a facet that contributes 
to score variation alongside person and item facets [22-24]. GT enables the systematic decomposition of 
variance into multiple sources and their interactions, thereby providing a stronger basis for evaluating the 
index of dependability under different measurement designs. Brennan [22-23] explained that design 
structures such as fully crossed and nested designs directly affect variance-component estimates, universe 
score variance, and the index of dependability (𝚽), particularly for absolute decisions. Recent GT-based 
studies in performance assessment have continued to demonstrate the usefulness of GT for examining rater, 
task, and design-related sources of score variability in contexts where scores support high-stakes or 
classification-based decisions [20]. Thus, decisions regarding the number of raters and the arrangement of 
raters across scoring conditions are psychometric issues that are directly related to the quality and intended 
use of assessment scores. 

When the skill being assessed has a multidimensional structure, multivariate generalizability theory 
(MGT) provides an especially useful framework because it allows the relationships among dimensions to be 
examined simultaneously and makes it possible to evaluate the variance structure of composite universe 
scores. Brennan [22-23] pointed out that even when dimensions are assigned equal nominal weights, the 
composite universe score variance may still differ, which in turn affects the interpretation of the index of 
dependability and the appropriateness of the measurement design. Recent applications of MGT have 
demonstrated its value for evaluating multidimensional scores, composite scores, and alternative scoring 
methods in complex assessment contexts [25-26]. In addition, recent methodological work indicates that 
MGT continues to develop in response to increasingly complex assessment designs [27]. This is particularly 
relevant in the assessment of classroom action research skill, where the PAOR dimensions are conceptually 
related but not interchangeable. 

However, prior GT-based studies have several limitations in relation to the present study. Many have 
focused on overall score dependability or separate dimension-level estimates rather than on how alternative 
measurement designs affect the variance structure of multidimensional scores [20, 25]. Even in more recent 
MGT applications, less attention has been given to comparing design structures such as fully crossed and 
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nested arrangements in rater-mediated contexts where scores are used for absolute decisions [25-27]. These 
limitations are especially important in the present context because both dependability and the structure of 
the composite universe score may be sensitive to the measurement design. 

In the present study, the use of MGT was necessary rather than optional. A univariate GT approach with 
separate sub scores would have allowed the dependability of each PAOR dimension to be examined 
independently, but it would not have captured the covariance structure among dimensions or the variance 
structure of the composite universe score. Because classroom action research skill was conceptualized in this 
study as a multidimensional construct composed of related but non-interchangeable dimensions, and 
because the study aimed to compare how alternative measurement designs affect both dependability and 
the structure of composite scores, MGT provided a more appropriate framework than separate univariate 
analyses. In this sense, MGT made it possible to evaluate not only the quality of dimension-specific scores, 
but also how the PAOR dimensions functioned together under each measurement design. 

Alternative psychometric frameworks may also be used to examine score quality in complex performance 
assessment. For example, IRT-based approaches can provide useful information about rating processes and 
rater-related functioning in rater-mediated assessments, whereas Bayesian generalizability approaches offer 
additional flexibility for estimating variance components under complex designs. However, these 
alternatives were not the primary focus of the present study because the research questions centered on 
multidimensional score interpretation, composite universe score variance, and the comparison of alternative 
measurement designs for absolute decisions. In this context, the combination of MFRM and MGT was 
considered the most directly relevant framework for the aims of the study [28-29]. At the same time, in rater-
mediated assessment, it is important to examine rater effects before conducting MGT analysis. For this 
reason, the present study applied the many-facet Rasch model (MFRM) to examine rater effects in terms of 
scoring severity, leniency, and diagnostic information about rating quality [30-31], prior to the MGT analysis. 
This sequencing is consistent with recent work showing that MFRM can provide important diagnostic 
evidence about rater functioning and scoring quality before subsequent score interpretation and design 
evaluation [17, 32]. 

Although recent studies in performance assessment and generalizability-based research have highlighted 
the importance of multidimensional score interpretation, rater effects, and design-related sources of 
measurement error, there remains limited evidence on how alternative measurement designs influence the 
index of dependability and variance structure of multidimensional performance assessment scores, 
particularly when those scores are used for absolute decisions [13, 20, 25]. This limitation is especially evident 
in studies involving process-oriented skills assessed through multiple raters and composite scores across 
related dimensions. Moreover, existing applications of MGT have primarily examined general score 
dependability or particular scoring methods rather than comparing how fully crossed and nested designs 
may produce different variance structures and different rater requirements [25-26]. Therefore, this study 
sought to examine the index of dependability (𝚽) of student teachers’ classroom action research skill 
assessment scores under different measurement designs within the multivariate generalizability theory 
framework and to compare dependability across different numbers of raters in order to identify a design that 
is appropriate for absolute decisions. 
 

II. THEORETICAL FRAMEWORK 
Classroom action research skill can be conceptualized as a multidimensional construct grounded in the 

PAOR cycle of action research: Plan, Act, Observe, and Reflect. These four dimensions represent interrelated 
but distinct components of classroom inquiry. In the present study, the Plan dimension involves problem 
analysis, review of relevant concepts and research, and classroom research design; the Act dimension 
concerns implementation of the research plan and ethical conduct; the Observe dimension concerns data 
collection, analysis, and interpretation; and the Reflect dimension concerns conclusion drawing and 
reflective use of findings for instructional improvement. This conceptualization is consistent with the view 
that classroom action research skill is process-oriented and should be assessed as a multidimensional 
performance rather than as a single undifferentiated trait. Because the dimensions are conceptually related 
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but not interchangeable, score interpretation should take into account both dimension-specific performance 
and the meaning of their combination within the broader classroom action research process [6-7, 22]. This 
multidimensional view also aligns with the PAOR-based structure used in the present assessment 
framework. 

In the present study, the PAOR model serves as the substantive framework for defining classroom action 
research skill, whereas measurement theory provides the basis for evaluating how well that construct is 
represented in observed scores. More specifically, the PAOR dimensions were operationalized through 
assessment items, behavioral indicators, and a double-layer scoring rubric, thereby translating the construct 
into an assessable multidimensional performance structure. From this perspective, measurement theory is 
not separate from the PAOR model, but integrative: MFRM was used to examine the functioning of rater-
mediated scoring, and MGT was used to evaluate the dependability and variance structure of the resulting 
multidimensional scores. Thus, the present study links the PAOR model to measurement theory by treating 
the PAOR dimensions as the substantive basis of score interpretation and MFRM/MGT as the psychometric 
basis for evaluating the quality of that interpretation [7, 18-19, 22]. 

At the same time, classroom action research skill was assessed through classroom action research reports 
using a double-layer scoring rubric, making it a rater-mediated performance assessment rather than a purely 
objective test. The assessment was designed to evaluate both process and product aspects of performance 
across the PAOR dimensions, and the rubric format was selected because it provides detailed and systematic 
evidence at the dimension level. Under such conditions, observed scores may be influenced not only by 
student teachers’ actual performance but also by raters’ interpretations of rubric criteria. For this reason, rater 
effects are theoretically relevant rather than incidental to the assessment process. In performance assessment, 
variation in scoring severity, leniency, or use of criteria may introduce construct-irrelevant variation into 
observed scores, which in turn affects the appropriateness of score interpretation and use. Accordingly, the 
present study treats classroom action research skill assessment as a multidimensional, rubric-based, and 
rater-mediated assessment context in which score quality depends on both construct representation and 
scoring quality [10, 33-34]. 

Within this context, Generalizability Theory provides the overarching psychometric framework for 
evaluating score quality under multiple sources of measurement error. Unlike classical test theory, which 
treats error as a single undifferentiated component, Generalizability Theory decomposes score variation into 
multiple facets and their interactions, thereby making it possible to examine how particular measurement 
conditions influence score dependability. This feature is especially important in the present study because 
classroom action research skill was evaluated under conditions involving both items and raters. Moreover, 
because the construct consists of four related dimensions, Multivariate Generalizability Theory is more 
appropriate than univariate GT. Multivariate GT allows the relationships among dimensions to be examined 
simultaneously and provides a basis for evaluating the variance structure of composite universe scores rather 
than relying only on separate dimension-level estimates. As Brennan [22] noted, even when dimensions are 
assigned equal nominal weights, the composite universe score variance may still differ, which has 
implications for the interpretation of the index of dependability and the appropriateness of alternative 
measurement designs. Recent applications have also demonstrated the value of MGT for evaluating 
multidimensional scores, composite scores, and alternative scoring methods in complex assessment contexts 
[25, 35]. In the present study, this framework is directly relevant because the design comparison focuses on 
how different arrangements of raters and items affect the index of dependability for absolute decisions, as 
well as the variance structure underlying composite scores [22, 24]. 

Although Multivariate Generalizability Theory serves as the principal framework for evaluating variance 
structure, composite universe scores, and the index of dependability, examination of rater functioning 
remains necessary before those estimates can be interpreted. For this reason, the many-facet Rasch model is 
positioned in the present study as a complementary analytic approach for examining rater effects, 
particularly severity, leniency, and diagnostic information about rating quality. This role is consistent with 
recent work showing that MFRM and Generalizability Theory can be used in complementary ways to 
investigate rater effects and support score interpretation in rater-mediated assessments [30]. The role of 
MFRM in the present framework is not to replace MGT, but to clarify whether the observed ratings 
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functioned as intended before MGT is used to evaluate design-dependent score quality. In the present study, 
the results of the MFRM analysis were not integrated quantitatively into the MGT analysis because the two 
approaches served different analytic purposes. MFRM was used diagnostically to examine rater functioning, 
whereas MGT was used to evaluate design-dependent dependability and variance structure. Accordingly, 
MFRM informed the interpretation of the observed ratings prior to MGT, rather than serving as a source of 
adjusted scores for the multivariate generalizability analysis. This sequencing is theoretically justified 
because, in rater-mediated performance assessment, evidence about rater functioning supports the 
interpretation of observed scores prior to the estimation of their dependability under alternative 
measurement designs. Thus, the present study integrates the PAOR-based multidimensional structure of 
classroom action research skill, the rater-mediated nature of the scoring process, and the complementary 
roles of MFRM and MGT in supporting score interpretation and use for absolute decisions. From a broader 
validity perspective, this integration is also consistent with the view that score interpretation should be 
supported by evidence concerning construct representation, scoring processes, and the intended use of 
scores [18-19]. 

III.  MATERIAL AND METHOD 

1.  RESEARCH DESIGN 

This study employed a quantitative research design to examine the index of dependability of classroom 
action research skill assessment scores under alternative measurement designs within the multivariate 
generalizability theory (MGT) framework. The assessment was conceptualized as a multidimensional 
performance assessment reflecting four dimensions of the classroom action research process: Plan, Act, 
Observe, and Reflect (PAOR). Because the intended interpretation of scores was criterion-referenced, the 
study focused on the index of dependability (𝚽) for absolute decisions. The analysis proceeded in two stages. 
First, the many-facet Rasch model (MFRM) was used to examine rater effects in the scoring process. Second, 
the score data were analyzed within the MGT framework through a generalization study (G-study) and a 
decision study (D-study) to estimate variance and covariance components, the variance structure of 
multidimensional scores, and the index of dependability under alternative measurement designs. 
 

Panel A. Fully crossed design (p• × i◦ × r•)    Panel B. Nested design (p• × (i◦ : r•)) 

 
p• = student teachers; i◦ = fixed items; r• = raters as a random facet; v = fixed PAOR dimensions 

FIGURE 2. Conceptual diagrams of the multivariate generalizability designs examined in the study. 

Two measurement designs were examined. The first was a fully crossed design (p• × i◦ × r•), in which all 
student teachers were assessed on all fixed items by all raters. The second was a nested design (p• × (i◦ : r•)), 
in which different sets of raters were assigned to different dimensions of the assessment. These multivariate 
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generalizability designs are illustrated in Figure 2. Panel A presents the fully crossed design (p• × i◦ × r•), in 
which all student teachers were assessed on all fixed items by all raters. Panel B presents the nested design 
(p• × (i◦ : r•)), in which different rater sets were assigned to different PAOR dimensions. In both diagrams, 
p• denotes student teachers, i◦ denotes fixed items, r• denotes raters treated as a random facet, and v denotes 
the fixed PAOR dimensions underlying the multidimensional assessment structure. 

2. PARTICIPANTS 
The participants were 58 fourth-year student teachers enrolled in the Bachelor of Education program in 

Primary Education at the Faculty of Education, Ramkhamhaeng University, during the second semester of 
the 2024 academic year. The sample was selected by stratified random sampling based on the subject area of 
the teaching practicum and classified into two groups, Science–Mathematics and Language–Social Sciences, 
in order to ensure diversity in instructional context. The required sample size was estimated using G*Power 
at a significance level of .05 and statistical power of .95, yielding a minimum required sample of 52 
participants. To reduce the risk of data attrition, the sample size was increased by approximately 10%, 
resulting in a final sample of 58 student teachers. 

In this study, the primary object of measurement was the student teacher (person facet; p). The classroom 
action research reports were scored by four raters, all of whom had prior experience in evaluating classroom 
action research and at least five years of teaching experience in higher education. The use of four raters was 
based on both practical and methodological considerations. Practically, four raters represented the maximum 
feasible scoring condition within the study context while allowing all reports to be scored under controlled 
conditions. Methodologically, the study did not assume in advance that four raters would be universally 
sufficient for all MGT applications. Rather, four raters were used as the maximum observed rater condition 
in the G-study so that the D-study could estimate the index of dependability under reduced and alternative 
numbers of raters. In this sense, the adequacy of the number of raters was treated as an empirical question 
to be examined through the D-study rather than as a fixed assumption. 

3. INSTRUMENT 

The instrument used in this study was a classroom action research skill assessment form developed to 
reflect the multidimensional structure of classroom action research skill based on the PAOR process and 
supported by double-layer scoring rubrics. The instrument was developed previously, and its quality had 
been examined in earlier studies [36-37]. 

The instrument was developed systematically from the PAOR framework of classroom action research, 
covering four dimensions: Plan, Act, Observe, and Reflect. The first layer of the double-layer scoring rubric 
was constructed by defining three performance levels for each assessment item (3 = Good, 2 = Satisfactory, 1 
= Needs improvement), together with performance descriptors aligned with the behavioral indicators of each 
dimension. Content validity, language appropriateness, and the suitability of the scoring criteria were then 
examined by seven experts, including four content specialists and three specialists in educational 
measurement and evaluation. The quality criteria followed established CVI guidelines, with I-CVI expected 
to be at least .80 and S-CVI above .90. The second layer of the rubric was developed by establishing cut scores 
through the extended Angoff method, using eight experts with at least five years of experience in evaluating 
classroom action research reports. Prior to cut-score judgment, the experts participated in a workshop and 
reviewed the assessment context and sample reports to support informed judgments. 

The assessment form consisted of 10 items with a total of 23 behavioral indicators covering the four 
dimensions of classroom action research: Plan, Act, Observe, and Reflect. The first layer of the rubric 
provided behavioral descriptions for each item and defined three score levels: 3 = Good, 2 = Satisfactory, and 
1 = Needs improvement. The second layer involved the determination of cut scores to interpret the total 
scores from Layer 1 into three levels of skill quality using the extended Angoff method: 3 = Good, 2 = 
Satisfactory, and 1 = Needs improvement. The use of the double-layer scoring rubric supported detailed and 
systematic scoring across dimensions, reduced ambiguity in judgment, and increased scoring consistency 
[34, 38-39]. In addition, the cut scores in Layer 2 enhanced the clarity and appropriateness of total score 
interpretation for absolute decisions. An example of the rubric is provided in the Appendix. 
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For the purposes of MGT, the items were treated as a fixed facet rather than as a random facet. This 
decision was based on the fact that the items were not intended to represent a random sample from a broad 
and interchangeable universe of classroom action research items. Instead, they were purposefully developed 
to operationalize the predefined PAOR dimensions and their associated behavioral indicators. Accordingly, 
score interpretation in this study was intended to generalize to the specified assessment structure and rubric 
used in the study, rather than to an unlimited universe of alternative items. 

The instrument had prior empirical evidence supporting both validity and reliability. Evidence of content 
validity was supported by I-CVI values ranging from 0.86 to 1.00 and an S-CVI of 0.98. Additional support 
for criterion-related validity was obtained from evidence based on relationships with other variables at both 
scoring layers. At Layer 1, the total score showed a strong correlation with the classroom action research 
course examination score (r = .942), whereas at Layer 2, the quality level showed a moderate correlation with 
the classroom action research course grade (rs = .531). Regarding reliability, high levels of intra-rater 
reliability and inter-rater reliability were found (.991 and .889, respectively), and substantial agreement 
among raters was indicated by an intraclass correlation coefficient of .930. These properties support the use 
of the instrument for examining the index of dependability (𝚽) in the present study. 

4. PROCEDURE 
Data were collected from the classroom action research reports produced by the student teachers and 

used as empirical evidence for classroom action research skill assessment. Before scoring, all reports were 
anonymized to remove identifying information and reduce potential bias. The reports were then randomly 
ordered, and the same scoring sequence was distributed to all raters in order to control the scoring condition. 
Before operational scoring began, the raters participated in a calibration session to establish a shared 
understanding of the scoring criteria and the use of the double-layer scoring rubric. Practice scoring was 
conducted using sample reports so that the raters could discuss the interpretation of descriptors and reduce 
avoidable scoring discrepancies. After calibration, the raters scored the reports independently over a period 
of two months, and all scores were recorded through an online form system for subsequent analysis. 

Ethical approval for this study was granted by the Research Ethics Review Committee for Research 
Involving Human Subjects (COA No. 198/68; Project No. 680154). The project underwent expedited review, 
and the approval remained valid from May 13, 2025, to May 12, 2026. Informed consent was obtained from 
all participants prior to data collection. 

5. DATA ANALYSIS 

Data analysis was conducted sequentially, beginning with the examination of rater effects through the 
many-facet Rasch model (MFRM). The multivariate index of dependability (𝚽) was then analyzed through 
both a generalization study (G-study) and a decision study (D-study). 

5.1  Many-facet Rasch Model (MFRM) 
Rater effects were examined using R with the TAM package under a 1PL many-facet Rasch model. The 

modeled facets were student teachers, items, and raters, allowing the estimation of rater severity and 
leniency in logit units. These estimates were used to examine differences among raters before the score data 
were analyzed for the index of dependability within the MGT framework. 

5.2  Multivariate Index of Dependability Analysis 

Within the MGT framework, the universe of admissible observations was specified as follows. Student 
teachers were treated as a random facet (p•), because they represented a sample from the broader population 
of student teachers to whom interpretation was intended to generalize. Raters were also treated as a random 
facet (r•), assuming that they represented a sample from a population of raters with comparable 
qualifications and expertise in assessing classroom action research skills. The items within each PAOR 
dimension were treated as a fixed facet (i◦), because they were intentionally developed from the conceptual 
framework of classroom action research skill and were not sampled from a broad interchangeable item 
universe. 
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5.3  Generalization Study (G-Study) 
In the G-study, variance and covariance components were estimated under two designs: (1) a fully 

crossed design (p• × i◦ × r•), in which all 58 student teachers were assessed on all items across the four PAOR 
dimensions by all four raters; and (2) a nested design (p• × (i◦ : r•)), in which all 58 student teachers were 
assessed by different sets of raters, with two raters per set. For the nested design, raters were first assigned 
to rater sets by simple random assignment prior to assessment. The two rater sets were then assigned to 
grouped PAOR dimensions, with the first set assessing the Plan and Act dimensions and the second set 
assessing the Observe and Reflect dimensions. This grouping was intended to reflect the process structure 
of classroom action research, with Plan and Act representing earlier process phases and Observe and Reflect 
representing later evidence-based and reflective phases. Accordingly, the nested arrangement was intended 
to reflect both procedural control and substantive coherence. However, because only one nested 
configuration was examined in the present study, the findings from this design should be interpreted within 
that specific arrangement. In the multivariate analysis, variance and covariance components among the 
PAOR dimensions were estimated to derive the composite universe score under the multidimensional 
structure. 

In the D-study, the number of raters was varied from 1 to 4 in order to compare the index of dependability 
(𝚽) under each measurement design using mGENOVA version 2.1. Because the assessment results were 
intended for absolute decisions, the criterion for acceptable dependability was set at 𝚽 ≥ .80. Although 
Generalizability Theory does not prescribe a universal cutoff criterion, coefficients of .80 or higher are 
commonly regarded as adequate for individual-level decision-making in educational measurement [21]. The 
D-study therefore allowed the adequacy of alternative rater conditions to be evaluated empirically under 
both the fully crossed and nested designs. 

5.4  Assumptions of the Measurement Models 

a. Assumptions of MFRM 
The MFRM analysis assumed that the observed ratings could be modeled as a function of student teacher 

performance, item difficulty, and rater severity within a common scoring structure. It was further assumed 
that raters scored independently, that the rating scale categories functioned in an ordered manner, and that 
systematic rater differences could be modeled explicitly rather than treated as undifferentiated measurement 
error [40-41]. 

b. Assumptions of GT/MGT 

The GT/MGT analysis assumed that classroom action research skill was sufficiently stable during the 
scoring period, that observed score variation could be decomposed into interpretable facet-related sources 
of variance, and that the specified design represented the intended universe of admissible observations. 
Because the study focused on absolute decisions, the D-study emphasized absolute error and the estimation 
of the index of dependability (𝚽) rather than coefficients intended for relative decisions [35, 42-44]. 

IV.  RESULTS 

1. RESULTS OF THE MANY-FACET RASCH MODEL (MFRM)  

The MFRM results presented in Table 1 suggest that variation in rater severity and leniency was low. The 
severity/leniency estimates ranged narrowly from –.0554 to .0618 logits, reflecting the logic of the many-facet 
Rasch model, in which relative differences among raters are examined in logit units to evaluate rater effects 
on scores [40-41]. Rater 1 showed the highest level of severity (.0618 logits), whereas Rater 3 showed the 
greatest leniency (–.0554 logits). Overall, the narrow spread of these estimates suggests that the four raters 
scored in a broadly comparable manner. 

In addition, rater fit statistics were examined through outfit and infit mean-square indices. These values 
indicated an overfit pattern, suggesting that the raters’ scoring was more predictable than expected by the 
model rather than showing problematic misfit. This pattern should be interpreted cautiously, as it may also 
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reflect highly homogeneous scoring behavior or limited variability in the observed ratings. The model-based 
EAP reliability coefficient was .91, indicating a high level of score consistency within the fitted MFRM 
framework. The estimated step parameters were also ordered monotonically, providing preliminary 
evidence that the rating scale categories functioned in the intended ordinal direction. Taken together, these 
results suggest that the ratings showed a generally stable scoring pattern across raters and provide 
preliminary diagnostic support for using the ratings in the subsequent multivariate generalizability analysis 
[30-31, 40-41]. 

Table 1. Rater severity estimates and fit statistics from the many-facet Rasch model. 

Raters Severity/Leniency (Logit) SE (Standard error) Outfit MSQ Infit MSQ 

1 .0618 .048 .0268 .0243 

2 -.0032 .048 .0273 .0282 

3 -.0554 .049 .0322 .0296 

4 -.0030 .084 .0261 .0254 

Note. The model-based EAP reliability coefficient was .91. The estimated step parameters were ordered monotonically (step1 = –3.577, step2 

= 0.436, step3 = 3.141), providing preliminary evidence that the rating scale categories functioned in the intended ordinal direction. 

2. RESULTS OF THE MULTIVARIATE INDEX OF DEPENDABILITY ANALYSIS 

2.1 Results of the Generalization Study (G-Study) 

Table 2 shows that under the fully crossed design, the largest proportion of variance in most dimensions 
was attributable to the person facet, particularly in Plan, Observe, and Reflect. This pattern indicates that 
score variation under this design was driven primarily by differences among student teachers rather than by 
unwanted facet-related sources of error. By contrast, variance associated with raters and interaction 
components was generally smaller, although some interaction-related variation remained in specific 
dimensions. Overall, this variance structure is consistent with the relatively higher dependability coefficients 
obtained under the fully crossed design. Because the items were treated as a fixed facet in the present study, 
the item-related components were not interpreted in the same way as random-facet variance components. 
Instead, they were understood as part of the specified assessment structure defined by the PAOR-based 
rubric. 

Table 2. Variance (in bold) and covariance components for the fully crossed design (p• × i◦ × r•). 

Source of variation 
Estimated variance components 

Plan % Act % Observe % Reflect % 

Person (p) .0780 80.83 .3685  .1172  .0000  

 .0135  .0171 50.89 .0462  .2773  

 .0060  .0011  .0340 77.98 .5831  

 .0000  .0100  .0295  .0755 79.39 

Item (i) .0000 0.00       

   .0000 0.00     

     .0000 0.00   

       .0000 0.00 

Rater (r) .0000 0.00       

 .0000  .0078 23.21     

 .0000  .0000  .0000 0.00   

 .0000  .0000  .0000  .0012 1.26 

pi .0000 0.00       

   .0000 0.00     

     .0000 0.00   

       .0000 0.00 
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Source of variation 
Estimated variance components 

Plan % Act % Observe % Reflect % 

pr .0000 0.00       

 .0002  .0086 25.60     

 .0000  .0000  .0000 0.00   

 .0001  .0003  .0000  .0184 19.35 

ir .0039 4.04       

   .0000 0.00     

     .0012 2.75   

       .0000 0.00 

pir,e .0146 15.13       

   .0001 0.30     

     .0084 19.27   

       .0000 0.00 

Total .0965 100.00 .0336 100.00 .0436 100.00 .0951 100.00 

 
Table 3 shows that the variance structure changed under the nested design. Compared with the fully 

crossed design, a smaller proportion of variance was attributable to the person facet in some dimensions, 
whereas larger proportions were associated with rater-related and residual components. This shift was 
especially evident in the Act dimension, where person variance was negligible and larger proportions of 
variance were associated with rater and person-by-rater-related sources. This pattern helps explain why the 
nested design produced lower dependability coefficients overall and an extremely low dependability 
estimate for the Act dimension in particular. 

Table 3. Variance (in bold) and covariance components for the nested design (p• × (i◦ : r•)). 

Source of variation 
Estimated variance components 

Plan %  Act % Observe % Reflect % 

Person (p) .0383 18.15 21.6083  .2489  .2601  

 .0260  .0000 0.00 2.3297  7.9394  

 .0069  .0020  .0201 19.98 .9405  

 .0101  .0097  .0264  .0391 25.08 

Rater (r) .0167 7.91       

 .0000  .0459 46.84     

 .0052  .0000  .0000 0.00   

 .0159  .0000  .0031  .0076 4.87 

i:r .0219 10.38       

   .0000 0.00     

     .0112 11.13   

       .0000 0.00 

pr .0292 13.84       

 .0000  .0510 52.04     

 .0000  .0000  .0000 0.00   

 .0000  .0017  .0065  .1092 70.05 

pi:r,e .1049 49.72       

   .0011 1.12     

     .0693 68.89   

       .0000 0.00 

Total .2110 100.00 .0980 100.00 .1006 100.00 .1559 100.00 
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The interaction-related components also provide additional insight into the score structure. In the present 
context, the person-by-rater interaction (p• × r•) reflects the extent to which student teachers were not scored 
in exactly the same relative way by different raters, beyond average differences in rater severity. The person-
by-item interaction (p• × i◦) in the fully crossed design reflects the extent to which student teachers’ 
performance varied across assessment items, suggesting that strengths and weaknesses were not distributed 
uniformly across the behavioral indicators. More broadly, these interaction-related components are 
important because they indicate that score variation was shaped not only by the main effects of student 
teachers, raters, or items, but also by inconsistency in how performance was expressed across items and 
interpreted across raters. In the present study, such components were more pronounced in some dimensions 
and design conditions than in others, which helps explain differences in the resulting dependability 
estimates. 

The variance components can also be interpreted in terms of error variance decomposition. In the present 
study, the index of dependability depended on the extent to which total score variance was attributable to 
the universe score rather than to unwanted sources of measurement error. Under the fully crossed design, 
the error structure was comparatively more favorable because a larger proportion of variance in most 
dimensions was attributable to student teachers, whereas rater-related and interaction-related components 
were generally smaller. Under the nested design, however, a greater proportion of variance in some 
dimensions was associated with rater-related and residual components, indicating a less favorable error 
structure for dependable score interpretation. In this sense, the lower dependability coefficients under the 
nested design can be understood not merely as lower coefficients, but as the result of a larger proportion of 
error-related variance relative to universe score variance. This pattern was especially evident in the Act 
dimension under the nested design, where the balance between universe score variance and error-related 
variance was particularly unfavorable. 

As presented in Table 4, the fully crossed design (p• × i◦ × r•) yielded a composite index of dependability 
(𝚽) of .8468, which exceeded the .80 criterion used in the present study for individual-level absolute 
decisions. In contrast, the nested design (p• × (i◦ : r•)) produced a composite 𝚽 of .7823, which was close to 
this criterion but remained slightly below it. At the dimension level, the fully crossed design yielded higher 
𝚽 values than the nested design across all PAOR dimensions. This difference was especially notable for the 
Act dimension, for which the nested design produced an extremely low dependability coefficient (𝚽 = .0008). 

Table 4 also shows that the relative contribution of each dimension to the composite universe score 
differed by measurement design. Under the fully crossed design, the Plan dimension contributed the largest 
proportion (39.89%), followed by Observe (26.10%), Reflect (24.61%), and Act (9.40%). Under the nested 
design, the corresponding proportions were 37.61%, 12.49%, 24.93%, and 24.97%, respectively. This pattern 
indicates that the structure of the composite universe score was not invariant across the two designs. It 
should also be noted that a low dependability coefficient at the dimension level does not necessarily imply a 
negligible statistical contribution to the composite universe score. Rather, these two results reflect different 
aspects of multidimensional score interpretation. 

Table 4. Index of dependability for each PAOR dimension under the p• × i◦ × r• and p• × (i◦ : r•) designs. 

PAOR p• × i◦ × r•  p• × (i◦ : r•) 

 𝚽 Comp Univ Score Var (%)  𝚽 Comp Univ Score Var (%) 

Plan .8081 39.89%  .4650 37.61% 

Act .5108 9.40%  .0008 12.49% 

Observe .7802 26.10%  .7236 24.93% 

Reflect .7933 24.61%  .4010 24.97% 

Composite .8468 100.00%  .7823 100.00% 
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2.2 Decision Study (D-Study) Results 
As shown in Table 5, the D-study results indicated that under the fully crossed design, three raters were 

sufficient to achieve an acceptable level of dependability for absolute decisions (𝚽 = .8057). Under the nested 
design, however, four raters per set were required to achieve a comparable level (𝚽 = .8067). 

Table 5. Index of dependability (𝚽) from the simulation of different numbers of raters. 

p• × i◦ × r•  p• × (i◦ : r•) 

Number of raters 𝚽  Number of raters per set 𝚽 

1 .5802  1 per set .7308 

2 .7343  2 per set .7823 

3 .8057  3 per set .7899 

4 .8468  4 per set .8067 

V. DISCUSSION AND CONCLUSION 

The present findings indicate that the quality of classroom action research skill assessment, particularly 
the index of dependability and the variance structure of composite universe scores, depends substantially 
on measurement design. The fully crossed design (p• × i◦ × r•) yielded a higher index of dependability than 
the nested design (p• × (i◦ : r•)) at both the composite and dimension levels. This pattern is consistent with 
the logic of Generalizability Theory and Multivariate Generalizability Theory, which suggests that design 
structure affects variance-component estimation, universe score variance, and the interpretation of score 
dependability for absolute decisions [22-23, 42-43]. In this sense, the study contributes to theory development 
in multidimensional performance assessment by showing that measurement design influences not only the 
magnitude of dependability but also the variance structure underlying composite universe scores. 

The MFRM results also indicate that variation in rater severity and leniency was limited and that the 
raters functioned in a generally consistent manner prior to the multivariate generalizability analysis. This 
supports the logic adopted in the study that rater-mediated assessment should be examined diagnostically 
before score dependability is evaluated under MGT [30-31, 40]. At the same time, the fact that the fully 
crossed and nested designs still produced different levels of dependability suggests that score quality in this 
context was shaped not only by rater functioning itself but also by how raters were arranged across the 
multidimensional assessment structure. This interpretation is consistent with the argument developed in the 
Introduction and Theoretical Framework that rater-mediated performance assessment requires attention to 
both scoring quality and measurement design when scores are used for absolute decisions. 

A further theoretical implication concerns the structure of the composite universe score. The results 
showed that the relative contribution of the PAOR dimensions differed across the two designs, indicating 
that the composite universe score was not simply the sum of independent dimension scores. Rather, the score 
structure reflected the multivariate relationships among dimensions under the specified measurement 
conditions. This point is important because it supports the MGT perspective that, even when dimensions are 
assigned equal nominal weight, their effective statistical contribution to the composite score may differ 
depending on the design [22-23]. Recent applications of MGT have likewise emphasized that 
multidimensional score interpretation should consider not only dependability coefficients but also the 
structural contribution of dimensions to composite scores [26-26, 35]. Accordingly, the present results 
suggest that the interpretation of multidimensional scores should consider both dependability and variance 
structure, particularly when the assessment is intended to support criterion-referenced interpretation and 
absolute decisions. 

The study also extends the literature on measurement design optimization. In the present context, the 
fully crossed design provided stronger support for absolute decisions, whereas the nested design was less 
efficient in achieving comparable dependability and, in some dimensions, substantially altered the variance 
structure of the composite score. This suggests that optimization in multidimensional and rater-mediated 
assessment should not be based on the index of dependability alone. Instead, it should also consider the 

https://doi.org/10.48161/qaj.v6n2a2462


 

 

QUBAHAN ACADEMIC JOURNAL 

VOL. 6, NO. 2, May 2026 

https://doi.org/10.48161/qaj.v6n2a2462 

 

 
306 

VOLUME 6, No 2, 2026  

 

intended use of scores, the arrangement of raters across dimensions, the preservation of dimension-level 
contribution to the composite score, and the practical constraints of implementation [22, 42-43]. From this 
perspective, the D-study results are particularly informative because they show that under the fully crossed 
design, at least three raters were sufficient to achieve a dependability level of approximately .80, whereas the 
nested design required a larger rater condition to reach a comparable level. These results reinforce the view 
that psychometric quality and practical feasibility must be considered together in design decisions. 

A particularly important issue concerns the Act dimension. In both substantive and measurement terms, 
this dimension may be more difficult to assess from written classroom action research reports alone than the 
other PAOR dimensions. The assessment evidence in this study was derived from final written reports, 
whereas the Act dimension focuses on the implementation of the research plan in practice. Thus, the 
relatively low dependability observed for the Act dimension may reflect not only design-related influences 
but also a limitation in the alignment between the dimension being assessed and the form of evidence used 
for assessment. More specifically, the written reports may not have captured variation in actual 
implementation as clearly as they captured planning, observation, or reflection. In addition, the Act 
dimension may have shown more limited between-person variation in the present sample, which would 
reduce the proportion of variance attributable to student teachers and, in turn, lower the dependability 
estimate. Under the nested design, these constraints may have become even more pronounced because the 
design provided less favorable conditions for stable score interpretation in a dimension that was already 
more difficult to represent through written report evidence alone. In this respect, the present results suggest 
that dependability in multidimensional performance assessment may vary across dimensions partly because 
some dimensions are less fully represented in a single assessment format than others. They also indicate that 
score quality is shaped not only by facet structure and design but also by how well the selected evidence 
source represents each dimension of the construct [36-37]. 

However, this finding should be interpreted with caution. Because the present study examined only one 
nested configuration, it is not possible to determine conclusively whether the extremely low dependability 
of the Act dimension reflects a general limitation of nested designs in multidimensional performance 
assessment or, in part, an artifact of the specific dimension grouping used in this study. It is therefore more 
appropriate to interpret this result as evidence that nested arrangements may interact with dimension 
structure in important ways, rather than as evidence against all possible nested designs. Future research 
should compare alternative nested configurations, for example, Plan–Reflect with Act–Observe or Plan–
Observe with Act–Reflect, to determine whether different dimension groupings yield more favorable 
variance structures and dependability estimates. 

These results also have practical implications. When classroom action research skill assessment is used 
for individual-level absolute decisions, the fully crossed design appears more appropriate because it yields 
a higher index of dependability and better preserves the multidimensional score structure. However, when 
the purpose of assessment is developmental rather than high-stakes, lower levels of dependability may still 
be acceptable, particularly in contexts where fewer raters are available. In such cases, design decisions should 
be aligned with the intended use of scores and the level of decision impact [21-22, 24, 44]. This interpretation 
is consistent with the criterion-referenced emphasis of the study and with the broader principle that score 
quality should be judged in relation to the purpose and consequences of score use. For this reason, although 
the fully crossed design provided stronger support for individual-level absolute decisions, designs yielding 
lower dependability coefficients may still provide useful information in low-stakes contexts that emphasize 
feedback, reflection, and developmental use rather than formal classification. 

These practical implications should be interpreted within the context of the present study. The results 
were based on 58 student teachers from one institution and one teacher education context, using four raters 
and one specific assessment instrument. Accordingly, the recommendation in favor of the fully crossed 
design should be viewed as provisional and context-bound rather than as a general prescription for all 
multidimensional performance assessments or teacher education settings. 

Similarly, the D-study results indicate that the use of fewer raters may still be defensible when the 
assessment is intended to support learning and improvement rather than formal decision-making. Under 
the fully crossed design, one or two raters did not yield a level of dependability appropriate for individual-
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level absolute decisions, yet such conditions may still provide useful information in classroom or program 
contexts where the main goal is to guide reflection on classroom action research performance. Under the 
nested design, lower-rated conditions may also be informative for developmental purposes, although the 
results suggest that this arrangement is less efficient when a stronger level of dependability is required. These 
results therefore support a more context-sensitive interpretation of design adequacy, in which the 
appropriate number of raters depends not only on psychometric criteria but also on the purpose and 
consequences of score use. 

Nevertheless, several limitations should be acknowledged. First, the sample was drawn from a single 
institution, program, and specialization context, which limits the transferability of the findings across 
settings. Second, the assessment evidence was based on written classroom action research reports only. As 
noted above, this may have constrained the assessment of dimensions such as Act, which may require 
additional forms of evidence to be represented more adequately. Third, the study examined a limited range 
of rater conditions within the observed context. Future studies should therefore broaden the sample, 
compare alternative forms of assessment evidence for dimensions that are difficult to capture in written 
reports, and examine whether changes in score structure or weighting improve the dependability and 
interpretability of composite universe scores under alternative designs [25, 35, 43]. In particular, future 
research may benefit from combining written reports with additional evidence sources, such as 
implementation records, observational data, or mentor feedback, in order to better represent dimensions that 
are less fully captured in a written product alone. 

In conclusion, the present study shows that measurement design has a substantial influence on classroom 
action research skill assessment, both in terms of the level of the index of dependability and the variance 
structure of composite universe scores. The results support the view that, in multidimensional performance 
assessment, design decisions affect not only how dependable scores are but also how the dimensions 
function together within the composite score [22-23, 25, 35, 43]. In particular, within the present assessment 
context, the fully crossed design, when using at least three raters, provided stronger support for individual-
level absolute decisions than the nested design. At the same time, the results suggest that in low-stakes 
contexts, lower levels of dependability may still be acceptable when the primary goal is developmental use 
rather than formal classification. More broadly, the study indicates that measurement design optimization 
in multidimensional and rater-mediated assessment should consider psychometric quality, construct 
representation, evidence source, intended score use, and practical feasibility together rather than relying on 
a single coefficient alone. 
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Appendix. An example of a double-layer scoring rubric for classroom action research skill assessment. 

Layer 1 

PAOR Items 
Behavioral  

indicators  

Level of score 

3 

Good 

2 

Satisfactory 

1 

Needs improvement 

Plan 

Study and 

analyze 

classroom 

problems 

Examine and 

analyze  

classroom  

problems 

using 

supporting  

evidence 

Clearly examines and 

analyzes classroom 

problems using  

evidence, provides 

supporting rationale, 

and identifies  

references 

Examines and  

analyzes classroom 

problems using  

evidence and  

supporting rationale 

but does not clearly 

identify references 

Examines and  

analyzes classroom 

problems without  

sufficient supporting 

evidence 

Act 

Use of 

instructional 

techniques 

Implement the 

research plan 

as specified 

Implements the  

research  

systematically  

according to the  

Implements the  

research according to 

the specified plan but 

with some omissions 

Unable to implement 

the research 

according to the 

specified plan or 
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PAOR Items 
Behavioral  

indicators  

Level of score 

3 

Good 

2 

Satisfactory 

1 

Needs improvement 

specified plan,  

completely and 

within the designated 

timeframe 

and/or incomplete 

within the designated 

timeframe 

exceeds the  

designated 

timeframe 

Observe 
Data  

collection 

Collect data 

systematically 

according to 

the plan 

Collects data  

systematically  

according to the plan, 

using instruments 

with verified quality 

(e.g., Validity,  

Reliability, Difficulty 

(if applicable), and 

Discrimination (if  

applicable)) 

Collects data  

systematically  

according to the plan, 

but quality 

verification of 

instruments is  

incomplete in some  

aspects (e.g., Validity 

or Reliability or  

Difficulty (if  

applicable) or  

Discrimination (if  

applicable)) 

Unable to collect data 

systematically  

according to the plan, 

or instruments lack 

quality verification 

Reflect 

Conclusion 

and 

reflection 

Summarize  

research  

findings and 

align with  

research  

objectives 

Accurately  

summarizes research 

findings and fully 

aligns with the  

research objectives in  

a comprehensive and 

precise manner 

Summarizes research 

findings correctly but 

lacks full alignment 

or completeness with  

respect to the research 

objectives 

Summarizes findings 

inaccurately or does 

not align with the  

research objectives 

 
Layer 2   

Dimensions of the classroom 

action research process 

Maximum 

score 

Quality level of classroom action research skill  

(Score interpretation) 

 Good Satisfactory Needs improvement 

Plan 36 ≥ 35.27 22.17 – 35.26 < 22.17 

Act 12 ≥ 11.88 9.51 – 11.87 < 9.51 

Observe 9 ≥ 8.75 5.88 – 8.74 < 5.88 

Reflect 12 ≥ 10.75 7.38 – 10.74 < 7.38 

PAOR 69 ≥ 66.65 44.94 – 66.64 < 44.94 
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