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demonstrate strong pedagogical performance aligned with student-centered learning,
flexible instructional design, and competency-based assessment. However, empirical
evidence on variations in teachers’ pedagogical performance, particularly in vocational
education, remains limited. This study aims to identify clusters of teachers’ pedagogical
performance and to describe the characteristics of each cluster within the context of
the Merdeka Curriculum. A quantitative approach was employed involving 99
vocational high school teachers from the Office Management and Business Services
(OMBS) program in Central Java, Indonesia. Data were collected using a structured
questionnaire covering lesson planning, instructional implementation, classroom
management, and assessment practices. K-means cluster analysis was applied to

classify teachers based on similarities in pedagogical performance. The findings reveal
three distinct clusters of pedagogical performance: low (35%), moderate (38%), and
high (27%). The high-performance cluster is characterized by systematic lesson
planning, active learning strategies, and consistent use of formative assessment. The
moderate cluster demonstrates relatively adequate instructional planning but limited
innovation in instructional practice. The low-performance cluster reflects teacher-
centered practices and restricted assessment variation. These findings highlight the
heterogeneous nature of teachers’ pedagogical performance in implementing the
Merdeka Curriculum. These findings suggest the need for targeted professional
development, particularly for teachers in the moderate and low clusters, to support the
adoption of more student-centered and competency-based practices.
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1. INTRODUCTION

Curriculum reform places increasing demands on teachers to demonstrate strong pedagogical
performance, particularly in designing and implementing student-centered learning. Effective reform depends
not only on policy design but also on teachers’ capacity to translate curricular principles into classroom practice.
Within this study, pedagogical performance is understood as teachers’ ability to plan instruction, implement
learning activities, manage classrooms, and conduct assessment practices that support meaningful student
learning outcomes. Empirical research consistently identifies teachers as a key determinant of student
achievement and long-term academic success (Burroughs et al.,, 2019; Darling-Hammond et al., 2017).
Contemporary frameworks of effective teaching emphasize core dimensions such as cognitive activation,
classroom management, and the creation of a supportive learning environment (Baumert et al., 2013; Konig et
al., 2021; Kunter et al., 2013). Recent developments in education have also expanded the meaning of pedagogical
performance through the growing importance of technology-integrated instruction. Frameworks such as
Technological Pedagogical Content Knowledge (TPACK) highlight that effective teaching increasingly requires the
integration of pedagogy, content, and technology (Koehler et al., 2013). These developments suggest that
pedagogical performance should be understood as a multidimensional and context-dependent construct.

Global curriculum reforms have increasingly shifted toward competency-based and student-centered
approaches intended to foster critical thinking, creativity, and lifelong learning (Voogt et al., 2019). Successful
implementation of these reforms depends on teachers’ ability to interpret curricular change and enact it in
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pedagogically meaningful ways (Pearson, 2013; Priestley et al., 2021; Puad & Ashton, 2023). Insufficient
pedagogical performance may therefore hinder the translation of curriculum policy into effective classroom
practice. Indonesia’s Merdeka Curriculum represents a major reform that emphasizes flexible learning pathways,
differentiated instruction, and competency-based assessment. Implementation of this curriculum requires
teachers to design adaptive learning experiences that respond to students’ needs, interests, and learning profiles
(Cholilah et al., 2023). Variations in teachers’ pedagogical performance are therefore likely to emerge during
curriculum enactment. Identification of these variations is important because differences in pedagogical
performance may shape the extent to which teachers are able to implement student-centered and competency-
based learning in practice.

Research on pedagogical performance has grown substantially, yet several important gaps remain. First,
many previous studies have relied primarily on variable-centered approaches, such as regression or structural
equation modeling, to examine relationships among teaching-related variables (Fauth et al., 2019; Praetorius et
al., 2018). Although these approaches are valuable for identifying general associations, they are less suited to
capturing heterogeneous patterns of pedagogical performance across teachers. Second, empirical evidence on
pedagogical performance in vocational education remains limited, despite the distinctive demands placed on
vocational teachers to integrate theoretical knowledge, practical competencies, and workplace relevance
(Gessler & Siemer, 2020; Rothwell et al., 2025). Third, limited research has examined pedagogical performance
within the implementation of the Merdeka Curriculum using a person-centered analytical perspective. This gap
is particularly important in the Indonesian context, where curriculum implementation may vary considerably
across teachers and school settings.

This study addresses these gaps by applying cluster analysis to identify distinct profiles of teachers’
pedagogical performance. Rather than focusing only on relationships among variables, this approach enables the
classification of teachers into relatively similar groups based on shared performance characteristics. Focus on
Office Management and Business Services (OMBS) teachers is particularly relevant because this vocational field
requires the integration of administrative competence, digital skills, and workplace-oriented practices. Such
characteristics make OMBS teachers especially responsive to curriculum changes that emphasize flexibility,
technology integration, and competency-based learning. This study therefore aims to identify clusters of
pedagogical performance among vocational teachers implementing the Merdeka Curriculum and to describe the
characteristics of each cluster. Contribution of the study lies in three areas: it offers a person-centered
perspective on pedagogical performance, extends empirical evidence from the vocational education context, and
provides an analytical basis for more targeted professional development to support effective curriculum
implementation.

2. MATERIAL AND METHOD
Research Design

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Stage 7
Research Design Participants Data Collection Measurement Data Preparation Data Analysis Output
Quantitative | | | Online | | Pedagogical | | Z-Score | | .
Cross-Sectional Participants : . Performance ey Cluster Analysis ‘ Cluster Profiles
{ Design - ) . juestlonnalrei | Dimensions | | Standardlzahov t N | ) |
Person-Centered 99 OMBS Teachers Course Content Z-Score K-Means Clustering Low Performance
Approach : 3 Standardization
Central Java, Teaching Design - : Elbow Method Moderate
Indonesia Video Quality Outlier Detection k=3 Performance
Purposive Sampling Teaching Service ~ Correlation Analysis SPSS 24 High Performance
Teaching Evaluation
Learning Effect
Figure 1. Flowchart of the Research Design
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This study employed a quantitative cross-sectional research design using a person-centered analytical
approach to examine variations in teachers’ pedagogical performance under the implementation of the Merdeka
Curriculum. Focus of the design was not to test causal relationships among variables, but to identify relatively
homogeneous groups of teachers who shared similar patterns across key pedagogical dimensions. Data were
collected through an online questionnaire administered to vocational high school teachers, followed by
measurement across six domains of pedagogical performance, namely course content, teaching design, video
quality, teaching service, teaching evaluation, and learning effect. Data preparation involved score
standardization, multivariate outlier screening, and correlation checking prior to clustering. K-means cluster
analysis was then applied to classify teachers into distinct pedagogical performance profiles, with the optimal
number of clusters determined using the elbow method. Figure 1 presents the overall research design and
analytical flow of the study, from research design and participant selection to data collection, measurement,
data preparation, clustering procedure, and cluster output.

Participants and Data Sources

The target population comprised teachers of the Office Management and Business Services (OMBS)
program in vocational high schools in Central Java, Indonesia. Based on official data obtained from the provincial
education authority, 32 vocational schools offering the OMBS program constituted the sampling frame. A
purposive sampling technique was used to recruit teachers who were actively involved in implementing the
Merdeka Curriculum in their instructional practice.

Data were collected through an online questionnaire distributed via professional teacher networks and
subject-teacher association groups. The survey was administered during the period from March to June 2024. A
total of 185 invitations were distributed, yielding 143 responses (response rate: 77.3%). Responses were
screened for completeness, and questionnaires with missing responses on one or more core instrument items
were excluded from further analysis. After this screening process, 99 valid questionnaires were retained. The
inclusion criteria required respondents to:

(1) be actively teaching in the OMBS program,

(2) have direct experience implementing the Merdeka Curriculum in classroom practice, and

(3) complete all questionnaire items.

Although efforts were made to include teachers from multiple districts, the use of voluntary
participation may have introduced self-selection bias, as teachers who were more engaged or more confident in
their pedagogical practices may have been more likely to participate. This limitation should therefore be
considered when interpreting the findings.

Measurement

Teachers’ pedagogical performance was measured using a structured questionnaire adapted from Hua
and Ren (2020). In the present study, the instrument was organized into six dimensions: course content, teaching
design, video quality, teaching service, teaching evaluation, and learning effect. The structure of the adapted
questionnaire is summarized in Table 1, including the six pedagogical-performance dimensions and their
measurement focus. All items were rated on a five-point Likert scale ranging from 1 (never) to 5 (always). This
frequency-based format was used to capture the extent to which pedagogical practices were enacted in teaching,
rather than teachers’ subjective perceptions of competence. The instrument adaptation process involved several
stages. First, the original questionnaire was translated from English into Indonesian. Second, item wording was
contextually modified to align with the characteristics of vocational education and the implementation of the
Merdeka Curriculum. Third, the adapted instrument was reviewed by three experts in vocational education and
educational measurement to evaluate item relevance, clarity, and representativeness. Fourth, the instrument
was pilot-tested with a small group of OMBS teachers to assess clarity and contextual suitability. Feedback from
the expert review and pilot testing was used to refine several item labels and wording prior to the main data
collection.

Content validity was established through expert judgment focusing on item relevance, clarity, and
representativeness. Item validity was subsequently examined using corrected item—total correlations, with all
items exceeding the acceptable threshold of 0.30. Internal consistency reliability was assessed using Cronbach’s
alpha, and all dimensions demonstrated coefficients above 0.70, indicating acceptable reliability (Hair et al.,
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2019). Several indicator labels were also refined to improve conceptual clarity in reporting. For example, terms
such as Scientific and Text expression were reformulated into clearer pedagogical descriptors to better reflect
instructional clarity, interaction quality, and digitally supported teaching practices. Inclusion of video quality as
one dimension of pedagogical performance was theoretically justified by the increasing role of technology-
integrated instruction in contemporary teaching, particularly within the TPACK framework, which emphasizes
the integration of pedagogy, content, and technology.

Table 1. presents the variable measurement used in this study.

No Variable Indicators Validity Cronbach’s Alpha
1 Course content a. Teaching goal 0.63 0.84
b. Time mismatch 0.58
c. Content preparation 0.66
d. Scientific 0.61
e. Knowledge 0.64
2 Teaching design a. Interest stimulation 0.69 0.86
b. Teaching method 0.72
c. Example displays 0.65
d. Exercise design 0.67
3 Video quality a. Clarity 0.62 0.81
b. Text expression 0.60
c. Teacher teaching Attitude 0.64
4 Teaching service a. Communication 0.68 0.79
b. Question Answering 0.66
5 Teaching evaluation a. Class Practice 0.70 0.83
b. Final Exam 0.67
6 Learning effect a. Question Answering 0.61 0.85
b. 1. Assignment Completion 0.65
c. 2. Assignment Completion 0.63
d. 3. Assignment Completion 0.66

Data Preapration

Several data preparation procedures were conducted prior to clustering. First, all variables were
standardized using z-scores to ensure comparability across dimensions and to prevent variables with larger
numerical ranges from dominating the clustering solution. Second, multivariate outliers were examined using
Mahalanobis distance. Observations exceeding the critical threshold were evaluated and excluded when
necessary to improve the robustness of the cluster structure. Third, correlation analysis was performed to
examine the relationships among variables and to ensure that no variables were excessively redundant. The
correlation coefficients indicated moderate associations among dimensions, suggesting that each variable
contributed meaningful and non-duplicative information to the clustering procedure.

Data Analysis

Cluster analysis was conducted using the K-means algorithm in SPSS version 24.0 to classify teachers
into relatively similar groups based on their pedagogical performance. This approach was selected because it
enables the identification of distinct performance profiles by grouping individuals with similar characteristics
while maximizing differences across clusters. The optimal number of clusters was determined using the elbow
method based on the total within-cluster sum of squares (SSE). Several solutions ranging from k= 2 to k=5 were
evaluated. The elbow point was identified at k = 3, where the reduction in SSE began to level off, indicating that
additional clusters did not substantially improve the clustering structure. Therefore, a three-cluster solution was
retained for the final analysis.
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The K-means procedure was implemented using random initial centroid selection with a maximum of
100 iterations. A fixed random seed was applied to improve the reproducibility of the analysis. Convergence was
reached when no substantial changes in cluster membership were observed between iterations. The adequacy
of the clustering solution was assessed by examining within-cluster similarity and between-cluster separation.
Lower within-cluster SSE values indicated a relatively high degree of similarity among teachers within the same
cluster, while clear differences between final cluster centers indicated meaningful separation across clusters.
Cluster stability was further examined by repeating the K-means procedure with different initial centroid seeds.
The consistency of the resulting cluster memberships across repeated runs suggested that the three-cluster
solution was sufficiently stable for interpretation.

3. RESULTS
Preliminary Data Screening

Table 2. Correlation Matrix of Research Variables

Variables 1 2 3 4 5 6

1. Course Content 1.000

2. Teaching Design 0.642 1.000

3. Video Quality 0.514 0.587 1.000

4. Teaching Service 0.468 0.532 0.495 1.000

5. Teaching Evaluation 0.553 0.601 0.472 0.546 1.000

6. Learning Effect 0.498 0.573 0.521 0.588 0.615 1.000

Preliminary screening indicated that the dataset was sufficiently clean and analytically appropriate for
cluster modeling. From the initial 143 responses, 100 complete questionnaires remained after listwise screening,
and multivariate outlier detection using Mahalanobis distance identified one extreme case that was excluded,
leaving a final sample of 99 teachers for the cluster analysis. This pattern suggests that most responses were
suitable for analysis, whereas one case showed an atypical multivariate configuration that could have distorted
the distance-based grouping if it had been retained. Sensitivity to extreme observations is a well-recognized issue
in multivariate classification, which is why Mahalanobis-based screening remains an important procedure for
improving the robustness and interpretability of cluster solutions (Cabana et al., 2021).

Correlation analysis further showed that the six pedagogical dimensions were meaningfully related, yet
not redundant, which supports their suitability for clustering. Values reported in Table 2 ranged from 0.468 to
0.642, with the strongest association found between Course Content and Teaching Design (r = 0.642), followed
by Teaching Evaluation and Learning Effect (r = 0.615), whereas the weakest relationship appeared between
Teaching Service and Course Content (r = 0.468). This result indicates that the variables moved in the same
general direction but still represented distinguishable aspects of pedagogical performance, so the data did not
collapse into a single undifferentiated construct. Substantively, the matrix suggests that stronger instructional
planning tended to accompany stronger instructional design, while evaluation practices were closely connected
with perceived learning outcomes. Person-centered and cluster-based studies in education similarly show that
meaningful profiles are more likely to emerge when indicators are theoretically connected but still capture
different facets of professional practice (Chahuan-Jiménez et al., 2025).

Outlier Handling
Table 3. Mahalanobis Distance Calculation Results
N Minimum Maximum Mean SD
Mahalanobis Distance 99 1.11963 19.65616 5.7165356 4.06106544
Valid N (listwise) 99

Multivariate outlier handling showed that the dataset required only minimal refinement before
clustering. One observation exceeded the predefined Mahalanobis distance threshold and was therefore
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classified as an extreme multivariate case. Its exclusion indicates that the overall data structure was generally
well behaved, with only a single response displaying an unusual combination of values across the six pedagogical
dimensions. This step is methodologically important because distance-based procedures such as K-means are
sensitive to extreme observations, and Mahalanobis-based screening remains a recommended approach for
reducing distortion in multivariate classification and improving the robustness of subsequent clustering results
(Cabana et al., 2021).

Robustness checking further showed that the general three-cluster pattern remained stable both before
and after the removal of the outlier, suggesting that the overall cluster structure was not artificially created by a
single extreme case. A more important result, however, was that within-cluster similarity improved after
exclusion, which means that the final solution became more internally coherent and easier to interpret. Values
reported in Table 3 also indicate that the retained dataset had a Mahalanobis distance range from 1.11963 to
19.65616, with a mean of 5.7165 and a standard deviation of 4.0611, supporting the conclusion that the final
analysis based on 99 observations was more stable for profile interpretation. Recent cluster-based educational
studies likewise emphasize that interpretable profiles depend not only on statistical separation, but also on the
stability and internal consistency of the resulting cluster solution (Chahuan-Jiménez et al., 2025).

Cluster Formation and Final Centers

Table 4. Final Cluster Centers

Cluster

1(low) 2 (high) 3 (moderate)
CourseContent 45 57 51
TeachingDesign 21 27 24
VideoQuality 19 25 21
TeachingService 25 31 28
TeachingEvaluation 28 35 31
LearningEffect 29 37 31

K-means clustering was employed to classify teachers based on six dimensions of pedagogical
performance, namely Course Content, Teaching Design, Video Quality, Teaching Service, Teaching Evaluation,
and Learning Effect. Evaluation of several candidate solutions showed that the decline in the within-cluster sum
of squares began to level off at k = 3, indicating that a three-cluster solution provided the most reasonable
balance between simplicity and meaningful differentiation. This result suggests that the data were not best
represented as either a very small number of overly broad groups or a large number of overly fragmented groups.
From an analytical perspective, such a solution is consistent with the primary objective of cluster analysis, which
is to identify relatively homogeneous subgroups while preserving meaningful distinctions between them (Gao et
al., 2023). The corresponding elbow plot should therefore be presented in the revised manuscript to visually
support the selection of the three-cluster model.

Centroid values reported in Table 4 further show that the three-cluster solution was substantively
interpretable across all six dimensions. Cluster 2 consistently displayed the highest composite scores, Cluster 1
the lowest, and Cluster 3 intermediate values, which justified labeling the groups as high, low, and moderate
pedagogical performance, respectively. This consistent ordering indicates that the clusters were not formed
randomly, but reflected a coherent gradient of pedagogical performance across the measured dimensions.
Substantively, the data suggest that teachers in the high-performance cluster demonstrated stronger and more
integrated pedagogical practices across planning, delivery, support, evaluation, and learning-related outcomes,
whereas the low-performance cluster showed weaker performance across the same domains. Recent teacher-
related clustering studies likewise show that centroid-based profiles can provide meaningful and interpretable
distinctions among professional competence groups when the dimensions display consistent relative ordering
across clusters (Chahuan-Jiménez et al., 2025).
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Cluster Membership Distribution

Table 5. Cluster Total

Number of Cases in each Cluster

Cluster 1 35.000
2 27.000
3 37.000

Valid 99.000

Missing 0.000

Cluster membership distribution indicates that teachers were not concentrated in a single dominant
performance profile, but were spread across three relatively distinct groups. Values reported in Table 5 show
that the moderate-performance cluster constituted the largest group with 37 teachers (37.4%), followed closely
by the low-performance cluster with 35 teachers (35.4%), whereas the high-performance cluster comprised only
27 teachers (27.3%). This pattern suggests that most teachers were located in the middle-to-lower range of
pedagogical performance, while a smaller proportion demonstrated consistently stronger performance across
all six dimensions. Substantively, the data imply that implementation of the Merdeka Curriculum had not yet
produced uniformly high pedagogical performance among teachers in the sample, but instead reflected
meaningful heterogeneity in readiness and practice. From a person-centered perspective, such membership
patterns are important because they show the relative prevalence of each profile within the sample and help
identify which groups may require greater developmental support (Gao et al., 2023). Similar cluster-based
studies in teacher competence also report that professional groups often distribute across lower, intermediate,
and higher profiles rather than forming one homogeneous category, thereby providing a more nuanced basis for
interpretation and intervention (Chahuan-Jiménez et al., 2025).

Cluster Differentiation Accros Dimenssion

Table 6. Means ANOVA

Cluster Error F sig

Mean Square df Mean Square df ’
CourseContent 1166.187 2 8.482 96 137.493 .000
TeachingDesign 247.317 2 2.844 96 86.961 .000
VideoQuality 280.026 2 5.950 96 47.060 .000
TeachingService 339.086 2 3.422 96 99.089 .000
TeachingEvaluation 448.442 2 4.332 96 103.525 .000
LearningEffect 570.191 2 5.573 96 102.320 .000

Values reported in Table 6 indicate how strongly each pedagogical dimension contributed to the
differentiation of the three cluster profiles. These ANOVA statistics should be interpreted descriptively, not as
confirmatory inferential tests, because they were generated after the clusters had already been formed as part
of the K-means procedure. In other words, the table is useful for identifying which variables most strongly
separated the profiles, but it should not be used to make formal post hoc significance claims about population-
level group differences (IBM Corp., 2024). From this perspective, the results provide an internal indicator of
cluster distinctiveness rather than an independent test of the model.

Patterns in Table 6 further show that all six variables made meaningful contributions to the three-cluster
solution, although the magnitude of their contribution varied considerably. Course Content displayed the largest
F value (F = 137.493), indicating that it was the strongest discriminator among the clusters, followed by Teaching
Evaluation (F = 103.525), Learning Effect (F = 102.320), and Teaching Service (F = 99.089). Teaching Design (F =
86.961) and Video Quality (F = 47.060) also contributed to cluster separation, although to a lesser extent.
Substantively, this pattern suggests that the three-cluster solution was differentiated across the full set of
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pedagogical dimensions, with instructional content, assessment, and learning-related outcomes playing the most
prominent role in shaping the profiles. Cluster-analytic literature similarly emphasizes that variables with larger
between-cluster relative to within-cluster variation tend to be more influential in defining interpretable subgroup
structures, while recent profile studies in teacher competence likewise use these differences to explain why some
dimensions are more central than others in distinguishing professional groups (Chahuan-Jiménez et al., 2025;
Gao et al., 2023).

Cluster Profile by Pedagogical Dimensions
Course Content Dimension

Table 7. Comparative Analysis of Indicators on the Content Course Variable

Group
Variable Indicators Items
1 2 3
Teaching Goals (Teaching A 113 106 133
Objectives) B 107 102 126
C 108 102 127
Time Mismatch (Consistency A 104 105 127
bet.wegn Content and B 106 103 123
Objectives)
C 99 101 117
D 101 97 113
Course Content Preparation A 112 105 139
content
B 103 105 127
C 95 101 114
Scientific A 108 107 132
B 103 103 124
Knowledge. A 99 95 124
B 107 106 129
C 105 106 134

The Course Content dimension revealed meaningful variation across the three groups, although the
indicator-level pattern should be interpreted with caution. Values in Table 7 show that Group 3 consistently
obtained the highest scores across indicators related to Teaching Goals, Time Mismatch, Content Preparation,
Scientific, and Knowledge, whereas Group 1 generally showed the lowest values and Group 2 tended to occupy
an intermediate position. At the same time, the aggregate centroid pattern in Table 4 identified Cluster 2 as the
high-performance cluster, Cluster 1 as the low-performance cluster, and Cluster 3 as the moderate-performance
cluster. This discrepancy suggests that the item-level totals in Table 7 should be treated primarily as descriptive
evidence of within-dimension variation rather than as a basis for redefining the overall cluster labels. In cluster
analysis, profile interpretation should remain anchored in the overall centroid structure, because cluster
membership is determined by the combined multivariate pattern rather than by isolated indicator counts within
a single dimension (Gao et al., 2023).

Substantively, the pattern in Table 7 indicates that differences in pedagogical performance were closely
associated with the quality of instructional preparation, coherence between content and learning objectives, and
adequacy of subject-related knowledge. These aspects are central to effective teaching because stronger
alignment between objectives, learning content, and instructional design supports clearer pedagogical direction
and more coherent learning experiences (Pérez-Alvarez et al., 2020). Relevance of this dimension becomes even
stronger in the context of the Merdeka Curriculum, where teachers are expected to adapt content flexibly while
still maintaining coherence among objectives, materials, and students’ learning needs (Cholilah et al., 2023).
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Taken together, the results suggest that the course content dimension functioned as an important marker of
pedagogical differentiation, even though the item-level group ordering requires careful interpretation against
the broader cluster solution.

Teaching Design Dimension

Table 8. Comparison of Indicators on the Teaching Design Variable

Variable Indicators Items Group
1 2 3
Teaching Design  Interest Stimulation A 107 103 128
B 102 101 115
Teaching Method A 92 99 106
B 103 103 122
C 108 104 122
Example Display A 111 106 135
B 113 107 137
Exercise Design A 108 104 131
B 107 103 132

The Teaching Design dimension also revealed meaningful variation across the three groups. Values in
Table 8 show that Group 3 generally obtained the highest scores on Interest Stimulation, Example Display, and
Exercise Design, whereas the Teaching Method indicators displayed a more uneven pattern across groups. This
result suggests that teachers were relatively more consistent in presenting examples and designing exercises
than in varying instructional methods. Interpretation of the item-level pattern should nevertheless remain
cautious, because the broader centroid structure in Table 4 identifies Cluster 2 as the high-performance group,
Cluster 1 as the low-performance group, and Cluster 3 as the moderate-performance group. For that reason, the
distribution in Table 8 is better read as descriptive evidence of variation within the teaching design dimension
rather than as a basis for redefining the overall cluster labels. Cluster interpretation should remain anchored in
the multivariate centroid pattern, since cluster membership is determined by the combined contribution of all
dimensions rather than by a single set of item frequencies (Gao et al., 2023).

Substantively, the pattern in Table 8 indicates that stronger pedagogical performance was associated
with more developed instructional design, especially in terms of stimulating student interest, selecting
appropriate teaching methods, and structuring meaningful learning activities. Importance of this dimension is
consistent with recent literature emphasizing that effective instructional design depends on coherence between
learning goals, activities, and pedagogical strategies, as well as the teacher’s ability to organize learning
experiences that actively engage students (Pérez-Alvarez et al., 2020). Relevance of these findings is particularly
strong in the context of the Merdeka Curriculum, which expects teachers to design flexible, student-centered
learning that responds to learners’ needs while maintaining pedagogical coherence (Cholilah et al., 2023). Taken
together, the results suggest that differences in pedagogical performance extended beyond content preparation
and were also reflected in how teachers designed and structured learning experiences in practice.

Video Quality Dimension

The Video Quality dimension also contributed meaningfully to cluster differentiation. Values reported
in Table 9 show variation across the indicators of Clarity, Text Expression, and Teachers’ Teaching Attitude, with
Group 3 generally obtaining higher item-level scores and Group 1 showing lower scores across most items. This
pattern indicates that differences among teachers were not limited to content planning or instructional design,
but also extended to the quality of their digitally mediated instructional presentation. Interpretation of the item-
level results should nevertheless remain cautious, because the broader centroid structure in Table 4 still
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identifies Cluster 2 as the high-performance group, Cluster 1 as the low-performance group, and Cluster 3 as the
moderate-performance group. For that reason, the distribution in Table 9 is better understood as descriptive
evidence of variation within the video quality dimension rather than as a basis for changing the overall cluster
labels.

Substantively, the pattern in Table 9 suggests that stronger pedagogical performance was associated
with clearer presentation, better textual support, and a stronger quality of instructional delivery in video-based
learning materials. Relevance of this finding is consistent with recent literature showing that effective
technology-integrated teaching depends not only on access to digital tools, but also on the teacher’s ability to
combine pedagogical and technological knowledge in ways that enhance clarity, interaction, and learning quality
(Cebi et al., 2022; Jiménez Sierra et al., 2023). Seen from this perspective, the video quality dimension should not
be reduced to a purely technical feature. A more appropriate interpretation is that digitally mediated
instructional quality formed one meaningful component of broader pedagogical performance under the
Merdeka Curriculum, where teachers are increasingly expected to present learning in flexible and pedagogically
coherent ways.

Table 9. Comparison Analysis of Indicators in the Video Quality Variable

Variable Indicators Items Group
1 2 3
Video Quality Clarity A 87 88 101
B 92 92 109
C 95 99 112
Text expression A 97 98 110
B 96 99 113
Teachers' teaching attitude A 99 98 113
B 100 101 111

Teaching Service Dimension

Table 10. Comparison Analysis of Indicators on the Teaching Service Variable

Variable Indicators Items Group
1 2 3
Teaching Service Communication A 111 108 140
B 109 107 130
C 105 105 126
D 107 104 129
E 112 108 132
Question answering A 106 107 128
B 103 103 119
C 111 104 133

The Teaching Service dimension showed comparatively strong performance across the three groups,
particularly on the Communication indicators reported in Table 10. Scores for Question Answering were also
relatively positive, although several items remained slightly lower than those for general communication. Item-
level values again indicate that Group 3 tended to obtain higher scores than the other groups, while Group 1
generally showed lower values. Interpretation of this pattern should nonetheless remain cautious, because the
broader centroid structure in Table 4 still identifies Cluster 2 as the high-performance group, Cluster 1 as the
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low-performance group, and Cluster 3 as the moderate-performance group. For that reason, the distribution in
Table 10 is better understood as descriptive evidence of variation within the teaching service dimension rather
than as a basis for redefining the overall cluster labels. Overall, the results suggest that teacher—student
interaction was a relatively strong aspect of pedagogical practice, while responsiveness to students’ questions
still appeared less consistent in some groups.

Substantively, the pattern in Table 10 indicates that pedagogical performance under the Merdeka
Curriculum involved not only instructional planning and delivery, but also the quality of interpersonal support
provided during learning. Relevance of this dimension is supported by recent literature showing that teachers’
interpersonal communication skills are closely associated with students’ perceived teacher support and
classroom engagement, both of which are important for effective learning environments (Le et al., 2022).
Importance of communicative and supportive interaction is also consistent with the student-centered
orientation of the Merdeka Curriculum, which expects teachers to create responsive and meaningful learning
experiences rather than rely only on one-way instruction (Cholilah et al., 2023). Taken together, the results
suggest that stronger pedagogical performance was reflected not only in what teachers taught, but also in how
they communicated, responded, and supported students during the learning process.

Teaching Evaluation Dimension

Table 11. Comparative Analysis of Indicators for the Teaching Evaluation Variable

Variable Indicators Items Group
1 2 3
Teaching Evaluation Class practice A 106 105 123
B 99 98 116
C 108 108 130
D 110 107 125
E 109 107 125
F 108 106 131
Final exam. A 109 106 136
B 107 106 126
C 107 107 129

The Teaching Evaluation dimension displayed a clear descriptive pattern across the three groups. Values
reported in Table 11 show that the indicators under Class Practice and Final Exam tended to be higher in Group
3andlowerin Group 1, suggesting that evaluative practices were implemented more consistently in some groups
thanin others. Interpretation of this pattern should nevertheless remain cautious, because the broader centroid
structure in Table 4 identifies Cluster 2 as the high-performance group, Cluster 1 as the low-performance group,
and Cluster 3 as the moderate-performance group. For that reason, the item-level distribution in Table 11 is
better treated as descriptive evidence of variation within the teaching evaluation dimension rather than as a
basis for relabeling the overall clusters. A more defensible interpretation is that assessment-related practices
contributed meaningfully to differentiating the three pedagogical profiles, even though the item-level ordering
does not fully mirror the aggregate cluster labels.

Substantively, the pattern in Table 11 indicates that evaluation practices formed an important part of
the cluster structure, particularly through differences in the consistency of classroom practice and final-exam-
related assessment. Relevance of this finding is consistent with recent literature emphasizing that effective
evaluation depends on coherence between instructional objectives, learning activities, and assessment practices,
because stronger alignment allows teachers to monitor learning more meaningfully and support instructional
decision-making (Pérez-Alvarez et al., 2020). Importance of this dimension is also compatible with recent work
showing that teachers’ assessment practices shape the quality of classroom teaching and students’ learning
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experiences, especially when assessment is implemented as an integrated part of instruction rather than as a
separate administrative task (Bahati et al., 2024). In the context of the Merdeka Curriculum, these results suggest
that stronger-performing teachers were more able to connect teaching and evaluation in a coherent way, which
may reflect better alignment between instruction and assessment in classroom practice (Cholilah et al., 2023).

Learning Effect Dimension

The Learning Effect dimension also differentiated the three cluster profiles, although the item-level
pattern should be interpreted with caution. Values reported in Table 12 show variation across indicators related
to the rationality of question frequency, homework participation, homework completion, and passing the exam,
with Group 3 generally displaying higher item-level scores and Group 1 showing lower values across most
indicators. This pattern suggests that perceptions of learning-related outcomes varied in line with broader
differences in pedagogical performance. A cautious reading is still necessary, however, because the broader
centroid structure in Table 4 identifies Cluster 2 as the high-performance group, Cluster 1 as the low-performance
group, and Cluster 3 as the moderate-performance group. For that reason, the distribution in Table 12 is better
treated as descriptive evidence of variation within the learning effect dimension rather than as a basis for
changing the overall cluster labels. A more defensible interpretation is that the three clusters differed not only
in planning and instructional delivery, but also in the learning-related effects associated with pedagogical
practice.

Substantively, the pattern in Table 12 indicates that stronger pedagogical performance was associated
with more favorable scores in student questioning, homework participation, homework completion, and exam-
related outcomes. Interpretation of this dimension should remain closely tied to the reported indicators
themselves, rather than extended to broader constructs not explicitly measured in the table. Relevance of these
findings is supported by recent literature showing that homework engagement and completion are meaningfully
related to students’ academic achievement and learning development, particularly when learning activities are
organized consistently and supported by teachers (Valle et al., 2024). Related evidence also shows that teacher
support and classroom interaction are closely linked to student engagement, which helps explain why learning-
related outcomes may vary across pedagogical profiles (Le et al., 2022). Taken together, the results suggest that
the cluster solution captured differences not only in teaching processes, but also in the learning effects
associated with those pedagogical practices.

Table 12. Comparison Analysis of Indicators for the Learning Effect Variable

Group
Variable Indicators Items
1 2 3
Learning The rationality of the A 104 102 118
Effect frequency of questions B 105 101 116
The level of homework A 93 95 103
participation B 101 100 115
C 99 102 111
The level of homework A 96 97 110
completion B 101 98 118
C 107 103 116
Moreover, passing the exam. A 95 100 112
B 107 106 118
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4. DISCUSSION
Teacher Readiness in Implementing the Merdeka Curriculum

The findings reveal variation in teachers’ pedagogical performance in implementing the Merdeka
Curriculum, as reflected in the distribution of clusters: low (35.4%), moderate (37.4%), and high (27.3%). This
distribution indicates that teacher readiness was not uniform across the sample and suggests that
implementation of the Merdeka Curriculum occurred through different levels of pedagogical performance.

Previous studies have similarly shown that curriculum reform is often enacted unevenly across
educational settings and teacher groups (Darling-Hammond et al., 2017; Konig et al., 2021). The present findings
support that general observation by showing that vocational teachers in this study did not form a single
pedagogical profile, but instead were distributed across three distinguishable performance groups. Related
evidence also suggests that teachers may encounter difficulties when adapting instructional practices during
periods of educational change (Yulin & Danso, 2025). In the present study, such variation appears in the cluster
structure rather than in a uniform pattern of readiness. The findings may also be interpreted conceptually
through the TPACK framework, which emphasizes the interrelationship among content, pedagogy, and
technology in teaching (Koehler et al.,, 2013). The cluster differences observed in this study suggest that
pedagogical performance under the Merdeka Curriculum involved multiple dimensions rather than a single
teaching capability. Recent studies also indicate that teachers often encounter challenges in integrating
technology into pedagogically meaningful practice (Jiménez Sierra et al.,, 2023). For that reason, teacher
readiness in this context is more appropriately understood as a multidimensional construct.

Course Content Dimension and Pedagogical Content Knowledge

The analysis of the course content dimension indicates that differences across clusters were closely
associated with instructional goal formulation, alignment between content and objectives, content preparation,
and knowledge-related indicators. These aspects are particularly important in the Merdeka Curriculum, where
teachers are expected to organize learning content flexibly while still maintaining pedagogical coherence and
relevance to students’ needs. Although the item-level pattern in Table 7 should be interpreted cautiously, the
overall centroid structure still shows that stronger-performing clusters achieved better scores on course content
than lower-performing clusters. This pattern suggests that variation in pedagogical performance was not merely
a matter of delivery style, but was also rooted in how effectively teachers prepared, structured, and aligned
instructional content before classroom implementation.

Conceptually, this finding can be understood through the lens of pedagogical content knowledge, which
emphasizes the integration of subject matter and pedagogy in effective teaching. Previous studies have shown
that stronger pedagogical content knowledge is associated with better instructional design and higher teaching
quality (Hattie & Donoghue, 2016). Present results similarly suggest that teachers differed in the extent to which
they were able to prepare and organize content in pedagogically meaningful ways, especially in relation to
coherence between objectives, materials, and knowledge representation. Related evidence has also shown that
teachers may experience difficulty when adapting subject-related knowledge to changing educational contexts
and emerging instructional demands (Chiu, 2021; Li et al., 2025). These findings therefore imply that
performance differences in the course content dimension reflect not only differences in planning quality, but
also differences in teachers’ capacity to translate subject knowledge into instruction that is coherent, adaptive,
and educationally relevant.

Digital Pedagogy and the Role of Video Quality

The findings on video quality indicate that digitally mediated instructional presentation formed a
meaningful component of pedagogical performance in this study. Differences across the clusters were visible in
clarity, text presentation, and teaching attitude, suggesting that teachers varied in how effectively they designed
and delivered video-based learning materials. Performance in this dimension was weaker in the low-performance
cluster and stronger and more consistent in the high-performance cluster, which implies that digital presentation
quality was not merely an auxiliary feature of teaching, but one of the dimensions through which broader
pedagogical differences became visible. This pattern suggests that teachers who demonstrated stronger overall
pedagogical performance were also more capable of producing instructional materials that were clearer, more
accessible, and more supportive of student learning. Conceptually, this pattern is consistent with literature
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emphasizing the importance of digital competence and technology-integrated pedagogy in effective instruction
(Cebi et al., 2022). Seen through the TPACK perspective, the differences across clusters may be interpreted as
reflecting variation in how teachers combined pedagogical and technological knowledge in practice (Koehler et
al., 2013). Present findings therefore suggest that digital pedagogy should be understood as one component of
broader pedagogical performance rather than as a purely technical attribute, because the quality of video-based
instruction depends not only on technical presentation, but also on the teacher’s ability to integrate clarity,
pedagogy, and communication into meaningful learning experiences.

Implications

The cluster structure identified in this study provides an empirical basis for differentiated professional
development strategies. Since the findings show heterogeneous levels of pedagogical performance across six
dimensions, a uniform approach to teacher development may be less effective than a profile-based approach.
Teachers in the low-performance cluster may require more foundational support in instructional preparation,
teaching design, digital pedagogy, and evaluation practice. Teachers in the moderate-performance cluster may
benefit from programs that strengthen the integration of content-related preparation, adaptive instructional
design, and digitally supported teaching. Teachers in the high-performance cluster, who demonstrated stronger
performance across dimensions, may represent a potential resource for collaborative learning within schools,
although this implication should be interpreted cautiously because mentoring roles were not directly examined
in the study. This interpretation is broadly aligned with the argument that effective professional development
should be context-specific, sustained, and responsive to teachers’ existing competencies rather than based on a
one-size-fits-all model (Desimone & Garet, 2015). Practice-based and collaborative approaches have also been
discussed as promising ways to strengthen technology, pedagogy, and content integration in teaching (Scherer
et al., 2023; Tondeur et al., 2017; Geletu, 2026; Wang et al., 2026)

Limitations and Future Research

This study has several limitations that should be considered when interpreting the findings. First, the
data were collected using a voluntary online survey distributed through WhatsApp, which may introduce
sampling bias. Participants who chose to respond may differ systematically from those who did not participate.
Similar limitations have been noted in prior studies using self-selected survey samples in educational research
(Hiratsuka, 2025). Second, the study relies on self-reported measures of pedagogical performance. Although self-
report instruments are widely used in educational research, they may be subject to social desirability bias and
individual perception differences. Previous research suggests that combining self-reported data with
observational or performance-based measures can improve the validity of findings (Baldwin et al., 2017; Kislaya
etal., 2021). Third, the use of cluster analysis provides a useful framework for identifying patterns of pedagogical
performance; however, the results are sensitive to the selected variables and clustering parameters. As noted in
recent methodological studies, cluster solutions should be interpreted as exploratory rather than definitive
representations of population structure (Sarstedt et al., 2019).

Finally, this study focuses on teachers within a specific vocational education context in Central Java,
which may limit the generalizability of the findings to other educational settings. Future research is
recommended to validate these cluster patterns in different regions and educational levels, as well as to
incorporate longitudinal designs to examine how teacher performance evolves over time (Scherer et al., 2023;
Tondeur et al., 2017). Despite these limitations, the study provides a structured empirical contribution by
demonstrating that teacher pedagogical performance is not homogeneous but varies across distinct clusters,
each with specific developmental needs.

5. CONCLUSION

This study contributes to understanding teacher readiness for implementing the Merdeka Curriculum by
identifying distinct profiles of pedagogical performance through a cluster-based approach. The findings reveal
three pedagogical performance clusters among vocational teachers: low-performance, moderate-performance,
and high-performance. This pattern indicates that teachers’ pedagogical performance varies across the sample
and that readiness for curriculum implementation is not uniform. The results further show that the identified
clusters differ across multiple dimensions, including course content, teaching design, video quality, teaching
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service, teaching evaluation, and learning effect. These differences suggest that pedagogical performance in the
context of the Merdeka Curriculum is multidimensional and reflects variation in how teachers plan, implement,
support, and evaluate learning. In particular, the low-performance cluster was characterized by comparatively
weaker performance across dimensions, the moderate-performance cluster showed a balanced but less
consistent profile, and the high-performance cluster demonstrated stronger and more integrated pedagogical
practices.

From a methodological perspective, the study shows that a cluster-based approach can provide a
differentiated picture of pedagogical performance by identifying groups of teachers with relatively similar
performance profiles. This perspective extends existing research on teacher performance, particularly in
vocational education, by moving beyond average tendencies and highlighting meaningful variation among
teachers. From a practical perspective, the findings suggest that professional development may be more effective
when aligned with the characteristics of different teacher profiles. Teachers in the low-performance cluster may
require more foundational support in instructional design, digital pedagogy, and evaluation practices, whereas
teachers in the moderate cluster may benefit from further support in strengthening adaptive and integrated
teaching practices. Teachers in the high-performance cluster may also represent a valuable resource for
collaborative professional learning within schools. Several limitations should be acknowledged. The use of
voluntary sampling through an online WhatsApp-based survey may have introduced self-selection bias, and the
focus on one regional vocational context may limit the broader transferability of the findings. In addition, the
study relied on self-reported data, which may be influenced by response bias. Future research is therefore
recommended to examine pedagogical performance using more diverse samples, complementary data sources,
and broader methodological approaches, particularly in relation to digital pedagogy and technology-integrated
teaching. Overall, the study suggests that teacher readiness for curriculum implementation may be meaningfully
interpreted through distinct pedagogical performance profiles, highlighting the importance of more targeted and
context-responsive professional development strategies.
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