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INTRODUCTION

Teacher quality is widely recognized as a key determinant of student achievement and overall
educational improvement. In Indonesia, the Teacher Professional Education Program (TPEP) has been
established as the primary pathway for preparing and certifying teachers across disciplines (C. F. Chang
et al., 2024; Mardhiah et al., 2023). Mandated by national law, the program ensures that teachers acquire
four essential competencies: pedagogical, professional, personal, and social (Basikin, 2024; Sari et al.,
2023). While TPEP has significantly contributed to strengthening teacher quality, it continues to face
challenges related to implementation, curriculum alignment, and the diverse academic backgrounds of
its participants.

A distinctive feature of the program is its dual intake system, which accommodates both
graduates from educational faculties and those from non-educational backgrounds (Agustiani, 2024).
This policy responds to the urgent demand for qualified teachers, particularly in physics education where
shortages remain acute (Simanjorang et al., 2020; Yuniawatika et al., 2022; Ishartono et al., 2026).
Physics is a particularly instructive case for examining this policy because it combines a persistent
national teacher shortage with content that is widely regarded as conceptually demanding, making the
question of whether non-educational-background graduates can be brought to comparable pedagogical
competence especially consequential for policy. However, it also raises critical questions regarding
comparative readiness and competence. Non-educational graduates often encounter greater challenges
in classroom practice, particularly in pedagogy and instructional strategies (Julia et al., 2020). Their
teaching relies more on transferable skills such as communication, interpersonal abilities, and leadership,
yet they frequently lack systematic training in pedagogy and curriculum design (Evens et al., 2018).
Consequently, these graduates require supportive environments and structured mentorship to develop
the competencies necessary for effective teaching. It should be noted, however, that non-educational-
background graduates constitute a small minority of TPEP physics enrollees nationally, a numerical
imbalance that is examined further in the Method and Discussion sections below.

In contrast, educational graduates typically demonstrate stronger initial readiness due to
structured exposure to pedagogy, curriculum development, and classroom management during
undergraduate studies. Their preparation not only provides a solid foundation in subject content but also
equips them with teaching methodologies that enhance confidence and effectiveness (Julia et al., 2020;
Simanjorang et al., 2020). Nonetheless, the assumption that educational graduates consistently
outperform their non-educational counterparts has not been consistently confirmed by prior empirical
comparisons, and the small number of directly comparative studies makes it difficult to draw firm
conclusions either way. Existing studies on teacher professional education in Indonesia have largely

focused on program design, implementation challenges, and certification outcomes (Abidin et al., 2023;
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Loughran, 2020), leaving a gap in understanding how differences in academic background influence
TPEP performance. Where prior work has examined related populations, it has typically addressed either
pre-service instructional decision-making or discipline-specific content-knowledge development rather
than background-based comparisons within a certification program (Estapa & Davis, 2023; Schiering et
al., 2023), which is the specific gap the present study addresses. Furthermore, limited attention has been
given to institutional variation and other predictors such as academic test performance or recency of
graduation that may shape Pedagogical Content Knowledge (PCK), a construct that has itself been
extensively theorized but less often examined empirically in relation to these structural and temporal
factors (Abidin et al., 2023; Loughran, 2020).

Theoretically, this issue can be framed through Pedagogical Content Knowledge (PCK), a
concept introduced by Shulman (1986). PCK highlights the integration of subject matter knowledge with
pedagogical strategies as the foundation of effective teaching (Abidin et al., 2023; Hubbard, 2018;
Ningsih et al., 2020). Research on teacher professional development further emphasizes that PCK is
shaped not only by initial training but also by contextual factors, professional experiences, and
institutional support. These insights underscore the importance of examining both background and
institutional influences when evaluating teacher education outcomes (Krepf et al., 2018; Ningsih et al.,
2020). This framework also motivates the specific variables examined in this study: undergraduate
background is treated as a proxy for the type and depth of prior pedagogical training; UTUL, an
academic-mastery measure, is treated as an indicator of the subject-matter-knowledge component of
PCK; UKIN, a practicum-based teaching-performance measure, is treated as an indicator of the applied,
classroom-enactment component of PCK; institutional affiliation is treated as a proxy for variation in
program delivery and support; and year of graduation is treated as a proxy for the recency of formal
training. Framing the variables this way clarifies why each was expected to relate to PCK, while also
acknowledging that none of them measures the PCK construct directly.

Against this backdrop, the present study aims to map the performance of physics graduates with
educational and non-educational backgrounds in the TPEP program across 31 Indonesian universities.
Specifically, it investigates (1) differences in PCK, UKIN, and UTUL scores between the two groups,
(2) institutional variations in outcomes, (3) the predictive power of background, year of graduation, and
academic scores on PCK, and (4) graduate profiling through cluster analysis. By addressing these issues,
the study contributes empirical, program-level evidence on a comparison that has rarely been examined
directly within a single national TPEP cohort, offering a descriptive and associational basis that can

inform, though not by itself determine, discussions of teacher professional education policy.
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METHOD

This study employed a quantitative ex post facto design to analyze the performance of physics
graduates in the Teacher Professional Education Program (TPEP). The focus was on mapping
differences between graduates with educational and non-educational backgrounds, as well as identifying
institutional variations and predictors of pedagogical content knowledge (PCK).

a. Participants

The study involved 728 physics graduates from 31 universities (LPTKSs) across Indonesia who
completed the TPEP program. Of these, 661 (90.8%) held an educational background and 67 (9.2%)
came from non-educational backgrounds. The participants represented diverse graduation years, which
allowed for analysis of temporal effects on performance. The 728 graduates represent the complete set
of physics-track TPEP completers with fully recorded assessment data available in the national TPEP
administrative dataset for the covered period across the 31 participating LPTKSs; participants were not
additionally sampled or selected from a larger eligible pool beyond the completeness criterion described
in the Procedure below. This should be understood as a population-level administrative dataset for this
specific program track and period rather than a probability sample, which affects how findings
generalize. The resulting 10:1 imbalance between educational- and non-educational-background
graduates reflects the actual enrollment composition of the program rather than a sampling artifact, but
it is nonetheless an important methodological consideration: it reduces statistical power to detect
differences involving the smaller group, and it was addressed directly by examining equality-of-variance
assumptions before interpreting the group-comparison tests reported below (see Data Analysis).

b. Instruments and Data Sources

Secondary data were obtained from official TPEP assessment records. Three main assessment
components were used: (1) Pedagogical Content Knowledge (PCK) test scores, (2) UKIN (performance-
based teaching practicum scores), and (3) UTUL (academic test scores). These instruments are
standardized components of the national TPEP evaluation system and are used for certification purposes.
Data also included participant background (educational vs non-educational), university affiliation, and
year of graduation. PCK is assessed through a standardized written examination targeting participants'
integration of subject-matter and pedagogical knowledge, scored on a 0-100 scale. UKIN is a
performance-based assessment of actual classroom teaching practice during the TPEP practicum,
conducted by trained assessors using a structured rubric and scored on a 0-100 scale. UTUL is a
standardized academic-mastery test of physics content knowledge, also scored on a 0-100 scale. All
three instruments are administered nationally as mandatory components of TPEP certification under the
Ministry of Education, Culture, Research, and Technology's assessment framework; as centrally

administered certification instruments, their scoring procedures are standardized across institutions,
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though participant-level psychometric evidence (e.g., item-level reliability coefficients) was not
available in the secondary dataset used for this study and is noted as a limitation below.
c. Procedure

Data collection was carried out by compiling official assessment results from the TPEP system.
To ensure quality, only complete datasets with information on background, institution, and all three
assessment scores were included in the analysis. Data were cleaned, coded, and categorized before
statistical testing. A complete-case approach was used: records missing any of background, institutional
affiliation, or one of the three assessment scores were excluded prior to analysis. The administrative
dataset provided by the Directorate General of Higher Education did not retain a separable log of
excluded incomplete records distinct from the final analytic file, so the exact number and characteristics
of excluded cases cannot be reported retrospectively; this is acknowledged as a limitation, since a
complete-case approach can introduce selection bias if missingness is not random with respect to
background or institution.

d. Data Analysis

Analysis was done using SPSS and Python statistical software. The use of descriptive statistics
was done to describe the participants and obtain score results. An independent t-test was performed on
educational and non-educational graduates. Given the substantial imbalance between the two
background groups (n = 661 vs. n = 67), Levene's test for equality of variances was examined prior to
interpreting each t-test, and results were interpreted in light of this imbalance rather than assuming equal
variances by default. One-way ANOVA was used to analyze institutional differences, addressing the
research question on institutional variation, while two-way ANOVA was used to investigate the
interaction effect of background and institutions; because several of the 31 universities contributed few
non-educational-background graduates, cell sizes for some university-by-background combinations
were small, and interaction results were interpreted with this sparse-cell limitation in mind. Analysis of
covariance was done in order to control the year of graduation, addressing the predictive-power research
question alongside the subsequently reported regression model, and finally, regression analysis was used
to predict factors statistically associated with PCK. Cluster analysis was done to group the profiles of
the graduates according to their PCK and UTUL score, the two variables that were entered into the

clustering procedure and consistently reported in the corresponding Results subsection.

RESULTS & DISCUSSION
This section presents the empirical findings of the study, beginning with participants'
demographic profile, followed by descriptive statistics, comparative analyses, institutional mapping,

regression modeling, and graduate profiling through cluster analysis. The results are subsequently
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interpreted in relation to previous studies and the theoretical framework of Pedagogical Content
Knowledge (PCK).
Findings
a. Profile of Participants

Before moving on to the comparative and inferential analysis, it is important to first discuss the
characteristics of the research participants in order to give a complete profile of the data set. This is
important since the characteristic of the participants will determine the context in which the statistical
analysis that follows will be considered. With regard to studies dealing with teacher professional
education, participant characteristics such as educational background and institutional affiliation can
influence how results will be interpreted as well as the generalizability of the results (Aydin-Gunbatar
et al., 2020). For this reason, profiling the participants will help the readers to determine the
representativeness of the participants used in the study and have an idea of the diversity of the
participants in the analysis. In this case, participants came from different Teacher Education Institutions
(LPTKSs) from across Indonesia and they are from graduates of educational background and non-
educational backgrounds. Looking at the characteristics of the participants gives us some clues regarding
the balance of comparison groups and the institutional representation in the analysis. This is important

in the interpretative stage of PCK, UKIN, UTUL, institutional differences, and graduate profile analysis.

Table 1. Distribution of Educational Backgrounds

Educational Background Count Percentage (%)
Educational 661 90.8
Non-Educational 67 9.2
Total 728 100.0

The participants' profile in Table 1 shows that the Teacher Professional Education (TPEP) for
physics teachers program is composed mainly of graduates from an educational background, which is
90.8% of the whole sample, whereas those from a non-educational background only compose 9.2%.
This composition is reflective of the current recruitment strategy for teachers in Indonesia wherein the
graduates from teacher education institutions continue to become the main sources of applicants for
professional education programs. The much smaller percentage of non-educational graduates also
indicates that although there have been attempts to open up new channels to solve teacher shortages
especially on science teaching, this has not yet materialized (Su, 2023). Nonetheless, the existence of
these two groups of participants presents an important opportunity to see if there are differences in terms
of their competence in their professional education in relation to their different backgrounds in

undergraduate education. The substantial sample size, which consists of 728 participants from 31
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universities, also provides a robust foundation of the dataset, making subsequent statistical analyses
reliable. Additionally, the unbalance in group size also mirrors the real-world situation rather than
sampling bias and therefore, enhances ecological validity of the research results (Ong & Annamalai,
2024). Thus, the participant composition becomes a suitable starting point in investigating if educational
background has an impact on PCK, UKIN, and UTUL while at the same time providing an opportunity
to analyze institutional differences in the later parts of this dissertation.

While the general composition of participants in terms of their educational backgrounds has
provided some insight about the sample structure, it does not show the diversity of institutions
participating in the study. As mentioned, the participants in the study were recruited from 31 Teacher
Education Institutions (LPTKSs) in Indonesia and therefore, it becomes necessary to first examine how
they are distributed across universities before making any comparative and inferential analysis. Knowing
this institutional distribution is critical since difference in participant composition can affect the
interpretation of the analysis of the institutions in the next part of the discussion. Universities with more
participants make a larger contribution to the overall dataset while those with smaller participants are
more varied due to small sample sizes. Consequently, looking at the distribution of participants across
universities can highlight the extent of the institutional coverage obtained in this study. The distribution

is shown in Figure 1.

Distribution of Participants by University (LPTK)

Universitas Negeri Semarang
Universitas Negeri Padang
Universitas Negeri Malang

Universitas Negeri Makassar
Universitas Ahmad Dahlan
Universitas Jember
Universitas Negeri Medan
Universitas Negeri Surabaya
Universitas Katolik Widya Mandala Surabaya
Universitas Syiah Kuala
Universitas Pendidikan Indonesia
Universitas Nusa Cendana
Universitas Bengkulu
Universitas PGRI Palembang
Universitas PGRI Kanjuruhan Malang
Universitas Lampung
Universitas Jambi
Universitas Hamzanwadi
Universitas Sebelas Maret
Universitas Riau
Universitas Muhammadiyah Prof. Dr. Hamka
Universitas Negeri Gorontalo
Universitas Tanjungpura
Universitas Lambung Mangkurat 4
Universitas Tadulako
Universitas Pendidikan Ganesha A
Universitas Pattimura
Universitas Palangka Raya A
Universitas Halu Oleo 1
Universitas Mulawarman A
Universitas Musamus Merauke A ; . . ; . ; . .

0 10 20 30 40 50 60 70 80
Number of Participants

University (LPTK)

Figure 1. Distribution of Participants by University

Figure 1 below shows the representation of participants in the sample from among the 31

institutions of higher learning, i.e., LPTKSs. It is evident that there were wide variations in the number of
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participants obtained from each institution, which means that there was an uneven distribution of
participants in the research. Universitas Negeri Semarang had the highest representation of participants,
followed by Universitas Negeri Padang and Universitas Negeri Malang, while other institutions like
Universitas Palangka Raya, Universitas Halu Oleo, Universitas Mulawarman, and Universitas Musamus
Merauke had very few participants. This type of representation is actually reflective of how many
participants actually enrolled in the national TPEP program. This wide representation of institutions will
make the external validity of the study better since it includes various types of institutions involved in
teacher education in various geographical and educational settings in Indonesia. At the same time, this
variation might imply that certain institutional factors could have caused some institutions to contribute
more participants than others (Komarudin & Suherman, 2024). For example, some institutions might be
more capable than others in providing participants due to certain institutional factors like the size of the
program, recruitment strategy, availability of resources, and demand for physics teachers in a certain

region.

b.  Descriptive Analysis of Scores

After introducing participant characteristics, the next phase will be to analyze the descriptive
statistics on the three components of assessment that were done as part of the Teacher Professional
Education (TPEP) program, which include Pedagogical Content Knowledge (PCK), teaching practicum
assessment (UKIN) and academic competency examination (UTUL). The descriptive statistics provide
an early look at the performance of the participants by giving an indication of the score distributions and
measures of central tendencies without making any inferential analysis (Nkundabakura et al., 2024).
This is a very crucial phase of the study because it helps to provide an objective comparison between
the graduates of educational programs and those of non-educational programs in terms of overall
achievement. Apart from giving an idea about the difference in the means of two groups, the descriptive
statistics also give an idea about the variability of scores and the range of performances of the two
groups. Thus, the descriptive statistics in this section provide an initial picture of the performance of the
graduates in the three competency components.

Descriptive statistics of the performance of participants in three assessment components in the
Teacher Professional Education (TPEP) program are shown in Table 2 above. Generally, participants
who graduated with both educational and non-educational degrees had very similar performance in terms
of PCK, teaching practicum (UKIN) and academic competency (UTUL). This study's own descriptive
comparison shows that although graduates of non-educational programs got a slightly better mean score
for PCK, the difference between two groups is very insignificant relative to their standard deviations (cf.
Mabhler et al., 2024, who similarly report overlapping score distributions across comparably

heterogeneous entry-background groups in a related certification context). This means that both
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distributions of scores should have considerable overlap. In addition, the differences in mean scores for
UKIN and UTUL were insignificant, which suggests that graduates from both types of universities
demonstrated very similar performance in teaching and academics. In other words, the score ranges of
participants suggest that both groups include people who are either low-, moderate-, or high-achievers.
Hence, at the descriptive level, the data show that the type of undergraduate degree can hardly make a
difference in participants' performance in TPEP. On the contrary, these homogeneous score distributions
can be explained by professional education. However, it does not mean that these differences are
statistically significant. Descriptive statistics alone can tell very little about the significance of a
difference (Li & Copur-Gencturk, 2024). In other words, to test whether these differences exist, it is

necessary to conduct inferential analyses.

Table 2. Descriptive Statistics of Scores by Educational Background

Statistic Non-Educational (n = 67) Educational (n = 661)
PCK (Mean + SD) 60.10 = 7.06 59.36 £ 6.91

PCK (Min—Max) 40.7-76.26 36.1 -79.67

UKIN (Mean + SD) 81.76 +4.38 82.05+4.21

UKIN (Min—Max) 71.7-91.2 66.7-85.0

UTUL (Mean + SD) 68.90 + 4.68 68.74 + 4.41

UTUL (Min—Max) 56.55-78.70 54.76 — 80.99

Whereas descriptive statistics offer useful information on the average performance and score
dispersion, they do not entirely show the relations between assessment components. The knowledge of
how strongly PCK, UKIN and UTUL are related is necessary because each assessment evaluates the
competences of the teachers in a particular area that can support one another. Correlation analysis of the
three variables gives the opportunity to see whether good performance in one of the areas is accompanied
by success in another one and thus gives a more detailed understanding of the structure of graduate
competencies within the TPEP program (She et al., 2025). In addition, correlation analysis plays a role
in the preparation stage for carrying out more complicated statistical analyses, like regression analysis.
This analysis shows the strength and direction of the relations between the variables in question. The
visualization of these relations through a correlation heatmap makes it easier to understand them than
simply correlation coefficients. Therefore, the relations between PCK, UKIN and UTUL are presented

in Figure 2.
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Correlation Heatmap of PCK, UKIN, and UTUL
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Figure 2. Correlation Heatmap of PCK, UKIN, and UTUL

Figure 2 shows the heatmap of correlation depicting the relationships between PCK, teaching
practicum performance (UKIN), and academic competency (UTUL). In general, the presented heatmap
demonstrates different patterns of relationships among three assessment measures, thus showing their
complementarity. The highest level of correlation was found to be between PCK and UTUL, thus
indicating that those students who had better academic mastery were more likely to have higher levels
of pedagogical content knowledge (She et al., 2025). Such a result is consistent with the considered
theoretical perspective on the fact that teaching implies not only the development of pedagogical skills
but also the acquisition of the subject matter so that teachers can use this knowledge for teaching
effectively. At the same time, the relationship between PCK and UKIN is relatively lower, thus
suggesting that the theoretical knowledge of pedagogical skills and teaching practice are not the same
concepts. Both make their contribution to the professional competence of teachers but might evaluate
different aspects of their preparation. While the first one evaluates the knowledge of teaching, the latter
one focuses on its implementation in practice (Favier et al., 2021). The heatmap also shows the
relationship between UKIN and UTUL, which provides additional evidence that academic success of
future teachers does not mean teaching practice per se. The described correlation patterns form a strong
ground for conducting further regression analysis and examining the contribution of each of three

assessment measures to PCK prediction.
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c. Independent Samples t-test

Even though the descriptive statistics show that educational and non-educational graduates had
comparable mean scores on all the three measures, the difference in their mean scores does not prove
that the findings have any statistical significance. To examine if there is any connection between the
participants' educational background and their performance, an inferential statistical test named the
independent samples t-test was used, the standard approach for comparing means between two
independent groups. It is suitable for this research since it compares the means of two different groups
while considering the variation of observations in each group. Because the two background groups differ
substantially in size (n = 661 vs. n = 67), Levene's test for equality of variances was examined for each
comparison, and the degrees-of-freedom adjustment for unequal variances was applied where the
equality assumption was not supported. The independent samples t-test was applied in this case to
compare the performance of educational and non-educational graduates in Pedagogical Content
Knowledge (PCK), teaching practicum (UKIN) and academic competency (UTUL). Effect sizes based
on Cohen's d measure were used in addition to statistical significance of differences. Reporting both
significance values and effect sizes will provide more detailed information by separating statistical and
practical importance (Lakens, 2013). The outcomes of the independent samples t-test are shown in Table

3 below.

Table 3. Independent Samples t-test Results

Variable t-value p-value Cohen’s d
PCK -0.820 0.415 -0.11
UKIN 0.520 0.604 0.07
UTUL -0.265 0.792 -0.04

Table 3 summarizes the results of the independent samples t-test conducted to compare the
performance of educational and non-educational graduates across the three assessment components. As
can be seen, the differences between the two groups of participants turned out to be very insignificant
in terms of magnitude and statistical significance. To begin with, in the case of Pedagogical Content
Knowledge (PCK) the t-value equals to -0.820 while p-value is 0.415. Thus, despite the slightly higher
average score (60.10 compared with 59.36) demonstrated by non-educational graduates, the obtained
difference is not statistically significant, meaning that the observed score difference cannot be
considered a reliable indicator of the true difference between the two groups of graduates. Besides, the
effect size measured with Cohen's d in this case equals to -0.11 which also indicates that the difference

is trivial and has no practical significance.
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The same trend is observed for the assessment component called UKIN. Despite the slightly
higher average score (82.05 compared with 81.76) achieved by the educational graduates, the difference
equals to 0.520 for the t-value and to 0.604 for p-value, meaning that the observed score difference
cannot be considered as statistically significant since it can be attributed to random sampling variability.
Cohen's d of 0.07 in this case means that the difference is negligible and is unlikely to have any practical
significance as well.

Finally, the assessment component UTUL revealed the smallest difference between the two
groups. The average score of educational graduates (68.90) differs from the non-educational ones'
(68.74) by only 0.16 point, resulting in t-value = -0.265 and p-value = 0.792. Extremely high p-value in
this case clearly indicates the high similarity of academic competency between the two groups of
graduates. The effect size (Cohen's d = -0.04) is almost zero as well, meaning that the educational
background plays hardly any role in the differences between the two groups' scores.

Overall, the results obtained across the three variables indicate the consistent trend. Irrelevant of
whether the teacher competence is assessed through pedagogical content knowledge, classroom teaching
performance, or academic examinations, educational and non-educational graduates perform in the same
way. Small effect sizes (from -0.11 to 0.07) provide the evidence that the differences are not only
statistically insignificant but also negligibly small. No statistically significant difference was detected
between the two background groups on any of the three measures; consistent with R1/R27-type cautions,
this indicates an absence of detected difference rather than proof that background has no effect on
competence. The obtained results are consistent with, though do not by themselves establish, the
interpretation that TPEP program serves as an equalizing professional education path that enables people
from different educational backgrounds to become equally competent after completion of the program;
because this is a cross-sectional, post-completion comparison without a pre-TPEP baseline, comparable
outcomes at completion could also reflect selection into the program or other unmeasured factors rather

than the leveling effect of TPEP itself (see Limitations).

d. Institutional Mapping (University Differences)

The above analysis showed that educational and non-educational graduates performed equally
well in all the three evaluation areas. But while educational background is one way of differentiating
between the performance of the graduates, another factor that can have an impact on the learning of
graduates is the university where the participants took the Teacher Professional Education (TPEP)
program. According to Lachner et al. (2021) there could be many factors, like curriculum
implementation, instructional practices, mentoring programs, academic supports, and assessment
policies, that could lead to variations in the performance of the graduates based on their Pedagogical

Content Knowledge (PCK). Thus, instead of assuming all the Teacher Education Institutions (LPTKSs)
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produce graduates of equal level of competency, it is necessary to find out if there are any differences
in the performance of graduates from different universities taking part in the national TPEP program.
This will help in evaluating institutional differences in professional teacher education. A one-way
ANOVA was done based on the university where the participant belongs. The result of this test is
presented in Table 4.

Table 4. One-Way ANOVA Results for PCK by University (LPTK)

Source Sum of Squares df F p-value Conclusion
LPTK 6703.27 30 553  <0.001 Significant difference
Residual 28145.00 697 — — —

The results of one-way ANOVA analyzing the differences in Pedagogical Content Knowledge
(PCK) among LPTKs graduates are provided in Table 4. According to the results, there is a statistically
significant effect of institutional affiliation, as it is evidenced by the high value of F-statistics equal to
5.53 and by the low value of the probability level (less than 0.001). This means that the differences in
the mean values of PCK among universities are unlikely to occur just by accident and reflect real,
systematic variation in mean PCK across institutions, but rather they are real differences caused by
certain factors; the specific institutional factors responsible for this variation (e.g., curriculum
implementation, mentoring, instructional quality) were not directly measured in this study and are
discussed as candidate explanations, not established causes, in the Discussion section. The between-
group sum of squares amounted to 6703.27, while the residual sum of squares was 28145.00. In spite of
the higher value of the residual sum of squares compared to the one calculated based on the differences
between universities, the ratio of these two variances is sufficient enough to ensure the significance of
the F-statistic.

The results of ANOVA were calculated based on 31 universities using 30 degrees of freedom for
the institutional factor and 697 degrees of freedom for the residual error. High residual degrees of
freedom suggest that there was a sufficiently high number of observations used in order to conduct the
analysis (Tseng et al., 2022). Thus, a significant F-value means that at least one institution differs
significantly from other institutions in its average performance measured in terms of PCK. However,
since the ANOVA does not reveal the particular institution(s), further descriptive visualization will be
needed in order to analyze the performance of the particular universities. Formal post-hoc multiple-
comparison testing (e.g., Tukey's HSD) with institution-pairwise significance and an accompanying
effect-size measure was not conducted for this analysis; the visual comparison presented below (Figure
3) is therefore descriptive rather than inferential, and claims about which specific institutions differ from

which others should be read with this limitation in mind.
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Thus, the results are consistent with the role of the institutional context in the competence of
graduates being non-trivial. There may be many aspects of the instructional process, which may affect
the pedagogical development of graduates in the TPEP program, including differences in instructional
quality, learning environment, mentoring system, assessment procedures, etc. These remain plausible
explanations rather than tested mechanisms, since none of these process-level variables was directly
measured in this study. Thus, it means that the quality of teacher education cannot be assessed only
based on individual characteristics but also, potentially, on the performance of institutions.

While it is true that one-way ANOVA has established the existence of statistically significant
institutional differences, the statistical numbers themselves fail to provide any information regarding the
variations in performance of graduates from individual universities. It would be helpful, therefore, to
analyze the average PCK scores obtained by graduates from the respective participating university. The
graphical representation makes it easier for the reader to notice such patterns as high, moderate, or low
average PCK scores for universities (Angeli & Valanides, 2009). At the same time, it makes it easier to
visualize the degree of difference, which is reflected in statistically significant ANOVA results. In
addition, the information about the distribution of graduate performance across the entire national TPEP
program will help in determining universities that can act as an example of best practices as well as
universities requiring additional academic assistance. The average PCK score distribution across the

participating universities is represented in Figure 5.

Average PCK Score by University (LPTK)
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Figure 3. PCK Scores by University

Figure 3 shows the distribution of average PCK scores between institutions involved in this

research. From this figure, it can be seen that there is not only one level of graduate performance in

315



Educational versus Non-Educational Backgrounds: A Nationwide...( Kusumaningtyas et al.)

pedagogical content knowledge among all universities. Some of them have managed to get significantly
high mean scores of PCK while other institutions had quite low results. The institution having the highest
mean PCK score is Universitas Palangka Raya (66.98). Then comes Universitas Pendidikan Ganesha
(65.89) and Universitas Halu Oleo (65.66). It can be suggested that graduates of these universities have
higher achievements in PCK because they have more effective teaching methods or positive study
conditions in their TPEP programs.

On the contrary, some institutions showed quite low results. The institution that had the lowest
mean score of PCK was Universitas Musamus Merauke (47.85). In fact, this score is more than 19 points
lower than the highest average score at Universitas Palangka Raya. Universitas Muhammadiyah Prof.
Dr. Hamka also got a quite low average score (52.30). These figures confirm great diversity in graduates'
results in different universities. The wide distribution of average scores shown in Figure 3 gives
additional proof for the significance of the ANOVA analysis conducted before.

Such significant differences in performance among universities may mean that curriculum
implementation, supervision effectiveness, learning facilities, academic mentoring, and evaluation
techniques have an impact on PCK skills of graduates. However, these factors may not have an equal
impact on graduates from educational and non-educational backgrounds. Therefore, it becomes
necessary to check whether educational background influences graduate performance depending on

institutions. It can be done with the help of two-way ANOVA presented in Table 5.

Table 5. Two-Way ANOVA Results for PCK by University and Background

Source Sum of Squares df F  p-value Conclusion
University (LPTK) 6674.50 30 5.43 <0.001 Significant
Background (Educational vs 13.38 1 033 0.568 Not significant

Non-Educational)

University x Background 3220.97 30 2.62 <0.01 Significant

The results of two-way ANOVA with university affiliation, educational background, and
interaction of both variables as independent predictors and PCK as dependent variable are displayed in
Table 5. There were three crucial observations made during the interpretation of the two-way ANOVA
results. First, university affiliation was a highly significant predictor of PCK, as it yielded F-value of
5.43 with a p-value under 0.001. This result corroborated with the previous one-way ANOVA and
showed that pedagogical competence of graduates was significantly associated with participating
universities. Institutional sum of squares was equal to 6674.50, thus showing that universities play an

important role in explaining the difference in PCK scores.
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Second, the educational background per se did not make a big difference in the performance of
graduates. The educational background factor resulted in a sum of squares of 13.38 with 1 degree of
freedom, which led to F-value of 0.33 and p-value of 0.568. As compared to a much bigger institutional
sum of squares, the variation explained by the educational background is insignificant. It confirms that
the graduates from educational and non-educational backgrounds show similar performance after
undergoing the TPEP program, thus confirming the independent samples t-test results (Schmidt et al.,
2009).

Third, the most interesting result relates to the interaction of university affiliation and educational
background. The interaction effect resulted in a sum of squares of 3220.97 with 30 degrees of freedom
and yielded F-value of 2.62 with p-value under 0.01. Even though the variation explained by the
interaction was smaller than institutional effect, the interaction was still statistically significant. It means
that the influence of the educational background varies depending on the university rather than being
constant for all participating universities (Mishra & Koehler, 2006). While at some universities the
performance of graduates from both backgrounds is almost identical, at other universities there is a
noticeable difference between one group and another. Because non-educational-background graduates
(n = 67) are spread thinly across 31 universities, several university-by-background cells contain few
observations; this sparse-cell pattern should be kept in mind when interpreting the interaction, as
estimates for institutions with very few non-educational graduates are less stable than those with larger
cell sizes.

Thus, the two-way ANOVA showed that the most important factor associated with graduate
performance was the institutional context, while the educational background per se had no statistically
significant average (main-effect) association with graduate performance once university affiliation and
their interaction were taken into account. Still, a statistically significant interaction showed that there is
a moderation of the development of pedagogical competencies among graduates with different
educational backgrounds by the institutional practices; because formal simple-effects follow-up tests
were not conducted, the non-significant main effect should not be read as background being uniformly
irrelevant, since the interaction indicates that its association with PCK does vary meaningfully by
institution. In order to illustrate the pattern of interactions, Figure 4 presents the distribution of PCK
scores by university and educational background.

The interaction effect revealed by the two-way ANOV A implies that there is no linear dependency
between the educational background of respondents and their Pedagogical Content Knowledge (PCK).
Although the interaction effect has been verified statistically, numeric values are not enough to
understand in what way the interaction effect is observed at different universities. It is necessary to
visualize the difference between performance of respondents who received an education and those who

did not receive an education in order to be able to reveal the level of this difference at different
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universities (Tasar & Yilmaz Ergiil, 2023). Thus, it will become possible to reveal universities at which
the performance of the two groups of respondents does not vary and universities at which performance
gaps appear. The interaction effect between university and educational background of respondents is

shown in Figure 4 below.
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Figure 4. PCK Scores by University and Background

Figure 4 illustrates the interaction between university affiliation and educational background in
explaining graduates' Pedagogical Content Knowledge (PCK). The figure demonstrates that the
performance differences between educational and non-educational graduates vary considerably across
the participating universities. In several institutions, the average PCK scores of the two groups are almost
identical, indicating that educational background has little influence on graduate performance within
those universities — a pattern broadly consistent with the non-significant main effect reported above.
This pattern suggests that institutional learning environments and professional preparation effectively
support participants regardless of their undergraduate discipline.

In contrast, several universities exhibit noticeably larger performance gaps between the two
groups. In these institutions, either educational graduates outperform non-educational graduates or vice
versa, indicating that institutional practices may interact differently with participants' prior academic
experiences. For example, some universities appear to provide learning environments that enable non-

educational graduates to perform at levels comparable to educational graduates, whereas other
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institutions display greater disparities between the two groups. These variations visually explain why
the interaction effect observed in the two-way ANOVA reached statistical significance despite the
absence of a significant main effect for educational background (Celik, 2023).

Overall, Figure 4 reinforces the conclusion that educational background should not be interpreted
independently of institutional context. Rather than functioning as a universal determinant of graduate
competence, its statistical association appears to depend on how individual universities implement the
TPEP curriculum, organize mentoring systems, provide academic support, and facilitate professional
learning experiences. These findings further are consistent with the interpretation that institutional
quality plays a more influential role than initial academic background in shaping graduates' pedagogical
content knowledge, though, as noted above, the specific institutional mechanisms were not directly
measured and this remains an association rather than a confirmed causal pathway within Indonesia's

Teacher Professional Education Program.

e. ANCOVA and Regression Analysis

It was shown in the previous analysis that there were no significant differences in PCK of the
graduates depending on their educational background, whereas the institution played an important role
in the differences. However, the analyses conducted previously have not taken into account the other
factors that could influence the performance of graduates at the same time. In particular, the graduation
year may play an important role in pedagogical competence of the participants since the most recently
graduated ones have more up-to-date academic knowledge and skills. Thus, a more complex analysis
should be conducted in order to find out whether the educational background continues to have a certain
impact on PCK after the effect of time has been controlled for. For this purpose, ANCOVA was
conducted in which the year of graduation served as a covariate and educational background was kept
as a factor. Such an analysis allows evaluating the independent effect of each variable while eliminating
the possible confounding factors (Iskandar et al., 2021). The results of ANCOVA also serve as the basis
for regression analysis in which the contribution of several predictors in explaining the variance in PCK

is assessed. The results of ANCOVA are presented in Table 6.

Table 6. ANCOVA and Regression Analysis

Source Sum of Squares df F p-value Conclusion
Background 33.39 1 0.70 0.404 Not significant
Year of Graduation 242038.33 1 5047.26 <0.001 Significant

The results of ANCOVA are provided in Table 6, where the effects of the explanatory variables,

such as educational background and year of graduation, on pedagogical content knowledge were
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considered. The analysis shows evident differences between the two explanatory variables. The
educational background explains a sum of squares of 33.39 with 1 degree of freedom and thus has the
F-value of 0.70 and the p-value of 0.404. These statistics demonstrate that after accounting for the year
of graduation, the educational background does not explain the variability in graduates' PCK scores. In
addition, the rather low value of the sum of squares proves that a negligible amount of the total variability
in PCK is caused by the type of graduates' undergraduate education.

On the contrary, the year of graduation proved to be a very important variable statistically
associated with the graduates' PCK. The year of graduation explains a sum of squares of 242,038.33,
which is thousands of times higher than the effect of educational background. The F-value of 5047.26
and the p-value less than 0.001 prove that the year of graduation is strongly associated with graduates'
PCK in this ex post facto design; given the unusually large F-value, this result is also flagged for cautious
interpretation, since it may partly reflect cohort-, curriculum-, or dataset-structure effects that a purely
statistical test cannot distinguish from a direct effect of time itself (see Limitations). The high value of
F-statistics shows that the systematic variation caused by the year of graduation largely surpasses the
unexplained residual variation.

Such a difference between the explanatory powers of the two variables is consistent with the
interpretation that the recency of graduates' academic preparation has a greater statistical association
with PCK compared to their educational background. Students who have finished their studies recently
are expected to possess better knowledge in the discipline and be familiar with recent trends in teaching
methods and curriculum, which can affect their PCK (Mayer & Girwidz, 2019). These findings are
consistent with the results of the previous analysis according to which the educational background alone
has no explanatory power but simultaneously identifies the year of graduation as an important statistical
determinant of graduates' achievements. However, ANCOVA analyzes the adjusted mean difference
associated with a categorical factor (educational background) while statistically controlling for a
covariate (year of graduation), providing a controlled group comparison; it does not consider the effects
of the variables simultaneously as a joint predictive model. Therefore, the multiple regression analysis
was performed next to estimate the influence of the educational background, year of graduation, UKIN,
and UTUL on pedagogical content knowledge simultaneously, which serves the complementary purpose
of quantifying each predictor's independent statistical association with PCK while holding the others

constant. The results of regression analysis are provided in Table 7.
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Table 7. Regression Results

coef std er t P>[t| [0.025 0.975]
Background bin -0.368 0.295 -1.244 0.214 -0.947 0.212
Year Graduation -0.006 0.001 -7.091 0.000 -0.008 -0.005
UKIN -0.429 0.022 -19.765 0.000 -0.472 -0.387
UTUL 1.572 0.021 75.945 0.000 1.532 1.613

Table 7 summarizes the findings of multiple regression that was conducted to examine the
simultaneous statistical association of the explanatory variables (educational background, year of
graduation, UKIN, and UTUL) with the level of Pedagogical Content Knowledge (PCK). The obtained
regression shows that all the explanatory variables have different statistical associations with the level
of graduates' pedagogical competence. First of all, the magnitude and statistical significance of the
regression coefficients vary greatly.

In this study, educational background produced a regression coefficient f=-0.368 (t=-1.244;
p=0.214). Given that the probability value is higher than the commonly accepted criterion of
significance, which equals 0.05, it is possible to conclude that graduates' educational background is
insignificant for the explanation of graduates' PCK after accounting for the impact of the other variables.
In addition, the 95% confidence interval (-0.947 to 0.212) contains zero and supports the conclusion that
the contribution of educational background to the prediction of graduates' PCK can be neglected. This
finding complements the results of the independent t-test and ANCOVA, according to which graduates
with educational and non-educational backgrounds demonstrated equal levels of pedagogical
competence.

Another variable, year of graduation, shows a completely different picture. Despite the relatively
low value of the regression coefficient f=-0.006, this variable produced a t-value of -7.091 with a p-
value below 0.001. Therefore, the contribution of the year of graduation into the regression is highly
significant. The very narrow confidence interval (-0.008 to -0.005) confirms the reliability of this
estimation. According to the negative coefficient, graduates of earlier years had slightly lower PCK
scores in comparison to more recent graduates. This association is compatible with, but does not by itself
confirm, the interpretation that knowledge recency plays an important role in professional teacher
education; because graduation year may also capture cohort, curriculum-revision, or institutional-policy
differences that were not directly measured, these alternative explanations cannot be ruled out and are
noted here as a caution against a purely 'knowledge recency' reading.

The strongest predictor in the regression model is UTUL. This variable produced a large
regression coefficient (B =1.572) that is associated with an exceptionally large t-value (75.945) and p-

value below 0.001. The confidence interval (1.532 to 1.613) is narrow and contains only positive
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numbers. Therefore, it is possible to conclude that UTUL score is a strong and reliable positive predictor
of PCK score. Numerically, it means that every one-point increase in UTUL score is associated with
approximately 1.57-point increase in PCK. Thus, UTUL shows that academic achievement is the key
determinant of graduates' pedagogical competence among the predictors considered.

It is interesting that UKIN has a statistically significant and negative association with graduates'
PCK. The regression coefficient B = -0.429 produced a t-value of -19.765 with a p-value below 0.001
and an entirely negative confidence interval (-0.472 to -0.387). Despite the fact that the negative
association of this predictor seems contradictory, one plausible explanation is that the negative
relationship between UKIN and PCK can be explained as reflecting a difference in the dimensions of
professionals' competences, measured by these variables. UTUL and PCK reflect the aspect of cognitive
and conceptual mastery, while UKIN measures only practical classroom teaching performance of the
graduate teachers. Therefore, high classroom teaching performance does not guarantee high scores in
PCK. Alternative explanations should also be considered, including differences in how the two
instruments are scored and scaled, measurement error in either assessment, or a suppression effect
arising from UKIN's correlation with the other predictors in the same multivariable model; the present
cross-sectional design cannot adjudicate between these explanations, and this finding is best treated as
an empirical association warranting further investigation rather than settled evidence that UKIN and
PCK are simply 'different dimensions' of competence.

Thus, regression analysis demonstrates that academic competency (UTUL) and year of graduation
are the key determinants of pedagogical content knowledge, while graduates' educational background
contributes little to prediction of their performance. These results confirm the conclusion about the

insignificance of educational background for the effectiveness of the TPEP program.

f. Cluster Analysis (Graduate Profiles)

The preceding analyses primarily focused on identifying differences among participant groups
and determining the factors that significantly predict Pedagogical Content Knowledge (PCK). While
these approaches provide valuable information regarding statistical relationships and the relative
contribution of individual variables, they do not reveal whether participants can be grouped into distinct
competency profiles based on their overall performance. To obtain a more comprehensive understanding
of graduate characteristics, a cluster analysis was performed using PCK and UTUL scores. Unlike
comparative statistical techniques, cluster analysis classifies participants according to similarities in
their performance patterns without relying on predefined categories (Aartun et al., 2022). The clustering
was performed using the k-means algorithm on standardized PCK and UTUL scores, with the number
of clusters (k = 3) selected to distinguish low-, moderate-, and high-performing profiles. This data-driven

approach enables the identification of naturally occurring groups of graduates who share similar levels

322



JURNAL VARIDIKA

Vol. 38, No. 3, 2026, pp.302-332

p-ISSN 0852-0976 | e-ISSN 2460-3953

Website: https://journals2.ums.ac.id/index.php/varidika/index

of academic and pedagogical competence. Such profiling provides practical insights into the
heterogeneity of participant achievement and supports the development of differentiated interventions
tailored to specific learner needs. The resulting clusters are illustrated in Figure 5. A formal internal
validation index (e.g., a silhouette coefficient) for the three-cluster solution is not reported here and is
noted as a direction for methodological strengthening in future work (see Limitations); cluster centroids

and the number of participants per cluster are summarized descriptively below.

801 cluster
e 0
o 1
70 7 o 2
g
S 60
n
v
O
[«
50 1
o
404 ee%
55 60 65 70 75 80

UTUL Score

Figure 5. Cluster of graduates based on PCK and UTUL

Figure 5 provides the results of clustering analysis using the PCK and UTUL scores of the
participants to detect performance patterns. From the visual representation of the results of this type of
analysis, it becomes evident that participants are distributed between three clusters demonstrating three
different levels of performance. The first cluster (Cluster 0), represented in red, is located at the lower-
left corner of the graph and comprises participants with relatively low PCK and UTUL scores. The
participants in this cluster are those with lower academic mastery of content knowledge and pedagogical
skills, which means that these participants might need more academic and mentoring support from their
mentors during the early years of their work experience.

The second cluster, represented in blue, is located in the center of the graph. This cluster comprises
participants with moderately high levels of PCK and UTUL. The participants in this cluster demonstrate
satisfactory levels of competency; however, there is still a potential for improvement. The placement of

this cluster in the middle, between the lower and the higher clusters, suggests that through professional
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development, reflective practices, and pedagogical training, the participants can move to the upper level
of competence (Leonet et al., 2020). Finally, the third cluster, located in the upper right part of the figure
and colored in green, includes participants with high PCK and UTUL scores. The participants in this
cluster have high academic mastery and well-developed pedagogical skills, which shows high
professional readiness.

The relatively clear distinction of the three clusters suggests that participants have performance
levels that differ in meaningful ways rather than randomly across the population. This result corresponds
to the results obtained from regression analysis and suggests that even though the educational
background does not significantly distinguish graduate competencies, participants tend to form groups
of distinct performance levels. Thus, this result supports the importance of using the differentiated

strategy for professional development of the TPEP participants based on their performance levels.

Discussion

This study set out to provide an empirical mapping of physics graduates with educational and
non-educational backgrounds in Indonesia's Teacher Professional Education Program (TPEP). The
findings revealed no significant differences in PCK, UKIN, and UTUL scores between the two groups.
This challenges the common assumption that educational graduates are inherently better prepared than
non-educational graduates, suggesting instead that the TPEP program may plausibly function as a
leveling mechanism that enables graduates with diverse academic trajectories to achieve comparable
outcomes (Kamenarac, 2024; Shing et al., 2015) — an interpretation these two conceptual sources help
frame theoretically, though neither provides direct empirical evidence for it, and the present cross-
sectional, post-completion design cannot rule out alternative explanations such as selection into the
program (see Limitations).

The analysis further identified the key factors statistically associated with graduates' performance
in TPEP. Regression and ANCOVA results consistently demonstrated that educational background was
not a significant predictor of PCK. Instead, UTUL scores and year of graduation emerged as the strongest
statistical predictors. These findings underscore the importance of academic mastery and knowledge
recency, indicating that graduates who have more recent academic exposure and strong content
knowledge are statistically associated with stronger integration of subject matter into effective
pedagogy. This is broadly consistent with Shulman's (1986) originating framework of Pedagogical
Content Knowledge (PCK), which emphasizes the dynamic interplay between content knowledge and
pedagogy, and with subsequent applications of the framework in other teaching contexts such as in-
service teacher practice (Bostock, 2019) and social-science research-methods teaching (Nind, 2020).
Interestingly, the regression model revealed a statistically significant negative association between

UKIN and PCK, suggesting that performance-based assessments and theoretical pedagogical knowledge
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may capture different dimensions of teacher competence—a stronger and more specific claim than the
merely 'relatively lower' PCK-UKIN correlation reported earlier in the correlation analysis, and one that
should be read as this study's regression-based finding rather than as something already established by
the descriptive correlation results (Sarkar et al., 2024; Schiering et al., 2023; Wang et al., 2024; Amalia
& Hodiyanto, 2026).

Cluster analysis added another dimension to the mapping by classifying graduates into three
distinct profiles based on PCK and UTUL scores: low, moderate, and high performers. This
heterogeneity demonstrates that TPEP graduates are not a homogeneous group but vary considerably in
these two dimensions of competence. Low performers require intensive pedagogical reinforcement,
moderate performers benefit from capacity-building strategies, and high performers can be supported
through advanced professional development opportunities (Bloomfield et al., 2024). Such differentiated
pathways resonate with teacher professional development literature, which highlights the need for
tailored interventions to address varying levels of readiness and expertise (Ruifeng & Ping, 2021; Solihin
etal., 2021).

From a practical perspective, these findings suggest that entry background should not be
overemphasized in recruitment policies for TPEP, though this implication should be drawn cautiously:
because the analytic sample consists only of graduates who completed TPEP, the data cannot directly
speak to how background relates to admission, retention, or completion, and any recruitment-policy
implication is an extrapolation beyond what a post-completion outcomes comparison can establish.
Instead, greater attention should be given to strengthening academic preparation, designing refresher
opportunities for older graduates, and ensuring differentiated support according to graduate profiles.
These tiered-support recommendations describe existing performance patterns identified through cluster
analysis and are offered as plausible, evidence-informed implications rather than as interventions whose
effectiveness has been tested in this study. By focusing on academic knowledge, knowledge recency,
and targeted professional development, TPEP can better fulfill its role as a potentially equalizing
platform for diverse graduates (Julia et al., 2020).

In the broader context of teacher education, these findings contribute to ongoing debates about
the relative importance of initial academic background versus professional preparation. International
research has shown that strong teacher education programs can compensate for differences in prior
training, provided that they emphasize integration of content and pedagogy, reflective practice, and
ongoing professional support (Kertesz & Brett, 2020; Werler & Tahirsylaj, 2020). The present study
strengthens this perspective by demonstrating that within the Indonesian TPEP framework, non-
educational graduates can achieve outcomes comparable to educational graduates, provided that
academic knowledge and knowledge recency are ensured (Darling-Hammond, 2023; Palincsar et al.,

2020).
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The contribution of this study also lies in the use of cluster analysis to profile graduate
competencies. While most previous research on background-based comparisons in teacher certification
programs has compared groups based on single dimensions such as test performance or background
using group-mean comparisons, the identification of low, moderate, and high performers through a data-
driven clustering approach provides a more nuanced mapping of graduate diversity than a simple two-
group comparison could reveal (Roca-Campos et al., 2021; Nsingo & Chirume, 2026), though whether
this three-cluster solution is sufficiently robust to support practical use should be confirmed through
internal validation (e.g., silhouette analysis) and, ideally, replication in future work. This typology can
serve as a practical tool for designing differentiated interventions within teacher education programs,
offering tailored support that addresses the unique needs of each group.

Finally, while the implications extend beyond the Indonesian context only tentatively, since this
study examined a single program (TPEP) in a single country and a single subject area (physics), many
countries facing teacher shortages adopt flexible entry pathways that bring together candidates with
diverse academic backgrounds (Pawan et al., 2023). The present findings suggest that the success of
such policies may plausibly depend less on prior background and more on the capacity of teacher
education programs to provide rigorous, targeted, and adaptive training (Nganga & Kambutu, 2024;
Parkhouse et al., 2019), though this cross-national extension has not itself been tested here and would
require comparative, multi-country data to confirm. As such, this study underscores the importance of
designing teacher professional education systems that are responsive to graduate diversity and that build
competence through structured academic and pedagogical reinforcement.

Despite its contributions, this study has limitations. The data were restricted to physics graduates,
which may limit generalizability to other subject areas, and, correspondingly, the policy
recommendations offered above should be understood as most directly applicable to physics TPEP rather
than to teacher certification generally. Moreover, while the study employed robust quantitative methods,
complementary qualitative insights into graduate experiences would enrich the understanding of how
TPEP shapes professional competence (Musa et al., 2024). Longitudinal studies tracking graduates into
their teaching careers are also needed to evaluate the long-term impact of TPEP training (C.-F. Chang
et al., 2024; Warahmah et al., 2021). Several additional limitations should be noted. First, this is a
secondary, cross-sectional, ex post facto design: it can establish statistical associations and group
differences but cannot establish causal relationships among educational background, graduation year,
institutional context, and PCK, and all causal-sounding language in this manuscript should be read in
that light. Second, the dataset includes no pre-TPEP baseline measures, so comparable outcomes
between background groups at completion cannot distinguish a genuine equalizing eftfect of TPEP from
pre-existing similarities or selection into the program. Third, the sampling frame reflects a population-

level administrative extract for physics-track TPEP completers with complete records rather than a
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probability sample, and the exact number and characteristics of records excluded for incompleteness
could not be retrospectively reconstructed from the dataset provided, which leaves some uncertainty
about whether excluded cases differed systematically from those analyzed. Fourth, the substantial
imbalance between educational-background (n = 661) and non-educational-background (n = 67)
graduates reduces statistical power for detecting true differences involving the smaller group and
produces sparse cells in some university-by-background comparisons; equality-of-variance checks were
applied, but this imbalance remains a structural constraint on the precision of group comparisons. Fifth,
formal post-hoc multiple-comparison tests for the one-way ANOVA and formal simple-effects tests for
the significant interaction were not conducted, so institution-specific and background-by-institution
claims remain descriptive rather than confirmatory. Sixth, the three-cluster solution was not
accompanied by a formal internal-validation statistic, and its robustness should be confirmed in future
replications. Finally, this study analyzed a single national program in a single country; extensions of the
findings to other teacher-education systems or country contexts are offered as tentative implications

rather than tested conclusions.

CONCLUSION

This study mapped the performance of physics graduates with educational and non-educational
backgrounds in Indonesia's Teacher Professional Education Program (TPEP). The findings revealed no
significant differences between the two groups in PCK, UKIN, and UTUL scores, indicating that this
study did not detect a difference between the groups rather than proving that academic background alone
does not determine graduates' success in professional teacher training; this null result should be
interpreted with the substantial group-size imbalance (661 vs. 67) in mind, as it limits statistical power
to detect true differences involving the smaller group. However, institutional mapping indicated
significant variation in outcomes across universities, and the interaction analysis showed that the
performance gap between backgrounds was not uniform but differed by institution. Regression and
ANCOVA results further demonstrated that year of graduation and UTUL scores were the strongest
statistical predictors of PCK, while background was not a significant factor; UKIN was also a
statistically significant predictor, with a negative coefficient that warrants further investigation rather
than a settled explanation (see Discussion). Cluster analysis identified three distinct graduate profiles
based on PCK and UTUL scores low, moderate, and high performers underscoring the heterogeneity of
participants' competencies. Overall, these results are consistent with the interpretation that institutional
context, academic knowledge, and recency of study play a more prominent statistical role than academic
background in association with PCK outcomes, within the limits of this cross-sectional, ex post facto
design, which does not permit causal claims. The findings highlight the need for differentiated support

in TPEP, with targeted interventions for low performers, capacity-building for moderate performers, and
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advanced professional development for high performers, offered here as evidence-informed implications
rather than tested interventions. At the policy level, strengthening institutional quality and aligning
academic preparation with professional competencies are crucial steps toward improving teacher
education and certification in physics TPEP specifically, with extension to teacher certification more

broadly requiring further, subject-diverse research in Indonesia.
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