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ABSTRACT

Indonesia’s Merdeka Curriculum repositions vocational education around flexibility and student-centred
pedagogy, yet its relationship with competency outcomes is underexplored. This study examines
associations between perceived Merdeka Curriculum and 21st Century Skills among 180 vocational-
background engineering undergraduates at Universitas Negeri Padang (population N = 846, stratified
sampling), with Self-Directed Learning and Student Engagement as parallel mediators (PLS-SEM).
Merdeka Curriculum was associated with 21st Century Skills (f = 0.406), Self-Directed Learning (f =
0.678), and Student Engagement (f = 0.715), jointly transmitting 45.4% of the total association. Given the
cross-sectional, retrospective design, findings indicate association rather than causal effect. The principal
contribution is theoretical: curriculum reform relates to competency development through two
complementary mechanisms, offering a transferable approach for VET systems internationally.

Keywords: 21st century skills, merdeka curriculum, parallel mediation, PLS-SEM, self-directed learning,
student engagement, vocational education and training



© Author(s), 2026. Published by Star Scholars Press.

This article is distributed under the Creative Commons Attribution 4.0 International License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited. https://creativecommons.org/licenses/by/4.0/

INTRODUCTION

This research examines the relationship between perceived Merdeka Curriculum and 21st Century
Skills among Indonesian vocational-background engineering undergraduates, testing Self-Directed
Learning and Student Engagement as parallel mediators. The sections that follow establish the theoretical
rationale for this model, identify the empirical gap it addresses, state the research objectives, and outline its
contribution to curriculum-reform scholarship.

The rapid transformation of the global labour market, accelerated by digitalisation, automation, and
the fourth industrial revolution, has redefined the competencies expected of graduates. The World
Economic Forum (2023) projects that six in ten workers will require significant reskilling by 2027, with
analytical thinking, creative thinking, and technology literacy identified as the fastest-growing demanded
skills. 21st Century Skills, encompassing critical thinking, creativity, problem solving, digital literacy, and
life and career competencies, have accordingly become central to educational policy worldwide (Trilling
& Fadel, 2009; Voogt & Roblin, 2012; Gonzalez-Pérez & Ramirez-Montoya, 2022). This imperative is
especially urgent for vocational education and training (VET) systems, which are tasked with equipping
graduates with both occupational proficiency and transferable capacities for lifelong learning (Jalinus et al.,
2023; van Laar et al., 2017; Rozan et al., 2024), a challenge echoed internationally in efforts to link VET
outcomes more closely to employment needs and sustainable development (Aggarwal et al., 2024). This
challenge is not unique to Indonesia. Comparable competency-based curriculum reforms are underway
across VET systems in other developing and middle-income countries, including recent restructuring of
vocational curricula in India’s Industrial Training Institutes (Fischer et al., 2026) and comparative evidence
from competency-based commercial VET programmes in Russia and China (Chen et al., 2024), reflecting
a broader global effort to align vocational education with rapidly changing labour markets. The Indonesian
case therefore offers insights that extend beyond its national context, informing comparative education and
curriculum-reform scholarship internationally.

Indonesia operates one of the largest VET systems in the developing world, enrolling approximately
5.06 million students across 14,325 vocational high schools (Statistics Indonesia, 2024). Despite this scale,
vocational graduates record the highest unemployment rate among secondary education graduates
(Ariansyah et al., 2024), and approximately 87 per cent do not continue to higher education (Yoana et al.,
2024). These figures underscore the need to strengthen occupational competencies alongside transferable
skills that relate to successful transition to higher education. The government’s most significant response is
the Merdeka Curriculum, introduced through Ministerial Decree 56/M/2022 (Kemdikbudristek, 2022). It is
structured around three principles: curricular flexibility, project-based learning, and a student-centred
orientation that repositions teachers as facilitators (Indarta et al., 2022; Kemdikbudristek, 2022). These
features align with pedagogical conditions theorised to relate to 21st Century Skills. Yet empirical evidence
on how Merdeka Curriculum relates to these outcomes remains largely qualitative and is rarely examined
at the higher education level (Jufriadi et al., 2022; Syahrir et al., 2024).

A critical gap concerns how, not merely whether, curriculum design relates to graduate competencies.
Self-directed learning (SDL), defined by Knowles (1975) as the process of taking initiative in diagnosing
learning needs, formulating goals, identifying resources, and evaluating outcomes, is theorised as both a
precondition for and a product of student-centred environments. Autonomy-promoting curricula are
associated with SDL behaviours that relate to higher-order thinking (Morris, 2019; Zimmerman, 2000; Doo
et al., 2023). Student engagement, conceptualised by Fredricks et al. (2004) as behavioural, cognitive, and
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emotional participation, is theorised as a mechanism through which learning environment quality relates to
measurable outcomes (Appleton et al., 2006; Jatmoko et al., 2023). Empirical investigation of these
constructs’ parallel mediating roles remains sparse in VET contexts (Jalinus et al., 2019; Jufriadi et al.,
2022).

This research addresses that gap by investigating the association between perceived Merdeka
Curriculum and 21st Century Skills among students at the Faculty of Engineering, Universitas Negeri
Padang (UNP), within the Departments of Mechanical Engineering Education and Automotive Engineering
Education. Both departments draw their intake predominantly from vocational high school graduates
(Maksum et al., 2025; Lapisa et al., 2025). By capturing data from students who have already transitioned
to higher education, this research enables retrospective assessment of prior curriculum exposure alongside
current competency levels, a perspective that has received limited attention within Indonesian engineering
education (Jalinus et al., 2019; Rozan et al., 2024). The theoretical model integrates Knowles’ (1975)
andragogical framework, Fredricks et al.’s (2004) engagement model, and the P21 framework (Trilling &
Fadel, 2009) within a parallel mediation structure. The model is estimated using Partial Least Squares
Structural Equation Modelling (PLS-SEM) with SmartPLS 4, selected for its robustness under moderate
sample sizes and its capacity to estimate direct and indirect effects simultaneously (Hair et al., 2019; Hair
et al., 2022).

This research pursues three objectives: to examine the direct association between perceived Merdeka
Curriculum and 21st Century Skills; to assess the mediating roles of SDL and student engagement in that
relationship; and to compare the relative contribution of the two mediating pathways. In addressing these
objectives, this research contributes quantitative empirical evidence on a dual-mechanism pathway that has
received limited attention within Indonesian VET, generating evidence relevant to curriculum reform
evaluation in Indonesia and comparable VET systems internationally.

LITERATURE REVIEW
21st Century SKkills in Vocational Education

21st Century Skills, comprising critical thinking, creativity, collaboration, communication, digital
literacy, and career-readiness competencies, are consistently identified across international frameworks as
pedagogically malleable and responsive to curriculum design, particularly through project-based and
inquiry-oriented pedagogy (Trilling & Fadel, 2009; Partnership for 21st Century Skills, 2009; Voogt &
Roblin, 2012; Gonzalez-Pérez & Ramirez-Montoya, 2022). Within VET specifically, converging evidence
links pedagogical approaches emphasising project work and digital competency development to stronger
21st century outcomes (Van Laar et al., 2017; Jalinus et al., 2023; Rozan et al., 2024; Xu et al., 2023), a
gap made more urgent by the persistently high unemployment rate among Indonesian vocational graduates
(Ariansyah et al., 2024). However, evidence specific to Merdeka Curriculum remains predominantly
qualitative and non-quantified (Syahrir et al., 2024; Jufriadi et al., 2022; Susanto et al., 2026), with only
indirect quantitative support available through related constructs such as engagement and motivation
(Jatmoko et al., 2023) and validated measurement approaches (Panthumas et al., 2024). This body of
evidence establishes both the theoretical plausibility and the empirical gap underlying H1, tested below.

Merdeka Curriculum: Design Principles and Educational Implications

Merdeka Curriculum, Indonesia’s most significant national curriculum reform since 2013,
operationalises curricular flexibility, project-based learning, and student-centred pedagogy to address
pandemic-related learning loss and labour-market misalignment (Kemdikbudristek, 2022), with
philosophical, sociological, and psychological foundations that continue to attract scholarly attention
(Nurhadi et al., 2026). These design principles correspond closely with international competency
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frameworks (Indarta et al., 2022), and experimental evidence confirms that project-based implementation
produces stronger competency outcomes than conventional instruction (Rahim et al., 2024). Nonetheless,
this evidence base remains concentrated at the secondary level and reliant on qualitative or descriptive
methods (Jufriadi et al., 2022; Syahrir et al., 2024), a limitation that persists even as implementation
matures, for instance in relation to teacher digital literacy and professional learning communities as
conditions for translating policy into competency outcomes (Andriyani et al., 2026). This pattern, design-
level plausibility without downstream, higher-education-level quantitative confirmation, directly motivates
the retrospective design tested through H1.

Self-Directed Learning: Theory and Empirical Evidence in VET Contexts

Self-directed learning (SDL) is theorised as a process of learner-initiated goal-setting, monitoring,
and evaluation (Knowles, 1975), extended through social-cognitive (Zimmerman, 2000) and contextual
(Song & Hill, 2007) lenses that converge on a shared premise: SDL is environmentally conditioned, such
that curricula structurally requiring learner initiative should be associated with stronger SDL. Empirical
support for this premise is consistent across autonomy-promoting curricula generally (Morris, 2019; Doo
et al., 2023) and project-based learning specifically within Indonesian VET (Jalinus et al., 2019), with
SDL’s diagnostic, evaluative character aligning closely with professional engineering competencies
(Lapisa et al., 2025; Rozan et al., 2024). Recent mediation evidence extends this logic, showing that
psychological mechanisms such as self-efficacy and learner autonomy partially mediate the relationship
between instructional quality and vocational competency or work-readiness outcomes (Sampah et al., 2026;
Yetti et al., 2026). No identified study, however, has tested SDL as a mediator of the Merdeka Curriculum-
to-21st Century Skills relationship specifically among VET-to-higher-education transition students, the gap
addressed through H2 and Hé6.

Student Engagement: Theoretical Framework and Curriculum Connections

Student engagement, conceptualised as the interrelated behavioural, cognitive, and emotional
dimensions of learning participation (Fredricks et al., 2004; Sinatra et al., 2015), is theorised by self-
determination theory to arise from autonomy-supportive conditions that satisfy learners’ needs for
competence and relatedness (Deci & Ryan, 2000; Ryan & Deci, 2000), a proposition validated through the
Student Engagement Instrument (Appleton et al., 2006). This theoretical logic parallels the SDL literature
above: both constructs are theorised to arise independently from the same curricular conditions rather than
sequentially from one another, justifying their treatment as parallel rather than sequential mediators.
Empirically, project-based learning and instructional quality have consistently been associated with
stronger engagement and skill outcomes across VET and higher education contexts (Jalinus et al., 2019;
Jatmoko et al., 2023), including recent mediation evidence within this journal linking engagement to
generative Al competence (Sampah et al., 2026) and to school-climate conditions among vocational high
school students (Wardhani et al., 2026). This convergent evidence directly motivates H3 and H7.

Theoretical Integration and Research Hypotheses

The model integrates Knowles’ (1975) andragogical framework, Fredricks et al.’s (2004)
engagement model, and the P21 framework within a parallel mediation structure. SDL and Student
Engagement were modelled as parallel rather than sequential mediators because both are theorised as direct,
independent consequences of curriculum exposure, with no established theoretical basis for treating one
construct as a temporal antecedent of the other. Perceived Merdeka Curriculum is hypothesised to relate to
21st Century Skills both directly and indirectly through SDL and engagement (Zhao et al., 2010).
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On the basis of the reviewed theoretical frameworks and empirical evidence, the following seven
hypotheses were formulated and tested in this study:
H1: Perceived Merdeka Curriculum positively predicts 21st Century Skills.
H2: Perceived Merdeka Curriculum positively predicts Self-Directed Learning.
H3: Perceived Merdeka Curriculum positively predicts Student Engagement.
H4: Self-Directed Learning positively predicts 21st Century Skills.
HS: Student Engagement positively predicts 21st Century Skills.
Heo: Self-Directed Learning mediates the relationship between Perceived Merdeka Curriculum and 21st
Century Skills.
H7: Student Engagement mediates the relationship between Perceived Merdeka Curriculum and 21st
Century Skills.

RESEARCH METHOD
Research Design

This research employed a quantitative cross-sectional survey design with a parallel mediation
framework, estimated using PLS-SEM, selected for robustness under moderate sample sizes and
simultaneous measurement/structural estimation (Hair et al., 2019; Hair et al., 2022; Creswell & Creswell,
2018). The research was conducted at the Faculty of Engineering, UNP, West Sumatra, within the
Departments of Mechanical Engineering Education and Automotive Engineering Education, both drawing
intake predominantly from vocational high school graduates (Maksum et al., 2025; Lapisa et al., 2025). The
procedure progressed through nine sequential stages: problem identification and literature review,
conceptual framework development, instrument validation, pilot testing, main data collection, measurement
model evaluation, structural model evaluation, hypothesis testing, and reporting.

Figure 1
Research Procedure Flowchart
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Participants

The target population comprised all active undergraduate students in the Departments of Mechanical
Engineering Education (368 students) and Automotive Engineering Education (478 students) at UNP,
totalling 846 students as recorded in the Higher Education Database (Pangkalan Data Pendidikan Tinggi,
2025). A sample of 180 was determined using proportionate stratified random sampling by department,
yielding 78 and 102 respectively (Table 1), exceeding the minimum 92 respondents required under Cohen’s
(1992) power guidelines (f2 = 0.15, power = .80, a = .05; Hair et al., 2019; Kock & Hadaya, 2018).

Participants were included if actively enrolled, SMK-educated, and had studied under Merdeka
Curriculum for at least one full academic year, verified through a structured demographic form and self-
confirmation of curriculum implementation; uncertain or non-exposed respondents were excluded. Given
Merdeka Curriculum’s phased national rollout (2022-2025; Kemdikbudristek, 2022; Rahmawati &
Hidayat, 2024), exposure duration ranged one to three years, with 82.2 per cent reporting two years or more.

Questionnaires were distributed to 200 students; 185 were returned, and five were excluded during
screening (missing data, straight-lining, exposure criteria), yielding a 90.0 per cent usable response rate,
exceeding the 70 per cent educational-survey benchmark (Creswell & Creswell, 2018). The sample was
predominantly male (90.6 per cent), consistent with typical enrolment patterns (Maksum et al., 2025),
spanning three cohorts. All 180 cases passed systematic screening for missing data, univariate and
multivariate outliers, and distributional normality (Hair et al., 2019); no cases were excluded. All
participants provided informed consent.

Table 1
Proportionate Stratified Random Sampling Allocation
Study Programme Population (N,) Proportion Sample (n,)
Mechanical Engineering Education 368 43.5% 78
Automotive Engineering Education 478 56.5% 102
Total 846 100% 180
Instrumentation

The questionnaire comprised 85 items across four constructs on a five-point Likert scale,
administered in Bahasa Indonesia following a four-stage forward-back translation protocol (Sousa &
Rojjanasrirat, 2011). Perceived Merdeka Curriculum (20 items, four dimensions) was developed de novo
from Kemdikbudristek (2022) and Indarta et al. (2022), given the absence of a prior validated scale. Self-
Directed Learning (20 items) was adapted from Knowles (1975), Song and Hill (2007), and Fisher et al.
(2001); Student Engagement (20 items) from Fredricks et al. (2004) and Appleton et al. (2006); 21* Century
Skills (25 items, five dimensions) from Trilling and Fadel (2009) and Panthumas et al. (2024).
Communication and collaboration were not measured as standalone dimensions, consistent with the
Panthumas et al. (2024) scale adopted, addressed further in the Limitations. Sample items are available in
the Supplementary Material.

Content validity was established through a four-member expert panel; all 85 items met the 0.78
Content Validity Index threshold (Lynn, 1986), with a scale-level index of 0.94. A pilot test with 30 non-
sampled graduates (Johanson & Brooks, 2010; Bujang et al., 2018) confirmed all constructs exceeded the
conventional a = 0.70 threshold (Nunnally & Bernstein, 1994) (range 0.906—0.938) with no items removed.
As Perceived Merdeka Curriculum was developed de novo, its validity was assessed through multiple
complementary procedures beyond content validity alone: convergent validity (AVE = 0.815) and
discriminant validity (HTMT < 0.795 against all other constructs), reported in the Results, together confirm
this newly developed construct is both reliable and empirically distinct from the mediating and outcome
constructs.
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Data Analysis

Analysis followed Hair et al.’s (2019) two-step PLS-SEM procedure: measurement model evaluation
(outer loadings > 0.70, CR > 0.70, AVE > 0.50, HTMT < 0.85; Fornell & Larcker, 1981; Henseler et al.,
2015) followed by structural model evaluation (path coefficients, R?, 2, SRMR < 0.08), with mediation
tested via 10,000-subsample bootstrapping and bias-corrected 95 per cent confidence intervals (Hayes,
2018). P-values are reported as p <.001 where applicable, per APA convention. Common method bias was
assessed using two complementary procedures, which produced conflicting results. A full collinearity test
(Kock, 2015) indicated no serious concern, with all variance inflation factors below the conservative 3.3
threshold (range 2.399-2.787). However, a supplementary Harman’s single-factor test yielded 63.9 per
cent, exceeding the conventional 50 per cent threshold and indicating a genuine possibility of common
method bias. Because the Harman’s test was conducted at the aggregated-dimension rather than raw-item
level, a condition that can inflate shared variance independent of method bias, some caution is warranted
in interpreting this result; nonetheless, it is not dismissed, and both results are reported to allow readers to
weigh the evidence independently. This issue is discussed further in the Limitations.

RESULTS
Measurement Model Assessment
The measurement model was evaluated prior to structural testing. The graphical output of the PLS-
SEM algorithm, displaying structural relationships among latent constructs, indicator outer loadings, and

embedded AVE values, is presented in Figure 2.

Figure 2
Graphical Output of PLS-SEM Algorithm
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All 16 indicator outer loadings exceeded the 0.70 threshold, ranging from 0.881 to 0.926, and all four
constructs demonstrated strong internal consistency, convergent validity, and discriminant validity,
summarised in Table 2. Both the saturated and estimated models met acceptable fit thresholds (SRMR =
0.043 and 0.070; NFI1=0.906 and 0.900), reported in the note to Table 2. Collectively, these results confirm
the measurement model is sound and suitable for structural model evaluation.
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Table 2
Measurement Model Assessment Summary

Construct Items  Outer Loading Range Cronbach’s a/ CR AVE VIF Range
Merdeka Curriculum 4 .881-914 924 /.946 815 2.680-3.529
Self-Directed Learning 3 .898-.926 .896/.935 .827 2.423-3.231
Student Engagement 4 .890-919 .929/.949 .824 3.068-3.647
21st Century Skills 5 .883-.914 941/ .955 .809 3.086-3.865

Note. CR = composite reliability (pc). All Cronbach’s a, CR, and AVE values exceeded the .70, .70, and
.50 thresholds, respectively (Fornell & Larcker, 1981). Discriminant validity (HTMT) ranged from .743 to
795, below the .85 threshold, for all six construct pairs (Henseler et al., 2015). Model fit: SRMR = .070,
NFI=.900 (estimated model); SRMR = .043, NFI =.906 (saturated model).

Structural Model Assessment

The structural model explained substantial variance across all endogenous constructs: Merdeka
Curriculum, Self-Directed Learning, and Student Engagement jointly accounted for 64.0% of variance in
21st Century Skills, while Merdeka Curriculum alone explained 51.1% of variance in Student Engagement
and 45.9% in Self-Directed Learning. Effect sizes confirmed these associations carry practical, not merely
statistical, significance: the paths from Merdeka Curriculum to Student Engagement (> = 1.046) and Self-
Directed Learning (£ = 0.850) were very large and large respectively, while the direct path to 21st Century
Skills was medium-to-large (f2 = 0.195). Both mediators’ associations with 21st Century Skills were
comparatively small (f* = 0.080 and 0.061), suggesting these psychological states are necessary but only
modestly sufficient contributors to skill outcomes on their own.

Bootstrapped significance testing confirmed all structural paths were significant at p < .01, as
illustrated in Figure 3.

Figure 3
Graphical Output of Bootstrapping Algorithm
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Student Engagement showed the strongest and most precisely estimated association with Merdeka
Curriculum (B = 0.715, p <.001), reflected in the narrowest bootstrap distribution and smallest standard
deviation among all paths (SD = 0.034). Self-Directed Learning followed closely (f = 0.678, p <.001, SD
= 0.038). The direct association between Merdeka Curriculum and 21st Century Skills was moderate (f =
0.406, p <.001), notably persisting even after accounting for both mediating pathways. Associations from
the two mediators to 21st Century Skills were smaller in magnitude, with the Student Engagement path
showing the widest bootstrap spread (SD = 0.081), consistent with its comparatively smaller effect size,
though its confidence interval clearly excluded zero. All five direct hypotheses were supported; full results
are reported in Table 3.

Table 3

Structural Model and Hypothesis Testing Results (HI-H5)

Hypothesis Path B SD T p f2 Bootstrap Decision

Peak

HI g’fg{i@ka Curriculum — 2Ist Century 406 068 5995 <.001 .195 12491 Supported

H2 Merdeka Curriculum — Self- 678 .038 17.809 <.001 .850  21.535 Supported
Directed Learning

H3 Merdeka Curriculum — Student 715 034 21.137 <.001 1.046 26.199 Supported
Engagement
Self-Directed Learning — 21st

H4 Century Skills 254 062 4.068 <.001 .080  14.014 Supported

H5 SEﬁ:‘“ Engagement —2lIstCentury 53, g1 2870 004 061 10931 Supported

Note. MC = Merdeka Curriculum; SDL = Self-Directed Learning; SE = Student Engagement; 21CS = 21st Century
Skills. Rz =.640 (21CS), .459 (SDL), .511 (SE); adjusted R* = .633, .456, .508, respectively. Bootstrap peak refers to
the modal frequency of the bootstrapped sampling distribution for each path coefficient across 10,000 resamples.

Mediation Analysis

Both H6 and H7 were supported. The indirect association through Self-Directed Learning marginally
exceeded that through Student Engagement: § = 0.172 compared with 0.166. Together, both pathways
accounted for 45.4% of the total association between Merdeka Curriculum and 21st Century Skills, with
the remaining 54.6% transmitted directly. Because the direct path remained significant alongside both
indirect paths, this pattern indicates partial mediation for both mechanisms. Self-Directed Learning and
Student Engagement function as complementary, near-equivalent pathways rather than competing or
redundant explanations of the curriculum-to-outcome relationship, summarised in Table 4.

Table 4
Specific Indirect Effects (Mean, STDEV, T Values, P Values)
Hypothesis Indirect Path B SD  T-Statistic P-Value 2.5% 97.5% Decision
Merdeka Curriculum — Self-
H6 Directed Learning — 21st Century 0.172 0.044  3.867 <.001 0.090 0.264 Supported
Skills
H7 Merdeka Curriculum = Student 0.166 0.058  2.855 004 0.050 0.279 Supported

Engagement — 21st Century Skills

Note. MC = Merdeka Curriculum; SDL = Self-Directed Learning; SE = Student Engagement; 21CS = 21st Century
Skills. Both indirect effects were supported (95% CI excluding zero). The total effect of Merdeka Curriculum on 21st
Century Skills was .744 (M = .745, SD =.028, T =26.795, p <.001, 95% CI [.687, .797]), of which 45.4% (.338) was
transmitted indirectly through the two mediators and 54.6% (.406) directly.
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DISCUSSION AND CONCLUSIONS

Findings offer theoretically important insights into how perceived Merdeka Curriculum relates to
21st Century Skills among UNP engineering students. All seven hypotheses were supported, indicating
Merdeka Curriculum is associated with both direct and indirect relationships with 21st century skill
development through Self-Directed Learning and Student Engagement. The direct association (H1) is
consistent with the theoretical expectation that curricular flexibility, authentic project tasks, and student-
centred orientation are associated with conditions conducive to critical thinking, creativity, problem
solving, digital literacy, and life and career skills (Kemdikbudristek, 2022; Indarta et al., 2022), aligning
with prior research on student-centred frameworks (Jalinus et al., 2023; Lapisa et al., 2025) while extending
it by showing the association persists after accounting for two mediators.

The strong associations with SDL (H2) and Engagement (H3) support the proposition that student-
centred design relates to autonomy and engagement simultaneously. The very large Engagement association
suggests authentic, flexible learning is perceived as purposeful, consistent with the conditions Fredricks et
al. (2004) associate with behavioural, cognitive, and emotional engagement, and with self-determination
theory’s proposition that autonomy-supportive environments are associated with intrinsic engagement
(Ryan & Deci, 2000; Appleton et al., 2006). The large SDL association is similarly coherent with
andragogical theory, in which facilitative teaching and self-directed goal-setting are theorised as conditions
under which SDL is engaged and sustained (Knowles, 1975; Song & Hill, 2007), consistent with prior
qualitative accounts (Jufriadi et al., 2022; Syahrir et al., 2024; Morris, 2019).

The indirect association through SDL (H6) is consistent with Zimmerman’s (2000) self-regulatory
model and Morris’ (2019) transferable-capacity argument; SDL behaviours such as self-planning, self-
monitoring, and self-evaluation are theorised to be relevant to problem-solving and critical thinking
development, as these skills involve learners managing their own cognitive processes rather than receiving
instruction passively (Song & Hill, 2007), supported by Sampah et al. (2026). The indirect association
through Engagement (H7) similarly indicates that curriculum-related engagement, behavioural, cognitive,
and emotional, is associated with measurable skill outcomes (Fredricks et al., 2004; Appleton et al., 2006),
meaningful in a retrospective VET context and paralleled by Sampah et al. (2026), who reported that formal
learning opportunities and autonomy-supportive environments were associated with both stronger
engagement and competency development in higher education. The near-equivalent indirect effects, jointly
accounting for 45.4% of the total association, suggest SDL and Engagement are complementary rather than
substitutive mechanisms, consistent with Zhao et al.’s (2010) partial mediation framework. The substantial
remaining direct association suggests Merdeka Curriculum is associated with competency development
through additional, unmeasured pathways, potentially peer collaboration quality, problem complexity, or
teacher facilitation competence.

Alternative Explanations

Given the cross-sectional, retrospective design, reverse or reciprocal influence is plausible: students
with stronger current skills, SDL, or engagement may evaluate their prior curriculum more favourably.
Current university experiences, unmeasured here, also plausibly relate to present SDL, engagement, and
skill levels. Findings are therefore best interpreted as a theoretically coherent pattern of association, not
confirmation of unidirectional causal effect. Theoretically, findings contribute quantitative evidence of
parallel dual-mechanism mediation in a context where prior work has been predominantly qualitative
(Jufriadi et al., 2022; Syahrir et al., 2024), demonstrate the value of integrating three theoretical frameworks
within a single PLS-SEM design, and offer a methodologically viable retrospective approach for evaluating
durable curriculum reform associations (Jalinus et al., 2019). These findings also speak to broader
international debates on competency-based VET reform, echoing patterns observed in comparative studies
of curriculum modernisation in other developing and middle-income VET systems (Chen et al., 2024;
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Fischer et al., 2026), suggesting the dual-mechanism pathway identified here may generalise beyond the
Indonesian context. Practically, the strong SDL and Engagement associations suggest Merdeka
Curriculum’s design principles are consistent with their intended pedagogical purposes, though smaller
associations with 21st Century Skills indicate these psychological mechanisms are necessary but
insufficient on their own without high implementation quality (Morris, 2019; Fredricks et al., 2004).
Targeted teacher professional development in facilitation, project coaching, and formative feedback is
recommended as a policy complement.

Limitations

Several limitations should be acknowledged. First, the cross-sectional and retrospective design does
not permit causal inference; as discussed above, students’ current perceptions of their prior curriculum
exposure may be shaped by their present competency levels rather than the reverse, and future research
should adopt longitudinal designs to establish clearer temporal precedence among constructs. Second,
common method bias could not be conclusively ruled out. A full collinearity test indicated no serious
concern, with all variance inflation factors below the conservative 3.3 threshold, but a supplementary
Harman’s single-factor test exceeded the conventional 50 per cent threshold, yielding 63.9 per cent. These
conflicting results are reported transparently rather than resolved in favour of the more reassuring statistic,
and readers should weigh both when interpreting the findings; future studies should apply procedural
remedies such as temporal or proximal separation of predictor and criterion measures to reduce this risk at
the design stage. Third, findings are limited to two engineering programmes at a single university, limiting
generalisability to other institutions, vocational specialisations, or regions. Fourth, the model examined
only two mediating mechanisms and did not measure communication or collaboration as standalone 21st
Century Skills dimensions; the substantial remaining direct association suggests other pathways, such as
teacher facilitation quality, peer collaboration, or these unmeasured skill dimensions, were not captured.
Fifth, as noted in the Institutional Review Board Statement, formal ethical clearance from an accredited
research ethics committee was not obtained prior to data collection, although the study adhered to core
ethical principles of voluntary participation, anonymity, and informed consent; future studies employing
similar designs should seek prospective institutional ethical approval to strengthen methodological rigour
and align with international reporting standards.

Conclusion

This research examined the association between perceived Merdeka Curriculum and 21st Century
Skills among UNP engineering students previously educated under Merdeka Curriculum at vocational high
schools. Using PLS-SEM, the study tested a parallel mediation model in which SDL and Student
Engagement mediated this relationship. All seven hypotheses were supported; given the design, findings
indicate association rather than confirmed causal effect.

These findings contribute to the VET literature by: (1) providing quantitative evidence of a positive
association in a research agenda dominated by qualitative approaches; (2) confirming SDL and Engagement
as complementary, approximately equivalent parallel mediators; (3) demonstrating the coherence of
integrating andragogical, engagement, and P21 frameworks within one structural model; and (4) offering a
methodologically viable retrospective design, readily adaptable by researchers in other VET systems
undergoing similar competency-based curriculum reform, for tracing the durable association of secondary-
level curriculum reform with higher-education competency outcomes.

Future research should adopt longitudinal designs, expand sampling across institutions and regions,
incorporate additional mediators (teacher facilitation, peer collaboration, task authenticity) and unmeasured
21st Century Skills dimensions (communication, collaboration), and employ mixed methods for contextual
depth. Sustained empirical research on Merdeka Curriculum’s association with these outcomes remains
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essential for guiding curriculum refinement and strengthening the vocational-to-university transition
pathway for Indonesia’s VET students.

IMPLICATIONS

Theoretically, this research establishes that curriculum reform relates to competency development
through two distinct, complementary psychological pathways rather than a single mechanism, extending
andragogical and engagement frameworks beyond their largely qualitative application in prior Merdeka
Curriculum research. That a substantial share of the association remains unexplained by either mediator
further suggests these two pathways are necessary but not exhaustive, pointing to unmeasured mechanisms,
such as teacher facilitation quality or task authenticity, as priorities for future theoretical refinement rather
than treating the present model as complete.

Practically and for policy, the pattern of findings indicates that curricular flexibility and student-
centred design reliably cultivate autonomy and engagement, but do not on their own assure that these
psychological states translate into demonstrable competency gains. This distinction matters because it
redirects attention from curriculum structure, which policymakers and institutions can too easily treat as
self-sufficient, toward the quality of its implementation. For faculty development units and engineering
education programmes, the implication is that investment should shift toward strengthening facilitation
practice, project coaching, and formative feedback, since these implementation-level conditions likely
determine whether curricular reform yields its intended competency outcomes. For policymakers,
sustaining Merdeka Curriculum’s flexibility and project-based principles is warranted, but should be
accompanied by closer monitoring of how reform is enacted in practice, an evaluative orientation that
extends usefully to comparable VET systems undergoing similar competency-based reform elsewhere.
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