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This study addresses the gap in teacher education frameworks that integrate
Education 5.0 principles with empirically validated metacognitive
development. The purpose was to develop and validate a seven-stage
human-centric instructional framework, the setting goals, task analysis,
universal design, digital learning, integrated knowledge, evaluation,
standards-based assessment (STUDIES) model, grounded in constructivism,
self-determination theory, and digital humanism, and to evaluate its
effectiveness across three sequential phases with pre-service teachers. Three
published phases employed one-group pretest—posttest designs. Phase I
(N=24, English education) achieved efficiency ratios E1/E2 of 80.56/80.68
(t(23)=26.17, p<.01, Cohen’s d=4.69); Phase II (N=28, early childhood)
achieved E1/E2=80.95/81.36 (t(27)=—54.77, p<.001, d=6.17); Phase III
(N=30, mathematics with phenomenon-based learning and a digital learning
ecosystem) achieved 80.25% post-test metacognition (normalized gain=0.64,
1(29)=-36.37, p<.001, d=3.08). The novel contribution is its empirically
validated progressive trajectory—from knowledge acquisition through
higher-order thinking to metacognitive mastery—which mirrors a
recognized hierarchical taxonomy and has not been demonstrated in existing
Education 5.0 frameworks. Implications are discussed for teacher education
policy, curriculum reform, and scalable program design.
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1. INTRODUCTION

The transition from Industry 4.0 to Society 5.0—a super-smart society prioritizing human
well-being alongside technological advancement [1]—has created an urgent imperative for transforming
teacher education worldwide. Education 5.0 embraces digital humanism, emphasizing holistic learner
development across cognitive, emotional, social, and ethical dimensions while leveraging technology
responsibly [2], [3]. This paradigm positions artificial intelligence (AI) not as a replacement for human
agency but as a cognitive partner that empowers teachers and learners to cultivate uniquely human
competencies, including empathy, ethical reasoning, and creative problem-solving.

Within the Thai educational context, this transformation carries particular urgency for both policy
and practice. Thailand’s Programme for International Student Assessment (PISA) 2022 results revealed an
average science score of 409 points, significantly below the Organization for Economic Co-operation and
Development (OECD) average [4], while the 20-year National Strategy (2018—2037) mandates a shift from
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labor-intensive to innovation-driven economic development [5]. The Teachers’ Council of Thailand
professional knowledge standards, which explicitly require pre-service teachers to be able to design learning
plans and manage classrooms effectively [6], further emphasize the necessity of evidence-based instructional
frameworks. As Fry and Bi [7] have documented, however, recurrent cycles of educational reform in
Thailand have often failed to translate policy intentions into classroom-level competency gains, creating what
they term the “Thai educational paradox” that the present framework is explicitly designed to address.

Despite the growing scholarly interest in Education 5.0 [1], [8], the operationalization of this
paradigm in teacher education programs remains poorly developed, and a focused review of recent literature
reveals three critical limitations that motivate the present study. First, most Education 5.0 models remain at
the conceptual level without empirical validation in classroom settings [1], [9]. Second, traditional pedagogical
models—including science, technology, engineering, and mathematics (STEM)-focused approaches [10] and
competency-based frameworks [11]—lack integration of self-determination theory (SDT) mechanisms that
foster intrinsic motivation and sustained professional learning [12]. Third, although metacognition is widely
recognized as essential for self-regulated learning [13], [14], no existing Education 5.0 framework provides a
systematic pathway for developing metacognitive mastery through progressive, empirically validated phases.

The setting goals, task analysis, universal design, digital learning, integrated knowledge, evaluation,
standards-based assessment (STUDIES) model: Education 5.0 [15] was developed to address these gaps by
integrating constructivist theory [16], SDT [17], [18], universal design for instruction [19], Marzano and
Kendall’s [20] New Taxonomy, and phenomenon-based learning [21] within a coherent seven-stage
framework. Unlike existing Education 5.0 models, the STUDIES model has been progressively validated
across three published phases, demonstrating effectiveness in developing increasingly sophisticated cognitive
capabilities—from foundational knowledge through higher-order thinking skills (HOTS) to metacognitive
mastery, a trajectory that has not been empirically demonstrated by any other framework in this domain.

To systematically examine this framework, this study addresses three research questions that
progress from theoretical alignment to empirical effectiveness and explanatory mechanisms.

— RQI: In what ways does the seven-stage STUDIES model fit with the five pillars of Education 5.0?

— RQ2: To what extent does the model produce significant improvements in knowledge, higher-order
thinking, and metacognition across three validation phases?

— RQ3: What theoretical mechanisms explain the observed progressive development from content mastery
to metacognitive awareness?

The novelty of this study lies in three interrelated contributions that distinguish the STUDIES model
from existing teacher-education and Education 5.0 frameworks. First, the model offers an empirically
validated progressive pathway in which a single seven-stage architecture is shown, across three sequential
phases, to develop knowledge, HOTS, and metacognition—a trajectory that mirrors Marzano and Kendall’s
hierarchical taxonomy [20] and that has not been demonstrated in prior frameworks. Second, the model
uniquely synthesizes digital humanism, SDT, universal design, and phenomenon-based learning (PhBL) into
a coherent and reusable architecture, with each stage explicitly mapped to one of the five Education 5.0
pillars [2] and to a specific basic psychological need. Third, the cumulative cross-disciplinary validation
across English, early childhood, and mathematics teacher education provides preliminary evidence of the
generalizability of the framework beyond a single subject area or single intervention.

2. LITERATURE REVIEW

This section reviews four converging strands that together define the theoretical foundation of the
STUDIES model: Education 5.0, constructivism and SDT, universal design and metacognitive systems, and
PhBL within digital ecosystems. Each strand identifies a key contribution to teacher education while
exposing limitations that motivate the model’s integrative architecture.

2.1. Education 5.0 and current frameworks for teacher education

The evolution from Education 1.0 through 5.0 reflects adaptive responses to socioeconomic and
technological dynamics [8]. Ahmad ef al. [2] synthesized five pillars of Education 5.0: learner-centric
personalization, collaborative interdisciplinary learning, data-driven decision-making, enabling technologies
for cognitive enhancement, and holistic authentic assessment. The European Commission articulation of
Industry 5.0 [3] further frames human-centricity, sustainability, and resilience as normative anchors, although
Hamedani et al. [1] noted that empirical operationalization of these pillars in teacher education remains
scarce, particularly in developing-country contexts.

Compared with existing teacher-education frameworks, the STUDIES model offers distinct
contributions. STEM-focused models such as the technological pedagogical content knowledge (TPACK)
framework [22] address technological pedagogical knowledge but lack explicit SDT-driven engagement
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mechanisms, while traditional competency-based approaches [11] specify outcomes without addressing the
motivational architecture needed for sustained professional learning. The STUDIES model uniquely
synthesizes digital literacy, metacognitive advancement, and SDT-driven engagement into a single cohesive
architecture aligned with all five pillars of Education 5.0 [2].

2.2. Constructivism and self-determination theory

The epistemological foundation of the STUDIES model is based on constructivist learning
theory [16] and Vygotsky’s zone of proximal development [23], with scaffolding extended in Education 5.0
contexts to Al-powered tutoring systems that provide personalized feedback [24]. SDT [17], [18] provides
the motivational architecture, asserting that intrinsic motivation arises from fulfilling autonomy, competence,
and relatedness needs; Howard et al.’s meta-analysis [12] confirmed that satisfying these three needs is the
strongest predictor of deep learning. The collaborative dimensions of the model fulfill the need for
relatedness through cooperative learning structures [25], a dimension largely absent from existing
Education 5.0 frameworks.

2.3. Universal design and metacognitive systems

The model’s commitment to equity is anchored in universal design for instruction (UDI) [19] and
universal design for learning (UDL) [26], while the cognitive architecture combines Bloom’s revised
taxonomy [27] with Marzano and Kendall’s new taxonomy [20], which adds the metacognitive system and
the self-system. Veenman et al. [28] demonstrated that metacognitive skills account for approximately 17%
of variance in learning outcomes beyond intelligence, and Dignath ef al. [29] confirmed through meta-
analysis that metacognitive training significantly enhances academic performance across educational levels.
The finding justify treating metacognition not as an add-on but as the apex of a progressive cognitive trajectory.

2.4. Phenomenon-based learning and digital learning ecosystems

PhBL, originating from Finland’s educational reforms, transcends fragmented subject-based
teaching through integrated real-world learning experiences [21], and when situated within a digital learning
ecosystem [30], it creates conditions for the development of metacognitive awareness. Hattie [31] identified
metacognitive strategies as one of the highest-impact teaching approaches (d=0.69), while Zheng [32]
showed that technology-enhanced environments effectively support metacognitive development when
designed with explicit self-regulation scaffolds. Together, these findings justify stage I (integrated
transdisciplinary knowledge) and stage D (digital deep learning) within the STUDIES architecture.

3. THE STUDIES MODEL: EDUCATION 5.0

The STUDIES model [15] was developed through systematic research and development at Nakhon
Phanom University to address competency gaps in pre-service teacher education. The model has been
elevated to align with Education 5.0 through the integration of Society 5.0 philosophy, design thinking, SDT,
and ethical Al application. The seven stages operate as a dynamic, iterative system, with each stage mapped
to a specific Education 5.0 pillar and a specific SDT need as shown in Figure 1.

Figure 1 presents a schematic representation of the seven STUDIES stages, illustrating the iterative
relationships among the stages, their alignment with the pillars of Education 5.0, and the primary SDT need
addressed by each stage. The forward arrows depict the typical sequence S>T—U—D—I—E—S, while the
dashed feedback loop indicates ongoing reflection and continuous improvement.

3.1. Stage S: setting visionary learning goals

This stage transcends content-based goals to embrace competency-based outcomes that combine
declarative, procedural, and metacognitive knowledge [27]. Goals encompass analytical thinking, creative
problem-solving, digital intelligence, and social-emotional resilience aligned with Education 5.0 demands.
Aligned with the Education 5.0 pillar of learner-centric personalization, this stage addresses the SDT need for
autonomy by involving learners in collaborative goal-setting processes that build ownership over the learning
trajectory.

3.2. Stage T: task analysis via backward design

This stage synthesizes knowledge, skill, and attitude (KSA) requirements through KSA diagrams
[33], enhanced by backward design principles [34] and design thinking’s human-centered problem-solving
process [35]. The integration ensures authentic, real-world connected learning tasks that build competence
(SDT) through progressively challenging activities. The stage avoids content-coverage bias by structuring
tasks around end-of-unit competencies first. This makes sure that every activity leads to a measurable
learning outcome.

The STUDIES model: validating a human-centric framework for Education 5.0 (Phichittra Thongpanit)
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Figure 1. The STUDIES model: Education 5.0—schematic of the seven-stage iterative framework

3.3. Stage U: universal design for instruction and personalized learning

This stage emphasizes proactive instructional design that eliminates barriers to learning access [19],
enriched by UDL’s three-component framework [26] and Al-driven personalization. It operationalizes the
SDT need for autonomy by providing genuine learner choices in content engagement, learning pace, and
assessment modality. Together, UDI principles and Al-enabled personalization make the stage particularly
suited to inclusive Education 5.0 classrooms in which learner diversity is the norm rather than the exception.

3.4. Stage D: digital deep learning

Digital learning extends beyond information retrieval to comprehensive learning ecosystems
attending to content quality, digital ethics, and reflective practice. Learners become co-creators with
generative Al, virtual and augmented reality (VR/AR), learning analytics, and blockchain-based credentialing
[2], [24]. Digital learning ecosystem principles [30] create interconnected environments for knowledge
sharing and metacognitive development, facilitating collaboration, enhancing critical thinking, and promoting
deeper conceptual understanding across disciplines. Through these mechanisms, the stage builds competence
(SDT) by developing mastery of digital tools and cultivating digital citizenship.

3.5. Stage I: integrated transdisciplinary knowledge

This stage facilitates knowledge integration across disciplinary boundaries [36], elevating it to
transdisciplinary integration through science, technology, engineering, arts, and mathematics (STEAM)
education and design thinking. Collaborative learning fulfills the SDT need for relatedness through
cooperative learning structures [25]. PhBL is particularly powerful at this stage, as it connects theoretical
knowledge with real-world contexts [21] and creates authentic motivation for deeper conceptual integration.

3.6. Stage E: evaluation to improve teaching

This formative evaluation stage employs both Bloom’s revised taxonomy [27] and Marzano’s new
taxonomy [20], including an assessment of the metacognitive system. Data-driven assessment through
learning analytics enables real-time identification of cognitive gaps and timely instructional adjustment [37],
complemented by Marzano’s [38] research-based instructional strategies for cueing, summarizing, and
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providing feedback that have shown consistent effect sizes across classroom contexts. The stage builds
competence (SDT) by providing specific, actionable feedback that supports continuous learner growth and
aligns assessment evidence directly with the goals set in stage S.

3.7. Stage S: standard-based assessment and global goals

The summative evaluation employs the structure of observed learning outcomes (SOLO) taxonomy
[39] for classifying intellectual depth, benchmarked against national curriculum standards, sustainable
development goal 4 [40], and international digital competency frameworks. This stage ensures that program
outcomes meet both national accreditation requirements and global quality benchmarks. By closing the
assessment loop, the stage links classroom-level evidence with broader institutional and international quality
assurance systems, completing the iterative cycle of the model.

3.8. Semester implementation example

To illustrate how the seven stages translate into routine classroom practice, Table 1 maps the
STUDIES architecture onto a 16-week pre-service teacher-education course on instructional design. Each
row of the table specifies the corresponding stage, the recommended weeks, the key activities, the assessment
evidence, and a benchmark for the targeted competency. This implementation roadmap is intended to support
replication by teacher educators in similar institutional contexts and to facilitate cross-program comparison.

The implementation example is organized around four design principles. First, the stages are
sequenced but iterative, meaning that earlier stages are revisited in light of evidence gathered in later ones.
Second, every stage produces an artifact that can be assessed against an explicit benchmark, enabling
formative monitoring throughout the semester. Third, digital tools are introduced progressively, beginning
with established learning platforms and culminating in generative Al co-creation in stage D, while
collaborative and individual work alternate so that all three SDT needs are addressed across the course.

Table 1. Semester implementation of STUDIES stages with activities, assessments, and benchmarks

Stage Weeks Key activities Assessment Benchmark
S (Goals) 12 The activities include learner profiling, a Reflective goal 90% articulate
collaborative goal-setting workshop, and the statement measurable competency
articulation of competency outcomes. goals
T (Task) 34 Backward design mapping; KSA analysis; Task analysis 10C > 0.80 by expert
authentic task development portfolio panel

U (Universal)  5-6
D (Digital) 7-9

I (Integrated) 10-12

UDI/UDL audit; Al-personalized pathway design;
accessibility review

Digital tool exploration; GenAl co-creation;
VR/AR prototyping; digital ethics seminar
Transdisciplinary project, STEAM challenge,
community phenomenon investigation,
cooperative learning [25]

Inclusive lesson plan
Digital portfolio

Group project + peer
assessment

All plans meet UDI 9
principles

> 80% digital literacy
rubric
Creative-generative level

E (Evaluation) 13-14  Formative assessment design; learning analytics Assessment rubric +  Metacognitive awareness
interpretation; metacognitive reflection journals feedback protocol inventory > 80%

S (Standards) 15-16  SOLO taxonomy mapping; alignment with Portfolio defense + E\/E, > 80/80; SOLO
professional standards [6] and SDG 4; summative  standardized test extended abstract
portfolio defense

4. METHOD

This section reports the research design, participants, instruments, procedures, ethical
considerations, and analysis methods for each of the three validation phases. The presentation follows a
parallel structure across phases to facilitate comparison while preserving phase-specific details. Table 2
concludes with a phase comparison matrix that consolidates these methodological features.

4.1. Research design overview

This study employed a multi-phase validation design across three sequential phases, each using a
one-group pretest—posttest design [41]. While this design does not permit causal inference due to the absence
of a control group, it is appropriate for initial model validation in which the primary goal is to establish
whether an intervention produces meaningful learning gains [41].

4.2. Phase I: development and validation (2018)
Phase I focused on the foundational development of the STUDIES model and its initial validation in
the context of pre-service English-language teacher education. The phase tested whether the seven-stage
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architecture could produce knowledge gains and high-quality lesson plans within a 15-week course.

The design and procedures established the methodological template for the subsequent two phases.

—  Design: one-group pretest—posttest [41].

— Participants: 24 second-year pre-service English education students at Nakhon Phanom University,
selected through purposive sampling based on enrollment in the required pedagogical methods course;
all participants (100% female, mean age 20.3 years) volunteered and provided informed consent.

— Instruments: i) a 60-item knowledge test (Kuder—Richardson 20 [KR-20]=0.85, item difficulty index
0.30-0.70, discrimination index >0.20), validated by five experts using item-objective congruence
(I0C=0.80-1.00); ii) a lesson plan evaluation rubric with four performance levels (imitative,
reproductive, productive, and creative-generative); and iii) a 5-point Likert-type opinion questionnaire
(Cronbach’s 0=0.89).

—  Procedure: a 15-week intervention (45 contact hours) implementing all seven STUDIES stages, with the
pre-test administered in week 1 and the post-test plus opinion survey in week 15.

— Analysis: efficiency ratios EI/E2 (process/product) using the 80/80 mastery criterion [42],
the effectiveness index (E.L.) [43], and a dependent samples t-test (a=.05).

— Sample size justification: for a one-group pretest—posttest design with an expected large effect (d=0.80),
0=0.05, and power=0.80, the minimum required N=15 (G*Power 3.1; [44]); the actual sample (N=24)
exceeded this threshold.

4.3. Phase II: higher-order thinking skills (2019)

Phase II extended the model to early-childhood teacher education, with a primary focus on the
development of HOTS within curriculum design. The phase tested whether the STUDIES architecture could
deliver gains beyond declarative knowledge into the analyze, evaluate, and create levels of Bloom’s revised
taxonomy [27]. Procedures paralleled Phase I to allow cross-phase comparison.

—  Design: one-group pretest—posttest [41].

—  Participants: 28 second-year early-childhood education students, selected through purposive sampling;
all participants (96% female, mean age 20.1 years) provided informed consent. Instruments: i) a 60-item
higher-order thinking test (KR-20=0.87, validated by five experts, IOC=0.80—1.00); ii) a curriculum
development evaluation rubric; and iii) an opinion questionnaire (Cronbach’s 0=0.91).

—  Procedure: a 15-week intervention (45 hours) implementing the STUDIES-based teaching paradigm for
curriculum development, with a pre-test in Week 1 and a post-test in Week 15.

— Analysis: E1/E2 criterion, E.I., and a dependent samples t-test.

— Sample size justification: N=28 exceeded the minimum N=15 required for the same power parameters as
Phase I.

4.4. Phase III: phenomenon-based learning and metacognition (2026)

Phase III evaluated the model in mathematics teacher education, integrating PhBL and a digital
learning ecosystem to target metacognitive development. This phase represents the highest level in the
progressive trajectory because metacognition occupies the top of Marzano and Kendall’s [20] hierarchy.
The procedure was condensed to 12 weeks while preserving the seven-stage logic.

—  Design: one-group pretest—posttest [41].

— Participants: 30 second-year pre-service mathematics education students at Nakhon Phanom University,
selected through cluster random sampling (one intact class drawn from two available sections);
participant characteristics were 63% female with a mean age of 20.5 years, and all provided informed
consent.

— Instruments: i) a 60-item metacognition achievement test aligned with Marzano’s metacognitive system
[20] (KR-20=0.83, IOC=0.67-1.00, validated by three experts); ii) a metacognitive awareness inventory
adapted from Schraw and Dennison [14] (Cronbach’s 0=0.92); and iii) an opinion questionnaire
(Cronbach’s 0=0.88).

—  Procedure: a 12-week intervention (36 contact hours) organized in three sub-phases aligned with the
STUDIES architecture: i) learning planning (stages S—T, weeks 1-3); ii) transformative learning through
digital ecosystem integration and phenomenon-based inquiry (stages U-D-I, weeks 4-9); and iii) learning
assessment encompassing the knowledge and metacognitive systems (stages E-S, weeks 10—12).

— Analysis: percentage criterion (80%), Hake’s normalized gain [45], and a dependent samples t-test.

— Sample size justification: N=30 exceeded the minimum N=15 derived from the same a priori power
analysis.
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4.5. Ethical considerations

All three phases adhered to the ethical principles of the Declaration of Helsinki and received
approval through the institutional review processes at Nakhon Phanom University. Participation was
voluntary, informed consent was obtained from all participants prior to data collection, and data were
anonymized using numerical codes and stored securely on password-protected institutional servers.
Participants were further informed of their right to withdraw at any time without academic penalty, and
research procedures were reviewed and approved by the Faculty of Education’s ethics committee.

4.6. Phase comparison matrix

To provide a transparent overview of the three phases, Table 2 consolidates their methodological
features along 12 dimensions. The matrix highlights both the commonalities (shared design, similar sample
sizes, comparable instrument quality) and the deliberate progression in target outcomes (knowledge, HOTS,
metacognition). This consolidated view supports cross-phase interpretation in the results and discussion
sections.

Table 2. Comparison of validation phases: design, participants, instruments, and analysis methods

Component Phase I (2018) Phase 11 (2019) Phase I1I (2026)
Context English education Early childhood curriculum Mathematics+PhBL
Design One-group pretest—posttest ~ One-group pretest—posttest ~ One-group pretest—posttest

N 24 28 30
Sampling Purposive Purposive Cluster random
Duration 15 weeks (45 hrs) 15 weeks (45 hrs) 12 weeks (36 hrs)
Primary DV Knowledge Higher-order thinking Metacognition
Knowledge test KR-20 0.85 0.87 0.83
Opinion a 0.89 091 0.88

Expert IOC 0.80-1.00 0.80-1.00 0.67-1.00

Analysis E\/E,, E.L, t-test E\/E,, E.L, t-test %, <g>, t-test
Publication status Published [15] Published [46] Published [47]
5. RESULTS

This section reports the empirical findings of the three validation phases in turn, beginning with
phase-level effects and concluding with a cross-phase summary. For each phase, the report follows the same
order: psychometric quality of instruments, efficiency or gain indicators, inferential test, effect size, and
student opinions. The cross-phase comparison in Table 3 then situates these findings within the progressive
trajectory anticipated by the model.

Table 3. Summary of key metrics across three validation phases

Metric Phase 1 Phase 11 Phase 111
Pre-test M (SD) 29.67 (5.18) 29.46 (3.84) 27.56 (7.28)
Post-test M (SD) 48.41 (2.26) 48.82 (2.21) 48.56 (6.35)

t-statistic (df) 26.17 (23) =54.77 (27) —36.37 (29)

p-value <.01 <.001 <.001
Cohen’s d 4.69 6.17 3.08
E/E> 80.56/80.68 80.95/81.36 N/A
Effectiveness Index 0.62 0.63 N/A

Normalized gain <g> N/A N/A 0.64 (medium)

Expert rating High (4.28) High (4.26) High agreement

Primary outcome Knowledge HOTS Metacognition

Note: Cohen’s d is calculated as (Mpos—Mpre)/SDpooiea. The large effect sizes reflect the within-group design;
between-group comparisons would likely yield smaller effects. E,/E,=efficiency ratio based on the 80/80 mastery
criterion [42]. <g>=Hake’s normalized gain [45].

5.1. Phase I results: knowledge acquisition

Expert validation yielded IOC values of 0.80—1.00, confirming the content validity of the knowledge
test. Efficiency testing produced Ei/E,=80.56/80.68, meeting the 80/80 mastery criterion [42]. The E.I. was
0.62, indicating that 62% of what participants did not know before instruction was learned during the
intervention.

Post-test scores (M=48.41, SD=2.26) were significantly higher than pre-test scores (M=29.67,
SD=5.18), t(23)=26.17, p<.01, Cohen’s d=4.69. The majority (58.33%) demonstrated creative-generative-
level lesson planning, the highest level of the rubric. Expert quality assessment rated the model at a high level
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(M=4.28, SD=0.53), and student opinions were positive across all dimensions: learning atmosphere (M=4.38,
SD=0.64), activities (M=4.37, SD=0.58), and perceived benefits (M=4.37, SD=0.70).

5.2. Phase II results: higher-order thinking

Expert evaluation rated the paradigm at the high level (M=4.26, SD=0.50), and efficiency testing
produced Ei/E»=80.95/81.36 with E.1.=0.63. Post-instruction scores (M=48.82, SD=2.21) were significantly
higher than pre-instruction scores (M=29.46, SD=3.84), t(27)=—54.77, p<.001, Cohen’s d=6.17. Students
demonstrated satisfactory-level curriculum development abilities consistent with the rubric anchors.

Beyond the cognitive outcomes, students reported strong affective endorsement of the paradigm.
The highest endorsement was for practical career benefits (M=4.50, SD=0.71) and self-directed higher-order
thinking development (M=4.46, SD=0.64). These ratings suggest that the model produced measurable HOTS
gains and fostered a sense of professional value that supports sustained engagement.

5.3. Phase III results: metacognitive development

Expert validation yielded IOC values of 0.67-1.00 across the metacognition items. The mean
percentage score of metacognition achievement reached 80.25%, meeting the established criterion.
The class-level normalized gain was medium (<g>=0.64), indicating substantial learning progression from
pre- to post-intervention [45].

Post-test metacognition scores (M=48.56, SD=6.35) were significantly higher than pre-test scores
(M=27.56, SD=7.28), t(29)=—36.37, p<.001, Cohen’s d=3.08. Student opinions were at a high agreement
level, with the highest endorsement for enhanced digital skills and applicability to future teaching careers.
These dual indicators—cognitive gain plus affective endorsement—mirror the pattern observed in Phases I
and II at the higher metacognitive level of the trajectory.

5.4. Summary of results across phases

Table 3 consolidates the key inferential, descriptive, and effect-size statistics across the three phases.
The summary supports a direct cross-phase comparison and complements the within-phase narratives. Three
patterns are particularly noteworthy. First, all three phases produced statistically significant pre—post
differences (p<.01 or p<.001), with very large within-group effect sizes (d=3.08-6.17). Second, both
efficiency-based criteria (Ei/E,, E.I.) in Phases I-II and gain-based criteria (<g>) in Phase IIl met or
exceeded conventional thresholds for instructional effectiveness. Third, the magnitude of the effect
appropriately attenuates as the target outcome moves from declarative knowledge (Phase I) toward more
demanding cognitive systems (HOTS, metacognition), which is consistent with the higher cognitive load of
the upper levels of Marzano’s taxonomy [20].

6. DISCUSSION

This section interprets the findings against the theoretical framework that motivated the model and
against the broader empirical literature. The discussion is organized around three perspectives: theoretical
mechanisms, comparison with existing evidence, and policy implications. Each perspective addresses one of
the three research questions.

6.1. Theoretical mechanisms explaining the results

The cumulative findings across three phases illuminate how the constructivist learning cycle
operates within the STUDIES model to produce consistent outcomes. Drawing on Gagnon and Collay’s [16]
framework, the seven stages map onto three recursive phases: clarifying existing knowledge (stages S—T),
identifying and understanding new information (stages U-D-I), and confirming and using new knowledge
(stages E—S). This recursive structure ensures that learners build on what they already know rather than
merely add to it.

The Phase III findings demonstrate that this constructivist architecture can effectively develop
metacognition—the highest-order system in Marzano and Kendall’s taxonomy [20]. When PhBL links
theoretical concepts to authentic real-world contexts [21] and a digital learning ecosystem provides
collaborative reflection tools [30], learners inherently engage in the planning, monitoring, and evaluating
activities that define metacognitive practice [13], [14]. This finding is consistent with the works [28], [29],
who identified metacognition as a significant predictor of learning outcomes, irrespective of intelligence.

The progressive trajectory from knowledge acquisition (Phase I) through HOTS (Phase II) to
metacognitive development (Phase III) mirrors the hierarchical structure of Marzano and Kendall’s [20]
taxonomy. This empirically observed progression validates the theoretical premise that lower-order cognitive
competencies serve as necessary foundations for higher-order metacognitive capabilities and represents
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a unique contribution of the STUDIES model. This pattern parallels Chi and Wylie’s [48] interactive—
constructive—active—passive (ICAP) Framework, which predicts that interactive and constructive engagement
modes produce superior learning outcomes.

From an SDT perspective [17], [18], the consistently positive student perceptions across all phases
suggest that the STUDIES model successfully addresses the three basic psychological needs.
The autonomy-supportive elements (stages S and U) may explain the high engagement levels observed,
consistent with Reeve’s [49] finding that autonomy-supportive teaching enhances both motivation and
achievement. The competence-building activities (stages D and E) align with Freeman ef al.’s meta-analytic
[50] evidence that active learning increases examination performance by 0.47 SD, while the relatedness-
fostering stage I is consistent with Johnson and Johnson’s [25] finding that cooperative learning produces
higher achievement than individualistic approaches (d=0.66).

6.2. Comparison with existing evidence

The effect sizes observed in this study compare favorably with established benchmarks.
The normalized gain of 0.64 in Phase III falls within the medium range on Hake’s [45] scale and exceeds the
average reported in physics education reform studies (typically <g>=0.48), while the effectiveness indices of
0.62—0.63 in Phases I-II exceed the conventional threshold of 0.50 for acceptable instructional effectiveness
[43]. Krajcik and Shin [10] reported comparable learning gains (d=0.50-0.80) in project-based STEM
education, though without the metacognitive development component that the STUDIES model uniquely
provides. Srisawasdi and Panjaburee [51] further situated similar findings within Thai educational research,
supporting the cross-disciplinary plausibility of the model.

6.3. Policy implications and scalability

The STUDIES model addresses structural challenges specific to Thai education while maintaining
international transferability. It responds to the Teachers’ Council professional standards [6], operationalizes
the 20-year national strategy [5], and addresses the PISA 2022 performance gap [4]. For policymakers, the
model provides an evidence-based framework for curriculum reform in teacher preparation, with explicit
alignment to accreditation requirements and sustainable development goal 4 [40]; for teacher educators,
it offers practical guidelines, including curriculum design templates as shown in Table 1, assessment metrics,
and a semester implementation roadmap. The modular seven-stage structure allows adaptation across
disciplinary contexts without losing theoretical coherence, making it scalable for ASEAN teacher-education
reform.

Beyond Thailand, the model has implications for international teacher-education systems
responding to Education 5.0 demands. As Hamedani et al. [1] noted, Education 5.0 frameworks require
contextual validation across diverse settings before broad adoption, and the STUDIES model's successful
application across three disciplinary contexts provides preliminary evidence of cross-disciplinary
generalizability. Darling-Hammond et al [52] emphasized that effective teacher preparation requires
coherent program design, clinical practice, and continuous assessment—elements systematically addressed
by the seven-stage architecture.

7. LIMITATIONS AND FUTURE RESEARCH

While the cumulative evidence supports the STUDIES model, we must acknowledge several
methodological limitations before making broader claims. These limitations and the open questions raised by
the present findings directly inform the recommendations for future research. The two subsections
collectively define the current boundaries of the model’s claims.

7.1. Limitations

Several limitations must be acknowledged. First, all three phases utilized one-group pretest—posttest
designs, which preclude causal assertions due to the absence of control groups and the possible effects of
maturation, history, and testing [41]; the substantial within-group effect sizes (d=3.08-6.17), therefore,
require careful interpretation, since between-group comparisons would likely yield smaller effects. Second,
sample sizes were relatively small (N=24-30) and drawn from a single regional university, limiting
generalizability beyond similar institutional contexts. Third, all outcome measures were researcher-developed
instruments, and future studies should incorporate standardized measures with established psychometric
properties to support cross-study comparison. Fourth, the studies assessed immediate post-intervention
outcomes without longitudinal follow-up, leaving questions about knowledge retention and transfer to
classroom practice unaddressed.
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7.2. Recommendations for future research

Five research directions merit pursuit. First, quasi-experimental studies with nonequivalent control-
group designs and rigorous effect-size reporting are needed to establish causal claims. Second, multi-site
replication studies across diverse institutional contexts and disciplinary areas would establish external
validity. Third, longitudinal research tracking graduates through teaching practicums and into their first years
of professional practice would evaluate competency retention and transfer to authentic classroom settings.
Fourth, mixed-methods research that includes qualitative methods such as classroom observations,
interviews, and reflective journals would help illuminate the psychological processes that mediate
metacognitive development at different stages of the model. Fifth, the integration of emerging technologies
(generative AI, VR/AR, and learning analytics) within the model’s digital learning stage warrants systematic
investigation, including ethical safeguards and equity implications. These five directions together make up a
clear research agenda for the next ten years of STUDIES model research.

8. CONCLUSION

This study presented the STUDIES model: Education 5.0 as a seven-stage instructional framework
for teacher education, grounded in constructivism, self-determination theory, and digital humanism. The
unique contribution of the model is its empirically validated progressive pathway, in which a single seven-
stage architecture is shown to develop knowledge, higher-order thinking, and metacognition—a trajectory
mirroring a recognized hierarchical taxonomy and not previously demonstrated by any other Education 5.0
framework. By mapping each stage to one of the five Education 5.0 pillars and to a specific psychological
need, the model provides a coherent and reusable architecture for human-centric teacher preparation.

Cumulative evidence across three published validation phases (N=82 in total) demonstrates that the
model consistently produces statistically significant improvements in the targeted outcomes, with enormous
within-group effect sizes and high student endorsement. However, the pre-experimental designs employed
limit causal inference, and the findings should therefore be considered promising rather than conclusive.
The alignment of the model with Education 5.0 pillars, with national professional standards, and with the
global sustainable development goal for education positions it as a potentially scalable framework for
teacher-education reform.

Future research employing quasi-experimental designs, multi-site replications, and longitudinal
tracking will be essential to confirm and extend these initial findings. Researchers should focus on integrating
emerging technologies, ensuring the long-term retention of metacognitive gains, and assessing the
cross-cultural transferability of the seven-stage architecture. Such research will determine whether the
present validation in Thai teacher education can serve as a foundation for broader Education 5.0 reform
across diverse international contexts.
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