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AUTORREGULADA NAS COMPETENCIAS DE COZINHA DE FUSAO INOVADORA
NA EDUCACAO EM ARTES CULINARIAS

Abstract

Advancements in culinary arts education
emphasize active pedagogical strategies to foster
innovative fusion cuisine skills, addressing the
global gastronomy sector's demand for cultural
amalgamation and technological integration.
This study investigates the effects of discovery
learning augmented by self-regulated learning
(SRL) on students' creative competencies,
focusing on digital incorporation in developing
regions, to bridge gaps in traditional rote-based
programs. A mixed-methods explanatory
sequential design was employed with 135 fifth-
semester culinary arts students at Universitas
Negeri Medan. The quantitative phase used a

quasi-experimental setup with block
randomization into experimental (discovery
learning, n=69) and control (traditional

instruction, n=66) groups, assessing SRL via
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Resumo

Os avangos no ensino das artes culinarias
enfatizam estratégias pedagogicas ativas para
fomentar habilidades inovadoras na culinaria
de fusdo, atendendo a demanda do setor
gastronbmico global por fusdo cultural e
integracao tecnoldgica. Este estudo investiga os
efeitos da aprendizagem por descoberta,
complementada pela aprendizagem
autorregulada (AA), nas competéncias criativas
dos alunos, com foco na incorporacéo digital em
regides em desenvolvimento, visando preencher
lacunas em programas tradicionais baseados na
memorizacdo. Utilizou-se um delineamento
sequencial explicativo de métodos mistos com
135 alunos do quinto semestre do curso de artes
culindrias da Universidade Estadual de Medan.
A fase quantitativa empregou um delineamento
quase-experimental com randomizacdo em
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adapted MSLQ surveys and innovative skills
through portfolio rubrics. The qualitative phase
involved semi-structured interviews with 10
students and 5 instructors, analyzed thematically
using NVivo. Discovery learning significantly
enhanced SRL indicators and innovative fusion
skills (mean scores: 87,5 vs. 74,6 for high SRL),
with a notable interaction effect (F(2,129)=4,35,
p=0,015, partial 1?>=0,068). Qualitative themes
highlighted increased engagement, creativity
(e.g., "Rendang Sushi"), SRL practices, and
challenges like resource limitations and digital
equity issues. Discovery learning, amplified by
SRL, outperforms traditional methods in
cultivating innovative fusion cuisine skills, with
recommendations for scaffolding, institutional
investments, and technology integration (e.g.,
VR/AI). Future research should explore
longitudinal impacts and multinational contexts
to enhance vocational culinary training.

Keywords: Discovery Learning, Self-Regulated

Learning, Innovative Cuisine Skills, Culinary
Aurts Education.

1 INTRODUCTION

THE EFFECTS OF DISCOVERY LEARNING AND SELF-REGULATED LEARNING ON INNOVATIVE FUSION CUISINE SKILLS IN CULINARY ARTS EDUCATION

blocos para o0s grupos experimental
(aprendizagem por descoberta, n=69) e controle
(ensino tradicional, n=66), avaliando a AA por
meio de questionarios MSLQ adaptados e as
habilidades inovadoras por meio de rubricas de
portfolio. A fase qualitativa envolveu entrevistas
semiestruturadas com 10 alunos e 5 instrutores,
analisadas tematicamente utilizando o software
NVivo. A aprendizagem por descoberta
aprimorou significativamente os indicadores de
autorregulacdo da aprendizagem (ARA) e as
habilidades inovadoras de fusdo -culinaria
(pontuagBes médias: 87,5 vs. 74,6 para alta
ARA), com um efeito de interagdo notavel
(F(2,129)=4,35, p=0,015, n? parcial=0,068). Os
temas qualitativos destacaram o aumento do
engajamento, da criatividade (por exemplo,
"Sushi de Rendang"), das préticas de ARA e dos
desafios, como a limitagdo de recursos e as
questdes de equidade digital. A aprendizagem
por descoberta, amplificada pela ARA, supera
0s métodos tradicionais no desenvolvimento de
habilidades inovadoras em culinaria de fuséo,
com recomendagdes para o desenvolvimento de
habilidades, investimentos institucionais e
integracdo de tecnologia (por exemplo,
realidade  virtual/inteligéncia artificial).
Pesquisas futuras devem explorar os impactos
longitudinais e os contextos multinacionais para
aprimorar o treinamento culinério profissional.

Palavras-chave: Aprendizagem por Descoberta.
Aprendizagem  Autorregulada. Habilidades
Culinérias Inovadoras. Educacdo Em Artes
Culinérias.

Advancements in vocational training have increasingly emphasized active
pedagogical strategies to cultivate essential competencies such as analytical reasoning,
inventive problem-solving, and cross-disciplinary integration, especially in culinary arts
education, where the global gastronomy sector demands professionals adept at cultural
amalgamation and technological innovation.®? In this context, discovery learning and
project-based approaches have emerged as pivotal, empowering learners to experiment
with blending varied gastronomic heritages into novel fusion creations, thus meeting the

dynamic needs of contemporary food markets.®4% However, while these instructional
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models show promise, their specific deployment in fostering creative culinary outputs
warrants deeper investigation to refine their impact.®

Traditional culinary programs often emphasize rote mastery of techniques,
sidelining the imaginative and flexible approaches vital for pioneering hybrid dishes.®?
Recent studies highlight the advantages of integrating active learning and discovery-
based models, which foster collaboration, communication, and creativity—skills
essential for 21st-century culinary professionals.®? Yet, deficiencies remain in merging
self-directed oversight with digital aids, particularly in emerging economies.

Self-regulated learning (SRL), defined as the capacity to orchestrate, oversee, and
appraise personal educational journeys, acts as a vital amplifier for the success of
exploratory methods.”#9 In culinary instruction, advancing proficiencies in fusion
gastronomy—encompassing the artful synthesis of disparate food cultures—necessitates
frameworks that nurture originality, expertise, and independence.®® The interplay
between discovery learning and SRL yields complementary benefits, linking conceptual
insights with hands-on execution in an ever-changing culinary landscape. %

Empirical research affirms this linkage. For instance, project-based and discovery
learning approaches have been shown to significantly enhance both self-regulated
learning and creative thinking skills, with supportive learning environments being a key
factor.®11D) Likewise, SRL is associated with elevated confidence, problem-solving, and
creative performance, foundational to gastronomic breakthroughs.(”) These findings
resonate with foundational theories positing that exploratory processes yield profound,
applicable insights, while self-management optimizes educational progress and
breakthroughs.

Digital advancements further augment this fusion by mitigating conventional
limitations. Technology-enhanced and virtual reality-based culinary curricula have
demonstrated positive impacts on learning outcomes, creativity, and student engagement,
providing risk-free environments for experimentation and immediate feedback for self-
regulation.*Y) However, equitable access to such technologies remains a challenge,
especially in under-resourced regions.*?

Despite these advances, the collaborative potential of discovery learning and SRL
for nurturing inventive fusion proficiencies in vocational culinary spheres is

underexplored, particularly regarding technology assimilation in fusion contexts within
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developing locales.*® This gap is acute given the industry's call for experts versatile in
both cultural and digital realms—a need unmet by outdated models that often ignore
fairness in tech access.'?

To bridge these lapses, the present inquiry delves into merging discovery learning
and SRL in culinary arts training, drawing from progress in career pedagogy and digital
innovation.®¥ This study adopts a mixed-methods explanatory sequential design, where
quantitative elements via a factorial randomized trial precede qualitative probes to
elucidate mechanisms and hurdles, ensuring thorough validation through statistical rigor
and thematic depth.

The core goal is to assess discovery learning augmented by SRL in elevating
learners' inventive fusion gastronomy talents, with a focus on digital incorporation and
its effects on perpetual vocational growth. This addresses scholarly voids by scrutinizing
enhancements in versatility and originality, guided by questions on the comparative
effectiveness of instructional models, the role of SRL, the impact of technology, and the

obstacles faced in implementation.

2 METHOD

2.1 Research design

This study employed a mixed-methods explanatory sequential design to
investigate the effects of discovery learning and self-directed learning on the
development of innovative fusion cooking skills among culinary arts students. The
research was conducted in two distinct phases: a quantitative phase followed by a
qualitative phase, allowing for the integration of statistical trends with in-depth

participant perspectives.*®
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2.2 Quantitative phase
2.2.1 Participants and sampling

The population for this study consisted of all fifth-semester undergraduate
students enrolled in the Culinary Arts Program (Program Studi Pendidikan Tata Boga) at
Universitas Negeri Medan, with an estimated enrollment of approximately 198 students
per cohort based on recent admission quotas. A total of 135 students participated in the
study, representing a substantial portion of the population. This sample is considered
representative of the program's fifth-semester students at the university due to the use of
block randomization, which balanced key variables across groups. Participants were
assigned to either an experimental group (n = 69), which received discovery learning
interventions, or a control group (n = 66), which received traditional instruction. Block
randomization within class sections was used to balance prior academic achievement and
baseline self-regulated learning (SRL) scores, following quasi-experimental best

practices.1817)
2.2.2 Instruments
2.2.2.1 Self-Regulated Learning (SRL) Survey

The SRL instrument was adapted from established frameworks, including the
Motivated Strategies for Learning Questionnaire (MSLQ), and tailored to culinary
contexts.819 The survey comprised 30 items rated on a 5-point Likert scale, covering
planning, monitoring, and reflection. Validity was confirmed via confirmatory factor
analysis (CFI = 0,92, RMSEA = 0,06), and reliability was established with Cronbach’s
alpha values above 0,79 for all subscales.?

2.2.2.2 Portfolio assessment rubric

Student portfolios were evaluated using a rubric assessing six domains: fusion

concept, ingredient blending, technical execution, plating aesthetics, inventive elements,
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and taste harmony. The rubric was developed based on validated culinary assessment
models and expert review.?'??) Inter-rater reliability was high (Cohen’s kappa > 0,8).8)

2.2.2.3 Procedure

Data collection occurred in three stages: 1) Pre-intervention: Baseline SRL
surveys and portfolio assessments were conducted, 2) Intervention: The experimental
group participated in six discovery-based sessions integrating SRL strategies, including
hands-on fusion cooking projects, virtual kitchen simulations, and collaborative problem-
solving.®® The control group engaged in lecture-based laboratory work. Both groups
accessed shared digital resources to encourage cultural synthesis. And 3) Post-
intervention: SRL surveys and portfolio assessments were repeated and scored by blinded

evaluators.
2.2.2.4 Data analysis

Statistical analyses were performed using SPSS. Group comparability was
assessed with t-tests and chi-square tests. Assumptions of normality and homogeneity of
variance were checked using the Shapiro-Wilk and Levene’s tests, respectively. Two-
way ANOVA was used to examine main and interaction effects of instructional type and
SRL level on innovation scores, with effect sizes reported as partial n2. Post-hoc analyses
employed Tukey’s HSD, and multiple regression was used to control for covariates.®)
A priori power analysis confirmed sufficient sample size for medium effect detection.

2.3 Qualitative phase
2.3.1 Participants and sampling

A purposive sample—which is a non-probability sampling method where
participants are intentionally selected based on specific characteristics, expertise, or

qualities relevant to the study's objectives, rather than through random selection—of 10

students and 5 instructors was selected to represent a range of SRL capacities and
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program involvement. Participants were anonymized (e.g., S1-S10, 11-15) to ensure

confidentiality.
2.3.2 Data collection

Semi-structured interviews explored participants’ experiences with discovery
learning, SRL application, and barriers to innovation. Open-ended prompts (e.g.,
“Describe how exploration shaped your fusion creativity”) and follow-up questions
addressed resource limitations and instructional challenges.®? Interviews lasted 30-45

minutes, were audio-recorded with consent, and transcribed verbatim.
2.3.3 Data analysis

Transcripts were analyzed using reflexive thematic analysis.?¥ Initial coding
identified recurring concepts, followed by axial coding to develop themes such as
“digital-aided creativity” and “SRL obstacles.” Inter-coder reliability was established
(kappa = 0,82) through dual coding of a subset of transcripts. NVivo software facilitated
data management and analysis.

2.3.4 Integration and joint display

Quantitative and qualitative findings were integrated using joint display
techniques to visually and narratively connect statistical trends with thematic insights,
enhancing the interpretation of how SRL and discovery learning interact to foster
innovation@526),
2.3.5 Research ethics

All procedures were approved by the Universitas Negeri Medan Ethics

Committee. Participants received detailed study information and signed informed

consent forms. Data were pseudonymized and securely stored. No incentives were
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provided, and risks were minimized in accordance with international ethical

guidelines.®”

3 RESULT

Subsequently, the qualitative data provide interpretive depth to these numerical
patterns, drawing from participant narratives. The quantitative phase utilized a quasi-
experimental arrangement incorporating randomized features, while the qualitative phase
involved thematic scrutiny of discussions with learners and educators.

To uphold analytical integrity, prerequisites for the two-way ANOVA were
confirmed, including normal distribution via Shapiro-Wilk assessments (all p>0,05

across categories) and equal variances through Levene's examination (p = 0,12).

3.1 Quantitative results

The numerical evaluation scrutinized the role of discovery learning versus
traditional teaching in elevating creative culinary competencies, influenced by varying
SRL competencies. A 3 x 2 factorial setup facilitated two-way ANOVA and subsequent
examinations to pinpoint variances, with summary metrics delineating average

performances stratified by SRL categories (elevated, intermediate, reduced).

3.1.1 Self-regulated learning in discovery learning versus traditional approaches

Implementing discovery-based techniques markedly amplified self-regulatory
practices relative to standard procedures, which afforded fewer avenues for independent
oversight and reflective cognition. Table 1 outlines SRL dimensions according to
pedagogical strategy, revealing superior achievements in the discovery cohort across

metrics.
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Table 1
Self-Regulated Learning Indicators

Discovery Traditional

Dimension learning Classification Classification
(Average)

(Average)
Forethought 4,12 Elevated 3,22 Intermediate
Performance 4,05 Elevated 3,10 Intermediate
Control
Self-Reflection 3,95 Elevated 3,15 Intermediate

Table 1 showed that such results emphasize how discovery methods cultivate
SRL via an inquiry-driven, learner-focused paradigm, pivotal for advancing novel fusion

culinary abilities.®®

3.1.2 Portfolio evaluation of learners' creative culinary proficiencies

Learners' inventive culinary aptitudes were gauged through a portfolio rubric
encompassing six key facets: (1) Theoretical Grasp of Fusion Gastronomy; (2)
Component Choice and Integration Abilities; (3) Preparation and Methodological
Expertise; (4) Display and Arrangement Competencies; (5) Originality and Novelty; and
(6) Palate Harmony and Sensory Appeal. Submissions featured recipe logs, visual
records, introspective entries, and proofs of blended culinary creations. Figure 1 contrasts

outcomes between the intervention (discovery) and reference (traditional) cohorts.

Figure 1

Portfolio Evaluation of Learners’ Creative Gastronomic Abilities Between

Creative Culinary Proficiencies

100 84,06
80
60
40
20

Poor Good Excellent Poor Good Excellent
Intervention Groups Reference Groups
== Fusion Theory Comprehension === Component Choice & Integration
= Preparation & Methodology === Display & Arrangement
——Originality & Novelty ——— Palate & Sensory
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3.2 Intervention and reference groups

Figure 1 depicts the distribution of creative gastronomic abilities from portfolios
in discovery versus traditional settings. Intervention participants generally achieved
higher levels, with superior category proportions peaking at about 84-89% in multiple
areas (e.g., methodological prowess), contrasted by minimal weak classifications (under
20%). The reference group exhibited balanced spreads, with superior proportions ranging
from 15-72% and elevated weak shares (reaching 36%). This pattern suggests the
intervention's greater efficacy in boosting creative proficiencies, displaying a pronounced
shift toward superiority in the intervention, unlike the downward trend in the reference.

Table 2

Creative Culinary Proficiencies Across Cohorts and SRL Categories

Category Participant Lowest Highest
S Average Deviation Variability

Discovery-Elevated SRL 23 82 92 87,5 2,80
Discovery-Intermediate SRL 23 79 90 84,2 2,50 2,50
Discovery-Reduced SRL 23 77 89 82,8 3,00
Traditional-Elevated SRL 22 64 86 74,6 3,20
Traditional-Intermediate SRL 22 60 84 72,5 2,80 2,80
Traditional-Reduced SRL 22 59 80 69,7 2,90

As shown in Table 2, Discovery cohorts exhibited superior averages across all
SRL categories, with a constructive relationship between SRL expertise and outcomes.

Narrower variability in discovery indicates enhanced uniformity.

Table 3
Two-Way ANOVA Assessing Strategy and SRL Impacts on Creative Culinary

Proficiencies

Type 1 )

Sum of Mean Noncent. Observed Y
Source Squares  df Square F Sig. Parameter Power® (Partial)
Corrected Method ~ 8500,00 5 1700,00 18,50 0,001 92,500 0,999 0,452
Intercept 600000,00 1 600000,00 6521,74 0,001 6521,74 1,000 0,983
Method 3500,00 1 3500,00 38,04 0,001 38,04 0,999 0,248
SRL 2500,00 2 1250,00 1359 0,001 27,18 0,995 0,204
Method* SRL 800,00 2 400,00 4,35 0,015 8,70 0,740 0,068
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Error 10200,00 129 992,00
Total 618700,00 135
Corrected Total 18700,00 134

Table 3 showed the combined effect proved notable (F(2,129) = 4,35, p = 0,015,
partial n = 0,068), signifying that discovery advantages intensified with advanced SRL.

The framework accounted for 45.2% of the variability.
3.2.1 Post-hoc examinations across SRL categories
Post the two-way ANOVA, substantial variances emerged in creative

proficiencies between the discovery intervention and the traditional reference. Additional

post-hoc probes dissected distinctions by SRL categories.

Table 4
Post-Hoc Variances in Creative Culinary Proficiencies Across SRL Categories
Comparison Mean Difference Sig Notable
Elevated vs Intermediate 6,50 0,001 Yes
Elevated vs Reduced 8,90 0,001 Yes
Intermediate vs Reduced 2,40 0,220 No

As shown in Table 4, the post-hoc analysis revealed significant differences
between Elevated and Intermediate SRL categories (mean difference = 6,50, p = 0,001),
and between Elevated and Reduced (mean difference = 8,90, p = 0,001), but not between

Intermediate and Reduced (mean difference = 2,40, p = 0,220).
3.2.2 Predictive influence of discovery learning and srl on creative culinary proficiencies

Multiple linear regression evaluated the forecasting capacity of discovery
learning and SRL on learners' creative proficiencies, yielding:
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Table 5
Multiple Regression Forecasting Creative Culinary Proficiencies

Coefficient Standard

. . ,
Variable @) Error t Sig R F
Intercept 72,50 1,75 41,43 0,001
Method 8,50 1,75 4,86 0,001

(Discovery)

Intermediate
SRL -6,50 2,10 -3,10 0,002

Reduced SRL -8,90 2,10 -4,24 0,001

0,452 35,20

Table 5 showed that the configuration was meaningful (R? = 0,452, F(3,131) =

35,20, p < 0,001), positioning discovery and elevated SRL as affirmative forecasters.

3.3 Qualitative results

Insights from semi-structured dialogues with 10 learners and 5 educators
underwent thematic dissection via an iterative procedure, yielding four core patterns:
learner involvement, proficiency advancement and originality, self-regulatory practices,
and obstacles with limitations. Coding consistency was gauged by Cohen's Kappa (x =
0,85), denoting robust concordance. Validation was bolstered through cross-referencing
with portfolio elements. In line with modern pedagogical concerns, patterns encompassed
tech incorporation, such as simulated kitchen environments for inclusive trials in

constrained locales.®

3.3.1 Learner involvement

Discovery techniques heightened participation, modulated by SRL tiers.
Advanced SRL learners voiced zeal for self-direction: "The liberty to test fresh
combinations daily sparks my interest” (M1). Intermediate SRL learners displayed
fluctuating commitment: "While eager, | occasionally grapple with prioritizing virtual
lab trials in fusion gastronomy"” (M2). Reduced SRL learners experienced overload:
"This openness daunts me; independence isn't my norm™ (M4). Educators stressed group
equilibrium: "Harmonious, cooperative teams foster vibrant educational climates"
(D4).3)
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3.3.2 Proficiency advancement and originality

Respondents noted amplified originality in blended gastronomy. Advanced SRL
learners ventured audaciously: "This framework grants me leeway to merge Sumatran
heritage with pan-Asian and European essences" (M3). Illustrations encompassed
"Rendang Sushi" and "Kimchi Bibimbap infused with Tempeh." Intermediate SRL
learners gained from iterative attempts: "Blending spices and sampling diverse tastes is
rewarding, despite duration” (M6). Reduced SRL learners proceeded tentatively:
"Absence of direction breeds error apprehension” (M9). Educators underscored digital
aids: "Learners leveraged simulated apps for trial runs, tackling reachability in emerging
regions™” (D1).

3.3.3 Self-regulatory practices

Discovery fostered SRL, propelling originality. Advanced SRL learners excelled:
"Autonomous trials and self-study yielded inventive outputs like "Sushi Laksa™ (M1).
Intermediate SRL learners sought aid: "I crafted 'Pad Thai with Tempeh' via colleague
support”™ (M6). Reduced SRL learners faltered: "Lacking direct oversight hinders
novelty" (M7). Educators confirmed: "This tactic prompts independent strategizing,
trialing, and appraising, igniting fusion creativity" (D3). Fair access to digital resources

was deemed crucial for enduring viability.?®
3.3.4 Obstacles and limitations

Hurdles differed by SRL. Advanced and intermediate SRL learners contended
with iterative necessities: "Creations such as 'Rendang Sushi' demanded multiple
iterations” (M3). Reduced SRL learners favored directives: "Explicit instructions suit
novel preparations” (M4). Systemic issues involved scarce sophisticated tools:
"Infrastructure falls short for advanced pursuits like molecular techniques” (D2).
Scheduling pressures and material procurement surfaced, with suggestions for hybrid
models to alleviate tech disparities.
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4 DISCUSSION

4.1 Disparity in innovative fusion cuisine skills between traditional and discovery

learning groups

The results demonstrate a significant advantage for the discovery learning cohort
over the traditional instruction group in developing innovative fusion cooking skills, as
evidenced by higher mean scores (e.g., 87,5 vs. 74,6 for advanced SRL learners). This
aligns with Bruner’s foundational theory, which posits that discovery learning fosters
deeper understanding and creativity through active exploration rather than passive
absorption.®)

Empirical studies in culinary and health education confirm that active, hands-on
approaches—such as those integrating social cognitive theory and experiential
learning—enhance both skill acquisition and creative output compared to didactic
methods.®” For example, active learning interventions in culinary education have been
shown to significantly improve students’ culinary skills, confidence, and creative
capacity, with effects persisting over time.GV

Qualitative data from the present study, including participant narratives about
blending regional and international culinary elements, echo findings that experiential and
culturally embedded learning environments stimulate originality and engagement.®?
These results also address critiques of unstructured discovery learning, suggesting that
guided discovery with educator support mitigates potential drawbacks for novices,®®

making it suitable for complex, practice-based domains like gastronomy.
4.2 Influence of SRL levels on innovative fusion cuisine skills

SRL emerged as a significant mediator of performance, with advanced SRL
learners consistently outperforming their peers (mean scores: 87,5 advanced, 84,2
intermediate, 82,8 reduced). This pattern is consistent with Zimmerman’s SRL model,
which emphasizes self-monitoring, goal-setting, and reflective practice as drivers of
adaptive expertise and creative problem-solving.G? Recent research in vocational and

culinary education corroborates the importance of SRL, showing that interventions
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targeting self-direction and reflective practice yield higher competency and creative
achievement.GV)

Qualitative accounts from advanced SRL learners in this study—such as
successful self-directed experimentation—mirror findings that autonomy and self-
regulation are critical for navigating complex, multicultural culinary tasks.‘4
Conversely, learners with lower SRL reported difficulties with unstructured tasks,

underscoring the need for scaffolding and differentiated support.®
4.3 Interaction between learning method and SRL levels

A significant interaction was observed between instructional method and SRL
level, with discovery learning amplifying the benefits for advanced SRL learners (87,5
vs. 74,6 in traditional), but offering less advantage for those with reduced SRL (82,8 vs.
69,7). This finding supports the integration of constructivist and self-regulatory theories,
suggesting that discovery-based environments are most effective when learners possess
or develop strong self-regulation skills (7). Studies in hospitality and culinary education
have shown that dynamic, student-centered models yield the greatest gains when paired
with robust self-direction, while less self-regulated learners may require additional
guidance.®¥

4.4 Effectiveness of technology-infused discovery learning and long-term impacts

Technology-enhanced discovery learning further strengthened skill development,
as evidenced by significant improvements in both quantitative and qualitative outcomes.
Virtual and digital tools enabled iterative experimentation and cross-cultural culinary
exploration, supporting findings that immersive, technology-mediated environments can
enhance both technical and creative competencies.®? For instance, virtual reality and
digital kitchen interventions have been shown to improve learning outcomes,
engagement, and cultural understanding in culinary education.

Conceptually, Bruner's model clarifies discovery by asserting that active
participation yields enduring competency gain. In practice, merging technologies—Ilike

artificial intelligence or virtual reality in simulated kitchens—could further augment
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learners' intercultural innovation, synchronizing education with sector requirements
while tackling moral concerns like digital reach in emerging nations, thus advancing
durability and inclusivity. When effectively executed, technology merger in gastronomic
training endows graduates with blended proficiencies—uniting classic gastronomic
knowledge with digital adeptness—that boost versatility in a swiftly changing field. For
instance, analyses of educational technology in gastronomy observed that VR-trained
learners exhibit superior issue-resolution and originality, culminating in elevated job
placement in worldwide fusion eateries and food innovation areas.®>3) Over the long
haul, this cultivates continuous education aptitudes, empowering alumni to utilize
nascent technologies like Al-assisted recipe formulation, potentially yielding

professional progression, such as positions in eco-friendly food originality.

4.5 Challenges in implementing discovery learning methods, including digital equity

Issues
4.5.1 Variability by self-regulated learning (SRL) level

Obstacles in discovery learning environments differ according to students' SRL.
Learners with higher SRL often face iterative demands, such as repeated experimentation
and refinement of complex fusion dishes (e.g., "Rendang Sushi"), which can be time-
consuming and require resilience and adaptability. Conversely, students with lower SRL
tend to prefer structured guidance and may experience confusion or hesitation when
confronted with open-ended, self-directed tasks, leading to increased variability in
outcomes.® This aligns with Bruner’s (1961) assertion that discovery learning is most
effective in nurturing environments that scaffold student inquiry and provide necessary

support.©®”
4.5.2 Systemic and organizational barriers
Resource constraints—such as limited access to advanced kitchen equipment,

time, and materials—are significant barriers to implementing discovery-based methods

in culinary education.? These constraints are exacerbated in settings with high student-
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to-instructor ratios or dense curricula, which limit opportunities for individualized
feedback and iterative practice. Educators often report insufficient preparation or access
to modern teaching tools, which can hinder their ability to facilitate discovery learning

effectively©®
4.5.3 Educator readiness and pedagogical challenges

The success of discovery and SDL approaches is closely tied to educator
readiness. Instructors must be adept at balancing guidance with autonomy, adapting to
diverse SRL levels within student groups, and managing the additional time required for
personalized instruction. ®® Lack of professional development or familiarity with active
learning pedagogies can result in inconsistent implementation and diminished learning

outcomes.“?
4.5.4 Digital equity and access to technology

Digital equity is a critical issue, especially as blended and online learning
modalities become more prevalent in culinary education. Access to digital tools—such
as virtual kitchen simulations or instructional videos—can enhance learning, but
disparities in connectivity and device availability can marginalize students, particularly
in resource-limited regions.®) These digital divides are especially pronounced in
Southeast Asian contexts, where infrastructure gaps impede full participation in
discovery-based activities.“?

4.5.5 Hybrid approaches and mitigation strategies

To address these challenges, research suggests the adoption of hybrid
instructional models that combine structured guidance with opportunities for self-
directed exploration. Such models can help bridge gaps for students with lower SRL and
mitigate resource disparities by leveraging both in-person and digital resources.
Institutional investment in infrastructure and ongoing educator training are also essential

for sustaining effective discovery learning environments. 3
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5 CONCLUSION

This mixed-methods study provides robust evidence for the superiority of
discovery learning augmented by self-regulated learning (SRL) over traditional
instructional methods in enhancing innovative fusion cooking skills among culinary arts
students. The quantitative analysis revealed significant improvements in competencies
for the discovery group, moderated by SRL levels, while qualitative insights from
students and instructors underscored how this approach promotes deeper engagement,
originality, and adaptive self-regulation, effectively tackling real-world challenges like
iterative experimentation and resource constraints.

These findings align with constructivist and self-regulatory theories, emphasizing
the need for active, student-centered pedagogies in vocational culinary education to meet
the demands of a globalized gastronomy industry. To optimize implementation,
evidence-based recommendations include integrating structured scaffolding and targeted
SRL workshops (e.g., goal-setting and reflection exercises) to support low-SRL learners,
institutional commitments to upgrading facilities, providing professional development
for educators, and enhancing curricular flexibility, and leveraging technology such as
virtual reality (VR) and Al-driven simulations for ethical, inclusive practice that
promotes sustainability and cultural synthesis. Future research should explore
longitudinal impacts on career outcomes, cross-cultural replications, and the efficacy of

emerging technologies in scaling innovative fusion education across diverse settings.
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