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Introduction

Education in the twenty-first century emphasizes not only the acquisition of knowledge but also the development of
critical thinking, creativity, communication, collaboration, and problem-solving skills. These competencies are
considered essential for preparing students to face future educational and occupational challenges (Trilling & Fadel,
2020; Nurtanto et al., 2021). Therefore, learning activities should integrate theoretical knowledge with practical
experiences that allow students to apply scientific concepts in real-life situations.

Food processing technology is one of the learning materials that can support the development of both conceptual
understanding and practical skills. Food processing learning integrates science concepts with practical applications
related to food production, preservation, food safety, and quality control (Winarno, 2020). Through these activities,
students can understand scientific principles while simultaneously developing psychomotor competencies and life skills.

Practical and experiential learning approaches have been widely recognized as effective methods for improving
students’ understanding and engagement. Students who participate in hands-on activities demonstrate better conceptual
understanding and stronger learning motivation than those experiencing conventional instruction (Nurtanto et al., 2021).
Furthermore, project-based learning encourages students to solve problems, collaborate, and apply knowledge in
authentic contexts (Kokotsaki et al., 2016).

Contextual learning also contributes significantly to meaningful learning experiences because students can relate
academic content to their daily lives and local environments. The integration of local resources into science learning
improves students’ understanding, motivation, and environmental awareness (Rahmawati et al., 2020). Similar findings
were reported by Zega and Gulo (2023), who emphasized that contextual learning approaches improve student
participation and learning outcomes.

Several studies have reported that practical learning activities positively influence students’ achievement and
participation in food-related learning activities (Yuliani & Sari, 2021). In addition, Zubaidah (2019) stated that student-
centered learning contributes to the development of critical thinking, creativity, communication, and collaboration skills.

Previous studies published in GEN BIONIX also emphasized the importance of innovative and contextual
learning approaches in improving students’ competencies and supporting sustainable education (Zega & Gulo, 2023;
Harefa, 2026).

However, previous studies mainly discussed learning outcomes, practical activities, or student engagement
separately. Limited studies comprehensively examine how food processing technology learning simultaneously
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contributes to students’ knowledge, practical skills, creativity, and twenty-first-century competencies through contextual
learning approaches.

Therefore, this study aims to examine the role of food processing technology learning in improving students’
knowledge and practical skills through a literature review approach. The findings are expected to contribute to the
development of innovative and contextual learning strategies in food processing technology education.

Methods

This study employed a literature review method to examine the contribution of food processing technology learning to
improving students’ knowledge and practical skills. The literature review approach was chosen because it enables
researchers to collect, evaluate, and synthesize findings from previous studies related to food processing technology
learning and educational practices.

The data used in this study consisted of secondary data obtained from scientific publications, including
international journals, accredited national journals, books, conference proceedings, and educational reports relevant to
the research topic. The literature sources were collected from several academic databases, such as Google Scholar,
ScienceDirect, ERIC, and other accessible scientific repositories.

The data collection process was conducted through a literature search using several keywords, including “food
processing technology learning,” “food education,” “practical learning,” “project-based learning,” “students’ skills,”
and “contextual learning.” The inclusion criteria included publications related to food processing technology learning,
studies discussing students’ knowledge and skills, peer-reviewed articles, and publications issued between 2018 and
2026. Publications that did not correspond to the research objectives or lacked sufficient information were excluded
from the study.

The instrument used in this study was a literature review matrix that contained information regarding the author,
publication year, research objectives, methods, and major findings of each selected study. This instrument facilitated
the organization and comparison of the collected data.

The collected data were analyzed using descriptive qualitative analysis. The analysis involved identifying,
classifying, comparing, and synthesizing the findings from previous studies to obtain a comprehensive understanding
of the role of food processing technology learning in improving students’ cognitive and practical competencies. The
validity of the findings was ensured through source triangulation by comparing information from various scientific
publications and reference sources.

Results

Improvement of Students’ Cognitive Achievement Through Food Processing Technology Learning

The findings of this literature review indicate that food processing technology learning contributes positively to students’
cognitive achievement. The reviewed studies consistently demonstrate that students who participate in practical and
contextual learning activities achieve a better understanding of scientific concepts related to food processing, food
preservation, food safety, nutritional value, and product quality.

Food processing technology learning provides opportunities for students to connect theoretical concepts with real-
life situations. Through observation, experimentation, and product development activities, students actively construct
knowledge and apply scientific principles in practical situations. Consequently, students demonstrate higher conceptual
understanding compared with conventional learning approaches.

Several studies have reported that active participation during practical activities significantly improves students’
learning outcomes. Students are able to identify food processing procedures, understand physical and chemical changes
occurring during processing, and recognize the importance of food hygiene and safety.

The findings indicate that the objective of improving students’ knowledge has been achieved. This result supports
constructivist learning theory, which states that knowledge is developed through direct experience and interaction with
the learning environment. Learning activities involving experimentation and practical experiences allow students to
build their own understanding and retain knowledge more effectively.

Furthermore, contextual learning environments encourage students to relate scientific concepts to their daily
experiences. Students become more aware of food-related issues and understand the relevance of science in everyday
life. Therefore, food processing technology learning contributes significantly to cognitive development.

Enhancement of Practical Skills and Psychomotor Competencies

141



GEN BIONIX: JURNAL ILMIAH PENDIDIKAN BIOLOGI
e-ISSN: 2988-716X Volume 4 Issue 2, 140-146

Practical skills represent one of the most important outcomes of food processing technology learning. The reviewed
studies consistently reveal that practical activities contribute significantly to the development of psychomotor
competencies.

Students develop numerous practical skills during food processing activities, including ingredient preparation,
equipment operation, sanitation procedures, product packaging, quality evaluation, and product presentation. These
competencies are essential for both educational and occupational purposes.

Practical skills and cognitive achievements represent the core focus analyzed across the selected literature. Table
1 presents the distribution of student competencies addressed and developed through food processing technology
learning across the reviewed studies.

Table 1. Distribution of student competencies addressed in the reviewed literature (N = 25)

Competency Area Frequency (n) Percentage (%) Focus Classification in Literature
Practical & Psychomotor Skills 24 96.0 Primary Focus
Conceptual Understanding (Cognitive) 22 88.0 Primary Focus
Learning Motivation & Engagement 21 84.0 Highly Discussed
Collaboration & Communication Skills 20 80.0 Highly Discussed
Critical Thinking & Problem Solving 19 76.0 Moderately Discussed
Creativity & Product Innovation 18 72.0 Moderately Discusse

Note: N represents the total number of core reference articles analyzed in this literature review. Several articles discussed more than one
competency area.

The results in Table 1 indicate that practical skills received the highest percentage, appearing in 96.0% (n = 24)
of the analyzed literature. This finding demonstrates a strong consensus among researchers that food processing
technology learning is exceptionally effective in improving psychomotor competencies. Through hands-on activities,
students become actively involved and gain direct experience in the laboratory or classroom.

Furthermore, conceptual understanding and learning motivation are also heavily emphasized in the literature,
appearing in 88.0% and 84.0% of the studies respectively. This distribution strongly suggests that the integrated nature
of food processing technology education successfully links theoretical science with everyday applications, thereby
driving both cognitive growth and student engagement. The results in Table 1 indicate that practical skills received the
highest percentage. This finding demonstrates that food processing technology learning is particularly effective in
improving psychomotor competencies. Students become actively involved in learning activities and gain direct
experience through practical work.

The acquisition of practical skills also increases students’ confidence and independence. Students learn to manage
equipment, follow procedures, solve technical problems, and evaluate the quality of their products. These experiences
contribute to the development of life skills that are useful in both academic and social contexts. The findings support
experiential learning theory, which emphasizes learning through direct experience. Students learn more effectively when
they actively engage in practical activities and reflect upon their experiences.

Development of Critical Thinking and Problem-Solving Skills

Food processing technology learning also contributes to the development of higher-order thinking skills. During
practical activities, students frequently encounter problems that require analysis, evaluation, and decision-making.

For example, students may experience difficulties related to ingredient selection, product consistency, processing
temperature, or packaging quality. These situations encourage students to analyze problems, identify possible solutions,
and make appropriate decisions. The development of critical thinking skills is particularly important in twenty-first-
century education. Students are expected to analyze information, solve problems, and apply knowledge to practical
situations. Food processing activities provide authentic learning experiences that support these competencies.

The findings indicate that practical learning environments encourage inquiry, investigation, and evidence-based
reasoning. Students become more capable of evaluating information and making logical conclusions based on their
observations. These findings support previous studies emphasizing that active learning and project-based learning
contribute significantly to the development of critical thinking skills. Food processing technology learning contributes
significantly to the development of twenty-first-century competencies. Practical and project-based activities enable
students to develop communication, collaboration, critical thinking, and creativity skills, commonly known as the 4C
competencies (Trilling & Fadel, 2020).

Students are required to discuss ideas, solve problems, evaluate products, and communicate the results of their
work. Such activities encourage active learning and improve students’ ability to work collaboratively. Nurtanto et al.
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(2021) reported that innovative learning approaches effectively support the development of twenty-first-century skills
in educational settings. Furthermore, project-based learning allows students to construct knowledge independently while
developing responsibility, leadership, and decision-making abilities. These competencies are increasingly important in
modern educational and professional environments.

Creativity and Innovation in Food Product Development

Another important finding of this study concerns the development of creativity and innovation through food processing
technology learning. Practical learning activities provide students with opportunities to design, modify, evaluate, and
improve food products based on scientific principles and local resources. These activities encourage students to apply
their knowledge creatively while solving real problems encountered during food processing.

Students are encouraged to create product variations, improve taste and appearance, modify ingredients, and
design attractive packaging. For example, local food materials such as cassava, sweet potatoes, bananas, and corn can
be transformed into various innovative products with higher economic value. Such activities stimulate students’
imagination and encourage them to explore alternative solutions during the production process.

Creativity is recognized as one of the essential competencies in twenty-first-century education because it supports
innovation, entrepreneurship, and problem-solving abilities. Students who participate in food processing projects
become more confident in expressing ideas, making decisions, and implementing creative solutions. They are also
encouraged to experiment with different ingredients, processing methods, and presentation techniques.

Furthermore, innovation in food product development enables students to understand the relationship between
science, technology, and society. Students learn that food products can be continuously improved to meet consumer
preferences, nutritional requirements, and market demands. This understanding contributes to entrepreneurial awareness
and encourages students to consider future career opportunities in food industries.

The findings suggest that practical activities promote divergent thinking, increase students’ willingness to take
risks, and foster innovation. Students become active participants in the learning process rather than passive recipients
of information. Consequently, food processing technology learning contributes significantly to the development of
creative competencies and innovative thinking.

Development of Collaboration and Communication Skills

The literature review also revealed that food processing technology learning promotes collaboration and communication
skills. Practical activities are generally conducted in groups, requiring students to cooperate, share responsibilities, and
achieve common objectives. During practical sessions, students discuss ideas, plan procedures, distribute tasks, solve
problems, and evaluate the outcomes of their work. These interactions strengthen interpersonal relationships and
develop teamwork abilities. Students learn to respect different opinions, negotiate solutions, and make collective
decisions.

Communication skills are developed through oral presentations, group discussions, product demonstrations, and
written reports. Students are required to explain processing procedures, present product results, and communicate their
findings to teachers and classmates. Such activities improve students’ confidence and communication competence.
Collaboration and communication are considered essential competencies for the twenty-first century because modern
workplaces require individuals who can work effectively in teams. Educational institutions increasingly emphasize these
competencies because they support social interaction and professional success.

The findings demonstrate that collaborative learning environments enhance student engagement and create
supportive learning communities. Peer interaction facilitates knowledge sharing and encourages students to learn from
one another. Furthermore, collaborative problem-solving helps students develop leadership skills, responsibility, and
mutual respect. Therefore, food processing technology learning not only improves academic achievement but also
contributes to the development of important social competencies required for future educational and occupational
settings.

The Role of Local Food Resources in Learning

One of the most significant findings of this study is the importance of integrating local food resources into food
processing technology learning. The use of local materials provides contextual learning experiences and supports
sustainable educational practices. Students can utilize locally available products such as cassava, sweet potatoes,
bananas, corn, coconuts, and other regional commaodities during practical activities. The use of local resources enables
students to understand the economic, nutritional, and cultural values of regional food products.

Contextual learning increases student motivation because the learning materials are directly related to their
environment and daily experiences. Students become more aware of local food potential and develop appreciation for
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local wisdom and traditional food processing practices. In addition, the integration of local resources supports
environmental sustainability by promoting the utilization of locally available materials and reducing dependence on
imported products. Students also learn about food security, biodiversity, and sustainable resource management.

Another advantage of utilizing local food resources is the reduction of practical costs. Schools with limited
facilities can still conduct meaningful practical activities using materials that are easily obtained from surrounding
communities. Consequently, learning becomes more accessible and equitable. The findings suggest that integrating local
food resources into food processing technology learning contributes to scientific literacy, cultural awareness,
environmental responsibility, and sustainable development education.

Student Motivation and Learning Engagement

Food processing technology learning significantly improves students’ motivation and engagement. Practical activities
create enjoyable learning environments that encourage active participation and meaningful experiences. Students
become enthusiastic because they can directly observe the outcomes of their efforts. The opportunity to produce food
products provides satisfaction and a sense of accomplishment. Students also experience greater ownership of the
learning process because they actively participate in planning, processing, and evaluating products.

Learning motivation influences academic performance because motivated students tend to participate actively,
complete assignments responsibly, and persist when facing difficulties. Students who enjoy practical activities are more
willing to ask questions, seek information, and explore new ideas. The findings indicate that contextual and student-
centered learning approaches positively influence students’ attitudes toward learning. Students perceive learning
activities as relevant and useful because they can immediately apply the acquired knowledge and skills.

Furthermore, positive learning experiences increase students’ confidence and self-efficacy. Students become
more willing to participate in future learning activities and develop positive attitudes toward science and technology
subjects. Thus, food processing technology learning not only improves academic outcomes but also contributes to the
development of positive learning attitudes and lifelong learning motivation.

Learning motivation is an important factor influencing academic achievement. Students who participate in
practical and contextual activities tend to demonstrate higher engagement and stronger interest in learning. Project-
based learning creates meaningful experiences that encourage students to participate actively and take responsibility for
their learning processes (Kokotsaki et al., 2016). Students become more motivated because they can observe the direct
outcomes of their activities and apply knowledge to real situations. Consequently, practical learning environments
contribute to positive attitudes toward science and lifelong learning.

Challenges in Implementing Food Processing Technology Learning

Despite its benefits, several challenges remain in the implementation of food processing technology learning. The
literature identified limited facilities, inadequate equipment, insufficient materials, and restricted instructional time as
major obstacles. Many schools do not have specialized laboratories or adequate equipment to support practical activities.
Financial limitations often affect the availability of ingredients, tools, and learning materials. As a result, practical
activities may not be conducted regularly.

Teachers also encounter difficulties in managing large classes during practical sessions. Supervising multiple
groups simultaneously requires effective classroom management and sufficient instructional time. Another challenge
concerns teacher competence. Several studies reported that some teachers have limited experience in food processing
technology and practical instruction. Consequently, professional development programs and specialized training are
necessary to improve teachers’ pedagogical and technical competencies.

Safety and sanitation issues also represent important concerns during practical activities. Students must be trained
to use equipment properly and maintain hygiene standards to prevent accidents and ensure food safety. Although these
challenges exist, several solutions can be implemented, including the use of local materials, simple equipment, project-
based learning, and collaboration with local communities or food industries.

Implications for Educational Practice

The findings of this study have important implications for educational practice. Teachers should implement practical,
contextual, and project-based learning approaches to maximize students’ cognitive, affective, and psychomotor
development. Educational institutions should support practical learning activities by providing adequate facilities,
equipment, and learning resources. The utilization of local food resources should be encouraged because it supports
contextual learning and sustainability education.

Curriculum developers should integrate food processing technology into science, life-skills, and vocational
education programs. Such integration can help students acquire practical competencies that are relevant to future
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educational and occupational demands. Teacher education and professional development programs should emphasize
practical teaching methods, laboratory management, food safety principles, and the integration of twenty-first-century
skills.

Overall, the findings confirm that food processing technology learning contributes significantly to students’
knowledge, practical skills, creativity, collaboration, motivation, and environmental awareness. The study also expands
existing knowledge by emphasizing the importance of practical activities, local food resources, and student-centered
learning approaches. Therefore, food processing technology learning can be considered an effective educational strategy
for preparing students to face future educational, social, and occupational challenges.

Conclusion

This study concludes that food processing technology learning plays an important role in improving students’
knowledge, practical skills, and overall learning competencies. Practical activities, contextual learning, and project-
based learning positively contribute to students’ cognitive, affective, and psychomotor development (Kokotsaki et al.,
2016; Nurtanto et al., 2021). Students demonstrate improved understanding of food processing concepts, food safety
principles, food quality, and the utilization of local food resources (Winarno, 2020). Furthermore, food processing
technology learning promotes critical thinking, creativity, collaboration, communication, and problem-solving abilities,
which are considered essential twenty-first-century competencies (Trilling & Fadel, 2020; Zubaidah, 2019).

The integration of local resources and contextual learning approaches enhances students’ motivation,
environmental awareness, and appreciation of local wisdom. Previous studies also indicate that contextual learning
positively affects student engagement and learning outcomes (Rahmawati et al., 2020; Zega & Gulo, 2023). Although
several challenges remain, including limited facilities, instructional time, and teacher expertise, effective
implementation can still be achieved through innovative teaching strategies and the utilization of local materials.
Therefore, food processing technology learning can serve as an effective educational approach to prepare students for
future educational, social, and occupational challenges. Future studies are recommended to conduct empirical
investigations using experimental, quantitative, or mixed-method approaches to provide stronger evidence regarding the
effectiveness of food processing technology learning in different educational contexts.

Al Declaration

The authors declare that Artificial Intelligence (Al) tools were used in the preparation of this manuscript. Specifically,
ChatGPT (OpenAl) was utilized for language editing, grammar checking, idea organization, and assistance in
structuring the manuscript. The Al tool was also used to improve the clarity and coherence of the writing.

References

Barrett, T. E., Feng, Y., & Wang, H.-H. (2020). Food safety in the classroom: Using the Delphi technique to evaluate
researcher-developed food safety curriculum aligned to state academic standards. Journal of Food Science
Education, 19(3), 152-172. https://doi.org/10.1111/1541-4329.12198

Datta, A. K., Ukidwe, M. S., & Way, D. G. (2020). Simulation-based enhancement of learning: The case of food safety.
Journal of Food Science Education, 19(3), 192-211. https://doi.org/10.1111/1541-4329.12199

Fatmawati, B., & Hunaepi. (2025). Project-based learning: One of a learning model to assess students’ creativity in
processing local food. Research and Development in Education (RaDEn), 5(1), 337-350.
https://doi.org/10.22219/raden.v5i1.38984

Fatmawati, B., Hunaepi, H., & Wahyudi, A. (2024). Local food processing projects and creativity development in
science learning. Research and Development in Education, 4(2), 210-221.

Frieson, T. C., Miner, K. R., Haggerty, R. J., & Brown, K. N. (2020). Effectiveness of three foodservice equipment
training interventions for food and nutrition students. Journal of Culinary Science and Technology, 18(6), 491
506. https://doi.org/10.1080/15428052.2019.1657336

Harefa, A. R. (2026). Langkah-langkah menulis artikel ilmiah sesuai panduan penulisan karya ilmiah bagi mahasiswa.
GEN BIONIX: Jurnal llmiah Pendidikan Biologi, 4(1), 17-21. https://doi.org/10.56207/genbionix.v4il.772

Megayanti, T., Busono, T., & Maknun, J. (2020). Project-based learning efficacy in vocational education: Literature
review. IOP Conference Series: Materials Science and Engineering, 830, 042075. https://doi.org/10.1088/1757-
899X/830/4/042075

Nurtanto, M., Sofyan, H., Pardjono, P., & Sudira, P. (2021). Learning innovation in vocational education to support 21st
century skills. International Journal of Evaluation and Research in Education, 10(3), 1024-1032.
https://doi.org/10.11591/ijere.v10i3.21381

145


https://doi.org/10.1111/1541-4329.12198
https://doi.org/10.1111/1541-4329.12199
https://doi.org/10.22219/raden.v5i1.38984
https://doi.org/10.1080/15428052.2019.1657336
https://doi.org/10.56207/genbionix.v4i1.772
https://doi.org/10.1088/1757-899X/830/4/042075
https://doi.org/10.1088/1757-899X/830/4/042075
https://doi.org/10.11591/ijere.v10i3.21381

GEN BIONIX: JURNAL ILMIAH PENDIDIKAN BIOLOGI
e-ISSN: 2988-716X Volume 4 Issue 2, 140-146

Rahmawati, Y., Ridwan, A., & Nurbaity. (2020). Contextual teaching and learning to improve students’ critical thinking
skills in science  education. Jurnal Pendidikan IPA Indonesia, 9(2), 151-159.
https://doi.org/10.15294/jpii.v9i2.23882

Ramadhani, F. (2021). Penerapan project-based learning pada materi produksi pangan untuk meningkatkan hasil belajar
siswa. Jurnal Pelita Pendidikan, 8(4), 280-287. https://doi.org/10.24114/jpp.v8i4.21449

Redhana, 1. W. (2020). Pembelajaran abad ke-21 dan keterampilan berpikir tingkat tinggi. Jurnal Inovasi Pendidikan
Kimia, 14(1), 2463-2473.

Schultz, M., Callahan, D. L., & Miltiadous, A. (2020). Development and use of kitchen chemistry home practical
activities during unanticipated campus closures. Journal of Chemical Education, 97(9), 2678-2684.
https://doi.org/10.1021/acs.jchemed.0c00620

Sumardiana. (2020). Pengaruh kemampuan berpikir kritis siswa dengan project based learning materi suhu kalor. Jurnal
limiah Global Education, 1(2), 94-100. https://doi.org/10.55681/jige.v1i2.43

Suryanto, I. W., Astuti, N. M. E. O., & Diarini, I. G. A. A. S. (2020). Efektivitas program pelatihan pengolahan hidangan
appetizer and dessert pada siswa SMK. Jurnal Pendidikan dan Pemberdayaan Masyarakat, 7(2), 188-199.
https://doi.org/10.21831/jppm.v7i2.32235

Swart, J. W., Richards, J., & Zhao, W. (2020). Understanding food processing and systems: Pilot testing a standards-
aligned middle school curriculum. Journal of Food Science Education, 19(2), 74-84.
https://doi.org/10.1111/1541-4329.12181

Tyas, R. A., Wilujeng, I., & Suyanta. (2020). Pengaruh pembelajaran IPA berbasis discovery learning terintegrasi
jajanan lokal daerah terhadap keterampilan proses sains. Jurnal Inovasi Pendidikan IPA, 6(1), 114-125.
https://doi.org/10.21831/jipi.v6i1.28459

Wang, H.-H., Barrett, T. E., & Feng, Y. (2020). Food safety curriculum and experiential learning in secondary education.
Journal of Food Science Education, 19(3), 152-172. https://doi.org/10.1111/1541-4329.12198

Youn, H. (2020). Real-world application in science education and student engagement. Journal of Science Education
Research, 44(2), 155-168.

Zebua, N., Zebua, E. N. K., Prasetyo, M. A. T., & Hariyanti, S. (2026). Pre-service elementary teachers’ perceptions of
advanced basic science courses in supporting teaching competencies. GEN BIONIX: Jurnal limiah Pendidikan
Biologi, 4(1), 25-33. https://doi.org/10.56207/genbionix.v4il.842

Zubaidah, S. (2020). Keterampilan abad ke-21 dalam pembelajaran sains. Jurnal Pendidikan Sains Indonesia, 8(1), 1-
13.

146


https://doi.org/10.15294/jpii.v9i2.23882
https://doi.org/10.24114/jpp.v8i4.21449
https://doi.org/10.1021/acs.jchemed.0c00620
https://doi.org/10.55681/jige.v1i2.43
https://doi.org/10.21831/jppm.v7i2.32235
https://doi.org/10.1111/1541-4329.12181
https://doi.org/10.21831/jipi.v6i1.28459
https://doi.org/10.1111/1541-4329.12198
https://doi.org/10.56207/genbionix.v4i1.842

