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Abstract

This project introduces a Research-Based Learning (RBL) approach in the Industrial Biotechnology course
at the University of Jaén to enhance practical and research skills in Chemical Engineering students. Through
hands-on, team-based projects using advanced lab equipment, students engage in authentic
biotechnological challenges, fostering critical thinking, collaboration, and autonomy. Preliminary results
show increased motivation, improved academic outcomes, and strengthened professional competencies.
The model is designed to be scalable and transferable to other technical courses, with dissemination planned
via publications and open educational resources.
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1. Introduction

Nowadays, industrial biotechnology is a strategic pillar for sustainable development, with
applications in the fields of agriculture, food, medicine, pharmacy, and bioremediation (Ozyigit et al.,
2023). In this context, training chemical engineers with experimental, analytical, and research skills is
essential.

Research-Based Learning (RBL) has established itself as an effective active methodology for
promoting deep learning, critical thinking, and the development of scientific and professional skills in
higher education (Bui & Khuu, 2020; Jungmann, 2019). In the field of biotechnology, previous experiences
have shown that RBL improves conceptual understanding, attitudes toward science, and academic
performance, especially in laboratory settings (Ramli & Bohori, 2025).

In this context, this study aims to integrate teaching and research in engineering education,
promoting more applied, authentic teaching oriented toward solving real problems.

2. Design

The study was conducted using a method that combines observation and experimentation, using
both quantitative and qualitative data. It was carried out in the Industrial Biotechnology course, within the
Chemical Engineering degree program at the Higher Polytechnic School of Linares (University of Jaén).
The activity was organized through research projects applied to real problems in the field of industrial
biotechnology, following models previously used in engineering and biotechnology.

The teaching method combines theoretical classes with practical activities where students conduct
research with the help of the teacher, in order to provide them with guidance on how to learn efficiently
and avoid the difficulties that can arise from unguided learning (Jungmann, 2019; Wu et al., 2021).
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3. Objectives

The overall objective of the study is to evaluate the impact of RBL on the development of

technical, research, and cross-disciplinary skills in chemical engineering students.

The specific objectives are:

To improve the acquisition of experimental and analytical skills in industrial bioprocesses.
Encourage the formulation of scientific questions, hypotheses, and experimental design.

Increase student motivation, commitment, and autonomy.

Develop cross-cutting skills such as teamwork, project management, and scientific communication.
Evaluate student perception and the effectiveness of the model using structured assessment tools.

4. Methods

The implementation of the RBL takes place in laboratories equipped with fermenters,

spectrophotometers, chromatographic systems, and other technologies commonly used in industrial
biotechnology. Students work in teams to define problems, formulate hypotheses, design and execute
experiments, analyze data, and communicate results through technical reports and oral presentations.

The methodological approach is based on guided research models validated in science and

engineering education, which combine student autonomy with teacher supervision to ensure the quality of
the training process (Wu et al., 2021).

The evaluation of the experience includes:

Satisfaction and learning perception surveys.

Analysis of academic performance.

SWOT analysis of the implementation.

Qualitative evaluation of reports and presentations to assess the development of research and
communication skills.

5. Discussion

Preliminary results show that RBL improves motivation, active participation, and understanding

of industrial bioprocesses. However, the analysis identified certain challenges that require strategic
consideration (Figure 1).

Figure 1. SWOT Analysis of the Implementation of RBL in Industrial Biotechnology.

Strengths Weaknesses

- Integration of teaching and research - High teaching workload

- Improved student motivation - Dependence on resources
- Development of technical, research, - Specialized infrastructures
and transversal skills

Opportunities

- Transferability to other courses
- Connection with the industrial sector
- International trends in active learning

This SWOT analysis offers a strategic vision to maximize the strengths and opportunities of the

ABI in Industrial Biotechnology, while addressing identified weaknesses and mitigating potential threats
that could affect the continuity of the initiative.
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6. Conclusions

The implementation of RBL in the Industrial Biotechnology course has proven to be an effective
pedagogical strategy for strengthening technical, research, and cross-disciplinary skills in chemical
engineering students. The model promotes a more applied education, aligned with the demands of the
biotechnology sector and international standards in engineering education.

In addition, the proposed approach is presented as a scalable model that can be transferred to other
experimental subjects and technical degrees. The dissemination of the results through scientific
publications, conferences, and open educational resources will contribute to promoting the adoption of RBL
in engineering education and strengthening the integration between teaching and research.
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