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Active learning has emerged as a transformative approach in engineering education, emphasizing student-centred pedagogy, real-
world problem-solving, and the development of critical and transferable skills. This review critically analyses of the recent studies
focusing on Problem-Based Learning (PBL), Project-Based Learning (PjBL), and Collaborative Learning (CL) to evaluate their
implementation, strategies, and outcomes in higher engineering education. The review synthesizes methods, tools, and learning
environments used to facilitate active learning, highlighting benefits such as enhanced engagement, teamwork, creativity, and
conceptual understanding. Key trends include the integration of technology, gamification, and interdisciplinary projects to foster self-
directed learning. Limitations identified include small sample sizes, contextual constraints, and lack of longitudinal evidence on long-
term skill retention. The review identifies research gaps related to scalability, instructor preparedness, and curriculum-wide
applications, offering insights for future studies and practical recommendations for optimizing active learning approaches in
engineering programs.
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1. Introduction

Active learning has become one of the most essential pedagogical models in higher education, as a reaction to
the growing need to equip a student with critical thinking, problem-solving, and collaborative skills in
complicated, real-life situations (2021). The conventional method of education through lectures which can be
described as a passive reception of knowledge has been proven inadequate in stimulating profound learning,
involvement, and the field-specific abilities essential to present-day careers, especially in the field of
engineering (2021). Consequently, there has been a growing trend among educators and researchers towards
strategies of active learning that emphasize on the involvement of students (2023), practical experiences and
collaborative problem solving as opposed to rote memorization (2021). Active learning is a general pedagogical
theory that comprises instruction methods that involve likening students to be cognitively, emotionally and
socially interested in the learning content (2022). It focuses on student-centred learning in which students are
not passive receivers of information but they are active in the process of building knowledge (2022). Some of
the techniques used in active learning are PBL, PjBL, challenge-based learning, collaborative learning, flipped
classroom, gamification, and inquiry-based activities (2023). The similarity in these approaches is that they are
all centred on experiential learning, reflection, team learning, and practice of theoretical knowledge on practice
issues (2021). An example of such is PBL which involves the identification, analysis and solution of open-ended
problems (2023), which develops a critical and analytical mind (2022). PjBL, in its turn, also focuses on long-
term research and practical use of knowledge to plan and implement projects (2021), which more often than
not result in physical components (2021). Another basic element of active learning, collaborative learning,
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involves the use of teamwork by students and they learn to communicate, negotiate and socialize as well as the
technical skills (2021).

Active learning has especially been of importance in engineering (2021), where the curricula should integrate
theory and practice (2022). Various researches have shown that active learning enhances student motivation,
learning process, and knowledge retention more than the traditional lecture-based strategies (2023). As an
illustration, the combination between PBL and PjBL can allow students to implement classroom knowledge in
field or laboratory situations (2021), which would simulate real-world professional situations (2021). In
addition, active learning strategies will encourage development of transferable skills (2024), which include
team work, leadership, project management, and good communication which are most appreciated in the
modern workplaces (2021). Active learning is also closely related to the constructivist learning theory which
assumes that knowledge is built in the process of interaction with the surrounding environment (2023), with
other students and mentors rather than being received passively (2023). Active learning supports not only
cognitive but also metacognitive development by keeping the students engaged in the learning process on
matters that are contextually relevant, meaningful and often interdisciplinary, allowing the students to observe
the process in which they learn, be able to self-evaluate progress and adjust accordingly (2022). This has also
been applied in recent pedagogical innovations like Education 4.0 that applies emerging technologies, data-
driven learning, and gamified experiences to further increase engagement and skill acquisition (2024). Active
learning implementation has many challenges despite its benefits which include careful designed curricula,
effective scaffolding, adequate resources, and instructor training (2024). Students too need help in
accommodating in self-directed, collaborative learning systems (2023), especially where they are used to
traditional lecture-based systems (2025). However, the increasing amount of literature points to the fact that
active learning strategies, when properly applied (2023), have a more powerful impact on student engagement,
motivation and their capacity to use knowledge in complex, real-world conditions (2022), thus, becoming the
pillar of modern higher learning (2021).

Research Questions

1. How are Problem-Based Learning, Project-Based Learning and Collaborative Learning implemented across
different engineering courses?

2. What strategies are used by educators to facilitate active learning in PBL, PjBL, and CL?

3. How do learning environments and tools support the implementation of active learning?

2. Review Strategy

The presented study relies on the critical literature review about active learning practices, such as PBL, PjBL
and CL in the engineering education. The systematic search of the peer-reviewed sources of 20 recent research
papers, such as [EEE, MDPI, Springer, ScienceDirect, and Wiley, were used. The review included the analysis of
each article to determine its intent, methodology, implementation strategies, results, and difficulties of active
learning techniques. The particular attention was paid to the comprehension of the pedagogical practices,
student engagement, interdisciplinary collaboration, and integration of technology to improve the learning
process. This plan allowed systematic integration of evidence in order to make recommendations on how active
learning can be designed and implemented in the higher education settings.

2.1 Search Strategy

In this work, the literature search was systematic to gather the related works on active learning strategies
related to engineering education. Peer-reviewed journals that were indexed in “IEEE”, “MDPI”", “Springer”,
“ScienceDirect”, and Wiley were selected as the major sources, and they were accessed mostly via Google
Scholar. The search was narrowed to publications dating between 10-15 years to make it up to date. The
keywords that were primarily used included PBL, PjBL, CL, Active Learning, Engineering Education, Student
Engagement, and Pedagogical Innovation. Qualitative and quantitative research were also entertained and
these comprised case studies as well as meta-analysis and systematic reviews. The search strategy entailed
screening of titles, abstracts, and full texts in order to see studies that were directly related to the meaning of
implementation, outcome, and challenges of active learning methods. This method enabled the identification of
20 applicable articles that were used to conduct the critical review of this study.

2.2 Inclusion and Exclusion Criteria
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In ensuring the suitability and the quality of the selected papers, the following inclusion and exclusion criteria
were therefore used. The inclusion criteria were designed to ensure that only the recent and relevant findings
were included in this study by filtering the papers written in English and published not more than 2025. The
chosen articles in particular have addressed the active learning methods, such as PBL, PjBL, and CL, specifically
in reference to engineering and STEM education. Empirical research, case studies or experimental results of the
implementation strategies, outcomes or challenges were factored in the studies. On the other hand, articles
published before the year 2021 or articles that were not an original research article such as editorials, letters,
comments, perspectives, special issues, expert reviews and viewpoints were all excluded. Moreover, researches
that did not have a clear methodology, dataset description, or validation measure that might impede the
reliability and comparability of the review were also removed. This methodical filtering gave the end product
of the selection a high quality and evidence-based studies in the context of active learning.

Table 1. Literature inclusion criteria

No. | Criteria Description

1. Topic The selected literature must focus on active learning methodologies,
specifically PBL, PjBL, and CL in engineering or higher education.

2. Period Studies published between 2021 and 2025 to ensure inclusion of the most
recent developments and applications in the field of active learning.

3. Research Base Only empirical studies using qualitative, quantitative, or mixed methods are
considered to provide evidence-based insights.

4, Language Publications must be written in English to ensure consistent comprehension
and analysis.

5. Transparency Included studies must clearly define their research design, sample size,
instruments, and analysis methods.

6. Reliability and The results and findings of selected studies must be valid, reliable, and

Validity published in peer-reviewed or indexed journals.

7. Accessibility Full-text articles must be accessible through recognized academic databases to

ensure data verification and quality evaluation.

The inclusion criteria have been outlined in table 1 in order to make sure that the chosen literature can meet
the objectives and scope of this study. The following criteria have been created to preserve quality, relevance
and credibility of the reviewed works. The parameters help to include only recent, empirical and
methodologically transparent studies, which would make it possible to see the picture of the contemporary
trends and practices in active learning. The inclusion framework is also meant to guarantee that every chosen
article presents quality and valid findings, which present useful information on the practice and the success of
active learning techniques in higher education. The implementation of these inclusion criteria will ensure that
the literature reviewed creates a body of evidence that is the most precise and up-to-date concerning the area
under study.

3. Critical Analysis Review

This division explains the trend in using active learning environment in engineering education. It is a recap of
the primary findings, methods, and trends of the latest works in which the task will be to provide an overall
concept of the modern state and the issues of the sphere. One of the recent trends in this field is that the learning
process is no longer teacher-focused, but it shifted to student-focused, activity-based setups including PBL,
PjBL, and CL. This part of the report explains methods such as systematic literature review, critical content
analysis to find out how the two may improve student engagement, creativity, and critical thinking. Qualitative
analysis of selected papers was conducted in order to find out their methodological approaches, major findings,
and limitations. The general approach to the methodology provides sufficient equilibrium to compare the
manner of implementation of active learning strategies, their effects on the outcomes of engineering education,
and difficulties of the active use of the strategies in different instructional settings.

3.1 Problem Based Learning
Specifically, Ramos-Mejia et al. (2025) created the setting of a PBL course in which the nature of
electrochemistry is based on wastewater treatment to develop the conceptual learning and complex thinking
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of students. The group of study included chemistry and chemical engineering undergraduates and they were
exposed to solving problems in teams. The qualitative analysis conducted with the help of Atlas.ti 22 addressed
five case studies and revealed eight categories of scientific knowledge and practices which are visualized in a
Sankey diagram that displays cognitive complexity. The results proved to show a great change in the level of
conceptual learning and the capability of the students to transfer the electrochemical knowledge to the real-
world. Nevertheless, the weakness of the study was that it was a group analysis, but not at an individual level
to reveal that all participants acquired the complex thinking skills to the same extent.

The authors of the study by Marcinauskas et al. (2024) chose to conduct a comparative study to assess the
effectiveness of PBL and Traditional Learning (TL) in a first-year engineering course in physics. The study
compared assessment outcomes and observations made by lecturers, and based on data on 460 participants at
Kaunas University of Technology. The findings indicated that PBL was much more effective in terms of
teamwork, presentation, and critical thinking skills, whereas TL was more effective in terms of individual
learning and theoretical understanding. Even though PBL facilitated constant interaction between less
motivated students, it required an increased amount of time and effort on the part of the instructor. It did not
include quantitative measures of pre- and post-assessment and student self-reflection data thereby restricting
the possibility to completely validate the differences in learning outcomes between methods.

The purpose of the study by Cubela et al. (2023) was to determine the combination of problem-based learning,
gamification, and data-driven strategies in engineering education following a course in Geoinformatics and
Surveying GeoGovernment 1. The study used student centered framework that involves real world problem
solving, spatial data analysis, as well as GIS technology to involve the learners in resolving ATM burglary cases
in Germany. This strategy helped students develop better analytical, technical and self-directed learning as well
as become more motivated and employable in the STEM subjects. Yet, some of the challenges were the changing
nature of the role of the instructor to a facilitator, the possible lack of focus because of competitive aspects, and
the necessity of the structured feedback loops to guarantee the same learning outcomes and an equal balance
of engagement.

The Integrated Learning Stream (ILS) was the study by Paul et al. (2023) into how PBL, and critical reflection
in engineering can be integrated into engineering education, resulting in meaningful learning experiences, but
without requiring more course time or course work. The approach included the establishment of learners-
focused classroom communities, the key to critical reflection, and the focus on the whole student development.
The qualitative content analysis of the reflections, comments, and course artifacts of the students indicated the
increased effectiveness of learning, the better ability to apply the knowledge to real-life problems, and the
beneficial effects on the students in terms of the habits, well-being, and engagement. The primary weakness
was the limited sample size that limited the richness of individual experiences being studied. Further studies
ought to increase the amount of data and investigate more qualitative information.

Wijnia et al. (2024) performed a meta-analysis to investigate how problem-driven learning models, such as PBL,
PjBL and Case-Based Learning, impact the motivation of students when compared to the conventional lecture-
oriented learning. A small to moderate positive effect (d = 0.498) of STEM and healthcare on the beliefs, task
value, and attitudes of students was observed by the authors in the analysis of 139 subsamples with 132 studies.
The analysis has found that individual course applications have more potent motivational effects compared to
curriculum-wide applications. Nevertheless, the review has shown mixing in the findings, which means that the
benefits of motivation are highly related to the academic setting, the level of implementation, and the effects of
novelty which restrict the extrapolation of results to other fields as well as long-term results.

Sukackeé et al. (2022) utilized a systematic literature review of 177 studies to examine the utilization of active
learning strategies, i.e. PBL, PjBL, and CBL in engineering learning. The study examined the way these
pedagogies could help foster sustainability, collaboration, and communication skills in future engineers using
the ADDIE model (Analysis, Design, Development, Implementation, Evaluation). The review found that CBL is
most appropriate to incorporate sustainability and multidisciplinary cooperation and foster an alignment with
Sustainable Development Goals (SDGs). Nonetheless, it was found that significant implementation challenges
that include differences in teacher expertise, time, institutional, and technological support, and the inability of
the students to adjust to the self-directed learning conditions occurred.

3.2 Project Based Learning

Lavado-Anguera et al. (2024) carried out a systematic literature review in order to investigate the functioning
of PjBL as an experiential pedagogy as a method of acquiring real-world skills in engineering education. They
searched two databases, 54 studies were included in the analysis during 24 years, and PjBL was evaluated in
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terms of its contribution to seven pillars of an integrated approach to pedagogy, such as technology,
sustainability, and multidisciplinary integration. It was found in the review that PjBL is an efficient method of
improving the student competencies and helps in designing a holistic curriculum. Nevertheless, there remain
areas to apply PBL to multidisciplinary and technological settings, and there is a shortage of open-access
articles and a lack of evidence about the practitioner and simulation-based learning setting, which implies that
further empirical research is required.

Zhang et al. (2024) carried out a meta-analysis to assess whether PjBL influences the improvement of
computational thinking in students in different levels of education. The review indicated that PjBL has a
significant positive effect on the innovation, collaboration, critical thinking, algorithmic reasoning, and
problem-solving skills of learners by synthesizing the results of 31 experimental and quasi-experimental
studies quantitatively. The research also identified age-related impacts as younger students had superiority in
collaboration and old students in critical reasoning. The results are however based on statistical inference as
opposed to causal evidence and the sample size is limited and this can limit extrapolation. Also, the issue of
teacher influence and background of the learners were not explored and therefore the surrounding could be
explored further.

Hariharasakthisudhan et al. (2025) developed a hybrid model of Design Thinking (DT), Conceive-Design-
Implement-Operate (CDIO) model, and Root Assessment (RA) to improve PjBL in engineering education. The
framework was meant to address traditional PBL constraints through the synthesis of empathic ideation,
systematic engineering design and evaluation. Applied in the creation of a Seed Injecting Machine, it allowed
students to use the principles of sustainability-focused decision-making, prototyping in a loop, and involving
the stakeholders. The methodology was successful in connecting conceptual knowledge to practical innovation,
and interdisciplinary problem-solving and critical thinking. The limitation however of the study is that it was
used in only one case and that it has to be tested further with many situations in the field of engineering to
determine its scalability and generalization.

Crespi et al. (2022) used a quasi-experimental study to investigate the efficacy of the PjBL to enhance
interpersonal communication and teamwork abilities of university students. The researchers used a
questionnaire of personal competencies, which had undergone a test before in a previous study, and applied it
to an experimental group (387 students) and a control group (223 students) of Madrid universities to use pre-
test/post-test design. Findings affirmed that PjBL was significant in developing transversal skills in students,
which fostered collaboration and communication needed in the globalized professional environment. The
paper has emphasized the role of PBL in the development of holistic competence-based education. The
drawbacks, however, are possible contextual bias because of the regional sample and the scarcity of
generalization to the transversal topics or a short-term learning effect.

The purpose of the work by Rio et al. (2022) was to assess the usefulness of PjBL in promoting the knowledge
and interest of students in Mechanical Design courses in Mechanical and Chemical Engineering studies. PjBL
labs were used in the study with the use of 3D printing and Digital Image Correlation (DIC), supplemented by
online instructional videos and student survey to assess the experiment. The results showed enhanced
theoretical and practical knowledge integration, increased design and problem-solving, and student
satisfaction. PjBL was a successful approach to learning and enthusiasm. Nevertheless, the method was time-
consuming and to some extent difficult to some students, implying that fine tuning of the lab design and its
application in a wider range of engineering programs to validate the same.

Guaya et al. (2025) suggested the vertically integrated model to bridge between postgraduate and
undergraduate programmes of Applied Chemistry and Agricultural Engineering, in conjunction with PjBL and
Community-Based Learning. The research design also entailed the synthesis of zeolite materials to extract
nutrients by the postgraduate students, which were utilized by the undergraduates in field trials involving rural
communities in the study which were assessed through rubrics, surveys, focus groups, and reflective journals.
The research proved that technical, communication, and critical thinking skills have been improved, and the
importance of the connection between theory and practice has been highlighted, as well as the social impact
has been. Asynchronous cohort participation, undergraduate training in science communication, and logistical
considerations in production of materials were some of the limitations, which suggested that it is better
coordinated, the interdisciplinary training is broader, and the implementation can be scaled.

3.3 Collaborative Based Learning
In their article, Chang et al. (2022) explore the potential of using PBL and collaborative learning techniques in
a flipped classroom in promoting learning motivation and outcomes in a C# programming course. The
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experimental and control group was comprised of ninety-six first-year students, where the performance and
motivation were measured through pre- and post-tests and questionnaires. Findings revealed that
heterogeneous grouping of the experimental group enhanced educational success in the low-scoring students,
enhanced interaction and satisfaction with flipped classes and project-based learning, as well as collaborative
learning. The study was however constrained by the single department sample used, limits in teaching content,
interpersonal dynamics were not investigated, and no qualitative insights were made, thereby limiting the
external generalizability and depth of the study.

Beemt et al. (2023) studied the effect of the active learning pedagogy on student engagement in remote
laboratories in the higher engineering education. The research took a case study methodology in two systems
and control courses where data were gathered in form of digital traces, interviews, observations, and course
assessments. The results showed that open-ended laboratory assignments, teamwork and systematic feedback
played a critical role in enhancing the engagement and subsuming theoretical knowledge to practice. Students
appreciated the convenience and access of remote labs but needed more support in the direction of the
processes and software utilization. Remote labs generated profound learning and self-regulation, but also
required a lot of preparation, coordination and teacher intervention, which brings up issues of scalability and
implementation needs to make such a lab more widespread.

The authors of the article by Doulougeri et al. (2024) used a systematic review to uncover the implementation
of CBL in engineering education and discovered the challenges and lessons learned. They reviewed 48 studies
of empirical data published in 2010-2021 based on the curricular spider-web framework. The results showed
that there was a great difference in CBL implementation, between course-level to project-level activity with
more focus on open-ended and real-life challenges that improve student engagement and transversal skills.
Nevertheless, the challenge design, stakeholder engagement, and multidisciplinary were observed to have
inconsistencies. The review has pointed to the possibilities of CBL to match education with societal problems,
as well as its constraints i.e,, its inconsistent definitions, variability in methodological usage and lack of evidence
on its long-term educational effectiveness.

Du et al. (2022) sought to understand the way engineering students perceive and implement learner agency in
PBL and PjBL set-ups. Q methodology (a combination of qualitative and quantitative analysis) was used to rank
40 statements about learner agency with 39 civil engineering Qatar-based students. The study found eight
different perspectives, which represent various perceptions of agency on the intrapersonal, behavioural, and
environmental dimensions. Findings indicated that students appreciated self-directed learning but most of
them continued to be dependent on instructor-guided learning. The article provided theoretical information
about learner agency in PBL, but its small sample size, the choice of the specific context, and the absence of in-
depth qualitative studies like interviews were its weaknesses.

Erp et al. (2022) suggested a research-based, project based, and case-based teaching model that would help
prepare manufacturing engineering students to handle complex innovation projects. The framework has been
implemented and tested during a master course taught at the University of Southern Denmark through a proof-
of-concept strategy. Student self-assessment results revealed that there was much improvement in research,
design, and project management competencies, which verified that the framework is effective in connecting the
theory with practice. Nevertheless, the research has such limitations as being based on self-reports, not having
been longitudinally validated and lacks scalability across fields. It was proposed that further research is
necessary to make the framework more refined and ensure a prolonged research quality design.

The aim of the study by Miranda et al. (2021) was to investigate the topic of Education 4.0 in higher education
concerning the identification of essential elements and tracing its development in correlation with four
industrial revolutions. The proposed study involved a framework that included competencies, learning
methods, information and communication technologies, and infrastructure. Three engineering education case
studies were reviewed to demonstrate how these elements can be put into practice. The findings demonstrated
that the results are positive, with improved knowledge generation, transfer of information with peers,
innovative solutions, and effective utilization of technological resources. The research is however limited in that
it applies case studies that limit the generalizability. Further studies may be extended by conducting
experimental research and examining its use not only in formal higher education but in a wider educational
setting.

The authors of the study by Vodovozov et al. (2021) started with the purpose to investigate the effect of active
learning (AL) on the students of engineering specialisation with a diverse background and knowledge level with
the aim to determine the factors that have an effect on the engagement and success. The research involved four
groups of learners in regards to individual involvement and performance, and examined the performance of
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student-focused methods in various levels of skills. It was found out that strong students had full advantage of
AL whereas weaker students frequently needed extra guidance of teachers and working in small groups as well
as in individual instructions in order to succeed. It was pointed out in the study that AL alone is not always
effective and that it has to be supported by systematic orientation and support. One of the limitations is its
attention to generalized AL activities and does not investigate specific interventions that would suit each type
of learner.

Cho et al. (2021) examined the application of the flipped classroom in the field of mechanical engineering to
solve the problem of big lecture-oriented courses. The research was to determine the efficacies of the use of
flipped classrooms in academic performance and learning experiences of learners. The procedure was to
compare the level of success of students in the flipped and traditional lecture systems with the addition of the
open-ended survey feedback analysis to discuss the perceptions and experiences. Findings showed that the
students of the flipped classroom were better performers, enjoyed pre-week online lectures, and claimed they
were more engaged, self-regulated and autonomous. One of the limitations is that the research was conducted
on a course and department and this might limit their extrapolation to other fields or even a larger group.

4. Research Gap

Although the active learning strategies are increasingly being adopted in engineering learning, there are still a
number of gaps. To begin with, a comparative study between PBL, PjBL, and CL is not done so much concerning
their effectiveness in particular areas of learning outcomes, including problem-solving, innovation, and
collaboration skills. Second, the majority of research is either individual course or program, there is no evidence
on how the curriculum can be implemented and scaled on a large scale. Third, little has been done to identify
how these active learning strategies are influenced by technological tools, online platforms, and blended
learning environments. Also, the problem of instructor readiness, institutional assistance, and student
adaptation to self-directed learning is inconsistently discussed. Lastly, the longitudinal studies of the long-term
effects of such approaches on the professional skills and employability of students are few, which is why more
complex, multi-contextual research is required.

4.1 Research Questions and Results

1. How are Problem-Based Learning, Project-Based Learning, and Collaborative Learning implemented across
different engineering courses?

PBL is applied to real-life problems, which are open-ended and require teamwork and critical thinking. PjBL
concentrates on the design and implementation of projects that combine theory with practice and frequently
uses labs, prototyping or simulations. The main principle of CL is the emphasis on collaborative activities in
courses (peer instruction, group assignments, and collaborative problem solving) to increase engagement,
communication, and knowledge integration in a heterogeneous group of students.

2. What strategies are used by educators to facilitate active learning in PBL, PjBL, and CL?

Teachers use scaffolding, guided inquiry and guided feedback in PBL. Project milestones, prototyping support,
and stakeholder involvement are all incorporated in PjBL by the instructors. The CL approaches are the
heterogeneous grouping, peer evaluation and collaborative online tools. In all approaches, the role of the
teacher is transformed into facilitation, where the teacher gives the student the resources and follows the
progress and encourages the learners to be self-directed and reflective.

3. How do learning environments and tools support the implementation of active learning?

Online platforms, flexible classes, and virtual laboratories improve the interaction and access of resources. The
hands-on experiences, experimentation, and data analysis are supported by such tools as simulation software,
3D printing, GIS, and collaborative platforms. Such environments promote interaction, dialogue and self-
directed learning besides allowing one to track the progress made, deliver immediate feedback and offer
practical real-life context on how to solve problems, carry out projects and collaborate with others.

5. Findings and Analysis

In the Findings and Analysis section, more specific details are presented about the existing situation in sufficient
research on active learning methods like problem-based, project-based, and collaborative learning in higher
education. The new articles issued have suggested the viability of these techniques in developing the
engagement, critical thinking, teamwork, and problem-solving skills of students. The potentials and obstacles
of applying these strategies in different academic fields are also mentioned in this section. Results show that

Vol.6, No.3s, 2026 782


http://www.svedbergopen.com/

www.svedbergopen.com International Journal of Artificial Intelligence and Machine Learning

active learning enhances self-directed learning and increases academic and inter-personal competencies. But
the issues of different student backgrounds, teacher readiness and complexities of assessment are also
important obstacles. All in all, the analysis shows that although active learning models are very effective in
facilitating meaningful learning experiences, their effective implementation needs to be guided by structures,
continuous feedback, and institutional support in order to make it uniform and inclusive in various learning
settings.

4.1 Overview of Findings

The summary of research shows that active learning approaches, especially PBL, PjBL, and CL, play an
important role in transforming the traditional education into student-centred and experiential one. All of the
reviewed articles written between 2021 and 2025 prove that the methods are effective in terms of developing
the skills that help students to think analytically, work in a team, communicate, and self-direct their learning.
PBL promotes the application of real-world issues in learning and enhancing the ability of learners to integrate
theory with practice. On the contrary, PjBL encourages innovation and creativity by organizing projects,
enhancing a profound comprehension and long-term remembrance of knowledge. Team learning enhances
interaction and shared responsibility among peers and enhances interpersonal and social skills necessary in
professional development. Although there are these benefits, there were identified challenges such as the
differences in motivational levels among the students, learning styles and the willingness of the instructors to
adjust to the active methodologies. A number of the studies noted that good implementation would need
meticulous curriculum design, continuous mentorship and evaluation plans in consonance with the learning
objectives. The use of technology, including digital platforms and game-based tools, was also observed to boost
the interaction and involvement. In addition, reflective practices and learning through feedback loops were
identified to have a positive effect on learning outcomes. To conclude, the results confirm active learning
strategies provide the solution to the gap between the theoretical teaching and practical one, transforming the
education process and making it more active, inclusive, and corresponding to the 21st-century skills demands.

4.2 Synthesis of Findings

The synthesis of results underlines the fact that recent studies in the field of engineering education use varied
methods, including systematic reviews, meta-analyses, case studies, and mixed-method designs. All of these
methods show that active learning models, such as PBL, PjBL, and CL, increase the level of engagement,
collaboration, and critical thinking among learners. Quantitative methods gave objective changes to academic
performance whereas qualitative analysis gave more insight into learner motivation and reflection.
Nonetheless, research revealed limitations such as poor scalability, variation in methods and dependence on
context also. In general, the synthesis highlights the complementarity of empirical and reflective inquiry to
enhance the results of active learning.

Table 2. Critical Comparison of Methods and Tools

Methodology Techniques Strengths Weaknesses

Systematic Literature PRISMA, Thematic Comprehensive, Time-consuming, subjective

Review Coding evidence-based inclusion

Meta-Analysis Statistical Synthesis | Quantitative validation Requires homogenous

datasets

Case Study Observation, In-depth insights Limited generalizability
Reflection

Quasi-Experimental Pre/Post-Test, Measurable outcomes Often lacks qualitative depth
Surveys

Mixed-Method Surveys + Balanced perspectives Resource intensive
Interviews

Table 2 shows a methodological synopsis that compares the key research approaches and techniques chosen in
the studies reviewed. The following table will attempt to summarize the methodological rigor and the diversity
of the existing research arena on active learning. Having classified the studies based on their main
methodological orientation it makes visible the most common tools, procedures, and analytical frameworks
applied in the measurement of active learning outcomes. The purpose behind this table is to illustrate the
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strength and weaknesses of the methodology of various designs that can assist in getting grounded on the
evidence that has been produced and tested out in the sector.

5.3 Comparative Analysis of Active Learning Approaches in Engineering Education

The comparative analysis of the studies reviewed proves the fact that PBL, PjBL, and CL are all the problems
contributing to the engineering education outcomes in a different way. The key areas of PBL are effective
specifically in the development of critical thinking, conceptual and self-directed learning, which were reported
in the research of Ramos-Mejia et al. (2025) and Paul et al. (2023). PjBL, such as Lavado-Anguera et al. (2024)
and Crespi et al. (2022) is good at developing useful skills, interdisciplinary integration, and teamwork with
tangible projects, though it can be quite time-consuming to implement and can need a lot of instructor effort.
Similar to the methods investigated by Chang et al. (2022) and Beemt et al. (2023), CL strategies encourage
interaction, sharing of knowledge and learning among peers, and they are especially effective within
heterogeneous teaching groups and online education.

The methodological domains of these studies include qualitative, quasi-experimental, meta-analytical and
systematic reviews, that is, a variety of techniques used to evaluate learning outcomes, motivation and skill
development. Contextually, variations can be observed at the undergraduate and postgraduate levels,
disciplinary, and course formats, where STEM-oriented interventions frequently incorporate the elements of
technology, gamification, and a flipped classroom. Although all of the active learning strategies contribute to
improved engagement and practical competence, PBL and PjBL are better applicable to structured problem-
solving and application, whereas CL is ideal in the context of social learning, collaboration, and motivation. This
synthesis shows the supportive aspect of these methods and implies that the combination of PBL, PjBL, and CL
can be the best learning outcomes in engineering education in various situations in the hybrid or modular
framework.

Table 4. Pedagogical Criteria Comparison

No. | Description PBL PjBL CL
1 Theoretical Constructivist, student- | Experiential, Social constructivist,
Perspective centered constructivist interaction-focused
2 Teacher Role Facilitator, guide, Facilitator, project Coordinator, mediator,
mentor supervisor supporter
3 Knowledge Conceptual Applied knowledge, Shared knowledge,
Level understanding, critical | practical problem-solving | collective understanding
thinking
4 Skills Critical thinking, Technical, Communication,
problem-solving interdisciplinary, project | teamwork, collaboration
management
5 Confidence Moderate to high High (through tangible Moderate to high (peer
Level project outcomes) support)
6 Motivation High (real-world High (ownership of Moderate to high (social
relevance) projects) engagement)
7 Performance Improved individual Enhanced integration of Improved group
learning and theory and practice performance and
application engagement
8 Learner’s Enhanced conceptual Improved employability, Enhanced teamwork, peer
Outcomes and transferable skills holistic competencies learning, and engagement

Table 4 gives an ordered comparison of the main pedagogical requirements of three main approaches to active
learning in engineering education: PBL, PjBL, and CL. It is used to bring out the conceptual differences and
instructional plans of each model, which regards the theoretical views, the role of the teacher, the level of
knowledge, the development of the skills, the confidence of the learners, motivations, performance, and the
overall results. The table is meant to provide the reader with a succinct insight into the differences between
these active learning approaches in terms of how they encourage engagement among the students, their
effectiveness in learning, and their ability to acquire competencies. With the help of this comparative
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framework, the table helps comprehend the pedagogical justification of each of the models and allows critically
examine their applicability and effectiveness in educational environments in engineering.

5.4 Challenges and Research Limitations in Active Learning Implementation

The critical review of the analysed research shows that there are a number of notable weaknesses of the
implementation and assessment of active learning methods in teaching engineering. First, in the majority of the
studies, the research was done in one institution or even in a department, which constrained the extrapolation
of the research to other learning settings. Small sample sizes were also frequent particularly in qualitative
studies, limiting the capacity to make statistically significant inferences. Secondly, the longitudinal study
evaluating the long-term effectiveness of such methods as PBL, PjBL, and CL in the context of long-term skill
retention and career readiness is evidently missing.

The other important limitation is the inconsistencies in the methods. Other research papers partly relied on
self-reported questionnaires and thought processes, which are subjective and might not reflect real learning
results. Besides, differences in instructional design, expertise of instructor and support of the institution
presented differences in the implementation of these methods, making it hard to compare studies across
different studies. The metrics of assessment were also rather varied; some were based on academic results,
there were those that measured it on qualitative reflections or observations of behaviour and made it hard to
standardize.

Moreover, the lack of resources and technical preparation was also an obstacle to the adoption of such
innovative models as flipped classrooms, gamified learning, and virtual labs. Other studies noted that weaker
students found it difficult to deal with self-directed learning implying that active learning is not always effective
and needs adequate scaffolding and teacher guidance. Lastly, there was a paucity of literature on equity and
inclusiveness, which has left research gaps in the way different groups of students engage in active learning
practices.

5.5 Emerging Directions and Pedagogical Trends in Engineering Education

The critical review reveals that there are some changing trends and innovations that are defining the future of
engineering education using active learning. The fact that digital technology and virtual platforms have been
integrated to facilitate interactive, flexible, and remote learning settings is also a major trend. Online
collaborative tools like simulation software, online collaborative tools, and digital feedback systems are making
lesson delivery to students more engaging and efficient in terms of instructor evaluation.

The other new phenomenon is the paradigm shift of teacher to learner and placing an emphasis upon autonomy,
collaboration and learning by doing. Solutions that integrate Design Thinking (DT), Conceive-Design-
Implement-Operate (CDIO) and Root Assessment (RA) are becoming popular to bring theory closer to practical
and real-world problem solving.

The trend toward interdisciplinary and sustainability-oriented learning is also powerful, which is consistent
with the SDGs of the world. Students are being engaged more in projects that focus on environment, social and
economic issues thus making them think holistically, ethically and innovatively.

In addition, the management of motivation and performance in engineering education is being changed by the
use of gamification and data-driven instruction. The strategic implementation of competitive aspects,
performance analytics, and feedback loops is meant to make learning more personalized.

Lastly, there is an increased focus on collaborative and community-based models, with a linkage between the
universities and industries as well as the people surrounding them. This tendency highlights the necessity of
lifelong learning, flexibility, and practicality, which implies a shift of paradigm towards active meaningful and
purpose-based learning in the engineering discipline.

6. Conclusion

This critical review has discussed the modern application of active learning practices, which are PBL, PjBL, and
CL in engineering education. These pedagogical methods prove to change the paradigm of learning process,
which is teacher-centred to a student-centred one, resulting in engagement, critical thinking, creativity, and
problem-solving. In the 20 studies reviewed, PBL was found to be especially useful in developing conceptual
learning, collaboration, and real-world problem-solving skills, but it needed substantial facilitation by
instructors and a tight selection of challenges. PjBL enabled experiential learning because it combined real-
world projects with technological tools and interdisciplinary teamwork, which led to the emergence of
transferable skills (innovation, communication, and project management). Teamwork, motivation, and learner
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autonomy were also strengthened with the help of CL strategies such as flipped classes, peer collaborations,
and challenge-based learning, but they required systematic organization and adequate scaffolding to make sure
that every student has the same benefits.

The review also reflects on the most important trends regarding implementing active learning. We can also see
the trend towards incorporating technology, gamification and digital mediums to improve interaction and self-
directed learning. The importance of real-world problem contexts, interdisciplinary projects, and stakeholder
engagement has also been growing in popularity, as an indication of the increasing demand to equip
engineering students with what they will need in the complex professional settings of practice. Also, systematic
feedback, iterative reflection, and student-centred scaffolding became the key elements to successful
implementation. Nonetheless, there are still several shortcomings. In most studies, there is a shortage of sample
population, single course scenarios, or even a region, which can restrict the generalizability. Difficulties in the
areas of instructor preparedness, institutional backing, scalability, and optimization to self-directed learning
were always witnessed. Further, there is limited longitudinal data regarding the effectiveness of active learning
strategies in the long term in terms of professional competencies and employability.

This review highlights the possibilities of active learning strategies to change the paradigm of engineering
education through facilitating meaningful learning, engagement, and overall skill development. The results
recommend more systematic, comparative, and longitudinal studies, which assess various learning conditions,
technological solutions, and implementation of curricula. The identified gaps can be used to advise educators,
curriculum designers, and policymakers on the best methods of active learning and train engineering students
to meet the needs of the current professional practice.
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