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 Collaboration is a crucial 21st century skill, requiring learning environments 

that foster teamwork while leveraging students’ individual strengths. This 

study aimed to enhance collaboration using the jigsaw strategy, which was 

adapted to students’ learning styles based on the model: visual, aural, 

read/write, and kinesthetic (VARK). The study involved 27 tenth-grade 

students in Ho Chi Minh City and focused on the topic “physics with 

environmental protection.” Students were initially grouped by learning styles 

into expert groups and later reorganized into mixed jigsaw groups to 

collaboratively address tasks related to environmental issues. A quasi-

experimental design was employed, utilizing pre- and post-test  

self-assessment surveys, video observations, and group discussions to assess 

collaborative performance. Quantitative data were analyzed using the 

Wilcoxon signed rank test, while qualitative data provided deeper insights. 

Results demonstrated a significant improvement in team support (p=0.030), 

suggesting that aligning learning tasks with students’ styles foster group 

cohesion. However, participation and contribution showed minimal 

improvement, with students preferring reading/writing styles facing 

challenges in adapting to group activities. While the integration of jigsaw 

and VARK proved effective in enhancing collaboration, the study 

underscores the need to develop strategies to accommodate diverse learning 

preferences. Future research should involve larger sample sizes and consider 

teachers’ perspectives to optimize the practical implementation of learning 

styles in collaborative learning environments. 
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1. INTRODUCTION 

Collaboration skills are essential for leaners to adapt to the evolving demands of society and the 

workforce [1]. In 21st-century education, fostering student collaboration skills is a key priority that requires 

focused attention from educators [2]–[4]. Collaborative learning fosters an interactive environment in which 

students develop mutual responsibility and shared benefits, enhancing their teamwork skills [5], [6]. Research 

suggests that effectively implementing collaborative learning requires meeting specific conditions [6], [7]. 

Specifically, individuals in a group should exhibit positive interdependence, engage in direct interaction, take 

responsibility for shared tasks, develop teamwork skills, and perform self-assessment throughout the 

collaboration process [6], [7]. Collaboration effectiveness is primarily influenced by learners’ awareness, 

engagement, and contributions. Therefore, collaborative teaching should foster a supportive environment, 
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encourage active participation, and provide structured tasks that develop essential teamwork and 

interpersonal skills [8], [9]. 

Collaborative learning offers a practical framework for developing teamwork skills; however, its 

effectiveness is influenced by individual learning styles [3]. Aligning instructional strategies with students’ 

learning styles can enhance collaborative engagement by catering to their preferred modes of receiving and 

processing information. Research by Kayes et al. [10] underscores the crucial role of learning styles in 

identifying differences and similarities among group members, which significantly shape the collaborative 

process. A learning style refers to an individual’s preferred way of receiving and assimilating new knowledge 

[11]–[13]. Research indicates that tailoring teaching methods to students’ learning styles enhances 

engagement, improves attention, facilitates information processing and retention, and significantly boosts 

learning outcomes [14], [15]. Given its impact on learning effectiveness, learning style is a critical factor to 

consider when designing learning activities, particularly in collaborative learning [16], [17]. Research by 

Putri et al. [14] further emphasizes the significance of understanding students’ learning styles, particularly in 

science education, where these insights facilitate knowledge acquisition and enhance learning accessibility. 

Integrating learning styles into science instruction has significant potential to enhance student outcomes and 

maximize individual learning potential. 

Various models for diagnosing student learning styles have been introduced in education, with the 

visual, aural, read/write, and kinesthetic (VARK) model by Fleming [18] being one of the most widely 

recognized. Fleming [18] defines learning styles as an individual’s preferred way of acquiring, processing, 

and organizing information. The VARK model categorizes learning styles based on sensory preferences, 

including visual, auditory, reading/writing, and kinesthetic [18]. This model has received considerable 

attention from researchers, particularly in science education, where it has demonstrated promising results in 

enhancing student engagement and learning outcomes [17], [19], [20]. For instance, Sintia et al. [16] 

conducted an experimental study with 50 high school students, where the experimental group consisted of 

students with diverse VARK learning styles, resembling the jigsaw group structure. The findings revealed 

that students who received instruction aligned with their learning styles exhibited higher academic 

performance [16]. 

According to Troussas et al. [21], assessing and flexibly applying learning styles can optimize learner 

engagement and satisfaction in a collaborative learning environment. The jigsaw strategy is one of the most 

widely adopted strategies for collaborative learning, particularly in teaching scientific content that involves 

exploring multiple dimensions [22]–[24]. Numerous studies have highlighted the jigsaw strategy’s 

effectiveness in fostering collaboration skills and improving student learning outcomes by promoting 

individual responsibility for knowledge sharing [23]–[25]. Research indicates that the jigsaw strategy 

facilitates meaningful interactions among group members and encourages individual contributions to group 

success [26], [27]. However, a key challenge lies in forming balanced student groups that align with each 

learner’s unique characteristics [25]–[27]. To address this, several studies have investigated integrating VARK 

learning styles into group formation to optimize interaction and collaboration [28]. This approach enhances 

group dynamics, enabling students to leverage their strengths for more meaningful contributions [29]. 

While collaborative learning and learning styles have been extensively studied, most research 

examines them separately. Prior studies highlight the effectiveness of jigsaw in fostering collaboration  

[21]–[23] and VARK in personalizing instruction [16], [18], [19]; however, limited research integrates these 

methods within a structured collaborative framework. Moreover, collaborative learning has been primarily 

explored in higher education, with limited attention given to secondary education [1]. Given its significance 

in cognitive and social development, further investigation at the school level is necessary, particularly in 

subject-specific contexts such as science education. 

This study examined the impact of structuring jigsaw-based collaborative learning around learning 

styles on students’ collaboration skills in a physics context. Beyond addressing this gap, the study offers 

insights into optimizing collaborative learning in science education. Specifically, it aimed to answer the 

following research question: How does the jigsaw strategy influence students’ collaboration skills when 

structured according to their learning styles? The findings offer empirical evidence on the benefits and 

challenges of integrating learning styles into collaborative learning in secondary education, informing future 

science teaching applications. 

 

 

2. METHOD 

2.1.  Theoretical framework 

The study employed the VARK questionnaire, an online tool comprising 16 concise multiple-choice 

situational questions, to efficiently assess students’ preferred learning styles [30]. This instrument categorized 

students into one of four learning style groups-visual, auditory, reading and writing, and kinesthetic-based  

on their responses. The questionnaire results categorized students based on their dominant learning styles. 
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The research integrated the VARK model with the jigsaw strategy by grouping students based on their 

identified learning styles. To align with the VARK model, learning materials were customized to each 

learning style. Visual learners engaged with diagrams and images, auditory learners focused on listening 

tasks, kinesthetic learners participated in hands-on activities, and reading/writing learners worked with text-

based content. This approach enables students to process data according to their strengths. Figure 1 illustrates 

the theoretical framework of this study. The research adopted the task-centered teaching model proposed by 

Merrill [31], which emphasizes breaking down a primary task introduced at the beginning of a lesson into 

smaller, manageable sub-tasks. Students were reorganized into jigsaw groups after mastering their assigned 

content in expert groups. Each member, now an “expert”, shared their knowledge with peers from different 

learning style groups. This structure facilitated diverse information exchange, allowing students to teach and 

learn from one another. Consequently, they reinforced their understanding and addressed knowledge gaps 

through collaborative discussion. In the final phase, students applied their acquired knowledge to solve 

practical, real-world tasks, enhancing their learning experience and ensuring meaningful learning outcomes. 

 

 

 
 

Figure 1. Collaborative learning organization process applying the jigsaw strategy 

 

 

2.2.  Research design 

This study employed a quasi-experimental design to examine the impact of integrating the jigsaw 

strategy and VARK learning styles on students’ collaborative skills in physics education. The research 

focused on the topic “physics and environmental protection”, a topic in the Vietnamese high school 

curriculum encompassing multiple dimensions: environmental protection, fossil fuels, renewable energy, and 

pollution. The instructional process was structured into three units, each addressing a specific theme. The 

first unit explored the principles of environmental protection, the second compared fossil fuels with 

renewable energy, and the third evaluated energy efficiency. Learning activities in each unit were designed to 

align with the VARK model, allowing students to engage in tasks suited to their preferred learning styles. For 

instance, visual learners worked with diagrams, auditory learners participated in listening exercises and 

discussions, kinesthetic learners engaged in hands-on activities, and reading/writing learners analyzed and 

produced text-based content. These activities aimed to enhance students’ ability to process information 

effectively, contribute meaningfully to group tasks, and apply their knowledge to real-world issues. Figure 2 

presents a detailed implementation plan for the three learning units, each emphasizing different aspects of 

energy and environmental protection within the physics education curriculum. 

 

2.3.  Participants 

The case study methodology is appropriate for this research, as it enables an in-depth analysis of 

student collaboration in an authentic learning environment [32]. The study analyzed student interactions, 

performance, and perceptions using quantitative self-assessment surveys, qualitative video observations, and 

group discussions. By integrating the VARK model with the jigsaw strategy, this study provides insights into 

how personalized grouping strategies influence collaboration skills, offering practical implications for 

cooperative learning in science education. 

In case study approach, non-probability sampling is often utilized to explore a specific educational 

setting in depth [33]. Non-probability sampling is commonly used in case studies due to the focus on  

real-world contexts and practical feasibility rather than broad generalizability. In this study, convenience 

sampling was applied, selecting a readily available class of 27 tenth-grade students from a school in Ho Chi 

Minh City, Vietnam, with a gender distribution of 40.7% male and 59.3% female, as illustrated in Figure 3 [33]. 
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At the beginning of the study, all students completed the VARK questionnaire to identify their 

preferred learning styles, which were categorized into VARK groups. Based on these results, students were 

initially assigned to expert groups according to their learning styles, allowing them to maximize their 

strengths in specific tasks. They were later reorganized into jigsaw groups, ensuring a mix of learning styles 

to facilitate diverse perspectives and knowledge sharing. Although the sample size may limit the 

generalizability of the findings, the study offers valuable insights into the feasibility of integrating 

collaborative learning strategies with learning styles in real classroom settings. 

 

 

 
 

Figure 2. Plan to elaborate detailed learning activities in research 

 

 

 
 

Figure 3. The ratio of male and female students in each learning style 

 

 

2.4.  Data collection 

This research employed a mixed-methods approach, integrating quantitative and qualitative data to 

comprehensively evaluate the intervention. Quantitative data were collected through a self-assessment scale 

(ranging from level 1 to level 4), which students used to evaluate their collaboration skills before and after 

the unit. This scale was adapted and translated from the work of Ofstedal and Dahlberg [34]. The original 

version assessed ten collaboration skill components based on educator research and was modified to better 

align with the study’s objectives and participants. The final version evaluated seven key components: 

contribution, participation, quality of work, time management, group support, preparation, and evaluation. 
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Students completed the survey both before and after the intervention to measure changes in their 

collaborative abilities. Observational data were gathered through both panoramic and group-specific video 

recordings to capture real-time interactions and behaviors during group activities. Qualitative data were 

obtained through group discussion sessions held at the end of each learning unit, providing deeper insights 

into students’ perceptions of their roles, challenges faced, and the effectiveness of the group dynamics. 

Additionally, teachers’ evaluations of group outputs, such as posters, essays, and creative projects, were 

included in the qualitative analysis. 

 

2.5.  Data analysis 

Data analysis was conducted using both quantitative and qualitative approaches to ensure a 

comprehensive evaluation of the intervention. Quantitative data were analyzed using the Wilcoxon signed 

rank test, a robust non-parametric method designed to assess differences in paired datasets. This test was 

utilized to compare pre- and post-intervention score across seven dimensions of collaboration skills: 

contribution, participation, quality of work, time management, group support, preparation, and evaluation. 

This statistical method accurately measured changes in collaborative competencies, accounting for the  

non-normal distribution of the data. 

A systematic thematic approach was used for qualitative analysis. Observational data from 

panoramic and group-specific video recordings were transcribed and coded to identify key themes related to 

group dynamics, including role distribution, mutual support, and interaction effectiveness. Similarly, notes 

from group discussion sessions were analyzed to uncover patterns in students’ perceptions of their 

collaborative roles, challenges encountered during group activities, and strategies used to achieve group 

objectives. This qualitative analysis provided nuanced insights into the collaborative processes, 

complementing the quantitative findings and enriching the overall understanding of the intervention’s impact. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Student self-assessment of collaboration skills 

The results in Table 1 revealed a significant improvement in the “team support” category. The  

pre-test mean for team support was 2.67 (SD=0.877), increasing to 3.04 (SD=0.698) in the post-test, with  

a significance value of 0.030 at a 95% confidence level. This improvement suggests that students’ ability to 

support one another was substantially enhanced following the intervention. The finding demonstrates the 

jigsaw strategy’s positive impact on fostering team support among students. In contrast, other categories, 

including contribution (pre-test mean=3.37, post-test mean=3.37), participation (pre-test mean=2.78, post-test 

mean=2.85), and quality of work (pre-test mean=3.15, post-test mean=3.07), did not show significant 

changes. Similarly, time management showed a slight improvement from 3.00 (SD=0.920) to 3.22 

(SD=0.675), with a significant value (Sig.=0.207). Reflection remained relatively stable (pre-test mean=3.15, 

post-test mean=3.07), with no significant difference (Sig.=0.626). 

The key finding is the significant enhancement in team support, underscoring the effectiveness of 

the jigsaw strategy in promoting collaborative learning and team cohesion. This result aligns with the core 

principles of the jigsaw strategy, where each student is expected to actively participate, accumulate 

knowledge, and share their expertise within the group. Students reinforce their understanding and contribute 

to the group’s success by engaging with peers from different learning styles. Ofstedal and Dahlberg [34] 

defined team support refers to working together to achieve common goals. Team support manifests in various 

forms, depending on the group’s context and objectives. It involves sharing information and ideas to solve 

problems, encouraging participation through task division, and being willing to help each other when peers 

face challenges. Tailoring learning tasks to students’ learning styles enhances their ability to interact 

effectively and fulfill their group roles, resulting in more cohesive teamwork. 

 

 

Table 1. Results of the pre-test and post-test self-evaluation of the collaborative competence of students 

Category 
Pre-test Post-test 

Sig. 
Mean SD Mean SD 

Contribution 3.37 0.742 3.37 0.629 1.000 

Participation 2.78 1.086 2.85 0.629 0.764 
Quality of work 3.15 0.864 3.07 0.907 0.660 

Time management 3.00 0.920 3.22 0.675 0.207 

Team support 2.67 0.877 3.04 0.698 0.030* 
Reflection 3.15 0.770 3.07 0.675 0.626 

*p<0.050 
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The jigsaw strategy fostered a supportive environment by grouping students with similar traits, thus 

promoting team support and knowledge-sharing through assigned roles [23], [25]. This study emphasized 

group compatibility over learning diversity, prioritizing collaboration over broader skill development. 

Findings clearly highlight the technique’s effectiveness in enhancing cooperation, consistent with prior 

research [26], [27], due to its emphasis on individual accountability and collective responsibility. In this 

strategy, each student serves as an “expert” contributing to group success, thereby encouraging active 

participation and knowledge construction. However, improvements in participation, contribution, and time 

management were limited, indicating that while group cohesion benefits, other collaborative aspects require 

further exploration. This aligns with Bertucci et al. [35], who highlighted challenges in balancing group 

dynamics with individual input. 

 

3.2.  Students’ collaborative performance throughout the process 

The students’ learning process was structured into two types of groups: expert groups and jigsaw 

groups. Each group was assigned research topics aligned with its members’ dominant learning styles, 

ensuring tasks suited their strengths. Expert groups, structured according to the VARK model, enabled 

students to leverage their preferred learning styles while clearly defining their roles and responsibilities.  

A student’s remark illustrates this collaborative process, “Let me try to find music related to the environment, 

then K1.3 can choreograph for the whole group to dance along.” Frequent communication among group 

members fostered mutual understanding, ensuring coordination in task execution and alignment with learning 

objectives. Clearly defined task assignments enhanced efficiency by minimizing downtime and streamlining 

workflow. Most students demonstrated a clear understanding of their activities, which involved mastering 

content and completing projects related to each lesson. This structured approach facilitated effective 

knowledge acquisition and strengthened group cohesion, ensuring that all members contributed meaningfully 

toward the group’s success. 

Group members expressed their contributions and participation by identifying their strengths and 

capabilities, as reflected in another student’s remark, “Since A2.4 can sing, let us try composing a rap, and 

A2.2, who is good at writing, can write the lyrics for A2.4 to sing.” Each member’s contributions were 

evident in the final products, including songs and rap lyrics composed and performed by the students, which 

received positive feedback from the teacher and praise from other groups. Students evaluated one another’s 

efforts within the expert group, providing feedback based on their peers’ contributions. For instance, in the 

Auditory group, students commented, “A2.4 has a good voice” and “The song needs to be longer, as it is still 

short, and more visuals could be added.” The kinesthetic group’s feedback included, “The dance is not 

synchronized because not everyone knows the moves yet,” “The dance is not coordinated, and not all group 

members are involved.” 

Meanwhile, students in the visual group, drawing on their preference for visual organization and 

design, provided feedback such as, “We need more annotations and bolder lines” and “We should use 

brighter colors to make the visuals more appealing.” These observations align with the quantitative results, 

which suggest that students developed a stronger sense of group support when collaborating with peers who 

shared their learning styles. By working in groups aligned with their learning styles, students collaborated 

more effectively and made meaningful contributions by leveraging their strengths. 

Although the jigsaw groups had a different structure and less interaction time than the expert groups, 

they maintained high-quality work and demonstrated substantial individual contributions. Drawing on the 

knowledge acquired in their expert groups, students in the jigsaw groups actively exchanged ideas to develop 

a shared understanding and identify the causes of climate change and various types of energy. During 

discussions, students proposed ideas such as, “Our group should draw it split into two sides, one showing 

pollution causes like vehicles and construction, and the other side showing burning forests and dead animals 

both in the sea and on land,” “We should also add types of energy like wind power or solar panels,” and 

“The negative impact is on the environment, disrupting the ecological balance. The positive impact 

contributes to the economic development of society.” These exchanges ensured that all members contributed 

meaningfully to the final group product and stayed on track to meet the project deadline. Some jigsaw group 

discussions centered on the activity, “Identify positive and negative impacts of renewable energy.” The final 

product analysis revealed that the jigsaw group produced a well-organized, comprehensive output, reflecting 

the students’ ability to integrate information from multiple sources and collaborate effectively. 

The teacher asked students to discuss the advantages and disadvantages of fossil fuels and 

renewable energy, with their outputs presented in Figure 4. They expressed their thoughts through drawings 

and notes. Students highlighted that while fossil fuels remain the primary energy source, they contribute 

significantly to pollution, greenhouse gas emissions, and sustainability concerns. In contrast, renewable 

energy sources such as solar and wind power are valued for their environmental benefits, lower pollution 

levels, and renewability. However, students also recognized the technological challenges associated with 
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recovering and storing renewable energy. This discussion reflected a multidimensional perspective on energy 

types, demonstrating students’ deep understanding and awareness of the issue. 

The alternating structure between expert and jigsaw groups had a positive impact on students’ 

learning. While expert groups allowed students to master content in alignment with their learning styles, 

jigsaw groups facilitated peer teaching and diverse knowledge exchange. This structured approach ensured 

that students developed both individual expertise and teamwork skills. These findings are consistent with 

previous studies on using the jigsaw strategy in collaborative learning. For instance, Pashler et al. [36] 

confirmed that the jigsaw strategy enhances student engagement and improves knowledge retention. 

Moreover, organizing collaborative learning through the jigsaw strategy ensures equal opportunities for all 

students to participate meaningfully, encouraging open expression of ideas and fostering inclusive group 

interactions [33]. While the findings demonstrate the effectiveness of integrating the jigsaw strategy with 

learning styles, implementing this approach in a classroom setting posed challenges. Managing multiple 

groups with diverse learning styles proved complex, requiring teachers to balance individual learning needs 

with group objectives-a challenge compounded by time constraints within a single class period. This 

observation echoes previous research [37], which identified time management and teacher involvement as 

critical factors in successful collaborative learning. To address these challenges, teachers require professional 

development and resources to effectively manage diverse student groups and design tasks that accommodate 

different learning styles [36]. 

After participating in the course, students expressed enthusiasm and a willingness to continue 

engaging in activities that involve group division based on their abilities. However, most students needed to 

familiarize themselves with peer assessment and relied primarily on teacher evaluations of their final 

products. This lack of experience led to confusion during the assessment process, with some students feeling 

uncomfortable with self-assessment and peer evaluation. These challenges align with findings from previous 

studies [1], [35], which highlight the difficulties students encounter when lacking collaborative skills. 

Research indicates that students often struggle with group work, time management, and structured group 

evaluation, largely due to teachers’ limited experience and expertise in fostering collaborative learning skills. 

 
 

 
 

Figure 4. Product of students about the pros and cons of fossil fuels and renewable energy 
 

 

3.3.  Students’ academic performance 

In unit 1, students learn how to collaborate in groups through activity 1, which focuses on the  

group work process and defining each member’s role. Specific tasks are assigned to each student, fostering 

personal accountability and ensuring that contributions align with individual strengths. In activity 2, students 

are grouped based on their learning styles and engage in activities related to environmental pollution.  
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By activity 4, they undertake more extensive creative projects such as designing posters, composing songs, 

writing short essays, and choreographing dances within their learning style groups to raise awareness about 

environmental protection. One student described their task division, “R1.2 will summarize the tasks, R1.3 and 

R1.4 will assist R1.2, and I will be the group spokesperson.” Another added, “I will write the content and find 

images for part 1, R2.2 will handle part 2, and R2.3 will do part 3. We’ll submit it by tomorrow night, and 

I’ll review and summarize it.” 

Through these activities, students gain a deeper awareness of their roles and responsibilities, 

fostering personal accountability and strengthening their collaboration skills. By clearly dividing tasks and 

incorporating activities that cater to different learning styles, students can better recognize their contributions, 

enhancing their teamwork and problem-solving abilities. In unit 2, students are reorganized into new groups 

and participate in diverse interactive tasks, including discussions, information analysis, and quiz games on 

renewable energy sources such as biomass, wind, water, and solar power. This dynamic learning environment 

encourages students to apply their skills and knowledge, with one student noting, “V1.1 and I will be 

responsible for both the drawing and organizing the content on the poster.” These activities deepen students’ 

understanding of renewable energy and reinforce the importance of collaboration in tackling complex topics. 

Finally, unit 3 encourages students to use energy efficiently. The variety of activities emphasizes the 

importance of adaptability in learning and collaboration. The assessment evaluates the final products and the 

collaboration process, helping students appreciate teamwork and develop better collaboration skills. In 

activity 4, students continue their group work by creating diagrams, writing reports, and drafting short essays 

about local energy use and past nuclear accidents, providing a real-world perspective on environmental 

protection challenges. One student commented, “A2.4 has a great voice and did a good job recording the 

song multiple times, so their participation is highly rated.” Another noted, “The recording should be longer, 

and adding more images would be ideal.” These activities foster students’ evaluation and self-reflection 

skills, helping them recognize their contributions and those of their peers. Through this process, students 

gradually enhance the overall quality of their group work. 

Students performed tasks aligned with their strengths, promoting more effective collaboration. For 

instance, kinesthetic learners excelled in hands-on activities. Visual learners contributed meaningfully 

through diagrams and visual aids. The overall assessment results indicate that students with a reading/writing 

learning style express information primarily through written work, underscoring the need for the evaluation 

process to adequately recognize their efforts and contributions to group activities [38]. However, not all 

students benefited equally from the jigsaw approach [10]. Students with a reading/writing preference faced 

challenges in a collaboration model primarily driven by verbal discussions and visual representations. This 

finding is consistent with prior research highlighting the difficulties these learners encounter in group settings 

emphasizing spoken and visual elements over text-based processing [19]. These challenges underscore the 

importance of incorporating differentiated strategies within groups to ensure all learners feel included and 

empowered to contribute. Supplementary activities, such as journaling written reflections or structured text-

based discussions, help ensure that reading/writing learners remain engaged and can contribute meaningfully 

to collaborative tasks. 

The study was conducted in a large class, sometimes making it challenging for teachers to observe 

and support student groups due to time constraints and management difficulties. Previous studies have also 

highlighted the role of teachers in managing classrooms with multiple collaborative learning groups as a 

significant challenge, as well as discipline issues during group work and the assessment of student’s 

performance [35], [37], [39]. To ensure the success of collaborative learning, teachers must encourage 

students to work together while carefully monitoring the flow of information exchanged among group 

members to maintain the quality of group activities and learning outcomes. 

 

 

4. CONCLUSION 

The study demonstrated the effectiveness of integrating the jigsaw collaborative learning strategy 

with the VARK learning styles model to enhance students’ collaborative performance in physics education. 

The study provides a novel pedagogical approach that promotes personalized learning and collaborative 

engagement by structuring learning activities around students’ preferred learning modalities and facilitating a 

transition from expert groups to heterogeneous jigsaw groups. The findings confirm that aligning 

instructional tasks with students’ learning preferences significantly improves team support, reinforcing the 

potential of learning style-based grouping to foster cohesive and effective group interactions. Furthermore, 

this research extends the application of learning styles in science, technology, engineering and mathematics 

(STEM) education, particularly in physics and environmental protection topics, an area with limited prior 

empirical investigation. The study contributes to science education pedagogy by providing empirical 

evidence that integrating learning styles into collaborative learning models enhances student engagement and 

collaborative dynamics. However, despite these promising outcomes, several challenges remain. 
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Despite its contributions, this study has several limitations that warrant further investigation. While 

integrating jigsaw and VARK improved team support, students with reading/writing learning styles faced 

challenges in interactive, group-based tasks, suggesting the need for alternative instructional strategies to 

support diverse learners better. Additionally, the study was limited to physics and environmental education, 

leaving opportunities for future research to explore its applicability across other STEM subjects and 

interdisciplinary fields. Another challenge was teacher preparedness in implementing learning style-based 

group collaboration, highlighting the importance of teacher training programs to develop effective strategies 

for managing heterogeneous learning environments. Furthermore, while the jigsaw approach fosters 

collaboration, it may limit independent critical thinking, prompting future research to investigate hybrid 

instructional designs that balance teamwork with individual analytical skills. Addressing these challenges 

will enhance the scalability and sustainability of learning style-based collaborative learning models, ensuring 

effective integration into diverse educational settings. 
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