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Abstract 

This article explores the effectiveness of integrating a modified jigsaw teaching approach within 

the framework of a new teaching pedagogy called CACPLA (Collaborate, Assessment, 

Communicate, Problem-based solving, Lecture, and Assessment) to assess its impact on student's 

academic performance and critical thinking abilities. The study involved 70 participants, with 31 

students in the control group and 39 students in the experimental jigsaw group. The jigsaw group 

experienced a specific instructional process involving the formation of home groups, selection of 

homogeneous home groups based on pre-lecture test performance, collaborative discussions within 

home groups, expert group interactions to deepen understanding, and dissemination of acquired 

knowledge back to home groups. Online resources used in this study on materials science were 

obtained from https://www.compmatphys.org/topics/elastic-constants-definition/. The findings of 

the study indicate that students in the jigsaw group outperformed those in the control group. The 

improvement in post-lecture test scores within the jigsaw group signifies the efficacy of the jigsaw 

classroom teaching method in promoting better comprehension and retention of course content. A 

higher percentage of students (81%) scored above 7 out of a total of 10 for the jigsaw group, as 

against 34% in the control group. This suggests that the integration of the jigsaw teaching approach 

within the CACPLA framework led to improved academic performance and enhanced critical 

thinking abilities. The collaborative nature of the jigsaw method, where students worked together 

in small groups contributed to a deeper understanding of elasticity (the subject used as a case 

study), a sub-topic in materials science. The dataset resulting from this research could provide 

valuable information for educators and researchers interested in innovative pedagogical strategies 

to enhance learning outcomes across various academic disciplines. 

 

 

mailto:doobada@abu.edu.ng
http://www.compmatphys.org/topics/elastic-constants-definition/
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1. Introduction 

The Jigsaw method, developed by Aronson et al. in 1978 [1] was based on improving social 

relations among children by assembling a jigsaw puzzle with each member providing an essential 

piece. Since 1978, several models exist, with Jigsaw I being the basis of each model (Table 1). The 

Jigsaw method involves four steps: 1) Students belong to a Jigsaw group, which exhibits within-

group heterogeneity and between-group homogeneity and includes 3-8 students each. 2) Students 

join temporary "expert" groups, where they learn from more competent peers. 3) Students return to 

their original Jigsaw groups, teaching and explaining their skills to their group members, to make 

them competent. 4) Homegroup students work together to produce a final joint work through 

integration and evaluation. 
 

Table 1: Historical Evolution of the Jigsaw Method [2] 

Version of the Jigsaw Method Creators Characteristics 

Jigsaw I Aronson et al. [1] Students work in both home 

groups and expert groups, with 

their roles and resources being 

complementary. 

Jigsaw II Slavin [3] The structure of Jigsaw II is 

identical to Jigsaw I, but with a 

group reward based on 

individual performance within 

the group. 

Jigsaw III Stahl [4] A quiz group is added before 

step 4 (correction) 

Jigsaw IV Holliday [5] A quiz and a test are added 

between each step 

Subject Jigsaw Doymus [6] This version is specific to 

sciences like physics and 

chemistry, allowing each 

student to access all pre-expert 

content. 
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The Jigsaw strategy is a cooperative teaching method where learners work in small teams and take 

responsibility for each other's learning. The Jigsaw cooperative learning strategy is based on 

allowing students to assist one another in comprehending and completing educational tasks. This 

approach involves grouping learners into small teams with varying levels of skill. Every team 

member aims to become an expert on the assigned classroom materials and then shares their 

knowledge with others in the group. This strategy aims to enhance students' comfort levels in their 

respective roles. The effectiveness of the jigsaw technique can be evaluated by having teams work 

together and fostering a sense of responsibility among learners for their team's performance in the 

classroom [7]. Each learner in the Jigsaw style prepares a portion of the assignment before the 

lesson. Afterward, they share their knowledge with their teams and peers, passing on valuable 

information to others. A study conducted by Cochon Drouet et al. [8] revealed that the duration of 

implementation influences the effectiveness of the Jigsaw method. Although certain meta-analyses have 

indicated beneficial outcomes of cooperative learning in scientific fields, Stanczak's study [9] found no 

significant differences regarding its impact on achievement. Therefore, it is crucial to identify the 

effects of the Jigsaw method in current and future pedagogical practices. 

 

Some materials science courses are often perceived as “not interesting” due to their didactic 

pedagogical strategy and limited practical sessions [10]. The students often struggle with 

understanding the subject due to their theoretical perspective. Science and engineering educators 

aim to balance the vast amount of knowledge needed to impart to students in preparing them for 

industry practice. Traditional lecture-based teaching methods, which involve passive engagement, 

can be challenging for students to develop a profound understanding. Additionally, the cost-

effectiveness of giving a single lecture to a large class can lead to cognitive overload [11]. A shift 

towards student-centered learning and active engagement is advocated to promote self-directed 

learning in materials science education. An area of study within materials science is the elasticity 

of materials. It is widely believed that the properties of materials can help students gain a deeper 

understanding of the theory behind them and how they are applied [12]. Nevertheless, the 

development of lesson content alone is insufficient to enhance student engagement. Therefore, it is 

essential to supplement the lessons with effective teaching methods and assess the impact of these 

methods on the academic performance of students.  

 

The main motivation for this study stems from the fact that in the African context, traditional 

teaching methods are quite popular, and teachers and educators need to change the paradigm to 

adopt new teaching pedagogies [13]. Jigsaw classrooms have been in existence for decades, 

however, the contribution in this study is threefold: 

 

1. Promote teaching pedagogies in Africa as reports on Jigsaws are scarce on the continent. 

2. Encourage the use of open courseware to support teaching and learning in the region. 

3. Emphasize the modified Jigsaw classroom used in this study to suit the peculiarities. The 

modification is that a pre-lecture test is administered to the students to share them into groups based 

on their academic achievements in such a way that the “good” and “average” students form the 

groups to remove any bias.
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This study investigates the effectiveness of a modified Jigsaw learning approach implemented 

through peer-facilitated tutorials in materials science. A recent study by Obada et al. [14] only 

assessed the impact of the Jigsaw method on an experimental group. In contrast, this study 

compares the effects of the methodology on both control and experimental groups. For context, 

study materials related to elasticity were divided into various sections and assigned to a group of 

postgraduate students (master’s and PhD) at the Africa Centre of Excellence on New Pedagogies 

in Engineering Education (ACENPEE) at Ahmadu Bello University in Zaria, Nigeria. The 

participants were split into control and experimental groups to evaluate the impact of the teaching 

method on their experiential learning. The following sections outline the experimental design and 

methods, describe the data, provide a narrative on the modifications made to the Jigsaw classroom, 

and present an overview and discussion of the results. 

 

2. Experimental Design, Materials and Methods 

The study utilized a mixed-methods approach, integrating quantitative assessment results with a 

learner’s satisfaction survey and qualitative word cloud analysis to gain an understanding of the 

impact of the Jigsaw teaching method. Two student groups participated in the study: the Jigsaw 

group (39 students) and the control group (31 students). The inclusion of both groups enables a 

comparative analysis to assess the impact of the Jigsaw teaching method. The participants were 

post-graduate students from various engineering departments, including Chemical Engineering, 

Civil Engineering, Mechanical Engineering, and Water Resources and Environmental 

Engineering. This diverse background enhances the generalizability of the study findings across 

different engineering disciplines. A pre-test was given to all the students to ensure that there was 

no bias in the allocation of students to the control and experimental jigsaw groups. The pretest 

consisted of 10 multiple-choice questions. The Likert scale was used to gather students’ 

perceptions of the teaching methods and learning experiences. The IBM Statistical Package for 

Social Sciences (SPSS) software was employed for data analysis. An independent sample t-test 

was performed as part of the data analysis process. This statistical test is appropriate for comparing 

means between two independent groups operating under different conditions. The qualitative 

analysis was gathered through a learner satisfaction survey and analyzed using a word cloud 

analysis (WCA). The WCA allows for the visualization of frequently occurring words or themes 

in students' responses, providing a qualitative perspective on their experiences. The words that 

made up the word cloud were generated from the questions asked during the learner’s satisfaction 

survey. 

2.1 Treatment of the control and experimental groups 

The control group was taught with the CACPLA teaching method described in Fig.1. Learning 

materials were distributed to students via their WhatsApp platforms. Students explored and 

interacted with the materials, collaborated as a unit, and engaged in problem-solving activities. 

Synchronous sessions were conducted, and assessments were performed based on learning 

outcomes. 
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Figure 1: Schematic of the CACPLA teaching method [13] 
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The collaborate section of the CACPLA pedagogy was elaborated for the Jigsaw groups and several 

processes were implemented as described in Fig. 2 (a general schematic of the modified Jigsaw procedure 

adopted in the study). The 39 students in the jigsaw group were divided into home groups based on their 

pre-lecture test scores. Four of these groups consisted of 6 students each, while the remaining three groups 

had 5 students each to engage in discussion on different subtopics using the Jigsaw Strategy. This 

arrangement was made to accommodate the total number of students (n = 39) who participated in the pre-

lecture assessments. The home groups then worked collaboratively on specific subtopics. Furthermore, 

assignments were assigned to each group. Each group was allocated a certain subtopic within the subject 

of elasticity as outlined in Table 1.  

Table 1: Table showing the group and their corresponding topics 

Group Topic 

1 Stress and Strain in Engineering Materials 

2 Elastic Hysteresis 

3 Hooke's Law 

4 Stress Tensors 

5 Bulk Modulus 

6 Wheel Balance Application  

7 Young Modulus and Constant of Elasticity 

 

Each jigsaw home group was tasked with creating three PowerPoint slides that presented the key concepts 

of their assigned subtopics. When the slides referred to as "Jigsaw pieces" were combined by the 

champions from all the groups, they formed a complete picture of elasticity. These champions then 

collaborated across different groups to develop expert perspectives while ensuring alignment with the focus 

of their home group. After this collaborative process, the champions returned to their home groups to 

provide feedback from the other groups, enriching their content. Ultimately, they shared this enhanced 

learning with the entire class. 

 

As part of the treatment for both groups, all students (control and experimental groups) were asked to view 

a video and review the downloadable slides located at: https://www.compmatphys.org/topics/elastic-

constants- definition/. Following these activities, post-lecture and critical thinking tests were given to the 

two groups to assess their performance after the academic activities. Scores were recorded as percentages 

and used for quantitative analysis. The purpose of the Learner's Satisfaction Survey (LSS) was to assess 

students' perceptions of the effectiveness of the Jigsaw method. 

http://www.compmatphys.org/topics/elastic-constants-
http://www.compmatphys.org/topics/elastic-constants-
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Figure 2: Schematic of the modified jigsaw classrooms integrated in CACPLA [14] 

In Fig. 3, an initial perspective is established by comparing pre-lecture test scores and delineating 

the baseline knowledge levels of the jigsaw and control groups. The pre-lecture scores from the 

groups revealed a close trend in the student results, especially for the lowest score of 3 and the 

highest scores of 9 and 10. This demonstrates a close broad distribution of scores among each 

group, indicating that the groups comprised of students with varying levels of prior understanding. 
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Figure 3: Comparison of the performance of the students of the groups for the pre-lecture test 
 

 

3.  Results and Discussion 

The results presented in Fig. 4 demonstrate the positive impact of the Jigsaw classroom method on 

the students’ academic achievement in the post-lecture test. The achievement scores depicts that 

the Jigsaw group outperformed the control group, with a greater number of students in the Jigsaw 

group achieving higher scores on the test. Notably, only students from the Jigsaw group received 

the highest possible score of 10. This finding suggests that collaborative learning, facilitated by 

the Jigsaw approach, enhances students' understanding of the concepts [15–17]. Additionally, the 

results imply that students teaching their peers reinforces their understanding, aligning with the 

saying, "to teach is to learn twice" [16,18]. It can be inferred that breaking down the topic of 

elasticity into subtopics and having students in home groups deliver, prepare, and discuss these 

subtopics outside of class greatly benefited those who had difficulty grasping the concept of 

elasticity. The interaction between students and the lecturer significantly reinforced the concepts 

learned during the Jigsaw activities. A larger percentage of students received scores between 8 and 

10. Teaching and preparing to teach the material(s) encourage students to engage with the three-

step theory of verbal learning. This theory includes paying attention to the material, making it 

personally relevant, and connecting it to previously stored information. These elements were likely 

enhanced during the lecture sessions. Therefore, the importance of the Jigsaw activities cannot be 

overstated. Research on cooperative learning has shown that students who benefit the most from 

collaborative activities are those who provide detailed and comprehensive explanations to their 

peers [19,20]. 

Jigsaw Group 

Control Group 
29 

26 

23 

 
19  19 

18 

10 10 10 

8 

5 5 5 5 5 5 P
e

rc
e

n
ta

g
e
 o

f 
R

e
s
p
o
n
d
e
n
ts

 



9  

 

 

35 

 
30 

 
25 

 
20 

 
15 

 
10 

 
5 

 
0 

0/10 1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10 10/10 

Scores 

 
Figure 4: Comparison of the performance of the students for the post-lecture test 

The critical thinking assessment is a vital component of the CACPLA teaching method which aims 

to develop problem-solving and independent thinking skills that are desirable in engineering 

students. Fig. 5 illustrates the test scores of different groups, highlighting the method’s 

effectiveness in promoting higher-order cognitive skills. A critical thinking test measures students’ 

abilities to apply concepts and engage in advanced thinking processes. The Jigsaw group 

performed better in the critical thinking test, demonstrating the method’s success in enhancing 

students’ learning. Specifically, 37% of the students in the Jigsaw group scored above 7 out of a 

total of 10, compared to only 28% in the control group. This outcome suggests that students in the 

Jigsaw group improved their capacity to analyze and apply knowledge to real-world situations by 

collaboratively combining various perspectives. 
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Figure 5: Comparison of the performance of the students of the groups for the critical thinking test 

Fig. 6 presents a detailed overview of the LSS related to the implementation of the Jigsaw 

classroom teaching method within the CACPLA pedagogy. The survey focused on several key 

areas, including the effectiveness of the Jigsaw learning method in achieving educational 

outcomes, the ease of answering assessment questions after engaging with both group champions 

and home groups, and students' perceptions of the method and its potential applications in teaching 

materials science. The Likert scale was utilized to gather students' perceptions of teaching methods 

and learning experiences. The survey included questions regarding the effectiveness of the Jigsaw 

classroom method, assessment quality, time management, and its applicability to engineering 

courses. The positive responses from the LSS reaffirm the value of integrating the Jigsaw 

classroom method with the CACPLA framework. Students strongly agreed that the Jigsaw method 

was effective in achieving learning outcomes (question 1 [Q1]), and that validates its alignment 

with educational objectives. The satisfaction expressed with the post-lecture questions and 

collaborative approach (Q2) indicates the importance students place on engaging in active discourse 

and sharing knowledge. Furthermore, the affirmation that assessment quality, time management, 

and applicability to engineering courses were satisfactory (Q3-Q6) reflects the approach's potential 

to meet students’ learning needs and aspirations. 
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Figure 6: Learner’s satisfaction survey 

The word cloud analysis (Fig. 7) of student opinions captured recurring themes and sentiments 

related to the online learning experience. Prominent terms such as "opportunity," "engineering," 

"Jigsaw," "teaching," "learning," "time," and "thank" appeared frequently. This analysis highlights 

the positive aspects of the Jigsaw classroom method and its alignment with engineering education. 

The inclusion of "thank" suggests that students appreciated this innovative approach, possibly 

indicating gratitude for enhanced engagement and understanding. 

 

        Figure 7: Word cloud analysis of the opinion of the students on teaching methods 
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The purpose of this research was to investigate the impact of Jigsaw classrooms on students’ 

experiential learning. The hypothesis proposed that teaching a topic to peers would improve 

students' performance. The study's results supported this hypothesis, revealing several positive 

outcomes related to students' confidence, mastery, and understanding of the assigned Jigsaw topics. 

The improvements were influenced by collaboration with group members, as well as an increased 

ability to express complex ideas and assist peers in problem-solving. These findings are also 

supported by evidence regarding the impact of Jigsaw classrooms on experiential learning 

experience [2,21–23]. 

 

3. Conclusion 

Students may have challenges with some subjects in materials science because the traditional 

teaching method positions the teacher as the primary active participant while students remain 

passive listeners. This study employed cooperative learning, where students took on an active role 

and the teacher assumed a more passive one. The topic of elasticity was effectively taught using 

the Jigsaw method and it enhanced the students’ understanding of the subject. The evaluation of 

answers to post-lecture and critical thinking sessions indicated that the Jigsaw method is an 

effective way to enhance students’ knowledge of the subject. In conclusion, this method is 

beneficial for improving students' academic performance and clarifying misunderstandings about 

specific topics making students more engaged in their learning. The fact that students in the Jigsaw 

groups provided more correct answers to the test questions illustrates that they were able to share 

their knowledge, build on prior research, and actively participate in the learning process through 

both in-class and out-of-class discussions. 
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