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 This study investigates the relationship between problem-based learning (PBL) and 

the development of teamwork skills within business administration and management 

education. Specifically, it examines how PBL influences students’ perception, 

understanding, and application of statistical concepts and how these cognitive factors 

shape their ability to work collaboratively. A robust analytical framework was 

employed, beginning with data extraction from online survey data collected using 

Google Forms, followed by systematic data cleaning, preprocessing, and feature 

selection to ensure dataset integrity. To empirically evaluate its effectiveness, a dataset 

comprising 102 students as respondents and 20 attributes, including demographics, 

learning perceptions, engagement indicators, and teamwork skills as the class 

attribute, was examined. The attributes capture diverse aspects such as concept 

comprehension, material suitability, lecturer indication, statistical language 

proficiency, communication, and interpersonal skills. Exploratory clustering (EM) 

identified four student groups, with total instances of each group being 46, 10, 36, and 

10 instances, respectively. Two clusters show strong teamwork endorsement, one 

moderate, and one showing lower or neutral teamwork responses, suggesting that 

PBL’s effect on teamwork is not uniform across learner subgroups. For feature 

selection, the results depicted that the top three attributes clearly emphasize the central 

role of interpersonal interaction in shaping students’ perceptions of teamwork 

development; namely, the highest-ranked attribute is smooth collaboration and 

communication with colleagues, indicating that consistent effective peer interaction is 

the strongest determinant of teamwork skill development. The Apriori analysis 

produced a set of highly associated rules, all of which consistently pointed to age 

between 21 and 24 as the dominant outcome. The strongest rule showed perfect 

confidence of 1.0 when combining demographic attributes of those who report the 

most positive PBL experiences within the age range. Overall, this study provides 

strong empirical evidence that PBL significantly enhances teamwork skills by 

promoting active communication, collaborative problem-solving, and deeper 

understanding of statistical concepts. The findings contribute to curriculum design, 

teaching innovation, and policy enhancement in business and management education, 

highlighting PBL as an effective pedagogical strategy for strengthening teamwork 

competencies in preparation for the demands of contemporary workplaces. 
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INTRODUCTION  

The rapid evolution of contemporary workplaces has increased the demand for graduates who possess not 

only technical proficiency but also essential 21st century competencies, particularly teamwork, 

collaboration and problem-solving capabilities (Tight, 2021). Problem-Based Learning (PBL) has become 

one of the most widely adopted pedagogical approaches in higher education, particularly in disciplines that 

require analytical reasoning, collaboration and applied problem solving (Loyens et al., 2023). In statistics 

education, where students often struggle to connect abstract concepts with real world decision making, PBL 

provides an authentic learning environment that encourages active inquiry, teamwork, and the practical 

application of knowledge (Anchunda & Kaewurai, 2025). As universities place greater emphasis on 

industry aligned competencies, teamwork skills have emerged as a critical learning outcome, reflecting the 

collaborative nature of modern data-driven workplaces. However, understanding how students perceive, 

comprehend, and translate statistical concepts into meaningful team-based problem solving remains a 

constant challenge for educators.  Based on the understanding that teamwork capability is a critical 

requirement in contemporary workplaces, this study explores the mechanisms through which PBL can 

provide the instructional framework for nurturing these essential competencies. The motivation of this study 

is driven by the widening gap in these critical skills between traditional instructional practices and the 

evolving expectations of industry, where collaborative problem-solving, data-driven knowledge discovery 

and integrated approach engagement are becoming essential (Xing et al., 2023). As such, education 

institutions require scientifically proven instructional strategies that foster deep understanding and 

applicable professional abilities (Alam & Mohanty, 2023). This study highlights the PBL as a potential 

solution and empirically evaluates its effectiveness. 

PBL locate learners in complex, open-ended problems that require iterative reasoning, analytical 

thinking and collaborative inquiry (Yang et al., 2023). Through these processes, students will negotiate 

meaning, co-construct understanding and apply disciplinary knowledge in a manner that mirrors 

professional practice. Numerous studies have highlighted PBL’s potential to foster critical thinking, 

conceptual understanding and communication skills as stated by Wardani and Fiorintina (2023), however, 

its influence on teamwork development particularly within statistic education remains lacking (Crespí et 

al., 2022). While collaboration is implicitly embedded in PBL tasks, the extent to which students perceive, 

internalise and operationalise teamwork behaviours during statistical problem-solving activities is not 

always well understood (Rojas et al., 2022).  

Moreover, the integration of educational data mining (EDM) techniques into teaching and learning 

research as mentioned by Raut and Hajare (2025) has created new opportunities to empirically examine 

how students’ perceptions, motivation, communication patterns and engagement related to the development 

of teamwork competencies. Recent educational research highlights the need to move beyond traditional 

assessments by using data-driven techniques to capture nuanced patterns of engagement and skill 

development (Sajja et al., 2025). Techniques such as cluster analysis and association rule mining provide 

deeper insights into how different groups of students interact with PBL tasks  as reported by Yue et al. 

(2025), how they internalise statistical concepts and how these processes shape their teamwork capabilities. 

By analysing student responses through these methods, educators can discover hidden learning behaviours, 

dominant patterns of collaboration, and factors that influence the development of teamwork skills. This 

study investigates the classification of PBL experiences in relation to students’ teamwork skills, focusing 

on their perceptions, understanding and application of statistical concepts.  

LITERATURE REVIEW 

Problem-Based Learning (PBL) has been widely recognised as an instructional approach that promotes 

active cognitive engagement, self-directed learning and practical problem solving (Huang et al., 2023). 
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Based on constructivist learning theory, PBL positions students at the centre of the learning process by 

encouraging students to collaborate as mentioned by Wang et al. (2023), negotiate and apply disciplinary 

knowledge to real world scenarios. In the context of quantitative subjects as statistics, several studies 

highlight that PBL helps students shift from memorisation toward conceptual understanding and higher 

order reasoning (Lu et al., 2021). Research consistently shows that PBL environments develop better 

memory of statistical concepts, improved analytical thinking and stronger confidence in applying statistical 

methods to practical problems (Lu, 2023).  

According to Prada et al. (2022), teamwork skills, a core outcome of PBL, have become increasingly 

important in higher education, especially as employers demand graduates who can work effectively in 

dynamic and multidisciplinary teams. The literature identifies teamwork as a multidimensional competence 

encompassing communication, coordination, conflict resolution, and shared decision making (Boelt, 2023). 

Studies demonstrate that PBL naturally supports these skills by requiring students to engage in cooperative 

tasks, distribute responsibilities and collectively evaluate solutions (Casquero‐Modrego et al., 2022).  

Effective teamwork within PBL does not only enhance academic performance but also prepares students 

for collaborative challenges in professional environments particularly those involving data interpretation, 

evidence-based reasoning and statistical analysis. 

The role of perception and understanding in shaping teamwork outcomes has been a focal point in 

recent educational research. Students’ perceptions of PBL activities such as perceived relevance, clarity of 

tasks and group interactions strongly influence their motivation and engagement (Boelt, 2023). Zheng et 

al. (2023) agreed that positive perceptions have been found to correlated with deeper learning strategies 

and more consistent team performance. Similarly, students’ understanding and application of statistical 

concepts determine how they contribute to group discussions, problem framing, and solution development 

(Santos-Trigo, 2024). When students possess a solid conceptual foundation, they are more capable of 

participating in meaningful collaborative reasoning, thus strengthening overall teamwork quality.  

With the growing availability of educational data, data mining techniques have become increasingly 

valuable in examining student behaviours, learning patterns and performance outcomes. Cluster analysis 

such as K-means, enables the classification of students based on shared characteristics or behavioural traits 

offering hidden knowledge that traditional evaluations may overlook (Pansri et al., 2024). Likewise, 

association rule mining, particularly the Apriori algorithm, has been used to uncover hidden relationships 

between learning behaviours and competency development (Hao et al., 2023). Prior studies have applied 

these techniques to identify patterns in student engagement, predict academic success and analyse the 

effectiveness of teaching and learning interventions. However, limited research has focused on using such 

techniques to evaluate the interplay between PBL, teamwork skills and statistical learning in a single 

integrated framework.  

Therefore, existing literature highlight the need for deeper analytic approaches to understand how 

learners experience PBL and how these experiences translate into teamwork development. This study 

extends previous work by employing data-driven techniques to examine student perceptions, understanding 

and application of statistical concepts within PBL environments. By integrating cluster analysis, 

classification machine learning algorithms and association rule mining, this study provides a 

comprehensive empirical perspective on how PBL enhances teamwork competencies, filling a notable gap 

in both PBL and statistics education research.  
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METHODOLOGY 

Research Design 

This study employed a quantitative research design supported by educational data mining techniques 

to examine how Problem-Based Learning (PBL) contributes to the development of teamwork skills through 

students’ perceptions, understanding and application of statistical concepts.  A structured questionnaire 

consisting of 20 attributes and one target class (teamwork skills) was administered to undergraduate 

students enrolled in statistics related project course. The dataset comprised 102 valid responses, each 

measured using a nominal Likert type scale ranging from moderated to very high development. The 

attributes captured multiple dimensions of the learning experience, including students’ perception of PBL 

suitability, interest level, commitment, motivation, conceptual understanding, material usage, lecturer 

guidance, communication, collaboration, and interpersonal competencies.   

Data Description 

Data were collected form servicing code application records submitted by various faculties to the 

Faculty of Business and Management for the academic session. Each record represents a single course 

request and contains the following information as depicted in the Table 1.  

Table 1. Dataset description 

No Attribute Data type 

1 Age 

Nominal 
2 Gender 
3 Year of Study 

4 Faculty 

5 I prefer the project to a totally traditional course (theory/exercises solved by the lecturer) 

Likert Scale: 

1 – Very Low 
2 – Low 

3 – Moderate 

4 – High 
5 – Very High 

6 I consider Problem-Based Learning to be a suitable methodology for my training in statistics 

7 The project has increased my interest in the course 

8 The time invested in the project was worth it 

9 I have fully committed to the project 

10 I am very proud of the work done 

11 The realisation of the project has increased my motivation towards the course 

12 The project has helped me to better assimilate the concepts and content of the course when 
preparing for the exam 

13 I have used the material prepared by my classmates (videos) to prepare for the exam 

14 Once the project was completed, my perception of the subject has changed 

15 The lecturer’s indications on how to approach the tasks were sufficient 

16 The project has helped me to express myself rigorously using the appropriate statistical language 

17 The project has helped me to develop my interpersonal skills with my colleagues 

18 There has been smooth collaboration and communication throughout the project with my 

colleagues 

19 There has been fluid collaboration and communication with the lecturer throughout the project 

20 The project has helped me to develop my teamwork skills (Class) 

Data Preprocessing 

Prior to analysis, the dataset was pre-processed in the WEKA 3.9 Explorer environment. All responses 

were examined for consistency, missing values and appropriate scale distribution. Due to the categorical 

nature of the dataset, no numerical normalisation was required.  

Analytical Techniques and Validation 

The analysis procedure was structured into three phases. The first phase involved descriptive and visual 

analytics using WEKA’s built in visualisation tools to identify patterns and trends in student responses. Bar 

charts for all variables were generated with colour coded categories representing moderate (blue), high (red) 
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and very high (turquoise) levels of teamwork related development, enabling a holistic view of learning 

outcomes across the cohort.  

In the second phase, EM clustering was applied to uncover natural groupings among student responses 

and to explore how different combinations of perceptions, motivations and communication attributes 

aligned with varying levels of teamwork skills. Clusters were evaluated based on cluster centroids, attribute 

dominance and within cluster patterns to provide insight into student profiles and behavioural tendencies 

in the PBL environment. 

Third phase involved predictive modelling using the classification model in WEKA focusing on the 

rules-based algorithms namely PART, JRip, Decision Table, OneR and ZeroR. The ‘use training set’ test 

option was selected to assess the classifiers’ ability to identify relationships within the actual data 

distribution. Model performance was evaluated through standard classification metrics including accuracy, 

precision, recall, F-measure, and ROC Area. The PART algorithm emerged as the best performing classifier 

demonstrating its capability to extract interpretable rules that accurately represent the complex interplay 

between PBL activities and teamwork skill development. 

Additionally, association rule mining using the Apriori algorithm was used to identify co-occurrence 

patterns between student perceptions and teamwork skills. Minimum support and confidence thresholds 

were set iteratively to ensure meaningful and pedagogically relevant rules. These rules provided deeper 

insight into which aspects of PBL such as communication with peers, lecturer guidance and commitment 

were most frequently associated with higher levels of teamwork development.  

Overall, the methodology framework integrates statistical analysis, clustering, classification and 

association mining to provide a comprehensive understanding of how students’ learning experiences within 

a PBL context translate into teamwork skill formation. The use of multiple analytical techniques is ensured 

within contemporary educational data mining practices. 

RESULTS AND FINDINGS 

The analysis main objective is to identify the trends of teamwork skills engagement and development based 

on perception, understanding and application of statistical concepts. Several machine learning techniques, 

namely clustering, classification and attribute selection were applied to the teamwork skills development 

dataset and analysed using WEKA software.   

Visualise All 

 To complement the statistical modelling and association analysis, this study utilised WEKA’s attribute 

visualisation tool to explore hose student’s responses across all variables align with their reported teamwork 

skill development levels. As shown in Figure 1, the visualisation adopts a colour coded scheme where blue 

representing moderate, red representing high and turquoise representing very high teamwork development. 

This categorisation allows visually inspect how demographic factors and perceptions of the PBL experience 

cluster around different level so teamwork outcomes. Visual analysis plays a crucial role in educational 

data mining as it allows us to detect intuitive patterns, highlighting behavioural consistencies and validate 

algorithms results through observable trends.  
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Fig. 1. Visualize all attributes showing patterns of teamwork skills engagement or development 

Across cognitive, motivational, behavioural and communication related attributes, the responses were 

predominantly clustered in the high and very high categories, indicating that students who perceived PBL 

activities favourably also demonstrated stronger teamwork skills. Moderate responses were minimal 

suggesting uniformly positive engagement with the collaborative learning environment. Demographic 

trends particularly among students aged 21 to 24, females and those in Year 2 reflected the high teamwork 

clusters. Overall, the visual trends reinforce the conclusion that PBL effectively enhances teamwork 

competencies with consistent patterns across both demographic and pedagogical variables (Jiang et al., 

2023).  

Strong Concentration of High and Very High Teamwork Development Across Most Attributes 

(Red and Turqoise) 

Across most attributes including interest (Q3), commitment (Q5), motivation (Q7), concept 

comprehension (Q8), communication (Q15) and teamwork (Q13), the distribution is heavily skewed toward 

red (high) and turquoise (very high). This indicates that students who perceived BPL activities positively 

also tended to report stronger teamwork abilities. This pattern supports the argument that PBL encourages 

active participation, shared responsibility and collaborative problem solving, aligning with well-established 

pedagogical theories in constructive and experiential learning (Al-Thani & Ahmad, 2025).  

Minimal Moderate Level of Teamwork Development (Blue) 

The blue bars depicted the moderate teamwork development appear only sparsely often representing 

fewer than three responses per item. This suggests that few students experienced only moderate benefits 

and most students gained substantially from the group-based statistical project. PBL facilitated consistently 

strong team interaction across diverse student backgrounds. This validates the study’s early findings from 

classification models, where PBL related attributes consistently ranked high in predicting teamwork 

outcomes (Huang, 2022).  
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Expectation Maximisation Clustering: Exploratory Analysis 

We performed model-based clustering using the EM algorithm in WEKA on the full dataset of 102 

instances with 20 attributes as shown in Table 2. Cross validation selected four clusters, and the model 

partitioned the sample into groups of 46 (45%). 10 (10%), 36 (35%) and 10 (10%) instances. The log-

likelihood for the fitted solution was -15.38793.  

Table 2. Summary of EM Clustering Results 

Cluster Instances 

Percentage  

Total 

Instances 

 Teamwork 

Skills 

Engagement Type 

Cluster 0 45% 46 Moderate 

Respond positively to PBL but would benefit from 

reinforcement to reach the highest levels of teamwork 

performance 

Cluster 1 10% 10 Low 
Less convinced of PBL’s suitability or less engaged in 

collaborative behaviours.  

Cluster 2 35% 36 High 
Project increased interest, motivation and help assimilate 

concepts indicating high cognitive engagement and positive 

perception of PBL 
Cluster 3 10% 10 High 

Cluster Profiles and Interpretation 

Inspection of attribute distributions shows distinct behavioural and personality traits.  

High Engagement and Teamwork clusters: Cluster 2 and Cluster 3 

These clusters are characterised by strong positive responses to the teamwork item (Q13) and to many 

PBL-related items such as Q2 – Q8, Q11 and Q12. A large proportion of these respondents reported that 

the project increased interest, motivation and help assimilate concepts indicating high cognitive 

engagement and positive perception of PBL. These groups likely represent students who both understand 

and apply statistical concepts within collaborative contexts and therefore derive the greatest teamwork 

benefit from PBL (Chang et al., 2022).  

Moderate Engagement and Consistent Positivity Teamwork cluster: Cluster 0 

The largest cluster with 46 instances generally reports agreement with mostly 4 on Likert scale with 

teamwork and PBL benefits items. Respondents show moderate to strong engagement and use of peer 

materials (Q9), but not as consistently strong as cluster 2 and 3. This cluster may represent most students 

who respond positively to PBL but would benefit from reinforcement to reach the highest levels of 

teamwork performance. These learners appear disengaged, less responsive to PBL and more likely to 

struggle with group-based tasks. They may require alternative instructional approaches or additional 

lecturer guidance (Maimaiti et al., 2023).  

Low Engagement and Low Teamwork cluster: Cluster 1 

The smallest cluster with 10 instances shows relatively lower or more neutral responses with more 3s 

Likert scale on key items including the teamwork item. This group appears less convinced of PBL’s 

suitability or less engaged in collaborative behaviours. They may need additional reinforcement, clearer 

lecture guidance, or modified task design to convert neutral perceptions into active collaborative 

performance (Hanshaw & Sullivan, 2025).   
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Attribute Selection: Determinants of Teamwork skills (The Project has helped me to develop my 

teamwork skills as class) 

Attribute Selection using Information Gain Ranking identified the most influential factors contributing 

to teamwork skills development variation.  Figure 2, Table 3 and Table 4 show the attribute importance 

ranking respectively. 

 

Fig. 2. Attribute ranking using Information Gain Attribute evaluation 

Table 3. Attribute importance ranking 

=== Attribute Selection on all input data === 

 

Search Method: 

 Attribute ranking. 

 

Attribute Evaluator (supervised, Class (nominal): 20 Q13) The project has helped me to develop my 

teamwork skills): 

 Information Gain Ranking Filter 

 

Ranked attributes: 

 0.51949  18 Q15) There has been smooth collaboration and communication throughout the project with 

my colleagues 

 0.45606  17 Q14) The project has helped me to develop my interpersonal skills with my colleagues 

 0.35699  19 Q16) There has been fluid collaboration and communication with the lecturer throughout 

the project 

 0.33403  12 Q8) The project has helped me to better assimilate the concepts and content of the course 

when preparing for the exam 

 0.32205  16 Q12) The project has helped me to express myself rigorously using the appropriate 

statistical language 

 0.30866  15 Q11) The lecturer’s indications on how to approach the tasks were sufficient 

 0.28907   7 Q3) The project has increased my interest in the course  
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 0.28309   6 Q2) I consider Problem-Based Learning to be a suitable methodology for my training in 

statistics 

 0.27116   9 Q5) I have fully committed to the project 

 0.26687  11 Q7) The realisation of the project has increased my motivation towards the course  

 0.24999  14 Q10) Once the project was completed, my perception of the subject has changed 

 0.23687   8 Q4) The time invested in the project was worth it 

 0.23231  13 Q9) I have used the material prepared by my classmates (videos) to prepare for the exam 

 0.19402  10 Q6) I am very proud of the work done 

 0.10583   5 Q1) I prefer the project to a totally traditional course (theory/exercises solved by the lecturer) 

 0.04186   4 Faculty  

 0.03902   3 Year of Study 

 0.02053   1 Age 

 0.00623   2 Gender 

 

Selected attributes: 18,17,19,12,16,15,7,6,9,11,14,8,13,10,5,4,3,1,2 : 19 

 

Table 4. Ranking of attribute using information gain attribute evaluation 

Rank Attribute Information Gain 

Value 

1 18 Q15) There has been smooth collaboration and communication throughout the project with 

my colleagues 

0.51949 

2 Q14) The project has helped me to develop my interpersonal skills with my colleagues 0.45606 
3 19 Q16) There has been fluid collaboration and communication with the lecturer throughout 

the project 

0.35699 

4 12 Q8)  The project has helped me to better assimilate the concepts and content of the course 
when preparing for the exam 

0.33403 

5 16 Q12) The project has helped me to express myself rigorously using the appropriate statistical 

language 

0.32205 

6 15 Q11) The lecturer’s indications on how to approach the tasks were sufficient 0.30866 

7 7 Q3) The project has increased my interest in the course 0.28907 

8 6 Q2) I consider Problem-Based Learning to be a suitable methodology for my training in 
statistics 

0.28309 

9 9 Q5) I have fully committed to the project 0.27116 

10 11 Q7) The realisation of the project has increased my motivation towards the course 0.26687 
11 14 Q10) Once the project was completed, my perception of the subject has changed 0.24999 

12 8 Q4) The time invested in the project was worth it 0.23687 
13 13 Q9) I have used the material prepared by my classmates (videos) to prepare for the exam 0.23231 

14 10 Q6) I am very proud of the work done 0.19402 

15 5 Q1) I prefer the project to a totally traditional course (theory/exercises solved by the lecturer) 0.10583 
16 4 Faculty 0.04186 

17 3 Year of Study 0.03902 

18 1 Age 0.02053 
19 2 Gender 0.00623 

 

This feature selection analysis using the information gain attribute evaluator combined with the ranker 

search method provides a clear picture of which variables contribute most to explaining the target attribute 

as class namely student’s perceptions of whether the project helped them develop teamwork skills. 

Information gain measures the reduction in entropy produced by each attribute, effectively identifying 

which variables carry the strongest discriminative power relative to the class label. The ranked output shows 

a consistent pattern which items directly reflecting collaboration, communication and interpersonal 

development dominate the top of the list. This aligns logically with the nature of the outcome variable, as 

teamwork related perceptions are more strongly shaped by students’ social and collaborative experiences 

during the project (Jiang et al., 2023).  
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Attribute Q15 (smooth collaboration and communication throughout the project with my colleagues) 

and Q14 (helped me develop my interpersonal skills with my colleagues) emerge as the highest ranked 

predictors, reinforcing the expected theoretical coherence between teamwork development and 

interpersonal interaction. Their high Information Gain values indicate that student’s teamwork evaluations 

are largely influenced by how effectively they engaged with peers, which is consistent with established 

literature on collaborative learning and project-based pedagogy (Adesina et al., 2023). Similarly, Q16 

(communication with the lecturer), Q8 (assimilation of course concepts) and Q12 (ability to express oneself 

using appropriate statistical language) appear among the top features, suggesting that teamwork growth is 

not only tied to peer collaboration but also shaped by the academic environment surrounding the project. 

This highlights a more holistic perspective where teamwork development is embedded in a broader learning 

dynamic including clarity of instruction and deep understanding within a structured curriculum (James et 

al., 2022).  

Mid ranked attributes such as Q11 (clarity of lecturer instructions), Q3 (interest in the course), Q2 

(suitability of PBL) and Q5 (commitment to the project) suggest secondary but meaningful contributions. 

These factors appear to act as supportive conditions for students who are more engaged, motivated and 

guided also tend to report better teamwork outcomes. Meanwhile, attributes related to post project 

reflection, for example Q7 and Q10, show moderate relevance, implying that changes in motivation or 

perception after completing the task contribute to understanding teamwork but do not serve as primary 

determinants (Rodríguez-Sabiote et al., 2022).  

Demographic variables such as faculty, year of study, age and gender, appear near the bottom of the 

ranking with negligible information gain scores. This finding is not only statistically expected but 

pedagogically meaningful, indicating that teamwork development is shaped more by learning experience 

and project structure rather than inherent personal characteristics. Such a result supports the idea that well 

designed collaborative learning activities can benefit diverse student groups without bias across 

demographic categories.  

Overall, the ranking outcomes present a logically reasonable and empirically observable trend. 

Variables most closely aligned with collaborative behaviour and interpersonal engagement display the 

strongest predictive capacity, while demographic factors show minimal influence. This strengthens the 

validity of the evaluation instrument and highlights the effectiveness of feature selection in isolating 

pedagogically relevant attributes. The findings justify the subsequent analytical steps such as clustering or 

classification by ensuring that the most informative and conceptually coherent features are retained leasing 

to more robust and interpretable modelling outcomes.  

Apriori Association Rule Mining Result 

Apriori is one of the most widely used methods for uncovering meaningful co-occurrence patterns 

within categorical datasets. Unlike classification and clustering methods that focus on prediction or 

grouping, Apriori is designed to identify frequent item sets and generate if-then rules that explain how 

attributes tend to appear together. This makes Apriori particularly suitable for educational datasets, where 

patterns in demographic traits, perception ratings and course-related behaviours uncover hidden patterns. 

As shown in Table 5, the Apriori analysis revealed that a consistent and dominant pattern in which most 

strong association rules converged on a single outcome variable where Age within 21 to 24.  
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Table 5. Apriori association rule mining result 

Apriori 

======= 

 

Minimum support: 0.45 (46 instances) 

Minimum metric <confidence>: 0.9 

Number of cycles performed: 11 

 

Generated sets of large itemsets: 

 

Size of set of large itemsets L(1): 15 

 

Size of set of large itemsets L(2): 14 

 

Size of set of large itemsets L(3): 2 

 

Best rules found: 

 

 1. Gender=Female Year of Study=Year 2 56 ==> Age=21-24 56    <conf:(1)> lift:(1.07) lev:(0.04) [3] 

conv:(3.84) 

 2. Gender=Female Faculty =Business and management 56 ==> Age=21-24 56    <conf:(1)> lift:(1.07) 

lev:(0.04) [3] conv:(3.84) 

 3. Q16) There has been fluid collaboration and communication with the lecturer throughout the 

project=4 49 ==> Age=21-24 49    <conf:(1)> lift:(1.07) lev:(0.03) [3] conv:(3.36) 

 4. Gender=Female 79 ==> Age=21-24 78    <conf:(0.99)> lift:(1.06) lev:(0.04) [4] conv:(2.71) 

 5. Year of Study=Year 2 64 ==> Age=21-24 63    <conf:(0.98)> lift:(1.06) lev:(0.03) [3] conv:(2.2) 

 6. Faculty =Business and management 66 ==> Age=21-24 64    <conf:(0.97)> lift:(1.04) lev:(0.02) [2] 

conv:(1.51) 

 7. Q2) I consider Problem-Based Learning to be a suitable methodology for my training in statistics=4 

51 ==> Age=21-24 49    <conf:(0.96)> lift:(1.03) lev:(0.01) [1] conv:(1.17) 

 8. Q14) The project has helped me to develop my interpersonal skills with my colleagues=4 48 ==> 

Age=21-24 46    <conf:(0.96)> lift:(1.03) lev:(0.01) [1] conv:(1.1) 

 9. Q10) Once the project was completed, my perception of the subject has changed=4 50 ==> Age=21-

24 47    <conf:(0.94)> lift:(1.01) lev:(0) [0] conv:(0.86) 

10. Q12) The project has helped me to express myself rigorously using the appropriate statistical 

language=4 53 ==> Age=21-24 49    <conf:(0.92)> lift:(0.99) lev:(-0) [0] conv:(0.73) 

 

With minimum support set at 0.45 and minimum confidence at 0.90, the algorithm generated highly 

reliable rules, indicating that more than 45 % of the dataset supported each association. Across the top rules, 

gender, year of study, faculty and several pedagogical perception variables repeatedly co-occurred with the 

21 to 24 age group. For instance, the strongest rules such as gender equal to female, and Year 2 will resulting 

to age 21 to 24 with confidence equal to 1 while gender equal to female and faculty equal to business and 

management will also resulting to age 21 to 24 with confidence equal to 1 showing that combination of 

demographic factors perfectly predict membership in this age category. These highly confident rules are 

expected given the typical age distribution of second year undergraduate students in Malaysian higher 

education, thus reinforcing the interval validity of the dataset.  

Interestingly, several PBL related attributes also co-appeared with Age equal to 21 to 24 such as 

students reporting fluid communication with the lecturer, perceiving PBL as a suitable methodology, 

developing interpersonal skills and experiencing a positive change in subject perception. Although these 
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rules demonstrate slightly lower confidence with 0.92 to 0.96, they still indicate strong patterns suggesting 

that students who rated PBL experiences positively tend to fall within this age group. This trend may reflect 

development maturity, as student aged 21 to 24 are typically at a stage where collaborative learning, peer 

communication and active engagement with lecturers align more comfortably with their learning 

preferences a cognitive readiness. From a pedagogical perspective, this support the notion that PBL has its 

strongest impacts and perceived value among mid programme undergraduates, who have already developed 

foundational learning skills and are more receptive to active learning methodologies (Chen et al., 2023).  

However, the lift values across all rules remain close to 1, indicating that while the associations are 

highly confident, they do not represent unexpected or non-random relationships rather they reflect patterns 

strongly driven by the sample’s demographic composition. This is not a limitation but a meaningful insight 

into the Apriori results confirm that positive PBL outcomes particularly related communication, 

interpersonal development, and lecturer interaction are not randomly distributed but are concentrated 

among the age group most represented in the dataset. The consistency of these patterns indicates a stable 

student profile in which younger adult learners appear to benefit most clearly from PBL structures, further 

supporting existing literature that links PBL effectiveness with learners who possess adequate 

independence, motivation and adaptability (Ni’mah et al., 2024).  

Overall, the Apriori findings validate the dataset structure, highlighting demographic dominance in rule 

formation, and demonstrating that students who perceive PBL positively tend overwhelmingly to be within 

the typical 21-to-24-year age range, reinforcing the alignment between teaching approach and learner 

readiness. These hidden knowledges serve as meaningful foundation for interpreting clustering and 

classification results within the broader context of PBL’s role in developing teamwork and communication 

skills.  

Classification Algorithms 

The classification analysis conducted using WEKA’s rules-based algorithms demonstrates that the 

PART classifier offers the most accurate and reliable predictive performance compared to the other 

algorithms tested as shown in Table 6.  

Table 6. Classification accuracy based on rules group 

Model Accuracy Precision Recall  ROC Area 

Decision Table 79.4118 % 0.811 0.794 0.894 

JRip 82.3529 % 0.836 0.824 0.883 

OneR 77.451 % 0.782 0.775 0.808 

PART 86.2745 % 0.872 0.863 0.902 

ZeroR 50      % ? 0.500 0.500 

 

Using the training evaluation method, PART achieved a classification accuracy of 86.27% 

outperforming the Decision Table (79.14%), JRip (82.35%), OneR (77.45%) and ZeroR (50%) classifiers. 

The superior performance of PART is further supported by its balanced evaluation metrics including high 

precision of 0.872, recall of 0.863, F-measure of 0.863, and a robust ROC Area of 0.902, indicating strong 

discriminative ability across the target classes.  

The detailed accuracy by class reveals that PART maintains a consistently high true positive rate (TP 

rate) and low positive rate (FP rate), particularly for the dominant classes. For example, the classifier 

achieved TP rates of 0.889 and 0.929 for two of the major classes, reflecting its capacity to capture subtle 

distinctions between student responses as shown in Figure 3. The Matthews Correlation Coefficient (MCC) 

values ranging between 0.752 and 0.878 further validate the strength of the model as MCC is a more robust 
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indicator for classification performance, particularly when classes are imbalanced. This is crucial in 

educational datasets, where distribution across Likert scale categories is rarely uniform.  

 

Fig. 3. Classification result using PART algorithm that generate highest accuracy compared to other model in rules group of 

classification 

In contrast, ZeroR produced the lowest performance, with an accuracy of only 50% since it predicts 

solely based on the majority class. Its evaluation metrics for precision, MCC and F-measure are denoted 

with ‘?’ for most classes except for class label 5 (Very high) indicating an inability to meaningfully 

distinguish between categories in an imbalanced dataset. This emphasis the inadequacy of majority class 

baselines in studies involving pedagogical such as teamwork development, perception, and conceptual 

handling.  

Decision Table and OneR both simplified rule learners, recorded weaker performance due to their 

limited capacity to model complex interactions among variables. OneR for instance, relies on a single 

attribute which restricts its predictive depth, explaining its lower accuracy of 77.45%. JRip performed 

moderately well (82.35%), but its rule generalisation appears less effective than PART’s incremental rule 

partitioning strategy, which tends to create more refined and accurate decision structures.  

Overall, these findings highlight the suitability of PART algorithm for educational data mining 

applications where student responses exhibit overlapping behavioural patterns and multiple influencing 

factors. PART’s hybrid approach combining decision tree partitioning with rule extraction allows it to 

handle interactions between perception, teamwork skills, and application of statistical concepts more 

effectively than simpler rule learners. The strong performance of PART therefore provides a reliable basis 

for interpretating student learning patterns within the Problem-Based Learning environment, supporting its 

use in modelling and predicting educational outcomes in similar pedagogical studies. 

DISCUSSION 

The findings of this study provide strong empirical evidence supporting the effectiveness of Problem-Based 

Learning (PBL) in promoting teamwork development and enhancing students’ engagement with statistical 
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concepts. Across the analysis of EM clustering, Apriori association rules and classification modelling, the 

patterns consistently show that students who reported higher levels of conceptual understanding, motivation 

and communication with the lecturer also demonstrated stronger teamwork skills. This alignment 

strengthens established historical arguments in the theory of knowledge construction that meaningful 

learning occurs through active participation, collaboration, and the integration of new knowledge with prior 

understanding (Li et al., 2023).  

The clustering results revealed three distinct learner profiles, with the largest cluster representing 

students who demonstrated very high teamwork development alongside strong perceptions of PBL’s 

relevance, improved motivation, and enhanced understanding. This suggests that the PBL environment 

successfully created a context where students could collectively construct meaning, negotiate problem 

solutions, and apply statistical reasoning in a socially interactive manner. These findings align with 

Schneider et al. (2022), where perspectives, which suggest that learning is optimized when cognitive tasks 

are mediated through social interaction and guided support. Similarly, the strong clustering around 

communication related attributes highlights the importance of collaborative problem-solving. 

The Apriori analysis further reinforced these dynamics by highlighting that teamwork related attributes 

frequently co-occurred with factors such as enhanced interpersonal skills, improved statistical language 

use, and positive shifts in perception toward the subject. These rules indicate that teamwork does not 

develop in isolation instead it emerges as an integrated outcome of multiple evidence factors within the 

PBL environment. When students experience meaningful lecturer guidance, smooth communication and 

opportunities for self-expression using appropriate statistical terminology, they are more likely to 

internalize collaborative competencies. The strong confidence values observed in the rules suggest that 

teamwork development is highly predictable within this learning context, demonstrating the robustness of 

PBL as a pedagogical intervention for fostering collaborative learning (Oanh & Dang, 2025).  

The classification results provide additional support for these findings. The PART rule-based classifier 

achieved the highest accuracy outperforming Decision Table, OneR, JRip and ZeroR. This indicates that 

teamwork development is best understood through multi-attribute rule-based structures rather than simple 

linear models. The high precision and recall achieved for most classes further confirm that teamwork 

development is influenced by a logically consistent set of learner attributes, which can be predictable. The 

poor performance of ZeroR marked by imbalanced predictions and limited discriminatory power, highlights 

the multidimensional nature of teamwork and the inadequacy of single class baselines in explaining it. 

These results collectively confirm that teamwork skills in a PBL context emerge from a complex interaction 

of cognitive, behavioural and attitudinal variables (Wang et al., 2023). 

THEORETICAL AND PRACTICAL IMPLICATIONS 

Theoretical Implications 

The consistent association between collaboration, motivation, lecturer guidance and teamwork 

strengthens the theoretical position that learning is fundamentally social. The results provide empirical 

evidence for models where knowledge construction is shaped by shared problem solving, reflective 

dialogue and group interaction. While PBL is well-established in medical and engineering fields, its 

theoretical impact on statistics education needs to be explored and further research. This study expands the 

theoretical discussion by demonstrating how PBL improves not only conceptual understanding but also 

teamwork competencies that are often overlooked in quantitative education research. Moreover, the 

successful application of clustering, association and classification techniques validates the use of EDM to 

uncover unseen behavioural patterns in learning environments. This study demonstrates how analytics can 

enhance theoretical understanding of student learning processes beyond traditional self-report or descriptive 

approaches.  
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Practical Implications 

The results highlight the need for instructors to intentionally embed structured collaboration, 

communication impact and reflective tasks within PBL activities to maximize teamwork outcomes. 

Attributes related to lecturer guidance and communication were strong predictors of teamwork 

development. This highlights the importance of timely feedback, clear expectations and supportive 

facilitation in shaping student collaboration. Cluster profiles provide a data-driven framework for 

identifying students who may require additional support in motivation, conceptual understanding or 

collaborative engagement. Educators can use this hidden knowledge to personalize interventions and 

enhance learning equity. This study illustrates how EDM technique can be embedded into teaching practice 

to continuously monitor teamwork development and refine PBL implementation based on real-time 

evidence.  

In summary, the analysis demonstrates that PBL is powerful pedagogical strategy for developing 

teamwork skills in statistic courses. The findings justify the continued integration of PBL into quantitative 

programmes and emphasize that collaborative learning improves when students are supported through clear 

guidance, meaningful engagement and opportunities to apply knowledge to real-world problems. The 

combination of results across multiple analytic techniques strengthens the reliability of the conclusions and 

provides a comprehension foundation for pedagogical improvement and future research.  

CONCLUSION 

This study provides strong empirical evidence that Problem-Based Learning (PBL) is an effective 

pedagogical approach for enhancing teamwork development and strengthening students’ engagement with 

statistical concepts. Through the integration of clustering, association rule mining, and classification 

modelling, the analysis offers a multidimensional understanding of how students perceive, internalize and 

apply statistics within a collaborative learning environment. The results consistently demonstrate that 

students who experience higher motivation, positive perception shifts, stronger lecturer-student 

communication and greater conceptual clarity also exhibit significantly higher levels of teamwork skills. 

Clustering is exploratory and descriptive that uncovers patterns but does not indicate causality. The sample 

size is modest with only 102 instances, and the dataset reflects self-report measure. For future work it should 

validate cluster membership with longitudinal or performance data, conduct supervised modelling to predict 

cluster assignment, and test targeted instructional interventions to move students from neutral or moderate 

clusters to high teamwork profile. These patterns support the idea that PBL creates a learning environment 

where cognitive understanding and collaborative competence are mutually beneficial for both students and 

academicians.  

The high accuracy achieved by the PART classifier further confirms that teamwork development is 

influenced by interconnected behavioural, attitudinal and cognitive attributes rather than by singular or 

isolated factors. The Apriori rules strengthen this finding by revealing stable and interpretable associations 

between teamwork development and communication, interpersonal skills and positive engagement with the 

learning process. This hidden knowledge collectively highlights the value of embedding structured 

collaborative tasks, guided facilitation and real-world statistical problem scenarios into the curriculum. 

Overall, the study concludes that PBL offers a robust framework for integrating knowledge from 

specific disciplines and essential soft skills such as communication, interpersonal collaboration and 

teamwork competencies that are critical for academic success and professional readiness. By demonstrating 

the effectiveness of PBL through data-driven evidence-based, this study contributes to ongoing efforts to 

modernize statistics education and alignment with global shifts toward active, collaborative and learner 

centred pedagogies. Future work may extend these findings by examining longitudinal impacts, exploring 
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cross disciplinary contexts or integrating adaptive learning analytics to support personalized interventions 

within PBL environments.  
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