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ABSTRACT 

	This study examined the mediating effect of emotional intelligence on the relationship between collaborative problem-solving and mathematics engagement among first-year BSED- Mathematics students. A total of 126 first-year BSED-Mathematics students from two state universities and one local college in Davao del Norte were selected through stratified sampling. Three adapted questionnaires were employed. Mean, standard deviation, Pearson r, regression analysis, and the Sobel test were used to analyze the data. Results revealed that collaborative problem-solving in terms of interest, learning style and readiness was observed.  Mathematics engagement of students in terms of social engagement, cognitive engagement, emotional engagement and behavioral engagement was strongly evident. Students’ emotional intelligence in terms of social awareness, relationship management, self-awareness and self-management is manifested most of the time. The results revealed a significant relationship between collaborative problem-solving and mathematics engagement, emotional intelligence and mathematics engagement, and collaborative problem-solving and emotional intelligence. Emotional intelligence was found significantly mediates the relationship between collaborative problem-solving and mathematics engagement of students with partial mediation. The study's conclusions highlight the value of emotional intelligence and collaborative problem-solving in enhancing student engagement with mathematics. Therefore, the Commission on Higher Education and college administrators are urged to fund initiatives and training that strengthen teachers’ capacity to implement socioemotional and collaborative learning strategies in mathematics classes.
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1. INTRODUCTION 

Engagement in mathematics classes is vital for learning as, the high level of engagement yields favorable outcomes such as improved academic performance and increased student retention (Abin et al., 2020; Terrenghi et al., 2019). Effective mathematics instruction actively involves students in the learning process, such engagement fosters students' potential and encourages direct participation in acquiring new knowledge (Mentari & Syarifuddin, 2020). However, engagement in mathematics among early tertiary-level students may be fragile (Skilling et al., 2020). A lack of mathematics engagement can lead to serious problems that will affect the overall performance of students (Maamin, 2021). Moreover, Skilling et al. (2020) assert that learners are likely to disengage from mathematics lessons if they do not receive adequate support as mathematics is a subject that frequently induces anxiety and fear among students. Consequently, students with low engagement and confidence are likely to experience negative emotions (Abu-Hilal & Abed, 2019).
In Cambodia, it was reported that only 12% of students achieved Level 2 (baseline proficiency) or higher in mathematics performance, indicating low engagement in the subject (OECD, 2023). Students’ engagement plays a role on how they involve themselves in the learning process (Valdez & Maderal,2021). In Chile, low engagement contributes to high failure rates in mathematics, some studies of first year mathematics courses in Chile report high failure rates (ranging from 31 % to 66 %) in certain institutions (Santiago-Muñoz et al., 2025). Lack of mathematics engagement makes Chile rank last in mathematics international standardized tests, like PISA (OECD, 2019b). Furthermore, Azmidar et al. (2017) also found that learners in Indonesia have poor mathematics engagement, indicating a lack of confidence in their capacities that contributes to the issues with their enthusiasm for mastering the subject. This finding is supported by international assessments, such as PISA 2022, which showed that only 18% of Indonesian students achieved Level 2 or higher in mathematics proficiency (OECD, 2023). The problem of lack of engagement in mathematics leading to unsatisfactory mathematics performance among college students is similarly widespread in Malaysia. (Awaludin et al., 2015). 
In the Philippines, the latest PISA (2018) findings showed that among all participating nations in 2018, Filipino students had among of the lowest performance levels. 19.7% of students in mathematics demonstrated Proficiency Levels 2 to 4, while 54.4% showed below Level 1 proficiency. Moreover, students lack of engagement resulted in struggles and difficulties mostly in mathematics classes as evidenced by the findings of the latest result of the Philippine National Achievement Test (NAT). Añar et al. (2023) reported that 2018 NAT findings revealed that for three consecutive years, the mean percentage score (MPS) of students continuously declined, reaching 37.44%. Llorente and Tado (2024) highlighted in their study that the issue of mathematics engagement among college students nationwide is pervasive, as their research found that the average mathematics engagement score among 133 college students was 3.90. 
In a local college in Davao del Norte, several students exhibited low levels of engagement in mathematics.  This observation was based on the assessment designed to measure students’ engagement with the subject using a 40-item test. A study has revealed that 24% of the freshmen achieved an average score of 60-70% on their mathematics test (Gahi et al., 2023).
Previous researchers have only explored the association between student engagement and academic achievement (Delfino, 2019). For instance, Konig et al. (2021) and Hansen (2022) have explored the connection between collaborative problem-solving and mathematics engagement of students. However, Seidouvy and Schindler (2019) identified a gap in understanding of how students collaborate in mathematics classes, and argue that most studies focus on the outcome of collaboration, rather than the ongoing process of students working together. Moreover, as mentioned in Sen (2022) study, there is a necessity for further investigation into the subject of mathematics engagement. The bulk of these studies primarily focus on academic achievement rather than engagement itself. Consequently, this study extends previous research by examining emotional intelligence as a mediating variable in the relationship between collaborative problem-solving and mathematics engagement among college students. It seeks to address existing gaps in the literature by exploring how the emotional intelligence of college learners influences the interplay between their engagement in mathematics and their ability to collaborate effectively in solving problems.
Neglecting emotional and social learning may result in many students becoming disengaged especially those with anxiety in mathematics learning or students who do not have confidence working in a group (Cagirgan & Soyturk, 2021). The study’s objective was to improve the students’ engagement during mathematics class. Particularly, the findings of this research are vital to students who face difficulties in learning mathematics. Strengthening their collaborative problem-solving and enhancing their emotional intelligence may help them to actively engage in mathematics subject.
Moreover, mathematics educators and school administrators may develop innovations in terms of teaching strategies that will encourage students to collaborate and engage in mathematics class. Mathematics engagement is one of the major challenges dealt by students and teachers in teaching-learning environment and low mathematics engagement maybe a result of lack in collaboration during mathematics activities.  Hence, this encouraged the researcher to explore how emotional intelligence mediates the connection between collaborative problem-solving and student’s mathematics engagement in tertiary education.  Additionally, the researcher intended to disseminate the study's findings to both public and private educational institutions and submit the work for publication on a peer-reviewed educational journal to reach academic and practitioner audiences across country. Publishing in a reputable journal and presenting the findings in academic forums and conferences will enhance the study's scholarly visibility and add to the expanding body of literature on mathematics education and student engagement globally.
1.1 Objectives

This study aimed to examine whether resource management strategies significantly mediate the relationship between learning environment and students’ attitudes toward mathematics among grade 11 students enrolled in the 2024-2025 school year within the Tagum City Division. Specifically, this aimed to answer the following questions:
This study aimed to determine whether emotional intelligence significantly mediates the relationship between collaborative problem-solving and mathematics engagement of first-year BSED-Mathematics students from two State Universities and one Local College in Province of Davao del Norte during Academic Year 2025-2026.
Specifically, this study answered the following questions:
1.	What is the level of collaborative problem-solving of students in terms of:
1.1	interest;
1.2	readiness; and
1.3	learning style?
2.	What is the level of mathematics engagement of students in terms of:
2.1	cognitive engagement;
2.2	behavioral engagement;
2.3	emotional engagement; and
2.4	social engagement?
3.	What is the extent of emotional intelligence of students in terms of:
3.1	self-awareness;
3.2	self-management;
3.3	social awareness; and
3.4	relationship management?
4.	Is there a significant relationship between:
4.1	collaborative problem-solving and mathematics engagement of students?
4.2	emotional intelligence and mathematics engagement of students?
4.3	collaborative problem-solving and emotional intelligence of students?
5.	Does emotional intelligence significantly mediate the relationship between collaborative problem-solving and mathematics engagement of students?
1.2 Conceptual Framework

 Figure 1 presents the conceptual paradigm of the study, which shows the hypothesized relationships among the variables. Collaborative problem-solving serves as the independent variable of this study with indicators of interest, readiness, and learning style. These components represent the students’ predisposition and preparedness to engage in group-based mathematical tasks. The dependent variable is mathematics engagement which comprises cognitive engagement, behavioral engagement, emotional engagement, and social engagement. At the center of the framework is the mediating variable which is emotional intelligence with indicators of self-awareness, self-management, social-awareness, and relationship management. The arrows in the diagram denote the proposed causal pathways. The initial arrow signifies a direct association between collaborative problem-solving and mathematics engagement, suggesting that students participating in collaborative activities are more inclined to exhibit heightened engagement in mathematics. The second arrow, transitioning from collaborative problem-solving to emotional intelligence, suggests that collaborative learning experiences may improve students' emotional and social skills. The third arrow indicates that students with emotional intelligence are more adept at engaging meaningfully in mathematical activities.     
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Figure 1. Conceptual Paradigm of the Study


Figure 1. The Conceptual Paradigm of the Study
Figure 1. The Conceptual Paradigm of the Study
Figure 1. The Conceptual Paradigm of the Study

1.3 Theoretical Framework

	The research is grounded in the Social Constructivist Theory introduced primarily by Lev Vygotsky who posited that the process of learning is, fundamentally, a social process. According to Vygotsky (1978), students learn more effectively through interactions with individuals within their Zone of Proximal Development (ZPD), typically peers who possess greater skill or facilitators. According to this theory, it suggests that student participation in learning activities especially mathematics, is enhanced when learners participate in teamwork and socially interactive experiences. Moreover, this study is supported by the argument of Hansen (2022) who argued that students engage collaborative problem solving to enhance their participation in physical aspects of mathematical thinking as they strive to solve mathematics problems as a group. Additionally, Nnaji (2020) asserts that a strong positive correlation exists between emotional intelligence and mathematics engagement contributes significantly to success in learning mathematics. Also, Martin et al., (2021) emphasized that promoting is an effective strategy to enhance enthusiasm, energy, and interest in engaging with mathematics is the promotion of emotional intelligence and competencies among students. Furthermore, Cole et al. (2019) have identified that collaborative problem-solving and how it may relate to emotional intelligence. In the same manner, Boyatzis (2007) ascertained that the relationship between collaborative problem-solving assessment and emotional intelligence occurs when the members of a group are in a position to sense, understand, as well as manage their feelings and also that of other members thus boosting their abilities to work as a team.
2. MATERIALS AND METHODS 

2.1 Research Design

The study employed quantitative research using descriptive and correlational approaches with mediation analysis. Descriptive research is a quantitative approach that demonstrate the characteristics of a particular individual, situation or population (McCombes, 2023). Moreover, the purpose of doing descriptive research is to give a clear and well-deliberated image of a specific subject matter, circumstances or direction. It is aimed at answering the questions such as what, where, when and how things are, instead for trying to understand the reasons of this or that (McCombes, 2022). The researcher chose descriptive design to explain and understand variables advanced to be studied in this study. The research design is particularly appropriate as it incorporates statistical methods—such as mean tests—to determine the levels of collaborative problem-solving, emotional intelligence, and interest in mathematics among learners during their mathematics lessons. Conversely, a correlational study is a type of quantitative research that examines the relationship between changes in one variable and corresponding changes in another. While it reflects the quantitative nature of the research, it does not involve manipulation of variables; rather, it observes and analyzes the degree of association between them (Fraenkel & Wallen, 2019). Additionally, Schuler et al. (2025) outline mediation analysis as a research method that measures how much the impact of an exposure or intervention on an outcome is conveyed through a mediating variable. They highlight that this approach distinguishes total effects into direct effects (which do not go through the mediator) and indirect effects. Researcher used the design in exploring the potential relationships that exist between the variables of interest.
2.2 Research Instrument

The study used three (3) adapted research survey questionnaires. The instrument for students’ collaborative problem-solving was adapted from Collaborative Problem-Solving Questionnaire of Yin and Abdullah (2013). This is a 31-item questionnaire with the following components: Interest (10 items), Students’ Readiness (10 items), and Learning Style (11 items). This questionnaire demonstrates strong psychometric validity and reliability, as all items yielded high Cronbach’s alpha values ranging from 0.838 to 0.900, with an overall coefficient of 0.875. These figures meet the established criterion that a reliability coefficient of 0.70 or higher indicate a good level of internal consistency (Sekaran & Bougie, 2010). Moreover, the questionnaire employed a 5-point Likert scale, encompassing the following options: 5 for Strongly Agree, 4 for Agree, 3 for Moderately Agree, 2 for Disagree, and 1 for Strongly Disagree.
Additionally, the instrument for students’ emotional intelligence was adapted from Emotional Intelligence Self-Assessment Tool (EISAT) of Sterrett (2000). This is a 20-item survey questionnaire with four components namely: Self-Awareness (5 items), Self-Management (5 items), Social Awareness (5 items), and Relationship Management (5 items). Additionally, this questionnaire has a good psychometric validity and reliability with a high Cronbach Alpha of 0.727. Moreover, the questionnaire employed a 5-point Likert scale, encompassing the following options: 5 for Always, 4 for Usually, 3 Sometimes, 2 Rarely, and 1 for never.
Moreover, the instrument for students’ mathematics engagement was adapted from Math and Science Engagement Scale (MASES) of Wang et al., (2016). This is a 33-item questionnaire with the following components: Cognitive Engagement (8 items), Behavioral Engagement (8 items), Emotional Engagement (10 items), Social Engagement (7 items). This questionnaire has a Chronbach alpha value of 0.850 indicating high consistency.  An instrument with Cronbach alpha greater than 0.80 is considered reliable and excellent as reported by Regier and Savic (2020). Furthermore, the questionnaire employed a 5-point Likert scale, encompassing the following options: 5 for Strongly Agree, 4 for Agree, 3 for Moderately Agree, 2 for Disagree, and 1 for Strongly Disagree.
2.3 Respondents of the Study
	
The respondents of this study were first-year BSED-Mathematics students in two State Universities and Colleges (SUCs) and one Local University and Colleges (LUCs) in Davao del Norte, enrolled during the academic year 2025-2026, since these are the public institutions around Davao del Norte that offer the course Bachelor of Secondary Education Major in Mathematics. This study involved a target population of 184 students. Particularly, School A consists of 70 students, School B consists of 80 students, and School C consists of 34 students. Additionally, this research employed a simple random sampling method within each school to identify the overall number of participants and the sample size. All respondents were selected with fairness by utilizing Excel's random number generator tool to allocate a random number to each person. Next, arrange the list according to these random numbers. Moreover, the size of the sample was calculated by utilizing “Qualtrics” calculator for sample size in quantitative research. The optimal sample size, calculated for a population of 184 students with a 5% margin of error and a 95% confidence level, is 126 students. The computation ensured adequate statistical power while maintaining feasibility. The sample was proportionally allocated across the three schools based on their population sizes. Given an overall population of 184 students, the recommended sample size for this study is 126 students. Therefore, School A had an ideal sample size of 48, School B had 54 and School C had 24.  
2.4 Data Gathering

The following procedure was followed to collect data for this research study. The researcher followed a formal permission process to conduct this study. Initially, they obtained approval from the Research Ethics Committee (REC) to confirm that the research complies with ethical standards. Following the clearance from the Research Ethics Committee (REC), an endorsement letter from the Dean of the Graduate School was obtained by the researcher. Subsequently, equipped with the requisite approvals, the researcher submitted a proposal to the College Presidents of three specified colleges in Davao del Norte province.
The researcher ensured the that all the requisite approvals were taken and the study was conducted in an ethical manner.   This includes obtaining a clearance by the Dean of the Graduate Schools, College Presidents and Program Heads.   The investigator observed ethical principles such as beneficence, justice, and respect towards other people in the course of research.  The security and privacy of the data needed to be given priority.   Before collection of the data, informed consent/assent forms were given to the participants, which described purpose of the study, and their rights.   Signatures of the participants on such documents is a confirmation that they are voluntarily engaged.
 The researcher, in addition, provided a short 30-minute presentation to the participants concerning the study.  After that, nothing occurred until the survey was given out.  The researcher notified the participants about the study through phone calls or messaging programs in case participants cannot attend the orientation physically due to sudden situations or other reasons.  In addition, the participants completed the survey within a secure environment in order to ensure that their information is confidential.  The set schedules of all the research locations were when they would administer the survey. 
This research article had started in September of the 2025-2026 academic year.  Initially, the researcher would distribute survey forms and request the respondents to respond to questions in accordance with the forms.  Data collection in this study was done through survey questionnaires.  The researcher should deal with all the emails to the survey participants as well as their answer.
Finally, the data was tabulated and then got to a trained statistician to provide an exhaustive analysis.  On completion of this analysis, the researcher was able to analyze the insights gained in the research, drawing remarkable findings, observations and conclusions.  The data will be visually represented in multiple tables and charts in order to simplify the understanding of it.  The results of the study and the relationship among the variables were also presented with clear illustrations.

2.5 Statistical Analysis
The following statistical tools were applied by the researcher to analyze and interpret the data.

2.5.1 Mean

This was used to summarize a set of data and to compare different sets of data. The statistical tool was used to determine the level of student’s mathematics attitude, problem-solving beliefs and motivation in learning mathematics.
2.5.2 Standard deviation

The term standard deviation is a statistical measure that can determine the level of spread of the data points contained in a dataset about the mean. It assists in determining the degree of spread and the proximity of the dissimilarities towards the mean of score.

2.5.3 Pearson Product-Moment Correlation (Pearson r).

This was used to determine whether there is a significant association between collaborative problem-solving and mathematics engagement of students, emotional intelligence and mathematics engagement of students, and collaborative problem-solving and emotional intelligence of students

2.5.4 Mediation analysis using Sobel Test

This was used to determine the mediating effect of emotional intelligence on the relationship between collaborative problem-solving and mathematics engagement of students.

3. RESULTS AND DISCUSSION 

[bookmark: _Hlk216722444]3.1 Level of Collaborative Problem-solving of Students
	An overview on the level to which the students collaborate in their problem solving is provided in Table 1.  The interest out of the three metrics had the highest mean of 4.24, very high descriptive equivalent and with an SD of 0.50, this means that students show strong level of interest when it comes to collaborative-problem solving.  The second one is learning style with 4.19 as mean with a high descriptive equivalent, and SD of 0.49.  In terms of readiness, it has the lowest mean of 4.13 with a descriptive equivalent of high and an SD of 0.48.
Furthermore, the overall mean of 4.19 with “high” as descriptive equivalent indicates that students’ collaborative problem-solving is observed. It indicates that students enjoy working together with their peers to solve mathematical problems, which in turn increases their interest in learning and performance.  A standard deviation of 0.49 suggests low variability among students’ responses. This suggests that most students share similar views about their collaborative practices, implying a consistent level of experience in collaborative problem-solving.
[bookmark: _Hlk210761204]Table 1. Summary Level of Collaborative Problem-solving of Students

	Indicators
	Mean
	SD
	Descriptive Equivalent

	Interest
	4.24
	0.50
	Very High

	Readiness
	4.13
	0.48
	High

	Learning Style
	4.19
	0.49
	High

	Overall 
	4.19
	0.49
	High



	The result suggests that students value teamwork and group discussions, as they make problem-solving more enjoyable and easier. Moreover, students feel more confident participating in mathematics class when they work together with their peers. Furthermore, collaborative problem-solving enables students with different learning styles to achieve a better understanding and develop critical thinking.
The finding is consistent with the report of Ermac and Tan (2023), which emphasized that a high level of students’ interest in mathematics is achieved through collaboration. It also contributes to the development of their skills, as learners become more prepared and motivated to address the problems presented to them. These findings are further supported by Macapayad (2025), who reported that students manifest a high level of readiness during collaborative problem-solving, allowing them to work effectively with both peers and teachers, enhancing their ability to communicate possible solutions, and consequently enabling them to perform satisfactorily in mathematics problem-solving activities. Additionally, Cardino and Ortega-Dela Cruz (2020) noted that students exhibit diverse learning styles when engaging in collaborative problem-solving, which makes discussions and brainstorming more substantial and meaningful.

3.2 Level of Mathematics Engagement of Students
	The summary of the level of mathematics engagement among students is presented in Table 2. The social engagement indicator obtained the highest mean of 4.38 among the four indicators, a descriptive equivalent of "very high" with a standard deviation of 0.49. Second to the highest is cognitive and emotional engagement, both 4.32 as the mean and 0.52 and 0.59 as SD’s, respectively, also with “very high” descriptive equivalent. On the other hand, behavioral engagement registered the lowest mean of 4.21 with a standard deviation of 0.46, though still descriptively equivalent to very high.
Furthermore, 4.31 is the overall mean, corresponding to a descriptive equivalent of very high, indicating that the mathematics engagement of students is strongly evident. The SD of 0.52 suggests that responses are relatively consistent, reflecting shared perceptions among students regarding their behavioral, cognitive, social and emotional engagement during the mathematics teaching-learning process.



Table 2. Summary Level of Mathematics Engagement of Students

	[bookmark: _Hlk206346161]Indicators
	Mean
	SD
	Descriptive Equivalent

	Cognitive Engagement
	4.32
	0.52
	Very High

	Behavioral Engagement
	4.21
	0.46
	Very High

	Emotional Engagement
	4.32
	0.59
	Very High

	Social Engagement
	4.38
	0.49
	Very High

	Overall
	4.31
	0.52
	Very High


The finding suggests that students prefer to work with their peers and classmates, whom they find helpful in understanding mathematical concepts. Students understand and reflect on learning new things about mathematics, connecting prior knowledge to the newly acquired knowledge.  Lyakhova (2021) noted that well-designed group activities, in which students demonstrate strong collaboration and appreciation for one another's ideas, enhance social interaction that leads to higher mathematics engagement. Furthermore, Liu et al. (2024) reported that students exhibit high mathematical engagement when they have greater emotional and social involvement in various learning tasks, resulting in better learning outcomes in the subject.

3.3 Extent of Emotional Intelligence of Students

	Table 3 summarizes the extent of emotional intelligence of students. Among the four indicators, social awareness obtained the highest mean of 4.11 with a descriptive equivalent of highly extensive and a standard deviation of 0.52. This is followed by relationship management, which recorded 4.03 as the mean, 0.52 as the SD, and a descriptive equivalent of highly extensive. Meanwhile, self-awareness has 4.01 as the mean with “highly extensive” descriptive equivalent and 0.51 as the SD. On the other hand, self-management obtained mean of 3.92, which is the lowest, and has “highly extensive” descriptive equivalent and 0.54 as the SD. 
Further, emotional intelligence of students is manifested most of the time, as the overall mean is 4.02 and the descriptive counterpart is highly extensive.  Most of this usually implies that learners do not experience the difficulties with recognizing and managing their own emotions, demonstrating empathy towards others, and effortlessly handling the tasks in the group together and in the classroom.  Having a standard deviation of only 0.52, the responses are very homogenous meaning that the students share the same meaning of emotional intelligence.   
Table 3. Summary on the Extent of Emotional Intelligence of Students

	[bookmark: _Hlk206348600]Indicators
	Mean
	SD
	Descriptive Equivalent

	Self-awareness
	4.01
	0.51
	Highly Extensive

	Self-management
	3.92
	0.54
	Highly Extensive

	Social Awareness
	4.11
	0.52
	Highly Extensive

	Relationship Management
	4.03
	0.52
	Highly Extensive

	Overall 
	4.02
	0.52
	Highly Extensive



The findings suggest that students can understand, recognize, and control their own emotions. They demonstrate self-awareness and social awareness, enabling them to manage their reactions responsibly and maintain positive relationships with their peers. Their ability to calmly face challenging situations and express emotions appropriately signifies good self-management. Moreover, students show accountability for their actions and can influence others constructively through respectful communication. 
The results are backed by the research carried out by Duave (2025), which revealed that students frequently indicate elevated levels of social awareness and self-awareness, even more so than various other indicators of emotional Intelligence. Moreover, recent studies by Tang and He (2023) and Dianah and Oktariza (2023) highlight the importance of factors such as social awareness, and relationship management as key predictors of learning motivation and self-regulated learning. Since students demonstrate a high level of social awareness and a fairly high ability in relationship management, it suggests they possess strong relational and empathetic qualities. These attributes likely enhance their cognitive and emotional engagement in the learning process
3.4 Significance of the Relationship between the Variables

	Table 4 displays the test on the significance of the relationship between collaborative problem-solving and mathematics engagement; emotional intelligence and mathematics engagement; and collaborative problem-solving and emotional intelligence of the students.. 
For the test on the significance of the relationship between collaborative problem-solving and mathematics engagement, the data revealed that collaborative problem-solving significantly correlates with mathematics engagement of the students (r = 0.720, p = 0.000). The correlation coefficient reveals a strong positive relationship, while the p-value, being below 0.05, confirms statistical significance. Therefore, we reject the null hypothesis. This indicates that students who are more engaged in collaborative problem-solving are likely to exhibit higher levels of engagement in mathematics. The results suggest that collaborative activities, such as group discussions and teamwork, enhance students' attentiveness, participation, and persistence in their mathematics learning.
The result is supported by findings of Klang et al. (2021) who observed that collaborative problem-solving enhances students' mathematics engagement in the classroom. Additionally, Smith (2023) argued that collaboration during collaborative problem-solving have been shown to result in increased engagement and achievement during mathematics class. The result also complies with the report of Unal and Cakir (2021) who indicated that collaborative problem-solving has a positive influence on math engagement in the teaching-learning process. 
Table 4. Significance of the Relationship Between the Variables

	[bookmark: _Hlk206349128]Variables Correlated
	R
	p-value
	Decision on Ho
	Decision on Relationship

	[bookmark: _Hlk73882994]Collaborative Problem-solving &
Mathematics Engagement
	0.720
	0.000
	Reject
	Significant

	Emotional Intelligence &
Mathematics Engagement
	0.594
	0.000
	Reject
	Significant

	Collaborative Problem-solving &
Emotional Intelligence
	0.486
	0.000
	Reject
	Significant



In the examination of the significance of the relationship between emotional intelligence and mathematics engagement, the results revealed a correlation coefficient of r = 0.594, with a p-value of 0.000. This indicates a moderate positive correlation that is statistically significant at the 0.05 level. Since the p-value (0.000) is less than the 0.05 level of significance, the null hypothesis is rejected. This finding suggests that student’s active engagement in their mathematics learning is strongly affected by their higher emotional intelligence. Specifically, it implies that as students’ emotional intelligence increases, their level of engagement in mathematics correspondingly rises. In other words, students who can effectively regulate their emotions, manage stress, and empathize with others are more capable of sustaining focus, persistence, and enthusiasm in mathematics class. 
The finding is consistent with result of the study conducted Aljura et al. (2024), who found out that emotional intelligence has a medium impact on the student’s mathematics engagement leading to better learning outcomes in the subject matter. Additionally, Somaa et al. (2021) also discovered a positive and significant association between emotional intelligence and student’s academic performance and engagement in class.  Moreover, the result is parallel with the report by Nnaji (2020), who mentioned that there is a high positive correlation between emotional intelligence and mathematics engagement, which leads to success in the learning of mathematics. Similarly, Diocos (2022) highlighted that students’ emotional intelligence played a crucial role in boosting students’ mathematics engagement, which led to better performance.
Lastly, for the test on the significance of the relationship between collaborative problem-solving and emotional intelligence, results show a correlation coefficient of r = 0.486 with a p-value = 0.000. This indicates a moderate positive correlation that is statistically significant at the 0.05 level. Since the p-value (0.000) is less than the 0.05 level of significance, the null hypothesis is rejected. This indicates that there is a moderate positive relationship between collaborative-problem solving and emotional intelligence of the students. This finding suggests that as students’ emotional intelligence increases, their ability to engage effectively in collaborative problem-solving likewise improves. It means, emotionally intelligent students tend to demonstrate better cooperation, communication, and teamwork when participating in group activities and solving problems collectively.
In support of our results, Chang and Yang (2023) have found that students usually feel a lot better having worked together to resolve a problem.  Isohatala et al. (2020) have noted that emotional intelligence of students is changing as they work collaboratively to find solutions to problems.  These differences were mainly determined by factors like complexity of task to be done, unequal contribution of group activities, and the feeling that they have control over the group outcomes.  It is also through working in groups that aid students to acquire and sharpen up on social skills which translate to greater emotional intelligence as per research study that has revealed a relation to exist between the two.  Collaborative problem-solving practice allows students to acquire critical thinking, task distribution, date-solving, coordination, solving conflicts, independence, and personal development, which also expands their educational horizon (Fuertes-Meza et al., 2021).
3.5 The Mediating Effect of Emotional Intelligence on the Relationship Between Collaborative Problem-solving and Mathematics Engagement of Students

	In this study, a mediation analysis was employed to examine whether emotional intelligence significantly mediates the relationship between collaborative problem-solving and students' mathematics engagement.  The involvement of emotional intelligence in this relationship as a mediator role was hypothesized.  Mediation analysis was executed after carrying out a thorough analysis of key assumptions.   Before the mediation analysis, all the assumptions of statistics were checked and the validity confirmed.  There was an assumption of the level of measurement since mathematics engagement, emotional intelligence, and collaborative-problem solving were continuous variables.  The linear response was established since the spread of the residuals was equal around zero.  There was no evidence of multicollinearity, and the correlation between the independent and mediating variables was r=0.486,p<0.01, which is below the threshold value of 0.80, suggesting an acceptable level of correlation. In addition, the Variance Inflation Factor (VIF) value of 1.310 and a tolerance value of 0.763 further confirmed the absence of multicollinearity among the predictors. Standardized residuals from outlier testing were within ±3, and normality was confirmed by the Q–Q plot. Since the residuals showed a steady horizontal pattern and the Durbin-Watson value of 2.315 showed no autocorrelation, the assumption of homoscedasticity was satisfied. 
The data were appropriate for mediation analysis, with a sufficient sample size of 126 as studies suggest that a minimum of 50 cases is adequate for reliable estimation of mediated effects (MacKinnon et al., 1995). All presumptions were satisfied collectively, indicating that the dataset was appropriate for mediation analysis to ascertain if emotional intelligence act as a major mediator in the association among mathematical engagement and collaborative problem-solving.
Presented in Table 5 are the results of the test of mediation showing how emotional intelligence plays the part as the mediating variable in the connection between collaborative problem-solving and mathematics engagement of students. Mediation occurs when a third variable, referred to as a mediator variable, intervenes between two others directly related variables (Hair et al., 2021). Three conditions must be met before testing mediation hypotheses. In the first step, the analysis between Collaborative Problem-solving and Mathematics Engagement resulted in an unstandardized beta coefficient of β = 0.739 and a p-value of 0.000. This demonstrates that collaborative problem-solving is a meaningful predictor of mathematics engagement, fulfilling the initial requirement for mediation. The positive beta coefficient indicates that higher levels of collaborative problem-solving relate to increased engagement in mathematics. The second step reveals that the examination of the mediating variable (Emotional Intelligence) and Mathematics Engagement produced an unstandardized beta coefficient of β = 0.669 and a p-value of 0.000. This confirms that emotional intelligence is a significant predictor of mathematics engagement, suggesting that students with higher emotional intelligence are generally more active and motivated in their mathematics learning activities.
In the third step, the connection between Collaborative Problem-solving and Emotional Intelligence was analyzed. The results showed an unstandardized beta coefficient of β = 0.443, with a p-value of 0.000. This indicates that collaborative problem-solving is a significant predictor of emotional intelligence. Step four demonstrates the combined effect of Collaborative Problem-solving and Emotional Intelligence on Mathematics Engagement. The findings indicate that Emotional Intelligence has a standardized beta of β = 0.319, with a part correlation of 0.279, while Collaborative Problem-solving has a standardized beta of β = 0.565 and a part correlation of 0.494. The model explains a total R² of 0.597, suggesting that about 59.7% of the variance in mathematics engagement is accounted for by the combined impacts of collaborative problem-solving and emotional intelligence. The findings align with the work of Baron and Kenny (1986), which articulated that mediation is present when the independent variable has a significant effect on the dependent variable, the independent variable significantly influences the mediating variable, and the mediating variable significantly affects the dependent variable, all while accounting for the independent variable.
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	Independent Variable
	Collaborative Problem-solving

	Dependent Variable
	Mathematics Engagement

	Mediating Variable
	Emotional Intelligence

	Step 1. Path C (IV and DV)
	

	Unstandardized Beta (B)
	0.739

	Standard Error (e)
	0.064

	p-value
	0.000

	Step 2. Path B (MV and DV)
	

	Unstandardized Beta (B)
	0.669

	Standard Error (e) 
	0.081

	p-value
	0.000

	Step 3. Path A (IV and MV)
	

	Unstandardized Beta (B)
	0.443

	Standard Error (e)
	0.071

	p-value
	0.000

	Step 4. Combined influence of IV and MV on DV
	

	Emotional Intelligence	
	

	Unstandardized Beta (B)
	0.359

	Standard Error (e)
	0.074

	Standardized Beta
	0.319

	Part Correlation
	0.279

	Collaborative Problem-solving
	

	Standardized Beta
	0.565

	Part Correlation
	0.494

	Total R-squared
	0.597




3.6 Type of Mediation
Table 6 displays the results of the Sobel z-test, which assesses the type of mediation involving Collaborative Problem-solving (independent variable), Emotional Intelligence (mediating variable), and Mathematics Engagement (dependent variable). The Sobel test was employed to determine if emotional intelligence acts as a mediator in the relationship between collaborative problem-solving and mathematics engagement. Essentially, it evaluates whether emotional intelligence influences the effect of collaborative problem-solving on students’ engagement in mathematics.
The findings reveal a Sobel z-value of 3.829884 accompanied by a p-value of 0.000128, suggesting that the indirect effect of collaborative problem-solving on mathematics engagement via emotional intelligence is statistically significant. The unstandardized indirect effect (a*b) was calculated to be 0.15904, with a standard error of 0.04153. This indicates that a significant mediating role is played by emotional intelligence in the association of collaborative problem-solving to mathematics engagement. Furthermore, the 95% confidence interval for the indirect effect spans from 0.07765 to 0.24043, reinforcing the notion that the mediation effect is both positive and significant, as the interval does not include zero.
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FIG 2. Flow chart showing mediating variable transformation 



In terms of effect size measures, the overall standardized effect of collaborative problem-solving on mathematics engagement is 0.720, whereas the direct effect is 0.565. The indirect effect via emotional intelligence is 0.155, indicating that a portion of the impact of collaborative problem-solving on mathematics engagement is mediated by emotional intelligence. The R² values show that the complete model accounts for 51.8% (0.518) of the variance in mathematics engagement. Of this total, 24.4% (0.244) of the variance is due to the direct effect of collaborative problem-solving, while 27.4% (0.274) is explained through emotional intelligence indirectly. The indirect-to-total ratio of 0.215 suggests that roughly 21.5% of the total impact of collaborative problem-solving on mathematics engagement is mediated by emotional intelligence. Considering that the Sobel z-value is significant and the indirect-to-total ratio (0.215) is less than 0.80, it can be inferred that the relationship between collaborative problem-solving and mathematics engagement of students is partially mediated by emotional intelligence. This implies that while collaborative problem-solving directly boosts students’ engagement in mathematics, part of its influence is conveyed through the enhancement of emotional intelligence.
The findings hypothesized that even though the relationship between collaborative problem-solving and mathematics engagement is partially mediated by emotional intelligence, collaborative problem-solving still has a dominant and substantial direct effect on students’ mathematics engagement. It confirms the observation of Salifu and Bakari (2022), who reported that interest, as one of the factors of collaborative problem-solving, has a significant impact on students’ mathematics engagement. Moreover, the partial mediation of emotional intelligence is aligned with the findings of Baragan Martin et al. (2021), who revealed that construct of emotional intelligence such as self-management enhances students’ level of engagement during class. Similarly, Iqbal et al. (2022) found that dimensions of emotional intelligence, such as social awareness and self-awareness, have a positive and significant effect on students’ engagement, identifying emotional intelligence as a critical predictor of cognitive engagement. These findings support the present study, suggesting that the mediating role of emotional intelligence is a key in strengthening the link of collaborative problem-solving to mathematics engagement of students. In addition, the finding is reinforced by the research performed by Bereded et al. (2025) that reveals emotional intelligence role as a mediator in the relationship between cognitive factors such as collaborative problem-solving and academic engagement among first-year undergraduate university students. Furthermore, the findings of significant partial mediation support the anchored theory of  Lev Vygotsky(1978), which is the “Social Constructivist Theory”. This theory suggests that students’ engagement in learning activities, especially mathematics, is enhanced when learners participate in teamwork and socially interactive experiences.

4. CONCLUSIONS AND RECOMMENDATIONS 

4.1 Conclusions

The findings from the study led the researcher to draw the following conclusions:
1. The collaborative problem-solving of students is observed.
2. The mathematics engagement of students is strongly evident.
3. The emotional intelligence of the students is manifested most of the time.
4. There is a significant relationship between collaborative problem-solving and mathematics engagement of students, emotional intelligence and mathematics engagement of students, and collaborative problem-solving and emotional intelligence.
5. The emotional intelligence significantly mediates the relationship between collaborative problem-solving and mathematics engagement of the students with partial mediation.

4.2 Recommendations

Based on the findings, analysis, and conclusions drawn in this study, the following recommendations are summarized:
1. Students are encouraged to enhance their readiness for collaborative problem-solving by diligently preparing for math discussions and group activities. They should review essential concepts before the start of the class, establish personal learning objectives by setting learning goals each class session, and foster a positive attitude towards teamwork by actively participating and collaborating during group activities. By taking these steps, students can boost their confidence, concentration, and involvement in group tasks. Preparing for group work in advance will also empower them to contribute substantively to discussions and deepen their understanding of mathematical concepts.
2. Instructors or teachers are encouraged to create learning experiences that enhance students' behavioral engagement in mathematics. Teachers may adopt active learning strategies such as gamified problem-solving, practical applications, and peer collaboration to maintain students' focus and determination. Specifically, college instructors may tailor a course syllabus and lesson plan that integrates collaborative tasks and scaffolded emotional intelligence development activities and exercises. Offering consistent feedback, acknowledging students' efforts, and incorporating reflection activities can further inspire learners to engage regularly and effectively manage their learning behaviors.
3. The study's conclusions highlight the value of emotional intelligence and cooperative problem-solving in raising student engagement with mathematics. As a result, the Commission on Higher Education and college administrators are urged to fund initiatives and training that improve teachers' ability to apply socioemotional and collaborative learning techniques in mathematics classes. To promote collaboration and student-centered learning, they should make sure that there are enough tools, resources, and facilities available. To maintain students' interest and engagement, ongoing efforts must be made to incorporate the development of emotional and social skills within the mathematical curriculum.
4. Future researchers are urged to investigate additional mediating factors, such as motivation, self-efficacy, or metacognitive awareness, that may have an impact on the association between collaborative problem-solving and mathematical engagement.  Furthermore, to ascertain the long-term impacts on students' engagement and mathematical performance, future research may develop and execute intervention programs that integrate collaborative learning with the development of emotional intelligence.
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