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 This paper presents the findings to provide practical frameworks that explain 

the different variables that affect students’ academic achievement. A 

quantitative approach was adopted, specifically using partial least squares 

structural equation modeling (PLS-SEM) to examine the causal relationships 

between problem posing skills, problem-solving skills, mathematical 

creativity, and attitude towards mathematics on academic achievement. Data 

were collected using the following adopted instruments: the problem-posing 

task, the scale for mathematical problem-solving skills, the mathematical 

creativity self-efficacy perception scale, and the attitude towards mathematics 

scale. Students’ grades in mathematics were used to represent their academic 

achievement. Conducted with 192 grade 9 students, this study investigated the 

direct and indirect effects of the exogenous variables. The results reveal that 

problem posing skills have a strong effect on academic achievement. On the 

other hand, problem-solving skills, mathematical creativity, and attitude 

towards mathematics mediate the effect of problem posing skills on academic 

achievement, with problem-solving skills emerging as the strongest mediator. 

This study supports the reliability and validity of the proposed conceptual 

model, which is feasible for further investigations. 
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1. INTRODUCTION 

There are several factors that relate to the level of academic achievement in mathematics. Juniati 

and Budayasa [1] suggest that both cognitive and affective factors play an important role in academic 

achievement. Research indicates a certain degree of correlation between cognitive and affective factors.  

Skagerlund et al. [2], for example, argue that a negative attitude towards mathematics may burden one’s 

working memory while completing mathematical problems. Either way, the interaction between these two 

factors significantly influences one’s academic achievement in mathematics [3].  

Cognitive abilities are strongly linked with academic achievement in mathematics [4]. The exercise 

of cognitive abilities determines how efficiently a mathematical task can be done [5]. A few of the cognitive 

abilities that are commonly tied with academic achievement in mathematics include problem-solving [6] and 

mathematical creativity (e.g., [7], [8]). In addition, problem-posing is seen as an essential cognitive skill in 

fostering student academic achievement in recent times [9]. Problem-posing skill is the ability to pose, 
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generate, or reformulate problems, which is found to be an effective skill in deepening students’ knowledge 

and grasp of the concepts in mathematics [10]. Evidence leads to the claim that problem-posing skills allow 

for the development of holistic learning outcomes, including problem-solving skills [11] and mathematical 

creativity [12]. Problem-solving skills allow for the construction of thoughts and knowledge in finding 

appropriate responses to a situation [13], while mathematical creativity enables students to overcome fixation 

in mathematical problem-solving tasks, thereby increasing their ability to deal with high-level problems [14]. 

Meanwhile, affective factors are also associated with academic achievement [15]. Specifically, 

attitude towards mathematics is one of the major contributors to the level of academic achievement in the 

subject [16], [17] and a positive attitude increases one’s engagement and desire to learn [18].  

Núñez et al. [19] support this claim by explaining that attitude is a stable form of students’ consolidated 

responses against a variety of learning stimuli in mathematics. 

Literature confirms the significance of variables such as problem-posing and problem-solving skills, 

mathematical creativity, and attitude towards mathematics in influencing students’ learning outcomes in the 

subject. Several cognitive and affective factors shape how students engage with and perform in mathematics, 

yet many instructional models fail to integrate these variables in a comprehensive and coherent manner. 

While these constructs have been individually explored, there remains limited empirical evidence examining 

their complex interrelationships. Moreover, few studies have attempted to investigate how these variables 

collectively contribute to students’ academic achievement in mathematics. Understanding these relationships 

can contribute to theory building and inform instructional practices by clarifying the roles these factors play 

in shaping academic outcomes. In particular, the interplay among problem-posing and problem-solving skills, 

mathematical creativity, and attitude towards mathematics remains underexplored, despite their potential as 

interconnected constructs that significantly influence achievement. Addressing this gap is essential to 

developing more effective and responsive teaching strategies that promote deeper mathematical 

understanding and improved student performance. Specifically, this study aimed to test the causal 

relationships among the variables in the proposed conceptual model, including problem posing, problem 

solving, mathematical creativity, attitude towards mathematics, and academic achievement, thereby 

informing more effective and holistic instructional practices. 

 

 

2. LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT 

Various attempts have been made to understand and predict mathematics academic achievement. 

Theories have been tested to explain how students’ academic achievement in mathematics is affected by 

variables like problem-posing and solving skills, mathematical creativity, and attitude toward the subject. 

However, in previous studies, these causal relationships are examined in isolation. 

 

2.1.  Problem-posing skills to problem-solving, mathematical creativity, attitude, and mathematics 

academic achievement 

Problem-posing skill is a cognitive process of understanding the task, constructing the problem, and 

expressing the problem [20]. With this, the skill is closely associated with other cognitive abilities that are 

useful in performing mathematical tasks. In a meta-analysis conducted by Kul and Celik [21], it was found 

that engaging students in problem-posing strategies has large effects on problem-solving skills, creativity, 

attitude towards mathematics, and academic achievement. However, it is important to note that  

problem-posing skills are interchangeable to success in problem-posing tasks. The findings of Kul and Celik 

[21] mean that problem-posing skills facilitate understanding of math concepts and processes and increase 

positive attitude and self-efficacy in problem-solving [22].  

Students’ success in navigating structured, semi-structured, and free problem-posing activities 

improves their problem-solving skills. This notion is confirmed by Polat and Ozkaya [23], who report an 

increase in problem-solving skills among students engaged in problem-posing tasks compared to those who 

are not. Moreover, problem-posing is considered an efficient activity to observe fluency, flexibility, and 

originality-the three common indicators of mathematical creativity [24]. This implies that students with a 

high level of problem-posing skills tend to exercise mathematical creativity in solving mathematical 

problems. In fact, Arabaci and Baki [25] claimed that creativity is observable among gifted and non-gifted 

students in a problem-posing-based environment which may indicate that problem-posing skills facilitate the 

development of fluency, flexibility, and originality. 

In addition, studies have attested to how problem-posing elicits a positive attitude towards 

mathematics [26]. Engaging students in problem-posing tasks develops positive attitudes through active 

involvement. The same reasoning is confirmed by Arikan and Dede [27] in their finding that problem-posing 

tasks significantly improve students’ attitudes in mathematics. 

Lastly, problem-posing skills constitute a deeper understanding of mathematics since performing 

mathematical tasks is highly problem-solving in nature. As a result, studies show that problem posing skill 
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also effectively enhances academic achievement. For example, Kovacs et al. [28] indicated a correlation 

between success in problem posing and mathematics grades among sixth graders. These results support 

previous investigations on the possible effect of problem-posing on students’ academic achievement [29]. 

Therefore, the following hypotheses are constructed: 

- Hypothesis 1 (H1): problem-posing skills positively affect problem-solving skills. 

- Hypothesis 2 (H2): problem-posing skills positively affect mathematical creativity. 

- Hypothesis 3 (H3): problem-posing skills positively affect attitude towards mathematics. 

- Hypothesis 4 (H4): problem-posing skills positively affect academic achievement. 

 

2.2.  Problem-solving skills to mathematics academic achievement 

Problem-solving is fundamental to mathematics and predicts mathematical thinking [30]. Solving 

mathematical problems requires not only procedural fluency but also higher-order thinking skills such as 

analysis, interpretation, reasoning, and reflection [31]. As emphasized by Rani et al. [32], there is a strong 

correlation between students’ problem-solving skills with their academic achievement in mathematics. 

Mathematics, by nature, encompasses a wide range of problem-solving activities—ranging from 

solving word problems, identifying patterns, interpreting graphs, constructing geometric figures, and proving 

theorems. The ultimate goal of mathematics instruction is to develop students’ cognitive and affective 

domains in a way that enhances their problem-solving capacities. Problem-solving ability, therefore, becomes 

a key determinant of students’ success in mathematics. As Sinaga et al. [6] noted, students’ understanding of 

how to approach and resolve mathematical problems significantly influences their learning outcomes. This is 

further supported by Toraman et al. [33], who found a positive correlation between problem-solving skills 

and academic achievement in mathematics. 

In this context, instructional approaches that emphasize the development of problem-solving 

abilities tend to yield improved academic outcomes. For example, Albay [34] conducted a true experimental 

study that investigated the effect of a problem-solving-based teaching strategy on students’ academic 

achievement in algebra. The findings demonstrated that engaging students in varied problem-solving tasks 

led to deeper conceptual understanding and enhanced mathematics performance. 

Therefore, the following hypotheses are constructed: 

- Hypothesis 5 (H5): problem-solving skills positively affect academic achievement. 

- Hypothesis 6 (H6): problem-solving skills have a positive intermediary effect on the relationship between 

problem-posing skills and academic achievement. 

 

2.3.  Mathematical creativity to mathematics academic achievement 

There is now a growing recognition of the importance of mathematical creativity in mathematics 

education. In several studies, mathematical creativity is presented in terms of three components: fluency, 

flexibility, and originality [35]. Fluency is the ability to come up with several possible solutions. Flexibility is 

the ability to approach the same problems with different techniques. Originality refers to the novelty of ideas 

generated as a response to a mathematical problem.  

Previous studies have linked the impact of encouraging mathematical creativity to academic 

achievement in mathematics. Joklitschke et al. [36] found that fostering divergent thinking and innovative 

approaches to problem-solving improves students’ deeper understanding of mathematical concepts and their 

competence. Creative students are able to solve novel problems, thus enriching knowledge application. In 

support of this view, a study of Hamid and Kamarudin [8] used mathematical creative approach (MCA) and 

results showed that it enhances the performances of students in solving mathematical problems, leading to 

higher academic achievement scores as indicated in pre-test and posttest of math achievement test results. 

Therefore, the following hypotheses are constructed: 

- Hypothesis 7 (H7): mathematical creativity positively affects academic achievement. 

- Hypothesis 8 (H8): mathematical creativity has a positive intermediary effect on the relationship between 

problem-posing skills and academic achievement. 

 

2.4.  Attitude towards mathematics-to-mathematics academic achievement 

Students’ attitude towards mathematics significantly influences their academic achievement in the 

subject. Shah et al. [37] emphasized that among various attitudinal components, confidence and motivation 

are the most critical, as they drive students’ sustained interest and engagement, especially when tackling 

complex mathematical concepts. Similarly, Wakhata et al. [38] highlighted that affective factors such as 

confidence, motivation, enjoyment, and perceived usefulness are strong indicators of students’ success in 

learning specific mathematical content. These findings reinforce the need to address both cognitive and 

emotional dimensions in mathematics education. Furthermore, Fuson et al. [39] argued that early math 

knowledge is one of the strongest predictors of math grades in high school to college, suggesting that 
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attitudes and academic outcomes are shaped over time. Collectively, these studies underscore the mutual 

relationship between affective factors, instructional practices, and academic achievement in mathematics. 

Therefore, the following hypotheses are constructed: 

- Hypothesis 9 (H9): attitude towards mathematics positively affects academic achievement. 

- Hypothesis 10 (H10): attitude towards mathematics has a positive intermediary effect on the relationship 

between problem-posing skills and academic achievement. 

 

2.5.  Conceptual model 

This research constructed ten hypotheses with five main variables. The relationship of these 

variables is illustrated in the conceptual model diagram in Figure 1. The conceptual model serves as the basis 

for examining the direct and indirect relationships among the study variables. 

 

 

 
 

Figure 1. Diagram of the conceptual model 

 

 

3. METHOD 

A quantitative approach was adopted, with structural equation modeling (SEM) used as the primary 

analytical technique to validate the theoretical model and assess the interrelationships among constructs. 

SEM allows researchers to analyze and estimate complex interrelationships among several dependent and 

independent variables at the same time [40]. Specifically, this study aimed to test the causal relationships 

among the variables in the conceptual model, including problem posing, problem solving, mathematical 

creativity, attitude towards mathematics, and participants’ academic achievement, thereby informing more 

effective and holistic teaching practices. 

 

3.1.  Sample and data collection  

Participants who volunteered to be part of this study were 192 grade 9 students of one of the public 

schools in Dumingag, Zamboanga del Sur, Philippines. The participating school’s population comprised 376 

grade 9 students. Meanwhile, this study was conducted during quarter 2 of the school year 2024-2025 of the 

Philippines’ public basic education school system calendar. Prior to the conduct of the study, the researchers 

ensured that permissions were secured from the authority of the participating school. After the consent, a 

face-to-face orientation was done with students to properly inform them of the study’s objective and the 

nature of their participation. The inclusion criteria for this study were based primarily on students’ 

willingness to participate. Although the data collection was facilitated through Google Forms, participation 

was conducted in person, ensuring that only those who voluntarily consented were included in the study. The 

participants stayed in their classrooms while they participated in the online survey. Assisted by some math 
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teachers, two of the researchers were personally present during the conduct of the study. This step ensured 

that clarifications were made whenever students raised questions related to the procedure of the survey.   
 

3.2.  Research constructs and instruments 

This study adopted four instruments from different authors. First, the students’ problem-posing 

skills were assessed based on their scores obtained in performing an adopted problem-posing task [41]. These 

tasks require students to pose easy, average, and difficult problems based on given illustrations. Second, 

students’ problem-solving skills were self-reported and measured through an adopted scale for mathematical 

problem-solving skills from Erdem-Keklik. The instrument is a 5-point Likert scale that aims to measure 

problem-solving skills through three indicators, namely: self-confidence about solving problems, putting 

effort into solving problems, and procedure followed to solve problems. Third, a mathematical creativity  

self-efficacy perception scale was adopted to measure students’ self-reported level of mathematical creativity 

[42]. The instrument is also a 5-point Likert scale that measures creativity through fluency, flexibility, and 

originality. Fourth, students’ self-reported attitude towards mathematics was measured through an adopted 

attitude towards mathematics scale [43]. The instrument is a 4-point Likert scale that measures attitude 

through dimensions including positive attitude towards mathematics, tendency to avoid math, and negative 

attitude towards mathematics. 

Finally, students’ grades in mathematics were used to represent their academic achievement. Since 

this study was conducted during quarter 2 of the school year 2024-2025, the grade 9 students’ academic 

achievement was measured through their grades obtained in quarter 1 of the same school year. Table 1 

summarizes the construct description, indicators, coding, and data collected in the study. 
 

 

Table 1. Summary of constructs description, their indicators, coding, and data collected 
Construct Indicators Code Data collected 

Problem posing skills Problem posing test scores PP_Score Problem posing task scores 

Problem-solving skills Self-confidence PS_1 Scale for mathematical 
problem-solving skills Putting effort PS_2 

Procedure followed PS_3 

Mathematical creativity Fluency MC_1 Mathematical creativity 

self-efficacy perception 

scale 

Flexibility MC_2 

Originality MC_3 

Attitude towards 
mathematics  

Positive attitude towards mathematics AM_1 Attitude towards 
mathematics scale  Tendency to avoid math AM_2 

Negative attitude towards mathematics AM_3 

Academic achievement  Quarter grade Q_Grade Quarter 1 math grade 

 

 

3.3.  Data analysis 

This study applied a deductive approach to the literature review to derive the conceptual model. The 

model synthesized the causal relationship between variables as described by the research hypotheses as 

shown in Figure 1. Since this study aimed at theory construction, the research model is reflective rather than  

formative [40]. To evaluate the quality of the reflective measurement models estimated by partial least 

squares-structural equation modeling (PLS-SEM) in terms of reliability and validity, the following steps were 

implemented as shown in Figure 2. 
 

 

 
 

Figure 2. Reflective measurement model assessment procedure [40] 
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PLS-SEM was used to justify the derived model using the SEMinR package in R software  

([44], [45]). PLS-SEM is a more suitable approach for causal model analysis [40]. Sarstedt and Danks [46] 

suggest the advantage of PLS-SEM in research that is geared towards deriving recommendations for practice.  

 

 

4. RESULTS 

4.1.  Evaluation of the reflective measurement model 

Before exploring the structural model, the quality of the reflective measurement model was 

evaluated in terms of indicator reliability. Indicator reliability was assessed through indicator loading.  

Hair et al. [40] suggested that acceptable indicator loadings should be greater than 0.708. As presented in 

Table 2, all indicator loadings are greater than 0.708, implying an acceptable indicator reliability. This means 

that there is a strong correlation between each of the indicators and the construct it represents. 

At the construct level, internal consistency reliability was evaluated through composite reliability 

(CR) and Cronbach’s alpha. Acceptable values for both metrics should fall within the range of 0.70 and 0.95 

for both metrics [40]. As shown in Table 2, values for Cronbach’s alpha and CR of constructs measured by 

multiple indicators, namely problem-solving skills, mathematical creativity, and attitude towards 

mathematics, fall within the acceptable range, indicating good internal consistency reliability. This implies a 

strong degree of association among indicators measuring these constructs. For single-item constructs such as 

problem posing skills and academic achievement, Cronbach’s alpha and CR are inherently equal to 1 due to 

the absence of measurement error. Therefore, the model demonstrates satisfactory internal consistency 

reliability. 

The reflective measurement model was also evaluated through average variance extracted (AVE) to 

check for convergent validity. Cheung et al. [47] recommended a minimum AVE of 0.50 for acceptable 

convergent validity. Table 2 shows that the AVE for all constructs exceeds 0.50, implying that the constructs 

explain more than 50 percent of the variance of their indicators. This further confirms that the model exhibits 

acceptable convergent validity. 

 

 

Table 2. Convergent validity of the reflective measurement model 
Construct Indicators Factor loading Cronbach’s 𝛼 CR AVE 

Problem posing skills PP_Score 1.000 1.000 1.000 1.000 

Problem-solving skills PS_1 0.874 0.888 0.930 0.815 

PS_2 0.935    
PS_3 0.899    

Mathematical creativity MC_1 0.851 0.895 0.935 0.828 

MC_2 0.913    
MC_3 0.963    

Attitude towards mathematics AM_1 0.950 0.914 0.945 0.851 

AM_2 0.883    
AM_3 0.934    

Academic achievement Q_Grade 1.000 1.000 1.000 1.000 

 

 

Furthermore, the measurement model was evaluated in terms of discriminant validity.  

Rönkkö and Cho [48] argued that heterotrait-monotrait ratio (HTMT) is essentially the same as a 

disattenuated correlation between unit-weighted composites under the assumption of parallel reliability. 

Disattenuated correlations have long been used to evaluate discriminant validity, with a recommended 

threshold value of 0.90 [49]. Table 3 shows that the majority of the HTMT ratios are below 0.90, indicating 

good discriminant validity. However, the HTMT ratio between problem-solving skills and academic 

achievement exceeds the threshold at 0.941. This inflation is due to the absence of measurement error in 

academic achievement, being a single-item construct, rather than a lack of discriminant validity. Therefore, 

the measurement model still satisfies the criteria for discriminant validity. 

 

 

Table 3. Discriminant validity using HTMT for measurement model evaluation 

Construct 
Problem 

posing skills 

Problem-solving 

skills 

Mathematical 

creativity 

Attitude towards 

mathematics 

Academic 

achievement 

Problem posing skills --     

Problem-solving skills 0.838 --    
Mathematical creativity 0.728 0.827 --   

Attitude towards mathematics 0.599 0.643 0.832 --  

Academic achievement 0.848 0.941 0.895 0.778 -- 
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Based on the result of the measurement model evaluation, all the model evaluation criteria are met. 

The result means that the construct measures are reliable and valid. This further suggests that including them 

in the structural model analysis is suitable. For this reason, the reflective measurement model is appropriate 

for further PLS-SEM analysis, and thus, it is reasonable to proceed with the evaluation of the structural 

model [40]. 

 

4.2.  Evaluation of the structural model 

Issues on potential collinearity were examined using the variance inflation factor (VIF).  

Hair et al. [40] noted that higher VIF values reflect a stronger degree of collinearity, with values of 5 or more 

suggesting potential collinearity issues. On the other hand, if the value of VIF is between 1 to 5, it specifies 

that the variables are moderately correlated to each other [50]. As presented in Table 4, all VIF values are 

below 5, suggesting low collinearity among predictor constructs.   

 

 

Table 4. Collinearity analysis 
Construct correlation VIF 

Problem posing skills and academic achievement 3.021 
Problem-solving skills and academic achievement 3.605 
Mathematical creativity and academic achievement 3.458 
Attitude towards mathematics and academic achievement 2.432 

 

 

The structural model was then assessed in terms of the significance of path coefficients. The 

bootstrapping procedure was done to calculate the t-values and confidence interval at α=0.05. This approach 

increases the validity of outcomes, including the path coefficients [40]. Table 5 shows that all t-values are 

greater than 3.29, indicating 0.001 level of significance for each of the hypothesized direct effects. The 

findings imply that H1, H2, H3, H4, H5, H7, and H9 are all valid hypotheses, i.e., every predictor has a positive 

significant effect on the predicted construct. For instance, the analysis shows that problem posing skills 

positively affects problem-solving skills (H1). A similar conclusion is applicable to all other hypothesized 

direct effects. Meanwhile, results show that problem-solving skills has the strongest direct effect on academic 

achievement (β=0.432). 

In terms of relevance, Table 5 shows that all path coefficients are positive. This strengthens the 

validity of the hypothesized direct effects and further demonstrates the positive impact of each of the 

predictor constructs. Specifically, a one-standard deviation increase in the predictor construct implies an 

increase in the endogenous construct by the value of the path coefficient. For instance, problem posing skills 

has the strongest impact on academic achievement (β=0.806), whereas attitude towards mathematics has the 

least impact on academic achievement (β=0.185). 

 

 

Table 5. Path analysis verification by bootstrapping 
Path Path coefficient (β) t-value 2.5% CI 97.5% CI Hypothesis 

Problem posing skills → problem-solving skills 0.806 *** 24.693 0.739 0.867 H1 accepted 

Problem posing skills → mathematical creativity 0.688 *** 15.672 0.596 0.768 H2 accepted 

Problem posing skills → attitude towards mathematics 0.591 *** 10.877 0.479 0.692 H3 accepted 

Problem posing skills → academic achievement 0.239 *** 4.869 0.146 0.339 H4 accepted 

Problem-solving skills → academic achievement 0.432 *** 6.628 0.312 0.567 H5 accepted 

Mathematical creativity → academic achievement 0.218 *** 4.862 0.136 0.313 H7 accepted 

Attitude towards mathematics → academic achievement 0.185 *** 5.861 0.123 0.246 H9 accepted 

Note: *** significant at p<0.001. 

 

 

The PLS-SEM path analysis diagram is presented in Figure 3. The diagram was generated in R 

using SEMinR package through bootstrapping. The explanatory power of the structural model was assessed 

using the coefficient of determination (R2). Higher R2 values indicate higher explanatory power, with 0.25, 

0.50, and 0.75 are considered weak, moderate, and substantial, respectively [40]. Table 6 shows that 

academic achievement (R2=0.919) has substantial explanatory power for problem posing skills.  

Problem-solving skills (R2=0.650) and mathematical creativity (R2=0.473) have moderate explanatory power 

for problem posing skills. Conversely, academic achievement exhibits moderate explanatory power on 

problem-solving skills (R2=0.432) but weak explanatory power on mathematical creativity (R2=0.218) and 

attitude towards mathematics (R2=0.185). Finally, attitude towards mathematics (R2=0.349) has weak 

explanatory power for problem posing skills. 
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Figure 3. PLS-SEM path analysis diagram 

 

 

Table 6. Coefficient of determination and effect size 
Path analysis R2 Adjusted R2 f2 

Problem posing skills → problem-solving skills 0.650 0.648 1.856 

Problem posing skills → mathematical creativity 0.473 0.471 0.899 

Problem posing skills → attitude towards mathematics 0.349 0.346 0.536 

Problem posing skills → academic achievement 0.919 0.918 0.236 

Problem-solving skills → academic achievement 0.432 0.643 

Mathematical creativity → academic achievement 0.218 0.171 

Attitude towards mathematics → academic achievement 0.185 0.175 

 

 

The model’s explanatory power was further by an investigation of the effect size (f2). Values within 

the interval 0.02< f2≤0.15 is considered a small effect; 0.15<f2≤0.35 is a medium effect, and f2>0.35 is a large 

effect in terms of explanatory ability [36]. Table 6 reveals that problem posing skills has a large effect on 

problem-solving skills (f2=1.856), mathematical creativity (f2=0.899), and attitude towards mathematics 

(f2=0.537). Similarly, problem-solving skills has a large effect on academic achievement (f2=0.643), whereas 

problem posing skills has a medium effect on academic achievement (f2=0.236). Both mathematical 

creativity and attitude towards mathematics exhibit medium effects on academic achievement (f2=0.171 and 

0.175, respectively). Therefore, the analysis confirms that the exogenous variables can explain the 

endogenous variables. 

The intermediary effects, as hypothesized in H6, H8, and H10 were explored using bootstrap 

confidence intervals (CI) at a 5% level of significance. Table 7 shows that all CI for the hypothesized indirect 

effect do not include zero, implying significant indirect effects. Since problem posing skills has a significant 

effect on academic achievement (H4 is valid), it follows that the intermediary effects are classified as partial 

mediations. The result suggests that problem-solving skills partially mediates the effect of problem posing 

skills to academic achievement (H6), mathematical creativity partially mediates the effect of problem posing 

skills to academic achievement (H8), and attitude towards mathematics partially mediates the effect of 

problem posing skills to academic achievement (H10). 

The total indirect effects of problem posing skills on academic achievement are significant, as the 

confidence interval suggests. This result implies that problem-solving skills, mathematical creativity, and 

attitude towards mathematics collectively mediate the influence of problem posing skills on academic 

achievement (0.608). However, among the three mediators, problem-solving skills plays the strongest 

intermediary role in the relationship between problem posing skills and academic achievement. 

Furthermore, as shown in Table 8, the total effect of problem posing skills on academic achievement 

is significant (t=28.406). This means that considering the effects of all other variables in the model, problem 

posing skills produces a strong effect on academic achievement (0.848). Considering the total indirect effects 

(0.608), it can be concluded that the mediators played a major role in the strength of the total effect. 
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Table 7. Mediation effect of problem-solving skill, mathematical creativity and attitude on mathematics 

IV MV DV 
Specific 

indirect effect 
95% CI Hypothesis 

Total indirect 

effect 

Problem posing skills Problem-solving skills 
Academic 

achievement 
0.348 

[0.252, 

0.468] 
H6 accepted 

0.608 

[0.545, 

0.686] 

Problem posing skills Mathematical creativity 
Academic 
achievement  

0.150 
[0.088, 
0.228] 

H8 accepted 

Problem posing skills 
Attitude towards 

mathematics 

Academic 

achievement  
0.109 

[0.069, 

0.155] 
H10 accepted 

Note: IV=independent variable; MV=mediator variable; and DV=dependent variable. 

 

 

Table 8. Total effect of problem posing skill to academic achievement 
Total effect Path coefficient (β) t-talue 95% CI 

Problem posing skills → academic achievement 0.848 *** 28.401 [0.783, 0.901] 

Note: *** significant at p<0.001. 

 

 

5. DISCUSSION 

The main purpose of this study is to explore the different factors that affect the academic 

achievement of students in mathematics. The conceptual model hypothesized the complex causal 

relationships between different variables, including problem-posing and solving skills, mathematical 

creativity, and attitude towards mathematics. To provide an understanding of these relationships, direct 

effects and multiple intermediary relationships were examined. 

Results revealed that problem-posing skills positively affect students’ problem-solving skills, 

mathematical creativity, attitude towards mathematics, and academic achievement in mathematics (H1, H2, 

H3, and H4). These are consistent with the past studies conducted [25], [26]. Enhancing students’ abilities to 

pose mathematical problems stimulates critical and analytical thinking abilities. Through this, students’ 

connection to the subject can be improved, and their understanding of math concepts can be promoted. 

The positive effect of problem-posing on problem-solving skills proves that the act of constructing 

valid and relevant math problems reflects the cognitive process of solving them. Similarly, the positive impact 

of problem-posing on mathematical creativity shows that students’ capacity to pose problems is predictive of 

their ability to produce positive alternative solutions [51]. The favorable influence of problem-posing skills on 

students’ attitudes toward mathematics highlights the emotional advantage of cultivating this ability. As 

students become more proficient in generating mathematical problems, they tend to show greater engagement 

and appreciation for the subject. Furthermore, the positive effect of problem-posing on academic achievement 

underscores the importance of integrating this skill into mathematics instruction. By fostering problem-posing, 

educators can support deeper conceptual understanding and enhance students’ ability to apply knowledge 

effectively. Taken together, these findings point to the value of problem-posing as a foundational competency 

for promoting both cognitive and affective growth in learners. 

On the other hand, problem-solving skills, mathematical creativity, and attitude towards 

mathematics all have positive effects on academic achievement (H5, H7, H9). These findings are also 

supported by previous research (e.g., [34]). Problem-solving skills equip students with the ability to break 

down complicated problems, think of innovative ways to address them, and apply these solutions 

successfully [52]. Students who learn to deal with complex problem situations are more likely to demonstrate 

an effective understanding of math concepts. This study’s findings support that problem-solving ability exerts 

the greatest influence on academic achievement in mathematics. 

Students who have high levels of mathematical creativity exhibit divergent thinking. This ability not 

only allows students to generate multiple solutions but also enables them to recognize and adapt familiar 

strategies in new contexts. Creativity in solving problems makes sense of the practical applications of 

abstract math ideas. In turn, the ability to understand how math concepts can be applied speaks volumes of 

students’ conceptual understanding and achievement in the subject [53]. 

Mathematics academic achievement is also influenced by a student’s attitude towards the subject. Despite 

differences in the measures of attitude proposed across literature, the majority of the studies conducted agree that 

students’ attitudes toward math greatly determine how they perform in the subject [54]. A positive attitude sustains 

students’ motivation in overcoming challenges in dealing with difficult tasks. Conversely, a negative attitude 

hampers students’ analytical ability as they find no interest in working with a certain task. 

This study found that the effect of problem-posing skills on academic achievement is partially 

mediated by problem-solving skills, mathematical creativity, and attitude towards mathematics (H6, H8, H10). 

Problem-posing skills influence students and increase students’ confidence, effort, and adherence to 

systematic procedures in solving problems. It also develops fluency, originality, and fluency, which are 
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essential in dealing with complex mathematical tasks. In addition, problem-posing skills increase positive 

perceptions, engagement, and attitudes toward mathematics. The benefits that problem-posing skills offer 

collectively translate to a meaningful learning experience. In addition, the strength of the influence of the 

mediator variables significantly boosts the impact of problem-posing skills on achievement. It should also be 

noted that among all mediators, enhanced problem-solving ability serves the strongest link between problem 

posing skills and academic achievement in mathematics. 

The findings of these studies suggest that in an effort to enhance students’ academic achievement, 

educators should look carefully into the different factors affecting it. Particularly, classroom instructions 

must take into account the development of cognitive and affective factors relevant to mathematics. More 

importantly, this study advocates for the consideration of problem-posing skills as foundational skills needed 

for students’ success in the subject. 

 

 

6. CONCLUSION 

This study elucidates the causal relationship of the related factors that affect academic achievement. 

It establishes the reliability and validity of the theoretical model. It also validates the causal and mediating 

roles of problem-posing skills, problem-solving skills, mathematical creativity and attitude towards 

mathematics on the academic achievement of students in mathematics. The results support the argument that 

addressing problem-posing skills increases analytical thinking and develops deeper conceptual understanding 

and involvement in mathematics. Of the mediating factors, problem-solving skills are considered the 

strongest link. This emphasizes a cognitive link between the process of constructing problems and solving 

mathematical problems. Additionally, mathematical creativity and positive attitudes had a significant impact 

on academic achievement. Hence, the paramount influence of cognitive and affective factors on student 

learning outcomes is highlighted. Furthermore, this study offers an understanding of paths through which 

problem-posing affects student learning outcomes. It provides empirical evidence for the critical role of 

problem posing in catering to both cognitive skills and affective disposition. The study’s findings lay a sound 

framework for future research in mathematics education. 

While this study offers compelling insights, certain limitations warrant consideration. The data 

collection was conducted through Google Forms, and although participation occurred in person, the nature of 

online self-report surveys may limit the depth of responses and carry the potential for social desirability bias. 

Furthermore, the research design, while strengthened by SEM, remains cross-sectional in nature. Thus, 

although directional pathways and mediating relationships were established, causal claims must be 

interpreted with caution. 

It is recommended that subsequent investigations adopt longitudinal or mixed-method approaches to 

explore how problem-posing, problem-solving, and affective variables evolve over time and influence 

sustained academic achievement. Moreover, future studies should explore the inclusion of more diverse 

learner profiles, including those who exhibit disengagement or anxiety toward mathematics, to deepen our 

understanding of how affective factors mediate achievement across varying learner dispositions. These 

directions would further substantiate the central claim of this study—that both cognitive engagement and 

affective investment are essential to nurturing meaningful mathematical learning. 

 

 

FUNDING INFORMATION  

The authors state that no funding is involved. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT  

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 
 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Ian Cesar P. Balacuit ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓  

Alexis Michael B. 

Oledan 

✓ ✓  ✓  ✓ ✓   ✓ ✓ ✓   

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 



                ISSN: 2089-9823 

J Edu & Learn, Vol. 20, No. 3, August 2026: 1408-1420 

1418 

CONFLICT OF INTEREST STATEMENT 

The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. The authors state no conflict of interest. 

 

 

DATA AVAILABILITY 

The data that support the findings of this study are available on request from the corresponding 

author, [ICPB]. The data, which contains information that could compromise the privacy of research 

participants, are not publicly available due to certain restrictions. 

 

 

REFERENCES 
[1] D. Juniati and I. K. Budayasa, “The influence of cognitive and affective factors on the performance of prospective mathematics 

teachers,” European Journal of Educational Research, vol. volume-11-, no. volume-11-issue-3-july-2022, pp. 1379–1391, Jul. 
2022, doi: 10.12973/eu-jer.11.3.1379. 

[2] K. Skagerlund, R. Östergren, D. Västfjäll, and U. Träff, “How does mathematics anxiety impair mathematical abilities? 

Investigating the link between math anxiety, working memory, and number processing,” PLOS ONE, vol. 14, no. 1, p. e0211283, 
Jan. 2019, doi: 10.1371/journal.pone.0211283. 

[3] B. Svraka and S. Ádám, “Prevalence of cognitive and affective factors influencing mathematical performance,” Gyermeknevelés 

Tudományos Folyóirat, vol. 10, no. 2–3, pp. 190–204, Oct. 2022, doi: 10.31074/gyntf.2022.3.190.204. 
[4] I. Kliziene, A. Paskovske, G. Cizauskas, A. Augustiniene, B. Simonaitiene, and R. Kubiliunas, “The impact of achievements in 

mathematics on cognitive ability in primary school,” Brain Sciences, vol. 12, no. 6, p. 736, Jun. 2022, doi: 
10.3390/brainsci12060736. 

[5] P. Peng and R. A. Kievit, “The development of academic achievement and cognitive abilities: a bidirectional perspective,” Child 

Development Perspectives, vol. 14, no. 1, pp. 15–20, Mar. 2020, doi: 10.1111/cdep.12352. 
[6] B. Sinaga, J. Sitorus, and T. Situmeang, “The influence of students’ problem-solving understanding and results of students’ 

mathematics learning,” Frontiers in Education, vol. 8, Feb. 2023, doi: 10.3389/feduc.2023.1088556. 

[7] N. Ghazali, M. S. Nordin, A. Abdullah, and A. F. Mohd Ayub, “The relationship between students’ MOOC-efficacy and 
meaningful learning,” Asian Journal of University Education, vol. 16, no. 3, p. 89, Oct. 2020, doi: 10.24191/ajue.v16i3.11071. 

[8] N. H. A. Hamid and N. Kamarudin, “Assessing students’ mathematics achievement and mathematical creativity using 

mathematical creative approach: a quasi-experimental research,” Asian Journal of University Education, vol. 17, no. 2, p. 100, 
Jun. 2021, doi: 10.24191/ajue.v17i2.13399. 

[9] C. Zhang, Y. Zhou, T. T. Wijaya, J. Chen, and Y. Ning, “Effects of a problem posing instructional interventions on student 

learning outcomes: a three-level meta-analysis,” Thinking Skills and Creativity, vol. 53, p. 101587, Sep. 2024, doi: 
10.1016/j.tsc.2024.101587. 

[10] P. A. McDonald and J. M. Smith, “Improving mathematical learning in Scotland’s curriculum for excellence through problem 

posing: an integrative review,” The Curriculum Journal, vol. 31, no. 3, pp. 398–435, Sep. 2020, doi: 10.1002/curj.15. 
[11] J. E. Calabrese, M. M. Capraro, and C. G. Thompson, “The relationship between problem posing and problem solving: a 

systematic review,” International Education Studies, vol. 15, no. 4, p. 1, Jul. 2022, doi: 10.5539/ies.v15n4p1. 

[12] M. Sadak, L. Incikabi, F. Ulusoy, and M. Pektas, “Investigating mathematical creativity through the connection between creative 
abilities in problem posing and problem solving,” Thinking Skills and Creativity, vol. 45, Sep. 2022, doi: 10.1016/j.tsc.2022.101108. 

[13] D. Sulistyani, E. E. Subekti, and M. Y. S. Wardana, “Students’ learning difficulties review from mathematics problem-solving 

ability in third-grade elementary school,” Indonesian Journal of Educational Research and Review, vol. 4, no. 2, p. 345, Oct. 
2021, doi: 10.23887/ijerr.v4i2.30310. 

[14] R. C. Stolz, A. T. Blackmon, K. Engerman, L. Tonge, and C. A. McKayle, “Poised for creativity: benefits of exposing 

undergraduate students to creative problem-solving to moderate change in creative self-efficacy and academic achievement,” 
Journal of Creativity, vol. 32, no. 2, p. 100024, Aug. 2022, doi: 10.1016/j.yjoc.2022.100024. 

[15] R. M. A. Ab Rahim, N. A. Kamrozzaman, N. M. Taha, and K. N. Wahidin, “The relationship of affective factors in mathematics 

learning amid pandemic COVID-19,” International Journal of Academic Research in Progressive Education and Development, 
vol. 12, no. 1, Mar. 2023, doi: 10.6007/IJARPED/v12-i1/16417. 

[16] S. Hwang and T. Son, “Students’ Attitude toward mathematics and its relationship with mathematics achievement,” Journal of 

Education and e-Learning Research, vol. 8, no. 3, pp. 272–280, 2021, doi: 10.20448/journal.509.2021.83.272.280. 
[17] N. Berger, E. Mackenzie, and K. Holmes, “Positive attitudes towards mathematics and science are mutually beneficial for student 

achievement: a latent profile analysis of TIMSS 2015,” The Australian Educational Researcher, vol. 47, no. 3, pp. 409–444, Jul. 

2020, doi: 10.1007/s13384-020-00379-8. 
[18] M. Maamin, S. M. Maat, and Z. H. Iksan, “The influence of student engagement on mathematical achievement among secondary 

school students,” Mathematics, vol. 10, no. 1, p. 41, Dec. 2021, doi: 10.3390/math10010041. 

[19] R. P. Núñez, M. V. Rabelo Procopio, R. Fernández-Cézar, and N. Solano-Pinto, “Affective domain and mathematics achievement 
of Colombian students under multiple correspondence analysis,” Frontiers in Education, vol. 8, Jan. 2024, doi: 

10.3389/feduc.2023.1261829. 

[20] L. Zhang et al., “Mathematical problem posing of elementary school students: the impact of task format and its relationship to 
problem solving,” ZDM – Mathematics Education, vol. 54, no. 3, pp. 497–512, Jun. 2022, doi: 10.1007/s11858-021-01324-4. 

[21] Ü. Kul and S. Celik, “A meta-analysis of the impact of problem posing strategies on students’ learning of mathematics,” Revista 

Romaneasca pentru Educatie Multidimensionala, vol. 12, no. 3, pp. 341–368, Sep. 2020, doi: 10.18662/rrem/12.3/325. 
[22] R. Santos, A. Santiago, and C. Cruz, “Problem posing and problem solving in primary school: opportunities for the development 

of different literacies,” Education Sciences, vol. 14, no. 1, p. 97, Jan. 2024, doi: 10.3390/educsci14010097. 

[23] H. Polat and M. Özkaya, “The effect of problem posing-based active learning activities on problem-solving and posing 
performance: the case of fractions,” Journal of Pedagogical Research, Jan. 2023, doi: 10.33902/JPR.202317880. 

[24] D. B. Roble, L. S. Lomibao, and C. A. Luna, “Developing students’ creative constructs in mathematics with problem-based (PB) 

and problem posing (PP) tasks,” Canadian Journal of Family and Youth/Le Journal Canadien de Famille et de la Jeunesse, vol. 

13, no. 2, pp. 82–94, Apr. 2021, doi: 10.29173/cjfy29672. 



J Edu & Learn  ISSN: 2089-9823  

 

Examining the roles of problem posing and solving, mathematical creativity … (Ian Cesar P. Balacuit) 

1419 

[25] D. Arabacı and A. Baki, “An analysis of the gifted and non-gifted students creativity within the context of problem-posing 
activity,” Journal of Pedagogical Research, Jan. 2023, doi: 10.33902/JPR.202317633. 

[26] Y. Katrancı and S. Şengül, “The relationship between middle school students’ attitudes towards mathematical problem-posing, 

attitudes towards mathematical problem-solving, and attitudes towards mathematics,” Education and Science, vol. 44, no. 197,  
pp. 1–24, Jan. 2019, doi: 10.15390/EB.2019.7315. 

[27] E. E. Arikan and Y. Dede, “Elementary Freshmen’s mathematical attitudes in teaching incorporating free problem posing 

activities,” Adıyaman Üniversitesi Eğitim Bilimleri Dergisi, vol. 10, no. 2, pp. 105–121, Dec. 2020, doi: 
10.17984/adyuebd.667355. 

[28] Z. Kovács, E. Báró, O. Lócska, and E. Kónya, “Incorporating problem-posing into sixth-grade mathematics classes,” Education 

Sciences, vol. 13, no. 2, p. 151, Jan. 2023, doi: 10.3390/educsci13020151. 
[29] J. T. Sulaimon, M. O. Yusuf, K. I. Yakub, and M. I. Syarif, “Effect of problem-solving method on pupils’ academic achievement 

in mathematics,” el-Ibtidaiy: Journal of Primary Education, vol. 6, no. 2, p. 165, Nov. 2023, doi: 10.24014/ejpe.v6i2.25112. 

[30] E. Firmansyah, I. B. Baluta, and K. Elfaituri, “The correlation between students’ problem-solving abilities and their mathematical 
thinking in high school mathematics education,” Interval: Indonesian Journal of Mathematical Education, vol. 2, no. 2,  

pp. 132–140, Dec. 2024, doi: 10.37251/ijome.v2i2.1343. 

[31] H. Hermansyah, G. Gunawan, A. Harjono, and R. Adawiyah, “Guided inquiry model with virtual labs to improve students’ 
understanding on heat concept,” Journal of Physics: Conference Series, vol. 1153, p. 012116, Feb. 2019, doi: 10.1088/1742-

6596/1153/1/012116. 

[32] J. Rani, V. Vibha, and A. Ankita, “Relationship between problem solving ability and academic performance in college students-a 
review,” Indian Journal of Applied Research, pp. 20–21, Apr. 2024, doi: 10.36106/ijar/8700786. 

[33] Ç. Toraman, Ş. Orakcı, and O. Aktan, “Analysis of the relationships between mathematics achievement, reflective thinking of 

problem solving and metacognitive awareness,” International Journal of Progressive Education, vol. 16, no. 2, pp. 72–90, Apr. 
2020, doi: 10.29329/ijpe.2020.241.6. 

[34] E. M. Albay, “Analyzing the effects of the problem solving approach to the performance and attitude of first year university 

students,” Social Sciences & Humanities Open, vol. 1, no. 1, p. 100006, 2019, doi: 10.1016/j.ssaho.2019.100006. 
[35] P. Haavold, B. Sriraman, and K.-H. Lee, “Creativity in mathematics education,” in Encyclopedia of Mathematics Education, 

Cham: Springer International Publishing, 2020, pp. 145–154, doi: 10.1007/978-3-030-15789-0_33. 

[36] J. Joklitschke, B. Rott, and M. Schindler, “Notions of creativity in mathematics education research: a systematic literature 
review,” International Journal of Science and Mathematics Education, vol. 20, no. 6, pp. 1161–1181, Aug. 2022, doi: 

10.1007/s10763-021-10192-z. 

[37] N. H. Shah et al., “Effect of students attitude towards mathematics on their mathematical achievement at secondary school level,” 
International Journal of Emerging Technologies in Learning (iJET), vol. 18, no. 12, pp. 178–192, Jun. 2023, doi: 

10.3991/ijet.v18i12.38765. 

[38] R. Wakhata, V. Mutarutinya, and S. Balimuttajjo, “Secondary school students’ attitude towards mathematics word problems,” 
Humanities and Social Sciences Communications, vol. 9, no. 1, p. 444, Dec. 2022, doi: 10.1057/s41599-022-01449-1. 

[39] K. C. Fuson, D. H. Clements, and J. Sarama, “Making early math education work for all children,” Phi Delta Kappan, vol. 97,  

no. 3, pp. 63–68, Nov. 2015, doi: 10.1177/0031721715614831. 
[40] J. F. Hair, G. T. M. Hult, C. M. Ringle, M. Sarstedt, N. P. Danks, and S. Ray, “An introduction to structural equation modeling,” 

in Partial Least Squares Structural Equation Modeling (PLS-SEM) Using R, Classroom Companion: Business, 2021, pp. 1–29, 

doi: 10.1007/978-3-030-80519-7_1. 
[41] M. Güler and E. Çekmez, “Problem-solving and posing skills in middle school students: the impact of gender, school type and 

grade level,” Journal of Pedagogical Research, vol. 7, no. 5, pp. 34–47, Sep. 2023, doi: 10.33902/JPR.202319508. 

[42] K. Açikgül and A. Aksungur, “Developing a mathematical creativity self-efficacy perception scale for pre-service mathematics 
teachers,” Research in Pedagogy, vol. 12, no. 1, pp. 15–28, 2022, doi: 10.5937/IstrPed2201015A. 

[43] P. D. Bosco, S. Karunanidhi, and S. Sasikala, “Construction and validation of attitude towards mathematics scale (Atms),” 

Journal of Positive School Psychology, vol. 2022, no. 6, pp. 1676–1685, 2022. 
[44] R. C. Hair Jr J F, Hult G T M, A primer on partial least squares structural equation modeling (PLS-SEM), 3rd ed. Thousand 

Oaks, CA: Sage, 2022. 
[45] J. Hair and A. Alamer, “Partial least squares structural equation modeling (PLS-SEM) in second language and education research: 

guidelines using an applied example,” Research Methods in Applied Linguistics, vol. 1, no. 3, p. 100027, Dec. 2022, doi: 

10.1016/j.rmal.2022.100027. 
[46] M. Sarstedt and N. P. Danks, “Prediction in HRM research–A gap between rhetoric and reality,” Human Resource Management 

Journal, vol. 32, no. 2, pp. 485–513, Apr. 2022, doi: 10.1111/1748-8583.12400. 

[47] G. W. Cheung, H. D. Cooper-Thomas, R. S. Lau, and L. C. Wang, “Reporting reliability, convergent and discriminant validity 

with structural equation modeling: A review and best-practice recommendations,” Asia Pacific Journal of Management, vol. 41, 

no. 2, pp. 745–783, Jun. 2024, doi: 10.1007/s10490-023-09871-y. 

[48] M. Rönkkö and E. Cho, “An updated guideline for assessing discriminant validity,” Organizational Research Methods, vol. 25, 
no. 1, pp. 6–14, Jan. 2022, doi: 10.1177/1094428120968614. 

[49] G. Franke and M. Sarstedt, “Heuristics versus statistics in discriminant validity testing: a comparison of four procedures,” Internet 

Research, vol. 29, no. 3, pp. 430–447, Jun. 2019, doi: 10.1108/IntR-12-2017-0515. 
[50] N. Shrestha, “Detecting multicollinearity in regression analysis,” American Journal of Applied Mathematics and Statistics, vol. 8, 

no. 2, pp. 39–42, Jun. 2020, doi: 10.12691/ajams-8-2-1. 

[51] I. D. Lestari, M. Japar, and A. Sapriati, “The effect of problem posing, CUPs and critical thinking on HOTS-based learning 
achievement,” Al-Ishlah: Jurnal Pendidikan, vol. 14, no. 3, pp. 4371–4380, Oct. 2022, doi: 10.35445/alishlah.v14i3.737. 

[52] M. A. Adeoye and H. A. Jimoh, “Problem-solving skills among 21st-century learners toward creativity and innovation ideas,” 

Thinking Skills and Creativity Journal, vol. 6, no. 1, pp. 52–58, Jun. 2023, doi: 10.23887/tscj.v6i1.62708. 
[53] Marzuki, E. Cahya, and Wahyudin, “Relationship between mathematical creative thinking ability and student’s achievement in 

gender perspective,” Journal of Physics: Conference Series, vol. 1521, no. 3, p. 032039, Apr. 2020, doi: 10.1088/1742-

6596/1521/3/032039. 
[54] H. Harun, B. Kartowagiran, and A. Manaf, “Student attitude and mathematics learning success: a meta-analysis,” International 

Journal of Instruction, vol. 14, no. 4, pp. 209–222, Oct. 2021, doi: 10.29333/iji.2021.14413a. 

 

 

 



                ISSN: 2089-9823 

J Edu & Learn, Vol. 20, No. 3, August 2026: 1408-1420 

1420 

BIOGRAPHIES OF AUTHORS 

 

 

Ian Cesar P. Balacuit     is a Ph.D. student in Science Education majoring in 

Mathematics at Mindanao State University-Iligan Institute of Technology under the  

DOST-CBPSME (Capacity Building Program in Science and Mathematics Education) 

scholarship. He earned Master of Science Education majoring Mathematics at Mindanao State 

University-Iligan Institute of Technology, Iligan City, Philippines. His research interest 

focuses on areas including computational thinking, problem solving, and problem posing. He 

can be contacted at email: iancesar.balacuit@g.msuiit.edu.ph. 

  

 

Alexis Michael B. Oledan     is an associate professor in the Department of Science 

and Mathematics Education at Mindanao State University-Iligan Institute of Technology 

College of Education. He is also the Mathematics, Information Technology, and ABM 

Department Chairperson at Mindanao State University-Iligan Institute of Technology 

Integrated Developmental School. He earned his Ph.D. in Science Education, majoring in 

Mathematics, from De La Salle University-Manila. His research focuses on mathematical 

creativity, open-ended tasks, ethnomathematics, and blended learning. He has presented 

numerous papers at international conferences. He is an active member of the Philippine 

Council of Mathematics Educators (MATHTED), Inc., and currently leads the mathematics 

section of IDS in Lesson Study. He can be contacted at email: 

alexismichael.oledan@g.msuiit.edu.ph. 

 

https://orcid.org/0009-0009-3372-4201
https://scholar.google.com/citations?user=-tlRtKQAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/KFS-1115-2024
https://orcid.org/0009-0003-9273-8407
https://scholar.google.com/citations?user=gft3gNoAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/NVM-7746-2025

