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1. Introduction 

 

Student-centered learning has garnered increasing attention, particularly for its effectiveness in fostering problem-
solving skills and enhancing student engagement. A prominent model within this approach is problem-based learning (PBL), 
which emphasizes the use of real-world problems to encourage active student participation (Al-Busaidi et al., 2021; Hmelo-
Silver, 2004; Rizal et al., 2021; Russo & Minas, 2021; Savery, 2015). PBL is a student-centered approach that fosters critical 
thinking, teamwork, and deeper learning. PBL generates a dynamic learning environment that supports both individual and 
group development by including students in solving real-world, challenging tasks (Bovill, 2020; Fogg & Fendley, 2024; 
Nemakhavhani, 2024; Razak et al., 2022; Tadesse et al., 2021). Knowing how PBL affects learning results becomes crucial, as it 
is increasingly used in many different educational environments. PBL challenges students in building knowledge through group 
projects and autonomous research motivated by real-life situations that are pertinent to their daily lives. This method enhances 
education and promotes real and significant student participation (Chaiyasit et al., 2023). PBL also improves academic results 
and student involvement by encouraging active participation and cooperative learning. Teachers can use planned interventions 
that support inclusivity and build critical teamwork skills to handle shared issues, including language barriers and unequal 
degrees of dedication among students (Lila, 2025; Solone et al., 2020). Through active participation in group discussions and 
problem solving, students can deepen their knowledge and enhance their scientific communication skills (Acharya et al., 2024; 
Divrik et al., 2021; Oktavia et al., 2024). 

Mathematical and other forms of academic performance are influenced by student engagement. Thus, increasing 
student engagement improves active participation, attentiveness, academic performance, problem-solving skills, and critical 
thinking skills (Calicdan & Gementiza-Cubio, 2025; Charles, 2024; Razak et al., 2022; Silva et al., 2022; Verdeflor et al., 2024). 
Engagement is becoming increasingly accepted as a sensible solution for low academic performance-related problems. 
Research indicates that academic performance correlates favorably with student engagement in the behavioral, cognitive, and 
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emotional spheres (Kamei & Harriott, 2021). This correlation implies that motivating participation can effectively increase 
academic results (Asanre et al., 2024; Çali et al., 2024; Liu & Liang, 2023). This holds true across many educational environments 
and student populations. 

In the context of PBL (Oktavia et al., 2024), teacher support is important for student engagement. This scenario indicates 
that good teaching strategies such as PBL are most successful when teachers can properly control group interactions and 
support significant student participation (Shao et al., 2025). Moreover, teacher support directly affects student engagement 
and influences students' academic self-efficacy and professional commitment (Zhou & Wu, 2023). Students who feel supported 
by their teachers show better motivation and active participation, thus improving their educational experience and 
engagement (Savitri et al., 2023). Yang et al. (2024) highlighted the need for more teacher support in mathematics learning 
since emotional and competency support favors student engagement. They also underline how academic self-efficacy 
moderates the correlation between several kinds of teacher support and engagement. This emphasizes the importance of 
teacher participation in realizing a motivating and supportive classroom fit for student success. Although PBL is increasingly 
implemented, more studies are needed to investigate how this model might improve student engagement in elementary 
schools, particularly in diverse sociocultural settings, to ensure that strategies are tailored to address the specific needs of each 
student (Al Hussaini et al., 2024; Nugraha et al., 2024; Sirwesvary & Jamaludin, 2025; Zhao, 2024). 

According to a systematic literature review, student engagement is greatly enhanced by intrinsic motivation, perceived 
value, self-regulation, and social support. A lack of relevance in learning resources and inadequate meaningful interactions are 
common causes of disengagement among students, undermining their inherent drive and apparent value in education (Lu & 
Rameli, 2024). Tali (2023) underlines how supportive teacher‒student interactions and good peer relationships significantly 
enhance student engagement. Students who feel close to their peers and under the direction of their teachers are more inclined 
to engage actively in school events and perform academically. Moreover, personal traits such as motivation, self-efficacy, and 
environmental elements such as teacher support and peer interactions significantly affect student participation, resolving the 
problem of disengagement in educational environments (Hu & Abu Talib, 2023; Tali, 2023). On the other hand, poor 
environmental support and poor teacher behavior can prevent participation. Prior research suggests that enhancing meaningful 
interactions and ensuring the relevance of instructional materials are essential strategies for improving student engagement 
and mitigating persistent disengagement in educational settings (Hennessy & Murphy, 2023; Li & Xue, 2023). 

PBL has been extensively studied in secondary and higher education contexts. Moreover, prior studies have consistently 
demonstrated that it can enhance critical thinking, collaboration, and active participation. However, there is a lack of empirical 
research specifically targeting elementary school settings, where foundational skills and engagement strategies are crucial for 
long-term academic success (Al Hussaini et al., 2024; Zhao, 2024). Furthermore, although student engagement has been 
acknowledged as a reliable indicator of academic success, there is a limited understanding of how PBL specifically influences 
each engagement dimension in young learners, especially in mathematics, a subject often perceived as abstract and challenging 
in early grades. Another notable gap lies in the interaction between teacher support and the effectiveness of PBL. While teacher 
facilitation is recognized as critical in managing group dynamics and sustaining engagement, few studies have systematically 
examined how varying levels of teacher support modulate the effectiveness of PBL in elementary mathematics classrooms 
(Yang et al., 2024; Zhou & Wu, 2023). Addressing these gaps is essential, as early positive experiences in mathematics can shape 
students' long-term attitudes and performance in STEM fields. Understanding how PBL increases student engagement and 
under what circumstances it is most successful can guide evidence-based teaching plans and teacher professional development, 
ultimately producing better academic results in elementary education. The following hypotheses were proposed on the basis 
of the identified gaps and the body of the present research: 

The Introduction should briefly place the study in a broad context and highlight why it is important and necessary. It 
should provide a general background of the study, define a problem, emphasize the purpose/justification for its execution, and 
present a clear and concise study objective. Hypotheses should also be addressed here. 

The current state of the research field should be carefully reviewed, and key publications, especially recent ones, should 
be cited. The Introduction should be comprehensible and connect the points mentioned above with a dynamic flow of reading, 
making it accessible to scientists outside the specific research field. Citations should be presented in parentheses, using only 
the first author's last name followed by the year, without commas or periods. 

 

H1: Implementing the PBL model significantly improves student behavioral engagement in elementary mathematics 
learning. 

H2: Implementing the PBL model significantly improves student emotional engagement in elementary mathematics 
learning. 

H3: Implementing the PBL model significantly improves student cognitive engagement in elementary mathematics 
learning. 

H4: Elementary students who learn mathematics through the PBL model exhibit significantly higher overall engagement 
levels than those taught via the conventional approach. 

 

2. Materials and Methods 
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This study included two classes in Salatiga, Indonesia, consisting of 128 fourth-grade elementary school students aged 
9--11. An experimental or a control group was assigned to each class. Whereas the control group (n = 65) received instruction 
via a conventional teaching approach (CTA), the experimental group (n = 63) received instruction via the problem-based 
learning (PBL) model. Student engagement was thoroughly measured by administering a validated questionnaire with 13 items 
covering three dimensions, including behavioral engagement (5 items), emotional engagement (3 items), and cognitive 
engagement (5 items). The instrument uses a four-point Likert-type scale, with response options ranging from "never" (1) to 
"always" (4). SPSS analysis of the data was used to evaluate the instrument's validity and reliability. With correlation values 
exceeding 0.1927, the validity test revealed that all 13 items were valid. The reliability test yielded a Cronbach's alpha of 0.859, 
well above the acceptable threshold of 0.70, indicating high internal consistency. These results demonstrate that the 
instrument used in this study was valid and reliable. Thus, it was appropriate for measuring student engagement in learning 
activities. 
 

2.1. Research design 
 

This study employed a quasiexperimental pretest–posttest control group design, with classes randomly assigned to the 
experimental or control group. The study incorporated quantitative and qualitative data, with qualitative data serving a 
supplementary role in the overall research design [34]. Specifically, two intact heterogeneous classes were used: one served as 
the experimental group, which received instructions through the PBL model, while the other functioned as the control group, 
which was taught via the CTA model. The pretest–posttest control group design, a type of experimental design, was used to 
compare the effectiveness of the two instructional methods. This design is suitable when pre- and postintervention evaluations 
are conducted via random assignment to groups. Students in the experimental and control groups were selected on the basis 
of analytical criteria. 

The present study addresses the following research questions: 1) Does implementing the PBL model significantly 
improve students' behavioral engagement in elementary mathematics learning? 2) Does implementing the PBL model 
significantly improve students' emotional engagement in elementary mathematics learning? 3) Does implementing the PBL 
model significantly improve students' cognitive engagement in elementary mathematics learning? 4) Do elementary students 
who learn mathematics through the PBL model demonstrate significantly higher overall engagement levels than those taught 
via the conventional approach? 
 

2.2. Experimental procedure 
 

At the outset, the Student Engagement (SE) scale for geometry was administered to both the experimental and control 
groups as a pretest to assess their initial level of engagement. In the experimental group, instruction on the topic of numerical 
arithmetic operations was delivered via the PBL model over a total of six instructional hours. Using the CTA model, the control 
group received instructions on the same material during the same period. All instructional activities were conducted according 
to the preestablished teaching and learning materials. 
 

3. Results 
 

The results are presented according to the hypotheses derived from the research objectives. Table 1 below displays the 
paired-sample t test results comparing the mean pretest and posttest scores for student engagement (SE) within the 
experimental group. The findings indicated statistically significant differences in favor of the posttest scores across all 
subdimensions and the overall SE scale. The mean pretest score for the experimental group's behavioral engagement (BE) 
subdimension was X̄ = 10.25. In contrast, the mean posttest score was X̄ = 11.68, with the difference being statistically 
significant in favor of the posttest score, t(62) = 4.181, p < 0.05. The mean pretest score for the emotional engagement (EE) 
subdimension was X̄ = 13.89. The mean posttest score was X̄ = 16.43, indicating a significant improvement, t(62) = 7.587, p < 
0.05. The cognitive engagement (CE) subdimension had a mean pretest score of X̄ = 11.70 and a mean posttest score of X̄ = 
13.13, with the difference again being statistically significant, t(62) = 4.832, p < 0.05. Finally, the overall SE score for the 
experimental group improved from a mean of X̄ = 34.11 on the pretest to X̄ = 41.24 on the posttest, with a highly significant 
difference in favor of the posttest, t(62) = 8.567, p < 0.05. These findings suggest that the problem-based learning (PBL) model 
effectively improved student engagement in the learning materials of arithmetic operations involving numbers. 

Table 2 presents the mean pretest and posttest scores for the control group's subdimensions of student engagement 
(SE). For the behavioral engagement (BE) subdimension, the mean pretest score was X̄ = 9.78, and the posttest score was X̄ = 
9.94. The difference was not statistically significant, t(64) = 0.632, p < 0.05. For emotional engagement (EE), the mean pretest 
score was X̄ = 13.08, and the posttest score was X̄ = 14.02, indicating a statistically significant increase, t(64) = 2.691, p < 0.05. 
In terms of cognitive engagement (CE), the mean pretest score was X̄ = 12.09, and the posttest score was X̄ = 12.83, also 
indicating a statistically significant difference, t(64) = 2.254, p < 0.05. The overall student engagement (SE) score increased from 
X̄ = 34.95 (pretest) to X̄ = 36.78 (posttest), with the difference being statistically significant, t(64) = 3.143, p < 0.05. These findings 
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suggest that the PBL model effectively enhances student engagement in the context of arithmetic operations in elementary 
school environments. 
 

Table 1 Paired-samples t test results for student engagement pretest and posttest scores in the experimental group. 

Sub-Dimension Variants N X̄ SD df t p 

Behavioral Engagement (BE) Pretest 63 10.25 2.213 62 4.181 < 0.05 

Posttest 63 11.68 2.139 

Emotional Engagement (EE) Pretest 63 13.89 2.080 62 

 

7.587 < 0.05 

Posttest 63 16.43 2.100 

Cognitive Engagement (CE) Pretest 63 11.70 2.107 62 4.832 < 0.05 

Posttest 63 13.13 2.012 

Overall Score of Student Engagement (SE) Pretest 63 34.11 3.844 62 8.567 < 0.05 

Posttest 63 41.24 4.196 

Source: Research data processed with SPSS, 2025. 
 

Table 2 Paired-samples t test results for student engagement pretest and posttest scores in the control group. 

Sub-Dimension Variants N X̄ SD df t p 

Behavioral Engagement (BE) Pretest 65 9.78 2.589 64 0.632 > 0.05 

Posttest 65 9.94 2.585 64 

Emotional Engagement (EE) Pretest 65 13.08 2.648 64 2.691 < 0.05 

Posttest 65 14.02 2.660 64 

Cognitive Engagement (CE) Pretest 65 12.09 2.343 64 2.254 < 0.05 

Posttest 65 12.83 2.759 64 

Overall Score of Student 

Engagement (SE) 

Pretest 65 34.95 5.524 64 3.143 < 0.05 

Posttest 65 36.78 6.426 64 

Source: Research data processed with SPSS, 2025. 
 

Table 3 summarizes the ANCOVA results comparing students' mean behavioral engagement (BE) scores in the 
experimental and control groups, as measured by the postintervention questionnaire. The analysis revealed that students' 
preintervention BE scores significantly affected their postintervention scores, F(1, 125) = 36.207, p < 0.05, η² = 0.225. 
Additionally, the results indicated a significant effect of the instructional model on the postquestionnaire scores, F(1, 125) = 
16.560, p < 0.05, η² = 0.117. These findings suggest that both the pretest BE scores and the instructional model significantly 
affected the posttest BE outcomes. However, the instructional model had a greater effect size than the initial BE scores did, 
indicating that the intervention administered to each group played a more substantial role in shaping students' behavioral 
engagement. However, the results also revealed no significant difference in postintervention BE scores between students in 
the experimental group, who followed the PBL model, and those in the control group, who received the CTA model. 

To summarize, paired-sample t tests comparing pre- and posttest scores for the experimental group revealed statistically 
significant increases across all three engagement dimensions and overall student engagement (SE). Behavioral engagement 
(BE) improved from a mean of 10.25 to 11.68, t(62) = 4.181, p < 0.05; emotional engagement (EE) rose from 13.89 to 16.43, 
t(62) = 7.587, p < 0.05; and cognitive engagement (CE) increased from 11.70 to 13.13, t(62) = 4.832, p < 0.05. Overall, the SE 
rose from 34.11 to 41.24, with a highly significant change, t(62) = 8.567, p < 0.05. These findings support H1 (behavioral 
engagement), H2 (emotional engagement), and H3 (cognitive engagement) on the basis of within-group comparisons. They 
also support H4, which proposed that PBL significantly improves overall engagement. However, interpretation requires caution 
due to contextual limitations. The study was conducted in two fourth-grade classrooms in a single Indonesian city, which might 
limit the generalizability of the findings. Furthermore, the engagement instrument was based on self-reported data, which 
introduced the potential for response bias. 
 

Table 3 ANCOVA results comparing behavioral engagement scores between the experimental and control groups. 

Source df Mean Square F Sig. η² 

Corrected Model 2 128.547 29.129 < 0.05 0.318 

Intercept 1 236.909 53.684 < 0.05 0.300 

Pre_BE 1 159.779 36.207 < 0.05 0.225 

Instructions 1 73.078 16.560 < 0.05 0.117 

Error 125 4.413    

Total 128     

Corrected Total 127     

Source: Research data processed with SPSS, 2025. 
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Table 4 summarizes the ANCOVA results comparing the experimental and control groups' mean emotional engagement 
(EE) scores on the basis of their postintervention behavioral engagement (BE) questionnaire scores. The analysis revealed that 
students' preintervention EE scores had a statistically significant effect on their postintervention student engagement (SE) 
scores, F(1, 125) = 17.038, p < 0.05, η² = 0.120. The ANCOVA results also indicated that the preintervention EE scores and the 
instructional group assignment significantly affected the dependent variable. Notably, the effect of the instructional group was 
greater than that of the initial EE scores, suggesting that the type of instruction or intervention provided to each group 
significantly affected students' emotional engagement. However, the analysis revealed no significant difference in EE between 
the experimental group, which followed the PBL model, and the control group, which followed the CTA model. 
 

Table 4 ANCOVA results comparing emotional engagement scores between the experimental and control groups. 

Source df Mean Square F Sig. η² 

Corrected Model 2 136.720 26.733 < 0.05 0.300 

Intercept 1 423.452 82.799 < 0.05 0.398 

Pre_EE 1 87.135 17.038 < 0.05 0.120 

Instructions 1 141.010 27.572 < 0.05 0.181 

Error 125 5.114    

Total 128     

Corrected Total 127     

Source: Research data processed with SPSS, 2025. 
 

Table 5 summarizes the ANCOVA results comparing the mean Cognitive Engagement (CE) scores of the experimental 
and control groups using postintervention scores from the Behavioral Engagement (BE) Questionnaire. The analysis revealed 
that students' pretest CE questionnaire scores significantly affected their posttest CE scores, F(1, 125) = 27.408, p < 0.05, η² = 
0.180. The ANCOVA results indicate that the pretest CE scores and the instructional group significantly affected the dependent 
variable. However, the effect of the pretest CE score was greater than that of the instructional score. This result suggests that 
the intervention administered to each group had a measurable, albeit limited, effect on students' cognitive engagement. 
Furthermore, the results indicate no statistically significant difference in posttest cognitive engagement (CE) scores between 
the experimental group, which followed the PBL model, and the control group, which followed the CTA model, F(1, 125) = 
1.494, p = 0.224, η² = 0.012. 
 

Table 5 ANCOVA results comparing cognitive engagement scores between the experimental and control groups. 

Source df Mean Square F Sig. η² 

Corrected Model 2 67.774 13.994 < 0.05 0.183 

Intercept 1 241.084 49.799 < 0.05 0.285 

Pre_CE 1 132.741 27.408 < 0.05 0.180 

Instructions 1 7.237 1.494 < 0.05 0.012 

Error 125 4.843    

Total 128     

Corrected Total 127     

Source: Research data processed with SPSS, 2025. 
 

Table 6 summarizes the ANCOVA results comparing the mean scores of student performance in the experimental and 
control groups on the basis of their post-Student Engagement (SE) Questionnaire scores. The analysis indicated that students' 
pre-SE scores significantly affected their post-SE scores, F(1, 125) = 74.432, p < 0.05, η² = 0.373. Additionally, there was a 
significant treatment effect on the postquestionnaire scores, F(1, 125) = 100.703, p < 0.05, η² = 0.446. The effect size of 44.6% 
suggests that the instructional group variable contributed substantially to the model, even more so than the prequestionnaire 
scores did. These findings demonstrate that the treatment group significantly affected the dependent variable. The initial scores 
(prequestionnaire) and the instructional group significantly affected the dependent variable, with the instructional group 
having a greater effect. This result suggests that the intervention applied to each group effectively improved student 
engagement. Overall, the model significantly explained the variance in the dependent variable, with a considerable effect size 
of 46.4%. However, despite the significant effects observed, the final output suggests no statistically significant difference in 
outcomes between students in the experimental group (following the PBL model) and those in the control group (following the 
CTA model), which might require further clarification or examination. 

ANCOVA tests were utilized to examine whether the instructional method had a significant effect when pretest scores 
were controlled for. The analyses confirmed that the instructional method significantly affected the posttest scores for 
behavioral engagement (η² = 0.117) and emotional engagement (η² = 0.181). For Cognitive Engagement, however, the effect 
of instruction was not statistically significant (F(1, 125) = 1.494, p = 0.224, η² = 0.012). This partial support suggests that H3, 
while accepted in the t test analysis, was only partially accepted when controlling for preexisting differences, indicating a more 

about:blank
about:blank
https://www.malque.pub/


 
6 

 

  

 

Anugraheni et al. (2026) 
 

https://www.malque.pub/ojs/index.php/mr 

nuanced effect of PBL on cognitive processes. Overall, student engagement also demonstrated a strong treatment effect in 
ANCOVA (F(1, 125) = 100.703, p < 0.05, η² = 0.446), confirming H4. Compared with the conventional method, the large effect 
size indicates that the PBL model substantially affects engagement. Although PBL showed more significant results, the brief 6-
hour intervention and small sample size indicated that more research is needed to confirm these conclusions in more extensive 
environments and longer durations. 
 

Table 6 ANCOVA results comparing student engagement scores between the experimental and control groups. 

Source df Mean Square F Sig. η² 

Corrected Model 2 1014.140 54.159 < 0.05 0.464 

Intercept 1 1869.255 99.826 < 0.05 0.444 

Pre_QUESTIONNAIRE 1 1393.763 74.432 < 0.05 0.373 

Instructions 1 1885.675 100.703 < 0.05 0.446 

Error 125 18.725    

Total 128     

Corrected Total 127     

Source: Research data processed with SPSS, 2025. 
 

4. Discussion 
 

The application of problem-based learning (PBL) and its significant effect on student engagement (SE) in elementary 
school mathematics learning were investigated in this study. Comparatively, the results of the SE levels before and after PBL 
demonstrate that this teaching strategy might successfully improve mathematical student engagement. By presenting real-
world and contextually relevant problems, PBL encourages students to engage more actively in the learning process, thereby 
deepening their understanding and enhancing their interaction with the subject matter (Bovill, 2020; Chaiyasit et al., 2023; 
Fogg & Fendley, 2024; Nemakhavhani, 2024; Tadesse et al., 2021). Students who believe that their education is relevant to 
their lives are more likely to be actively engaged and intrinsically motivated (Chastnyk et al., 2024; Lu & Rameli, 2024). These 
findings also match earlier research confirming PBL's efficacy in increasing student engagement (Amrin & Ritonga, 2024; 
Kodinar et al., 2024; Naik et al., 2024; SV et al., 2024). This study thus added to the increasing corpus of empirical data 
confirming PBL's contribution to higher student engagement, thus improving the quality of education. 

Conventional methods of teaching problem solving sometimes focus on separate parts of a subject. With the aim of 
obtaining a deeper conceptual understanding rather than just finding the right answer, PBL supports broader, orderly content 
exploration (Doz et al., 2024; Fitria et al., 2025; Raghu et al., 2025; Vélez Silva et al., 2024). For instance, the conventional 
teaching approach (CTA) usually stresses definitions and descriptive qualities, which might restrict the development of a 
complete conceptual framework (Gennen, 2023; Hu, 2024). PBL, on the other hand, challenges students to see connections 
between ideas, create knowledge on their own, and own their learning. The learning process also encourages self-evaluation, 
active participation, and autonomy (Dianasari et al., 2025; Hasiana et al., 2024; Sidiki et al., 2024; Tymoshenko et al., 2024). 
PBL also promotes teamwork since it forces students to interact, share knowledge, and practice critical personal skills (Oktavia 
et al., 2024; Shvets et al., 2024). Ten heterogeneous groups composed the experimental group for the present study; students 
collaborated to solve problem-based scenarios. They improved their academic knowledge and cooperative skills through peer 
review, group problem solving, and conversation. 

This study contributes considerably to educational theory and practice concerning student engagement. PBL significantly 
improved student engagement across three dimensions, including 1) behavioral engagement (active participation and 
adherence to classroom norms), 2) emotional engagement (enthusiasm, interest, and emotional connection to learning), and 
3) cognitive engagement (critical thinking, analysis, and deep reflection), theoretically expanding the relevant body of 
knowledge. The results also provide fresh perspectives on how well PBL creates interactive, student-centered learning 
environments fit the rigors of modern education. This is consistent with previous studies on the correlation between PBL and 
student motivation (Hu & Abu Talib, 2023; Savitri et al., 2023; Tali, 2023; Al-Busaidi et al., 2021; Razak et al., 2022; Stanciulescu 
et al., 2022) as well as its efficacy in developing problem-solving ability. Therefore, this study supports the relevance of student-
centered pedagogical approaches and offers a strong empirical foundation for creative teaching plans. Practically, the findings 
draw attention to significant ramifications for teachers, especially those in elementary schools. Through more interesting and 
relevant learning opportunities, PBL presents a convincing substitute for more traditional teaching strategies, including CTA. It 
promotes closer ties to the content and active student engagement. 

However, several limitations must be acknowledged to help explain the outcomes. First, the sample came from only two 
classrooms in one city in Indonesia, so the generalizability of the results is restricted to other institutions, areas, or classrooms 
elsewhere. Students' responses to PBL can vary depending on their sociocultural, institutional, and instructional backgrounds. 
Future studies should replicate this design across diverse geographical areas and school types to confirm broader applicability. 
Second, although the student engagement scale used in this study demonstrated good reliability, it relied solely on self-report 
measures. This condition might introduce response bias or limit the depth of understanding regarding the behavioral 
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dimension. Complementary qualitative methods, such as classroom observations, teacher interviews, or student focus groups, 
could enrich the data and capture more nuanced engagement patterns. Third, while the paired-sample t test supported 
significant gains within the experimental group, the ANCOVA results indicated mixed effects. For example, the instructional 
method did not significantly outperform the control group in terms of cognitive engagement once pretest scores were 
controlled, suggesting that the gains might not be attributable to PBL alone. This finding might reflect ceiling effects, limited 
exposure duration (six hours), or variability in how PBL was implemented across groups. Future work should examine the fidelity 
of implementation as a mediating factor. 
 

5. Conclusion  
 

This study revealed that problem-based learning (PBL) could significantly improve student engagement, covering 
behavioral, emotional, and cognitive aspects, by integrating real-world problems into classroom activities. In this context, PBL 
could encourage active participation, emotional connection, and the development of critical thinking and problem-solving skills. 
These results highlight the effectiveness of student-centered approaches in fostering meaningful, long-term engagement 
among elementary students. The findings offer practical guidance for educators in the use of PBL to create dynamic learning 
environments. For policymakers, this study supports incorporating PBL into curricula to improve educational quality. Notably, 
PBL promotes active learning, real-life problem solving, and collaboration, all of which positively impact engagement. However, 
improvements in cognitive engagement were less consistent and should be interpreted cautiously, given the mixed ANCOVA 
results. The limitations of this study, such as its small sample size, self-reported data, and short intervention period, suggest 
the need for further research. Hence, future studies should examine long-term effects, involve more diverse school contexts, 
and explore how instructional and contextual factors affect engagement. Additionally, researchers should assess PBL's cross-
subject effectiveness and its application to specific mathematical concepts to evaluate scalability and broader applicability. 
 

Acknowledgment 
 

This article is part of a doctoral dissertation in primary education conducted by the first author, Indri Anugraheni, at 
Universitas Negeri Yogyakarta, Indonesia. The authors express the deepest gratitude to the Higher Education Funding Center 
(BPPT) and the Indonesia Endowment Fund for Education Agency (LPDP) of the Republic of Indonesia for awarding the 
Indonesian Education Scholarship (BPI), which enabled the first author, Indri Anugraheni, to pursue this academic degree. The 
authors also sincerely thank Universitas Kristen Satya Wacana (UKSW) for granting permission and the opportunity to complete 
doctoral studies at Universitas Negeri Yogyakarta. 
 

Ethical Considerations 
 

This study involved human participants (elementary school students). All procedures were conducted per institutional and 
national ethical standards for educational research. Permission was obtained from the school authorities, and the students' 
parents/guardians provided informed consent. The confidentiality and anonymity of the participants were strictly maintained. 
 

Conflict of Interest 
 

The authors declare that they have no conflicts of interest. 
 

Funding 
 

This research did not receive any financial support. 
 

References 
 

Acharya, B., Sigdel, S., & Poudel, O. (2024). Analysis of effectiveness of collaborative pedagogy practices. NPRC Journal of Multidisciplinary Research, 1(4), 172. 
https://doi.org/10.3126/nprcjmr.v1i4.70965 

Al Hussaini, M., Kousar, S., Kousar, N., Batool, U., & Munawar, N. A. (2024). Exploring effective strategies for student engagement and learning outcomes in 
elementary education. International Journal of Learning Reformation in Elementary Education, 3(2), 90–101. https://doi.org/10.56741/ijlree.v3i02.573 

Al-Busaidi, S., Yusuf, T., & Reinders, H. (2021). A model for implementing problem-based language learning: Experiences from a seven-year journey. 
International Journal of Learning, Teaching and Educational Research, 20(1), 1–21. https://doi.org/10.26803/IJLTER.20.1.1 

Amrin, S., & Ritonga, A. H. (2024). Analysis of the implementation of the project-based learning model on students' learning motivation in the use of technology. 
Zeniusi Journal, 1(2), 11–18. https://doi.org/10.70821/zj.v1i2.14 

Anistyasari, Y., & Hidayati, S. C. (2024). Predicting academic achievement through engagement analysis with sparse logistic regression. In 2024 International 
Seminar on Intelligent Technology and Its Applications (ISITIA) (pp. 483–487). IEEE. https://doi.org/10.1109/isitia63062.2024.10667991 

Ariawan, I. K. E. (2024). Pengaruh model pembelajaran problem based learning (PBL) terhadap kemampuan berpikir kritis IPAS di Sekolah Dasar. Journal of 
Comprehensive Science, 3(11), 5191–5202. https://doi.org/10.59188/jcs.v3i11.2890 

Asanre, A. A., Ifamuyiwa, A. S., & Abiodun, T. O. (2024). Dimensions of students' academic engagement as predictors of senior secondary school mathematics 
achievement. Journal of Science and Mathematics Letters, 12, 27–33. https://doi.org/10.37134/jsml.vol12.1.4.2024 

about:blank
about:blank
https://www.malque.pub/
https://doi.org/10.3126/nprcjmr.v1i4.70965
https://doi.org/10.56741/ijlree.v3i02.573
https://doi.org/10.26803/IJLTER.20.1.1
https://doi.org/10.70821/zj.v1i2.14
https://doi.org/10.1109/isitia63062.2024.10667991
https://doi.org/10.59188/jcs.v3i11.2890
https://doi.org/10.37134/jsml.vol12.1.4.2024


 
8 

 

  

 

Anugraheni et al. (2026) 
 

https://www.malque.pub/ojs/index.php/mr 

Asrofi, A., Islah, A. N., & Abidin, Z. (2025). Penerapan model pembelajaran berbasis masalah (problem-based learning) dalam meningkatkan keterampilan 
berpikir kritis siswa di MA pada mata pelajaran sejarah. Social, 4(4), 616–623. https://doi.org/10.51878/social.v4i4.4170 

Bell, S. (2010). Project-based learning for the 21st century: Skills for the future. The Clearing House, 83(2), 39–43. https://doi.org/10.1080/00098650903505415 

Bovill, C. (2020). Co-creation in learning and teaching: The case for a whole-class approach in higher education. Higher Education, 79(6), 1023–1037. 
https://doi.org/10.1007/s10734-019-00453-w 

Çali, M., Lazimi, L., & Ippoliti, B. M. L. (2024). Relationship between student engagement and academic performance. International Journal of Evaluation and 
Research in Education, 13(4), 2210. https://doi.org/10.11591/ijere.v13i4.28710 

Calicdan, T. N. P., & Gementiza-Cubio, L. (2025). Student engagement in learning algebra: A mixed method study. EPRA International Journal of Multidisciplinary 
Research, 11(1), 858–872. https://doi.org/10.36713/epra19894 

Capraro, R. M., & Slough, S. W. (2013). Why PBL? Why STEM? Why now? An introduction to STEM project-based learning: An integrated science, technology, 
engineering, and mathematics (STEM) approach. In STEM project-based learning: An integrated science, technology, engineering, and mathematics (STEM) 
approach (pp. 1–5). Rotterdam: SensePublishers. https://doi.org/10.1007/978-94-6209-143-6_1 

Chaiyasit, W., Chomsuwan, K., & Chanchalor, S. (2023). Hybrid teaching using problem-based learning to promote self-directed learning abilities of students 
during the COVID-19 pandemic. International Journal of Learning, Teaching and Educational Research, 22(8), 1–22. https://doi.org/10.26803/ijlter.22.8.1 

Charles, M. A. A., & Charles, M. A. A. (2024). Exploring the role of innovation in enhancing mathematics achievement in higher secondary students. Edelweiss 
Applied Science and Technology, 8(6), 5659–5671. https://doi.org/10.55214/25768484.v8i6.3237 

Chastnyk, O., Zoria, M., Poletay, O., Shumskyi, O., & Klochkova, Y. (2024). Exploring the influence of interactive education on academic progress: Evaluating 
effectiveness and implementation approaches. Multidisciplinary Reviews, 7, 2024spe029. https://doi.org/10.31893/multirev.2024spe029 

Dewey, J. (1938). Unity of science as a social problem. University of Chicago Press. 

Dianasari, A. V., Rosidah, C., & Rosmiati, R. (2025). Pengaruh model PBL melalui pendekatan pembelajaran berdiferensiasi terhadap pemahaman siswa dalam 
materi keliling dan luas lingkaran. Dewantara, 4(1), 1–8. https://doi.org/10.30640/dewantara.v4i1.3710 

Divrik, R., Pilten, P., & Mentiş Taş, A. (2021). Effect of inquiry-based learning method supported by metacognitive strategies on fourth-grade students' problem-
solving and problem-posing skills: A mixed methods research. International Electronic Journal of Elementary Education, 13(2), 287–308. 
https://doi.org/10.26822/IEJEE.2021.191 

Doz, D., Cotič, M., & Cotič, N. (2024). The problem-based approach in mathematics teaching and its impact on mathematical problem-solving performance. 
International Journal of Learning & Teaching, 16(4), 176–193. https://doi.org/10.18844/ijlt.v16i4.9519 

Duda, H. J., Wibowo, D. C., Suryani, N. Y., Toharudin, M., & Budiman, J. (2024). Problem-based learning through authentic assessment: Students' cognitive and 
creative thinking abilities. Pedagogika, 156(4), 52–73. https://doi.org/10.15823/p.2024.156.3 

Ferrell, L., & Ferrell, O. C. (2012). Redirecting direct selling: High-touch embraces high-tech. Business Horizons, 55(3), 273–281. 
https://doi.org/10.1016/j.bushor.2012.01.004 

Fitria, D., Asrizal, A., & Lufri, L. (2025). Enhancing 21st-century skills through blended problem-based learning with ethnoscience integration: A mixed-methods 
study in Indonesian junior high schools. International Journal of Learning, Teaching and Educational Research, 24(1), 464–480. 
https://doi.org/10.26803/ijlter.24.1.23 

Fogg, L., & Fendley, M. (2024). Modeling student problem solving for improving project-based learning. ASEAN Journal of Engineering Education, 8(2), 97–109. 
https://doi.org/10.11113/ajee2024.8n2.158 

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School engagement: Potential of the concept, state of the evidence. Review of Educational Research, 
74(1), 59–109. https://doi.org/10.3102/00346543074001059 

Fredrickson, B. L. (2001). The role of positive emotions in positive psychology: The broaden-and-build theory of positive emotions. American Psychologist, 
56(3), 218–226. https://doi.org/10.1037/0003-066X.56.3.218 

Gennen, T. (2023). Conceptual change and education: The neglected potential of developmental teaching approaches. Human Development, 67(2), 88–107. 
https://doi.org/10.1159/000530247 

Hasiana, I., Aisyah, A., Mudhar, M., Hartanti, J., & Mufidah, E. F. (2024). Efektivitas model pembelajaran berbasis project (PBL) untuk meningkatkan kemampuan 
berpikir kritis reflektif pada mahasiswa. Utile: Jurnal Kependidikan, 10(2), 53–62. https://doi.org/10.37150/jut.v10i2.3140 

Hennessy, A., & Murphy, K. (2023). Barriers to student engagement: A focus group study on student engagement of first-year computing students. Irish 
Educational Studies, 1–18. https://doi.org/10.1080/03323315.2023.2256552 

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students learn? Educational Psychology Review, 16(3), 235–266. 
https://doi.org/10.1023/B:EDPR.0000034022.16470.F3 

Hu, J. (2024). The challenge of traditional teaching approach: A study on the path to improve classroom teaching effectiveness based on secondary school 
students' psychology. Lecture Notes in Education Psychology and Public Media, 50, 213–219. https://doi.org/10.54254/2753-7048/50/20240945 

Hu, Y., & Abu Talib, M. B. (2023). Student engagement and its association with peer relation and teacher-student relation: A systematic review. Eğitim Yönetimi, 
29(4), 35–49. https://doi.org/10.52152/kuey.v28i02.763 

Kamei, A., & Harriott, W. (2021). Social emotional learning in virtual settings: Intervention strategies. International Electronic Journal of Elementary Education, 
13(3), 365–371. https://doi.org/10.26822/IEJEE.2021.196 

Kim, H., Choi, H., Han, J., & So, H.-J. (2012). Enhancing teachers’ ICT capacity for the 21st century learning environment: Three cases of teacher education in 
Korea. Australasian Journal of Educational Technology, 28(6), 965–982. https://doi.org/10.14742/ajet.805 

Kodinar, N. M., Jelahu, T. T., & Haryono, M. (2024). Peningkatan keaktifan siswa melalui penerapan problem based learning (PBL) pada materi “Aku Memiliki 
Kemampuan” di SMP Negeri 7 Sintang. In Prosiding Seminar Nasional Pendidikan dan Agama (Vol. 5, No. 2, pp. 2972–2978). 
https://doi.org/10.55606/semnaspa.v5i2.2285 

Li, J., & Xue, E. (2023). Dynamic interaction between student learning behaviour and learning environment: Meta-analysis of student engagement and its 
influencing factors. Behavioral Science, 13(1), 59. https://doi.org/10.3390/bs13010059 

Lila, A. (2025). The impact of group collaboration habits on team task outcomes in PBL business courses. Research and Advances in Education, 4(1), 22–27. 
https://doi.org/10.56397/rae.2025.01.03 

about:blank
about:blank
https://www.malque.pub/
https://doi.org/10.51878/social.v4i4.4170
https://doi.org/10.1080/00098650903505415
https://doi.org/10.1007/s10734-019-00453-w
https://doi.org/10.11591/ijere.v13i4.28710
https://doi.org/10.36713/epra19894
https://doi.org/10.1007/978-94-6209-143-6_1
https://doi.org/10.26803/ijlter.22.8.1
https://doi.org/10.55214/25768484.v8i6.3237
https://doi.org/10.31893/multirev.2024spe029
https://doi.org/10.30640/dewantara.v4i1.3710
https://doi.org/10.26822/IEJEE.2021.191
https://doi.org/10.18844/ijlt.v16i4.9519
https://doi.org/10.15823/p.2024.156.3
https://doi.org/10.1016/j.bushor.2012.01.004
https://doi.org/10.26803/ijlter.24.1.23
https://doi.org/10.11113/ajee2024.8n2.158
https://doi.org/10.3102/00346543074001059
https://doi.org/10.1037/0003-066X.56.3.218
https://doi.org/10.1159/000530247
https://doi.org/10.37150/jut.v10i2.3140
https://doi.org/10.1080/03323315.2023.2256552
https://doi.org/10.1023/B:EDPR.0000034022.16470.F3
https://doi.org/10.54254/2753-7048/50/20240945
https://doi.org/10.52152/kuey.v28i02.763
https://doi.org/10.26822/IEJEE.2021.196
https://doi.org/10.14742/ajet.805
https://doi.org/10.55606/semnaspa.v5i2.2285
https://doi.org/10.3390/bs13010059
https://doi.org/10.56397/rae.2025.01.03


 
9 

 

  

 

Anugraheni et al. (2026) 
 

https://www.malque.pub/ojs/index.php/mr 

Liu, X., & Liang, M. (2023). An empirical study on the effect of academic engagement on academic achievement of engineering students in colleges and 
universities. Applied Mathematics and Nonlinear Sciences, 9(1), 1–19. https://doi.org/10.2478/amns.2023.2.01323 

Lu, Q., & Rameli, M. R. M. (2024). A systematic literature review of empirical studies on learning engagement in educational settings. Sains Humanika, 16(3), 
61–75. https://doi.org/10.11113/sh.v16n3.2126 

Martin, D. P., & Rimm-Kaufman, S. E. (2015). Do student self-efficacy and teacher-student interaction quality contribute to emotional and social engagement 
in fifth grade math? Journal of School Psychology, 53(5), 359–373. https://doi.org/10.1016/j.jsp.2015.07.001 

Naik, S. M., Bandi, S., & Reddy, C. (2024). Enhancing engineering education: Exploring the impact of problem-based learning on freshman students' skills and 
engagement – A case study. Journal of Engineering Education Transformations, 38(is1), 133–139. https://doi.org/10.16920/jeet/2024/v38is1/24222 

Nemakhavhani, R. B. (2024). Enhancing student engagement through problem-based learning: A case of the built environment. In Proceedings of the 
International Conference on Education Research. Academic Conferences and Publishing Limited. https://doi.org/10.34190/icer.1.1.3053 

Nugraha, M. T., & Mardiyati, I. (2024). Innovations in project-based learning (PBL) strategies for elementary school students. International Journal of Basic 
Educational Research, 1(2), 35–40. https://doi.org/10.14421/ijber.v1i2.9645 

Oktavia, S. W., Siburian, J., & Hakim, M. A. R. (2024). Literature review: The impact of problem-based learning (PBL) model on students’ collaboration skills in 
21st century science education. EduFisika: Jurnal Pendidikan Fisika, 9(3), 306–312. https://doi.org/10.59052/edufisika.v9i3.38996 

Raghu, N., T. V. N., D. L. N., Kumar, B. M. H., & Shankaregowda, S. A. (2025). Enhancing critical thinking through problem-based learning: A comprehensive 
approach to modern education. In M. Lytras, P. Ordóñez de Pablos, & T. Aldosemani (Eds.), Fostering teacher skills and critical thinking in modern education 
(pp. 259–282). IGI Global Scientific Publishing. https://doi.org/10.4018/979-8-3373-1692-5.ch011 

Razak, A., Ramdan, M., Mahjom, N., Zabit, M. N. M., Muhammad, F., Hussin, M. R., & Abdullah, N. (2022). Improving critical thinking skills in teaching through 
problem-based learning for students: A scoping review. International Journal of Learning, Teaching and Educational Research, 21(2), 342–362. 
https://doi.org/10.26803/ijlter.21.2.19 

Reeve, J. (2012). A self-determination theory perspective on student engagement. In Handbook of research on student engagement (pp. 149–172). Springer 
US. http://dx.doi.org/10.1007/978-1-4614-2018-7_7 

Reeve, J., & Tseng, C.-M. (2011). Agency as a fourth aspect of students’ engagement during learning activities. Contemporary Educational Psychology, 36(4), 
257–267. https://doi.org/10.1016/j.cedpsych.2011.05.002 

Rizal, R., Rusdiana, D., Setiawan, W., & Siahaan, P. (2021). Development of a problem-based learning management system-supported smartphone (PBLMS3) 
application using the ADDIE model to improve digital literacy. International Journal of Learning, Teaching and Educational Research, 20(11), 115–131. 
https://doi.org/10.26803/ijlter.20.11.7 

Russo, J., & Minas, M. (2021). Student attitudes towards learning mathematics through challenging, problem solving tasks: “It’s so hard—in a good way.” 
International Electronic Journal of Elementary Education, 13(2), 215–225. https://doi.org/10.26822/IEJEE.2021.185 

Sahoo, S., & Sahoo, R. (2024). Assessing PBL in PBL spirit. International Journal of Transformative Health Professions Education, 2(2), 18–21. 
https://doi.org/10.71354/ijthpe.02.02.40 

Saragih, N., Sipayung, R. W., Damanik, I. J., & Purba, B. (2024). Penerapan model pembelajaran problem based learning (PBL) untuk meningkatkan pengetahuan 
konsep dan kemampuan berpikir kreatif peserta didik di SMK Swasta GKPS1 Pematang Raya Kabupaten Simalungun. Jaliye, 3(2), 68–73. 
https://doi.org/10.47662/jaliye.v3i2.815 

Savery, J. R. (2015). Overview of problem-based learning: Definitions and distinctions. Interdisciplinary Journal of Problem-Based Learning, 1(1), 9–20. 
https://doi.org/10.7771/1541-5015.1002 

Savitri, J., Rohinsa, M., Wijaya, S., Andamari, S., & Anggraeni, M. T. (2023). The role of teacher support in student engagement through basic needs satisfaction 
in high school students. Humanitas (Jurnal Psikologi), 7(3), 343–356. https://doi.org/10.28932/humanitas.v7i3.7763 

Shao, Y., Feng, Y., Zhao, X., Liu, Q., & Zhang, L. (2025). Teacher support and secondary school students' learning engagement: A moderated mediation model. 
Scientific Reports, 15(1). https://doi.org/10.1038/s41598-025-87366-0 

Shvets, T., Shestakova, S. O., Kryvoshlykov, S., Lohvynenko, V. M., & Butrynovska, U. (2024). Enhancing students' social abilities via cooperative learning and 
project-based teaching methods: Pedagogical approaches and beneficial outcomes. Multidisciplinary Reviews, 7, 2024spe022. 
https://doi.org/10.31893/multirev.2024spe022 

Sidiki, S. A. A., Abdjul, T., Lamangantjo, C. J., Buhungo, T. J., Yusuf, F. M., & Hermanto, I. M. (2024). The implementation of PBL model on student learning 
outcomes in the concept of life organizational systems. Jurnal Penelitian Pendidikan IPA (JPPIPA), 10(8), 4486–4497. 
https://doi.org/10.29303/jppipa.v10i8.8100 

Silva, H., Lopes, J. N. S., Dominguez, C., & Morais, E. A. de. (2022). Think-Pair-Share and Roundtable: Two cooperative learning structures to enhance critical 
thinking skills of 4th graders. International Electronic Journal of Elementary Education. https://doi.org/10.26822/iejee.2022.274 

Sinatra, G. M., Heddy, B. C., & Lombardi, D. (2015). The challenges of defining and measuring student engagement in science. Educational Psychologist, 50(1), 
1–13. https://doi.org/10.1080/00461520.2014.1002924 

Sirwesvary, M., & Jamaludin, K. A. (2025). Implementations of project based learning in primary schools. International Journal of Academic Research in 
Progressive Education and Development, 14(1). https://doi.org/10.6007/ijarped/v14-i1/24282 

Skinner, E. A., Furrer, C. J., Marchand, G. C., & Kindermann, T. A. (2008). Engagement and disaffection in the classroom: Part of a larger motivational dynamic? 
Journal of Educational Psychology, 100(4), 765–781. https://doi.org/10.1037/a0012840 

Solone, C. J., Thornton, B. E., Chiappe, J. C., Perez, C., Rearick, M. K., & Falvey, M. A. (2020). Creating collaborative schools in the United States: A review of 
best practices. International Electronic Journal of Elementary Education, 12(3), 283–292. https://doi.org/10.26822/iejee.2020358222 

Stanciulescu, M., Castronovo, F., & Oliver, J. (2022). Assessing the impact of visualization media on engagement in an active learning environment. International 
Journal of Mathematical Education in Science and Technology, 1–21. https://doi.org/10.1080/0020739x.2022.2044530 

SV, D., Siddapuram, A., Kaur, R., & Rao, K. (2024). Enhancing program outcomes and academic performance through problem-based learning in an Antennas 
and Wave Propagation Course. Journal of Engineering Education Transformations, 38(is1), 140–145. https://doi.org/10.16920/jeet/2024/v38is1/24223 

Tadesse, T., Gillies, R. M., & Manathunga, C. (2021). The impact of problem-based learning on student engagement, deep learning, and learning outcomes in 
higher education: A systematic review and meta-analysis. Educational Research Review, 33, 100394. https://doi.org/10.1016/j.edurev.2021.100394 

about:blank
about:blank
https://www.malque.pub/
https://doi.org/10.2478/amns.2023.2.01323
https://doi.org/10.11113/sh.v16n3.2126
https://doi.org/10.1016/j.jsp.2015.07.001
https://doi.org/10.16920/jeet/2024/v38is1/24222
https://doi.org/10.34190/icer.1.1.3053
https://doi.org/10.14421/ijber.v1i2.9645
https://doi.org/10.59052/edufisika.v9i3.38996
https://doi.org/10.4018/979-8-3373-1692-5.ch011
https://doi.org/10.26803/ijlter.21.2.19
http://dx.doi.org/10.1007/978-1-4614-2018-7_7
https://doi.org/10.1016/j.cedpsych.2011.05.002
https://doi.org/10.26803/ijlter.20.11.7
https://doi.org/10.26822/IEJEE.2021.185
https://doi.org/10.71354/ijthpe.02.02.40
https://doi.org/10.47662/jaliye.v3i2.815
https://doi.org/10.7771/1541-5015.1002
https://doi.org/10.28932/humanitas.v7i3.7763
https://doi.org/10.1038/s41598-025-87366-0
https://doi.org/10.31893/multirev.2024spe022
https://doi.org/10.29303/jppipa.v10i8.8100
https://doi.org/10.26822/iejee.2022.274
https://doi.org/10.1080/00461520.2014.1002924
https://doi.org/10.6007/ijarped/v14-i1/24282
https://doi.org/10.1037/a0012840
https://doi.org/10.26822/iejee.2020358222
https://doi.org/10.1080/0020739x.2022.2044530
https://doi.org/10.16920/jeet/2024/v38is1/24223
https://doi.org/10.1016/j.edurev.2021.100394


 
10 

 

  

 

Anugraheni et al. (2026) 
 

https://www.malque.pub/ojs/index.php/mr 

Tali, M. B. A. (2023). Student engagement and its association with peer relation and teacher-student relation: A systematic review. Educational Administration: 
Theory and Practice Journal, 29(4), 35–49. http://dx.doi.org/10.52152/kuey.v29i4.763 

Trinter, C. P., Moon, T. R., & Brighton, C. M. (2015). Characteristics of students' mathematical promise when engaging with problem-based learning units in 
primary classrooms. Journal of Advanced Academics, 26(1), 24–58. https://doi.org/10.1177/1932202X14562394 

Tymoshenko, N., Velyka, A., Yatsiv, O., Rovnyi, V., & Tovtyn, Y. (2024). Evaluation of pedagogical approaches, instructional techniques, and their influence on 
student progress and growth. Multidisciplinary Reviews, 7, 2024spe010. https://doi.org/10.31893/multirev.2024spe010 

Vélez Silva, V. N., Palma Zambrano, G. A., & Borroto Cruz, E. R. (2024). Problem-based learning vs traditional method in the development of competencies in 
students in the health area: A systematic review. Salud, Ciencia y Tecnología, 4, 601. https://doi.org/10.56294/saludcyt2024.601 

Verdeflor, R. N., Tenedero, E. Q., Bordios, A., Panit, N. M., & Espinosa, C. G. (2024). Instructional management strategies for addressing low student 
engagement in mathematics. Environment & Social Psychology, 9(12). https://doi.org/10.59429/esp.v9i12.3229 

Yang, Y., Govindasamy, P. A. P., & Mohd Isa, N. J. B. (2024). Mediating effect of teacher support and student engagement in mathematics at Chinese junior 
middle school. Psychology in the Schools, 61(11), 4203–4217. https://doi.org/10.1002/pits.23277 

Zhao, K. (2024). Project-based learning and students' performance. Frontiers in Business, Economics and Management, 16(1), 401–405. 
https://doi.org/10.54097/3cpp0337 

Zhou, S., & Wu, W. (2023). A study on the relationship between higher vocational students' perceived teacher support and learning engagement: The chain 
mediation of academic self-efficacy and professional commitment. Nurture, 17(4), 595–606. https://doi.org/10.55951/nurture.v17i4.435 

about:blank
about:blank
https://www.malque.pub/
http://dx.doi.org/10.52152/kuey.v29i4.763
https://doi.org/10.1177/1932202X14562394
https://doi.org/10.31893/multirev.2024spe010
https://doi.org/10.56294/saludcyt2024.601
https://doi.org/10.59429/esp.v9i12.3229
https://doi.org/10.1002/pits.23277
https://doi.org/10.54097/3cpp0337
https://doi.org/10.55951/nurture.v17i4.435

