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ABSTRACT 
This study examined whether Problem-Based Learning (PBL) was associated with improved 
mathematical creative thinking in similarity among ninth-grade students. A quantitative pre-
experimental one-group pretest-posttest design was used with 22 students in Grade IX-1 at SMP Negeri 
1 Sukamakmur, Aceh Besar, selected through purposive sampling. Creative thinking was assessed 

through four essay problems covering fluency, flexibility, originality, and elaboration. Scores were 
analyzed descriptively and with a paired-samples t-test after checking the normality of score 
differences. The mean score increased from 31.53 on the pretest to 61.51 on the posttest, a mean gain 
of 29.97 points. All four indicators improved, with the largest gain in fluency. The paired-samples test 
showed a statistically significant within-group increase, t(21) = 15.94, p < .001, with a large 
standardized effect, Cohen's dz = 3.40. All 22 students obtained higher numerical scores, and 21 
students (95.5%) moved to a higher descriptive creativity category. These findings indicate substantial 
improvement after PBL implementation. However, because the study used no control group, the result 
should be interpreted as strong within-group evidence rather than definitive causal proof. PBL can 
support creative mathematical thinking by engaging students in exploring, comparing, and explaining 
alternative solution strategies. 
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INTRODUCTION 

Mathematical learning should develop more than procedural accuracy. Students also need to 
generate ideas, consider alternative strategies, connect representations, and explain why a solution 
works. These processes are central to mathematical creative thinking. Creative thinking in 
mathematics is commonly represented through fluency, flexibility, originality, and elaboration, 
although the expression of these dimensions depends on the task and students' prior knowledge 
(Hadar & Tirosh, 2019; Febrianingsih, 2022; Gunawan et al., 2022; Hanifah et al., 2024). When 
classroom tasks invite only one routine procedure, students have fewer opportunities to practice 
these forms of thinking. 

Similarity is a geometry topic that requires students to coordinate visual information, 

proportional relationships, corresponding sides, and symbolic calculations. Recent studies show that 
students can experience conceptual and procedural difficulties when identifying similar figures, 
matching corresponding sides, applying similarity conditions, and visualizing geometric relationships 
(Solihah et al., 2025). Research on similarity problems also highlights the importance of proportional 
reasoning and flexible problem-solving processes rather than formula use alone (Putri et al., 2026; 
Tempola et al., 2026). These demands make similarity an appropriate context for investigating 
creative mathematical thinking. 

Problem-Based Learning (PBL) places a meaningful problem at the beginning of learning and 

organizes learning around inquiry, discussion, explanation, and evaluation of possible solutions. In 
this model, students are expected to identify what is known, determine what needs to be learned, test 
ideas, and communicate their reasoning. This structure can create room for multiple solution paths 
and student-generated explanations (Hmelo-Silver, 2004; Savery, 2006). In mathematics education, 
PBL has been associated with improvements in problem solving, communication, critical thinking, 
and creative thinking across different levels and topics (Kardoyo et al., 2020; Umam et al., 2021; 
Kurniati & Sutiarso, 2021). 

Empirical studies provide increasingly consistent support for this relationship. PBL has been 

reported to strengthen mathematical creative thinking in experimental, classroom, and meta-analytic 
studies (Yunita et al., 2020; Dewi & Harjono, 2021; Arifin et al., 2020; Annisah et al., 2023; Astria et 
al., 2023; Hidayah & Dwijanto, 2023; Ernita et al., 2024; Herlistiyanti et al., 2025; Arifin & Sidqi, 
2025). Studies published in Algebra also show that PBL-based designs can support higher-order 
thinking through problem engagement and structured reflection (Alkamalia, 2025; Audila & Yusuf, 
2025). These findings support the use of PBL, but they do not remove the need to examine how it 
performs in a specific classroom and mathematical topic. 

The preliminary condition in Grade IX-1 at SMP Negeri 1 Sukamakmur showed low creative-

thinking performance on similarity tasks. Students tended to rely on a limited procedure, had 
difficulty producing alternative solutions, and gave answers with insufficient detail. Therefore, the 
present study focused on the change in students' mathematical creative thinking after PBL was 
implemented in similarity learning. The study asked whether students' overall creative-thinking 
scores and the four indicators of fluency, flexibility, originality, and elaboration improved from pretest 
to posttest. Because the design used one group without a control class, the analysis emphasizes the 
magnitude and statistical significance of within-group change and avoids attributing the change 
exclusively to PBL. 
 

RESEARCH METHODS 
This study used a quantitative pre-experimental approach with a one-group pretest-posttest 

design. The design can be expressed as O1-X-O2, where O1 represents the pretest, X represents the 
PBL treatment, and O2 represents the posttest. The study was conducted during the even semester 
of the 2025/2026 academic year at SMP Negeri 1 Sukamakmur, Aceh Besar Regency. The 
participants were 22 students from Grade IX-1 selected purposively because the class met the study's 
instructional and data-collection requirements. 

The main instrument consisted of four essay problems on similarity. Student responses were 

assessed using four indicators of mathematical creative thinking: fluency, flexibility, originality, and 
elaboration. The scoring rubric used a 0-4 scale for each response on each indicator. A score of 0 
represented no relevant response, while higher scores reflected increasingly relevant, correct, varied, 
original, and detailed solutions. Each indicator had a maximum raw score of 16 across the four items. 
Indicator scores were converted to a 0-100 scale. The descriptive classification used five labels 
adopted in the original scoring framework: very creative, creative, moderately creative, less creative, 
and not creative (Febrianingsih, 2022). 
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Data analysis began with descriptive statistics for the pretest and posttest, followed by 

comparison of the four indicator means and the distribution of students across creativity categories. 
The individual score table in the original research report was recalculated to verify the reported 
means. The normality of paired score differences was examined with the Shapiro-Wilk test. Because 
the differences were normally distributed, a paired-samples t-test was used at alpha = .05. Cohen's 
dz was calculated as the mean paired difference divided by the standard deviation of the paired 
differences to describe the standardized magnitude of within-group change. The statistical analysis 
evaluates change within the observed class and does not by itself establish a causal effect because 
no control group was included. 
 

RESULTS AND DISCUSSION 
The descriptive results show a clear increase in students' mathematical creative thinking after 

the PBL learning sequence. The verified pretest mean was 31.53 and the verified posttest mean was 
61.51, producing a mean increase of 29.97 points. The recalculation also corrected two arithmetic 
inconsistencies in the original summary table: the pretest elaboration mean is 30.68, not 28.97, and 
the overall posttest mean is 61.51, not 61.41. Table 1 summarizes the change for each creative-
thinking indicator. 

Table 1. Pretest and Posttest Scores by Creative-Thinking Indicator 

Indicator Pretest Mean Posttest Mean Increase 

Fluency 31.25 70.45 39.20 

Flexibility 34.94 53.98 19.03 

Originality 29.26 57.39 28.13 

Elaboration 30.68 64.20 33.52 

Overall 31.53 61.51 29.97 

 

Fluency showed the largest increase, rising by 39.20 points. This pattern indicates that students 

became more able to generate relevant solution ideas after the learning activities. Elaboration 
increased by 33.52 points, suggesting stronger ability to develop solutions with clearer details and 
reasoning. Originality increased by 28.13 points, while flexibility increased by 19.03 points. Although 
flexibility had the smallest gain, its posttest mean was still higher than its pretest mean. The pattern 
therefore shows improvement across all four dimensions rather than improvement in only one 
component. 

Table 2. Distribution of Creative-Thinking Categories 

Category Pretest n (%) Posttest n (%) 

Very creative 0 (0.0) 1 (4.5) 

Creative 0 (0.0) 10 (45.5) 

Moderately creative 1 (4.5) 6 (27.3) 

Less creative 5 (22.7) 4 (18.2) 

Not creative 16 (72.7) 1 (4.5) 

Total 22 (100) 22 (100) 

 

The category distribution changed substantially. Before treatment, 16 of 22 students were 
classified as not creative and five were classified as less creative. After treatment, 10 students were 
classified as creative and six as moderately creative. One student reached the very creative category. 
All 22 students obtained higher numerical posttest scores than pretest scores. However, one student 
remained in the same descriptive category because the score increased from 12.50 to 32.81 without 
crossing the category boundary. Thus, 21 of 22 students, or 95.5%, moved to a higher category. 

Table 3. Paired-Samples Analysis of Overall Creative-Thinking Scores 

Statistic Result 

Shapiro-Wilk test of paired differences W = 0.943, p = .229 

Mean paired increase 29.97 points 

95% CI for mean increase 26.06 to 33.88 

Paired-samples t-test t(21) = 15.94, p < .001 

Cohen's dz 3.40 

 

The inferential result confirms that the increase was not only descriptive. The paired differences 

met the normality assumption (p = .229), and the paired-samples test indicated a statistically 
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significant increase from pretest to posttest, t(21) = 15.94, p < .001. The 95% confidence interval for 

the mean increase ranged from 26.06 to 33.88 points. Cohen's dz of 3.40 indicates a very large 
standardized within-group change. This effect size should still be interpreted within the limits of a 
one-group design, because maturation, testing effects, and other classroom influences were not 
controlled. 

The improvement is consistent with the learning mechanism proposed for PBL. PBL requires 
students to confront a problem, organize relevant information, propose strategies, compare ideas, 
and justify solutions. These activities align closely with the observed creative-thinking indicators. 
Generating several answers supports fluency, comparing different methods supports flexibility, 
constructing a less routine approach supports originality, and explaining a solution in detail supports 

elaboration (Hmelo-Silver, 2004; Savery, 2006). The large gain in fluency in this study is therefore 
plausible because classroom discussion and problem exploration create repeated opportunities to 
generate solution ideas. 

The findings also agree with previous mathematics research. Meta-analytic evidence has 
reported positive effects of PBL on mathematical creative thinking (Yunita et al., 2020; Kurniati & 
Sutiarso, 2021; Ernita et al., 2024). Classroom studies likewise show gains in creative thinking when 
students solve open or contextual problems and communicate their reasoning (Dewi & Harjono, 2021; 
Umam et al., 2021; Annisah et al., 2023; Astria et al., 2023; Hidayah & Dwijanto, 2023). More recent 

studies continue to report that PBL can provide a productive structure for mathematical creative 
thinking (Herlistiyanti et al., 2025; Arifin & Sidqi, 2025). These converging findings strengthen the 
interpretation that the observed classroom improvement is educationally meaningful. 

The similarity topic also helps explain why problem-based activity was useful. Similarity 
problems ask students to identify correspondence, coordinate ratios, interpret diagrams, and select 
procedures. Students may fail when they rely only on memorized rules or cannot connect visual and 
proportional information (Solihah et al., 2025; Wijaya et al., 2021; Widodo et al., 2021). Recent work 
on geometric similarity further shows that students differ in proportional reasoning and geometric 

thinking strategies (Putri et al., 2026; Tempola et al., 2026). A PBL environment can make these 
different strategies visible in discussion, allowing students to compare approaches and revise 
incomplete reasoning. 

The result should not be generalized beyond the study conditions without caution. The sample 
included only 22 students from one class, the design did not include a comparison group, and the 
available research report did not provide separate validity and reliability coefficients for the creative-
thinking test. Future studies should use a quasi-experimental or randomized comparison design, 
report instrument psychometrics, and examine whether gains persist after instruction. It would also 

be useful to analyze students' written strategies qualitatively to identify which PBL phases most 
strongly support fluency, flexibility, originality, and elaboration. Research in Algebra has similarly 
emphasized that the quality of problem engagement and reflection matters when PBL is used to 
develop higher-order thinking (Alkamalia, 2025; Audila & Yusuf, 2025). 
 
CONCLUSIONS 
The study found substantial within-group improvement in Grade IX-1 students' mathematical 
creative thinking after the implementation of Problem-Based Learning on similarity. The verified 
mean increased from 31.53 to 61.51, with a mean gain of 29.97 points. Fluency, flexibility, originality, 

and elaboration all increased. The paired-samples analysis confirmed a statistically significant 
increase, t(21) = 15.94, p < .001, with Cohen's dz = 3.40. All 22 students improved numerically, and 
21 students moved to a higher descriptive creativity category. These results support PBL as a 
promising instructional approach for encouraging students to generate, compare, and explain 
mathematical solutions in similarity. Nevertheless, the absence of a control group means the findings 
should be interpreted as evidence of improvement during the PBL intervention rather than definitive 
proof that PBL alone caused the change. 
 

BIBLIOGRAPHY 
Alkamalia, W. (2025). Effect of implementing problem-based learning using scientific approach on 

enhancing critical thinking. Algebra: Jurnal Pendidikan, Sosial dan Sains, 5(4), 955-962. 
https://doi.org/10.58432/nvftjh86  

Annisah, S., Aryanti, Z., Wildaniati, Y., & Wahyuni, S. (2023). Problem-based learning textbook: Its 
effect on improving creative thinking skills. Al-Jabar: Jurnal Pendidikan Matematika, 14(1), 71-

83. https://doi.org/10.24042/ajpm.v14i1.16284  

https://doi.org/10.58432/nvftjh86
https://doi.org/10.24042/ajpm.v14i1.16284


Monalisa et.all. | Problem-Based Learning to Improve Students' Creative Thinking in Similarity 

864 

Arifin, F., & Sidqi, F. K. (2025). Problem-based learning on creative thinking skills in basic 

mathematics learning. Jurnal Pengembangan Pembelajaran Matematika, 7(1), 65-74. 
https://doi.org/10.14421/jppm.2025.71.65-74  

Arifin, M., Suyitno, H., & Dewi, N. R. (2020). Mathematics creative thinking skills in problem-based 
learning model reviewed from learners' curiosity and gender. Journal of Primary Education, 9(5), 
511-517. https://doi.org/10.15294/jpe.v9i5.43223  

Astria, R., Haji, S., Sumardi, H., & Audaya, R. (2023). Meningkatkan kemampuan berpikir kreatif 
siswa melalui problem-based learning di kelas VII SMP Negeri 24 Kota Bengkulu. Math Didactic: 
Jurnal Pendidikan Matematika, 9(2), 225-234. https://doi.org/10.33654/math.v9i2.2034  

Audila, R., & Yusuf, R. (2025). The application of self-reflection in the problem-based learning model 
to develop students' critical thinking skills: A systematic literature review. Algebra: Jurnal 
Pendidikan, Sosial dan Sains, 5(4), 1324-1332. https://doi.org/10.58432/jnxbqq51  

Dewi, W. I., & Harjono, N. (2021). Efektivitas model pembelajaran problem solving dan problem based 

learning (PBL) ditinjau dari kemampuan berpikir kreatif matematis siswa kelas 5 sekolah dasar. 
Jurnal Cendekia: Jurnal Pendidikan Matematika, 5(3), 2678-2689. 
https://doi.org/10.31004/cendekia.v5i3.943  

Ernita, E., Mariani, S., Agoestanto, A., Isnarto, & Suyitno, A. (2024). Meta analysis: Utilizing problem-
based learning for enhancing creative mathematical thinking abilities. Prima: Jurnal Pendidikan 
Matematika, 8(2), 360-373. https://doi.org/10.31000/prima.v8i2.10180  

Febrianingsih, F. (2022). Kemampuan berpikir kreatif siswa dalam memecahkan masalah matematis. 
Mosharafa: Jurnal Pendidikan Matematika, 11(1), 119-130. 
https://doi.org/10.31980/mosharafa.v11i1.692  

Gunawan, Kartono, Wardono, & Kharisudin, I. (2022). Analysis of mathematical creative thinking 
skill: In terms of self confidence. International Journal of Instruction, 15(4), 1011-1034. 
https://doi.org/10.29333/iji.2022.15454a  

Hadar, L. L., & Tirosh, M. (2019). Creative thinking in mathematics curriculum: An analytic 
framework. Thinking Skills and Creativity, 33, 100585. 
https://doi.org/10.1016/j.tsc.2019.100585  

Hanifah, N. N., Sari, C. K., Kholid, M. N., & Faiziyah, N. (2024). Kemampuan berpikir kreatif 
matematis siswa dalam memecahkan masalah segitiga dan segiempat. Jurnal Cendekia: Jurnal 
Pendidikan Matematika, 8(1), 827-840. https://doi.org/10.31004/cendekia.v8i1.2532  

Herlistiyanti, S., Noer, S. H., & Wijaya, A. P. (2025). The effect of problem based learning model on 
students' mathematical creative thinking ability. Lembaran Ilmu Kependidikan, 54(1), 1-8. 
https://doi.org/10.15294/lik.v54i1.22220  

Hidayah, K., & Dwijanto. (2023). Mathematical creative thinking ability viewed by adversity quotient 
in problem-based learning integrated STEM. Unnes Journal of Mathematics Education, 12(1), 72-
83. https://doi.org/10.15294/ujme.v12i1.67560  

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  

Kardoyo, Nurkhin, A., Muhsin, & Pramusinto, H. (2020). Problem-based learning strategy: Its impact 
on students' critical and creative thinking skills. European Journal of Educational Research, 9(3), 
1141-1150. https://doi.org/10.12973/eu-jer.9.3.1141  

Kurniati, N., & Sutiarso, S. (2021). The effect of problem based learning and open-ended learning on 
mathematics creative thinking ability: A meta analysis study. Jurnal Pendidikan MIPA, 22(1), 
112-120. https://doi.org/10.23960/jpmipa/v22i1.pp112-120  

Putri, K. R., Shodikin, A., & Abdullah, A. H. (2026). Proportional reasoning of junior high school 
students in solving geometric similarity problems based on mathematical disposition. RANGE: 
Jurnal Pendidikan Matematika, 7(2), 452-465. https://doi.org/10.32938/jpm.v7i2.9839  

Savery, J. R. (2006). 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  

Solihah, S., Muhtadi, D., & Sukirwan. (2025). Kesulitan konseptual dan prosedural siswa SMP dalam 
materi kesebangunan. Jurnal Inovasi Pembelajaran Matematika: PowerMathEdu, 4(1), 123-140. 
https://doi.org/10.31980/pme.v4i1.2623  

Tempola, S., Juniati, D., & Khabibah, S. (2026). Geometric thinking of junior high school students 
in solving similarity problems based on gender differences. EMTEKA: Jurnal Pendidikan 
Matematika, 7(1), 375-392. https://doi.org/10.24127/emteka.v7i1.11285  

https://doi.org/10.14421/jppm.2025.71.65-74
https://doi.org/10.15294/jpe.v9i5.43223
https://doi.org/10.33654/math.v9i2.2034
https://doi.org/10.58432/jnxbqq51
https://doi.org/10.31004/cendekia.v5i3.943
https://doi.org/10.31000/prima.v8i2.10180
https://doi.org/10.31980/mosharafa.v11i1.692
https://doi.org/10.29333/iji.2022.15454a
https://doi.org/10.1016/j.tsc.2019.100585
https://doi.org/10.31004/cendekia.v8i1.2532
https://doi.org/10.15294/lik.v54i1.22220
https://doi.org/10.15294/ujme.v12i1.67560
https://doi.org/10.1023/B:EDPR.0000034022.16470.f3
https://doi.org/10.12973/eu-jer.9.3.1141
https://doi.org/10.23960/jpmipa/v22i1.pp112-120
https://doi.org/10.32938/jpm.v7i2.9839
https://doi.org/10.7771/1541-5015.1002
https://doi.org/10.7771/1541-5015.1002
https://doi.org/10.31980/pme.v4i1.2623
https://doi.org/10.24127/emteka.v7i1.11285


Monalisa et.all. | Problem-Based Learning to Improve Students' Creative Thinking in Similarity 

865 

Umam, K., Suryawati, Suhartati, & Hasbi, M. (2021). The effects of problem-based learning on 

creative thinking skills and mathematical communication abilities of senior high school 
students. Al Khawarizmi: Jurnal Pendidikan dan Pembelajaran Matematika, 5(1). 
https://doi.org/10.22373/jppm.v5i1.9245  

Widodo, S. A., Ibrahim, I., Hidayat, W., Maarif, S., & Sulistyowati, F. (2021). Development of 
mathematical problem solving tests on geometry for junior high school students. Jurnal Elemen, 
7(1), 221-231. https://doi.org/10.29408/jel.v7i1.2973  

Wijaya, T. T., Mutmainah, I. I., Suryani, N., Azizah, D., Fitri, A., Hermita, N., & Tohir, M. (2021). 

Nineth grade students mistakes when solving congruence and similarity problem. Journal of 
Physics: Conference Series, 2049(1), 012066. https://doi.org/10.1088/1742-
6596/2049/1/012066  

Yunita, Y., Juandi, D., Tamur, M., Adem, A. M. G., & Pereira, J. (2020). A meta-analysis of the effects 
of problem-based learning on students' creative thinking in mathematics. Beta: Jurnal Tadris 
Matematika, 13(2), 104-116. https://doi.org/10.20414/betajtm.v13i2.380  

https://doi.org/10.22373/jppm.v5i1.9245
https://doi.org/10.29408/jel.v7i1.2973
https://doi.org/10.1088/1742-6596/2049/1/012066
https://doi.org/10.1088/1742-6596/2049/1/012066
https://doi.org/10.20414/betajtm.v13i2.380

