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ABSTRAK
Kemampuan berpikir kreatif matematis peserta didik di SMK Revany Indra Putra Kota Jambi masih rendah dalam menyelesaikan soal-soal matematika. Penelitian ini bertujuan untuk mengetahui: 1. Pengaruh penerapan model Discovery Learning, Problem Based Learning, dan  Direct Instruction terhadap kemampuan berpikir kreatif matematis peserta didik, 2. Pengaruh kemandirian belajar peserta didik terhadap kemampuan matematis peserta didik, 3. Interaksi penerapan model pembelajaran dan kemandirian belajar peserta didik terhadap kemampuan berpikir kreatif matematis peserta didik. Penelitian ini merupakan penelitian eksperimen semu yang menggunakan kelompok eksperimen dan kelompok kontrol. Sampel diambil secara acak dengan teknik Simple Random Sampling. Instrumen yang digunakan berupa lembar observasi untuk model pembelajaran, angket kemandirian belajar dan soal tes kemampuan berpikir kreatif matematis. Data yang diperoleh dalam penelitian ini dianalisis menggunakan analisis ANOVA dua jalur. Hasil penelitian untuk hipotesis pertama 0.017 < 0.05, hipotesis kedua 0,019 < 0,05 dan hipotesis ketiga 0,000 < 0,05. Dapat disimpulkan, 1.Terdapat pengaruh penerapan model Discovery Learning, Problem Based Learning, dan Direct Instruction terhadap kemampuan berpikir kreatif matematis peserta didik, 2. Terdapat pengaruh kemandirian belajar peserta didik terhadap kemampuan berpikir kreatif matematis peserta didik, 3. terdapat interaksi antara penerapan model pembelajaran dan kemandirian belajar peserta didik terhadap kemampuan berpikir kreatif matematis peserta didik.
Kata kunci: Kemampuan Berpikir Kreatif Matematis; Discovery Learning; PBL;  Kemandirian Belajar

ABSTRACT 
The ability to think creatively mathematically at Revany Indra Putra Vocational School, Jambi City, is still low in solving math problems. This study aims to determine: 1. The effect of the application of Discovery Learning, Problem Based Learning, and Direct Instruction models on students' mathematical creative thinking abilities, 2. The effect of student learning independence on students' mathematical abilities, 3. The interaction of the application of learning models and independence students' learning towards students' mathematical creative thinking abilities. This research is a quasi-experimental study using an experimental group and a control group. Samples were taken randomly with the Simple Random Sampling technique. The instruments used are observation sheets for learning models, learning independence questionnaires and mathematical creative thinking ability test questions. The data obtained in this study were analyzed using two-way ANOVA analysis. The results for the first hypothesis 0.017 <0.05, the second hypothesis 0.019 <0.05 and the third hypothesis 0.000 <0.05. It can be concluded, 1. There is an influence of the application of Discovery Learning, Problem Based Learning, and Direct Instruction models on students' mathematical creative thinking abilities, 2. There is an influence of students' learning independence on students' mathematical creative thinking abilities, 3. There is an interaction between the application of the model learning and independent learning of students towards the ability of students to think creatively mathematically.
Keywords: Mathematical Creative Thinking Ability; Discovery Learning; PBL; Learning Independence
INTRODUCTION
One of the goals of mathematics education is to develop creative activities involving intuition, imagination, and discovery by fostering original thinking, curiosity, prediction, and conjecture. This signifies the importance of developing creative mathematical thinking abilities through creative activities in mathematics learning. Dwijanto (2007) stated that the development of creative mathematical thinking abilities, namely the ability to solve mathematical problems creatively, is necessary in mathematics education (Amidi & Zahid, 2016). However, in reality, students' mathematical creative thinking abilities are relatively low. The problem often encountered and addressed in mathematics education is the low level of students' mathematical creative thinking abilities. According to Werdiningsih (2019:400), only a few students succeed in achieving creativity, while the majority still fall short of expectations in creative mathematical thinking.
Observations at SMK Revany Indra Putra revealed that students lack skills in understanding a problem, solving problems, and providing diverse alternative solutions. In other words, students tend to give the same answers and sometimes only follow the steps provided in the textbook or existing methods. Students rely on teacher instructions and lack initiative to attempt problem-solving independently, and there is no apparent discovery of new ideas by students. To address these issues, a model is needed that places students at the center of learning and provides ample opportunities for students to develop their creative thinking abilities. According to Hajrah et al. (2020), teachers are required to choose the appropriate instructional model that can enhance an active and meaningful learning environment, where students have a better grasp and understanding of the subject matter, resulting in improved learning outcomes. Some models that emphasize student-centered learning include Discovery Learning and Problem-Based Learning, where both models focus on students working collaboratively to solve problems. Rohaeti & Budiyanto (2014:171) stated that students' creative mathematical thinking abilities are better when they receive problem-based learning compared to conventional learning. Students' creative mathematical thinking abilities with problem-based learning are classified as good, while those with conventional learning are classified as moderate. Thus, the main goal of Discovery Learning and Problem-Based Learning models is to develop intellectual skills, creative thinking, and the ability to solve problems scientifically.
Considering all of the above, the objectives of this study are to determine: (1) whether there is an influence of implementing the Discovery Learning, Problem-Based Learning, and Direct Instruction models on the creative mathematical thinking abilities of students at SMK Revany Indra Putra in Jambi City; (2) whether there is an influence of learning independence on the creative mathematical thinking abilities of students at SMK Revany Indra Putra in Jambi City; and (3) whether there is an interaction between the Discovery Learning, Problem-Based Learning, Direct Instruction models, and Learning Independence on Creative Mathematical Thinking Abilities.

RESEARCH METHODS
This type of research is a quasi-experimental research. The population in this study consists of all students in class X of Revany Indra Putra Vocational High School in Jambi City for the academic year 2022/2023, totaling 92 students, divided into four classes: Marketing (27 students), Accounting (22 students), TKJ I (22 students), and TKJ II (21 students). From the population, three classes were selected as the experimental and control groups using simple random sampling technique through a lottery. Based on the lottery results of the sample classes from the population of class X of Revany Indra Putra Vocational High School in Jambi City for the academic year 2022/2023, the selected classes are Accounting class as experimental group 1, which uses the Discovery Learning model, Marketing class as experimental group 2, which uses the Problem Based Learning model, and TKJ I class as the control group, which uses the Direct Instruction model. The TKJ II class will be used to validate the instruments to be used in the study to meet validity criteria.
The variables in this study are the Discovery Learning and Problem Based Learning models, which are independent variables, the mathematical creative thinking ability of students, which is the dependent variable, and the students' self-directed learning, which is the moderating variable. To determine the influence of the Discovery Learning (DL) and Problem Based Learning (PBL) models on students' mathematical creative thinking ability, taking into account their self-directed learning, a test of mathematical creative thinking ability is conducted. The test questions are derived from the mathematics subject for class X of Vocational High School in the even semester of the academic year 2022/2023, specifically the topic of trigonometric ratios. The test questions in this study to measure students' mathematical creative thinking ability are in the form of essays, distributed to each experimental and control group. The instrument for the test of mathematical creative thinking ability consists of two parts, a pretest and a posttest. The pretest is used to assess the students' initial mathematical creative thinking ability, while the posttest is used to assess their mathematical creative thinking ability after the treatment. The scoring rubric for mathematical creative thinking ability aligns with four indicators: Fluency, Flexibility, Originality, and Elaboration.
In this study, the hypothesis testing is conducted using a two-way analysis of variance (ANOVA) to determine if there are differences in the means of the research groups. Hypothesis 1 in this study aims to test the effect of the implementation of the Discovery Learning (DL), Problem Based Learning (PBL), and Direct Instruction (DI) models on students' mathematical creative thinking ability. Hypothesis 2 aims to test the effect of self-directed learning on students' mathematical creative thinking ability. Hypothesis 3 aims to test the interaction between the implementation of the Discovery Learning (DL), Problem Based Learning (PBL), and Direct Instruction (DI) models on students' mathematical creative thinking ability. The hypothesis results are tested using a two-way analysis of variance (ANOVA). ANOVA is a comparative analysis for more than two variables or more than two means. Its purpose is to compare more than two means. 

RESULTS AND DISCUSSION
The data for the pretest results of students' creative thinking abilities can be seen in Table 1, and the data for the posttest results of students can be seen in Table 2.
Table 1. Description of Students' Creative Thinking Ability Pre-test Data
	Pre-Test
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	 Kontrol
	22
	10
	43
	29,27
	8,564

	Eksperimen 1
	22
	19
	50
	30,73
	8,680

	Eksperimen 2
	27
	15
	50
	31
	9,668


Table 2. Post-Test Data Description of Students' Creative Thinking Ability
	Pre-Test
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	 Kontrol
	22
	41
	79
	59,73
	11,132

	Eksperimen 1
	22
	40
	87
	71,55
	10,680

	Eksperimen 2
	27
	55
	85
	68,22
	8,206



Next, in order to conduct a two-way ANOVA, it is necessary to determine whether the posttest scores of the students are normally distributed and homogenous. The results of the normality and homogeneity tests can be seen in Table 3 and Table 4, respectively.

Table 3. Post-Test Data Normality Test Results for Students' Creative Thinking Ability
	Kelas
	Sig.
	Keterangan
	Keputusan

	Kontrol
	0,200
	0,200 > 0.05
	Data Berdistribusi Normal

	Eksperimen 1
	0,200
	0,200 > 0.05
	Data Berdistribusi Normal

	Eksperimen 2
	0,199
	0,199 > 0.05
	Data Berdistribusi Normal


Table 4. Post-Test Data Homogeneity Test Results for Students' Creative Thinking Ability
	Uji Homogenitas
	Sig.
	Keterangan
	Keputusan

	Levene Statictic
	0,249
	0,249 > 0,05
	Homogen



After fulfilling the assumptions for hypothesis testing, the hypothesis is tested using the Analysis of Variance (ANOVA) test. The hypotheses are tested using Univariate Analysis of Variance (ANOVA) or Two-Way ANOVA with the assistance of SPSS 25 software, with a confidence level of 95%. If the significance level (p-value) is ≥ 0.05, it means that there is no significant difference in the test results for the variables being tested. The results of the hypothesis testing in the study can be seen in Table 5.
Table 5. Hypothesis Test Results
	Source
	Type III Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Corrected Model
	4133,453a
	8
	516,682
	7,514
	0,000

	Intercept
	200538,974
	1
	200538,974
	2916,398
	0,000

	Model
	597,852
	2
	298,908
	4,347
	0,017

	Kemandirian
	582,852
	2
	291,426
	4,238
	0,019

	Model*Kemandirian
	1714,124
	4
	428,331
	6,232
	0,000

	Error
	4263,279
	62
	68,763
	
	

	Total
	323508,00
	71
	
	
	

	Corrected Total
	8396,732
	70
	
	
	



Based on the results of the hypothesis testing, the significance value of the learning models on the test results of creative thinking ability is 0.017, which is smaller than 0.05. Therefore, there is an influence of applying the Discovery Learning, Problem Based Learning, and Direct Instruction models on students' creative thinking ability. The significance value of self-directed learning with the test results of creative thinking ability is 0.019, which is smaller than 0.05, indicating that there is an influence of the level of self-directed learning on students' creative thinking ability. Additionally, the significance value of the interaction between the learning methods and the level of self-directed learning on the test results of creative thinking ability is 0.000, which is smaller than 0.05. This indicates that there is an interaction between the learning models used and the level of self-directed learning of students on their creative thinking ability in the learning of trigonometric ratios.
Furthermore, the analysis continues with the Tukey test to determine the extent of the influence on each variable. The results of the Tukey post hoc test can be seen in Table 6. 

Table 6. Tukey's Further Test of Learning Model Variables
	(I) Model Pembelajaran
	(J) Model Pembelajaran
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	Lower Bound
	Upper Bound

	DL
	PBL
	3,32
	2,382
	0,350
	-2,40
	9,04

	
	Kontrol
	11,82*
	2,500
	0,000
	5,81
	17,82

	PBL
	DL
	-3,32
	2,382
	0,350
	-9,04
	2,40

	
	Kontrol
	8,49*
	2,382
	0,002
	2,78
	14,21

	Kontrol
	DL
	-11,82*
	2,500
	0,000
	-17,82
	-5,81

	
	PBL
	-8,49*
	2,382
	0,002
	-14,21
	-2,78


Based on the table of Tukey test results, several conclusions can be drawn:
a. The average posttest results of students taught with the Discovery Learning and Direct Instruction. models have a difference of 11.82. The average test score of students' creative thinking ability taught with Discovery Learning is 11.82 points higher than the average test score of students from the control group taught with the Direct Instruction model.
b. The average posttest results of students taught with the PBL model and the conventional model have a difference of 8.49. The average test score of students' creative thinking ability taught with PBL is 8.49 points higher than the creative thinking ability of students taught with the Direct Instruction model.
c. The average posttest results of students taught with Discovery Learning and PBL have a difference of 3.32. The average test score of students' creative thinking ability taught with Discovery Learning is 3.32 points higher than the class taught with the PBL model. However, in this case, the difference between these models is not significant.

In addition to examining the influence of the learning models used, the Tukey test was also conducted based on the level of students' self-directed learning. The results of the Tukey test based on the level of self-directed learning can be seen in Table 7.



Table 7. Tukey's Follow-Up Test of Learning Independence Variables
	(I) Kemandirian
	(J) Kemandirian
	Mean Difference (I-J)
	Std. Error

	Sig.

	95% Confidence Interval

	
	
	
	
	
	Lower Bound
	Upper Bound

	Tinggi

	Sedang
	4,91
	2,466
	0,123
	-1,01
	10,83

	
	Rendah
	8,50*
	3,385
	0,038
	0,37
	16,63

	Sedang

	Rendah
	3,59
	2,893
	0,435
	-3,36
	10,53

	
	Tinggi
	-4,91
	2,466
	0,123
	-10,83
	1,01

	Rendah

	Sedang
	-3,59
	2,893
	0,435
	-10,53
	3,36

	
	Tinggi
	-8,50*
	3,385
	0,038
	-16,63
	-0,37



Based on the results of the Tukey test in the table above, it can be concluded that the level of self-directed learning has an influence on students' creative thinking ability. The average posttest score of students' creative thinking ability with a high level of self-directed learning is higher compared to the average posttest score of students with a low or moderate level of self-directed learning. In this case, there is a significant difference in the average posttest score of creative thinking ability between students with a high level of self-directed learning and those with a low level of self-directed learning, with a difference of 8.50 points.
Discussion
First Hypothesis
Based on the results of the two-way ANOVA test, the significance value of the learning model on the post-test scores of mathematical creative thinking ability is 0.017 < 0.05. Therefore, H1 is accepted, which means that the implementation of Discovery Learning, Problem Based Learning, and Direct Instruction models has an influence on students' mathematical creative thinking ability. According to S. Bruner's Learning Theory, some learning models related to cognitive learning theory include Discovery Learning and Problem Based Learning. Discovery Learning is a learning model that combines S. Bruner's learning theory with the belief that students will be more active, enthusiastic, and gain deeper understanding through the process of self-discovery rather than receiving information passively.
In the Discovery Learning process, students are divided into five groups, each consisting of 4-5 heterogeneous students. Each group is given a worksheet to be solved together with their group members. Then, students present the results of their group discussions in front of the class. The steps involved in the Discovery Learning model are stimulation, problem statement, data collection, data processing, verification, and generalization. According to Tumurun (2016), using the Discovery Learning model, students will be able to develop their creative thinking skills. 
On the other hand, in the Problem Based Learning model, there are 5 steps: orienting students to the problem, organizing students for learning, guiding individual and group investigations, developing and presenting the results of their work, and analyzing and evaluating the problem-solving process. According to Serra and Rini (2016), in the process of Problem. Based Learning, students are conditioned to understand concepts better because they themselves discover the problems. The teacher can involve students actively in solving problems and demand higher-order thinking skills from them. This leads to meaningful learning based on the students' existing schemas.
Meanwhile, in Direct Instruction, the learning process focuses on the teacher delivering the material to the students. It can be said that this is a teacher-centered learning approach. This aligns with Hosnan's (2014) opinion that Direct Instruction places the teacher as the only source of information for students, and the role of students is to listen and observe all the teacher's activities to master the subject matter being taught. In the Direct Instruction learning process, first, the teacher conditions the students to be ready for learning. Then, the teacher delivers the material by explaining it on the blackboard. Finally, the teacher summarizes and gives homework.
When comparing the experimental and control groups, it can be observed that the level of creative thinking ability in the experimental group is superior to that in the control group, indicating that the Discovery Learning and Problem Based Learning models have a greater impact than the Direct Instruction model on students' mathematical creative thinking ability. This can be seen in the further analysis using the Tukey test, where the post-test results of students' mathematical creative thinking ability in the experimental group, both in the Discovery Learning and Problem Based Learning models, have higher average scores compared to the control group taught with the Direct Instruction model. In the Tukey test results table, there is a significant difference in the average scores between the experimental and control groups. The difference in the average scores between the group with the Discovery Learning model and the Direct Instruction model is 11.82. Then, the difference in the average scores between the group taught with the Problem Based Learning model and the Direct Instruction model is 8.49. Meanwhile, in the group taught with the Discovery Learning and Problem Based Learning models, there is also a difference in the average scores, but it is not significant, namely 3.32, where the average score in the group with the Discovery Learning model is higher than the group taught with the Problem Based Learning model.
The results obtained are in line with the opinion of Fitri (2014), who stated that the Discovery Learning model is effective in improving students' mathematical creative thinking abilities. Additionally, Susanti et al. (2020) mentioned that Problem Based Learning (PBL) is a learning model that can guide students to explore mathematical concepts, involve them in the learning process, and make them more active. Furthermore, students can present practical problems as a basis for their learning process. Based on the above research, the implementation of the PBL and Discovery Learning models in teaching is appropriate for enhancing students' mathematical creative thinking abilities.
  
Second Hypothesis
The hypothesis test using a two-way ANOVA obtained a significance value of 0.019 for the variable of students' self-directed learning towards the post-test results of their mathematical creative thinking ability, which is smaller than 0.05. This indicates that there is a difference in the test results of mathematical creative thinking ability based on the level of students' self-directed learning, therefore, the hypothesis is rejected or accepted. In short, students' creative thinking ability is influenced by their level of self-directed learning.
Based on the analysis results, it can be seen that students' creative thinking ability is better for those with a high level of self-directed learning compared to students with moderate or low levels of self-directed learning. This difference in creative thinking ability can also be observed during the learning process in the three classes taught by the researcher. The researcher found that students with a high level of self-directed learning tend to have good mathematical creative thinking abilities. This is evident from the results obtained by students in solving the post-test questions on trigonometric ratio material, where there are differences in the average scores of mathematical creative thinking ability among students with high, moderate, and low levels of self-directed learning.
Based on the Tukey test results for the variable of students' self-directed learning, it can be concluded that there is a significant difference in the test results of mathematical creative thinking ability between students with high and low levels of self-directed learning. The average score of students with high levels of self-directed learning is higher than the average score of students with low levels of self-directed learning by 8.50 points. The order of average scores of creative thinking ability from highest to lowest is divided according to the level of students' self-directed learning. However, for students with moderate and low levels of self-directed learning or moderate and high levels of self-directed learning, the difference in average scores obtained is not significant. 

Third Hypothesis
Based on the results of the hypothesis test using a two-way ANOVA conducted on the post-test results of students' creative thinking abilities, a significance value of 0.000 < 0.05 was obtained, indicating that H0 is rejected or H1 is accepted. In other words, it can be concluded that there is an interaction between the Discovery Learning, Problem Based Learning, and Direct Instruction models with high, moderate, and low levels of self-directed learning on students' mathematical creative thinking abilities.
The graph shows the estimated marginal mean post-test values for each learning model as analyzed by the level of self-directed learning, as shown in Figure 1 below.

[image: ]
Figure 1. Estimated Marginal Means of post-test graph
Based on the above image, it can be observed that there is an interaction between the learning model and the level of learner autonomy. From the graph, it is evident that in the experimental classes using the Discovery Learning and Problem Based Learning models, learners with high levels of autonomy achieve better grades compared to those with moderate or low levels of autonomy. However, in the control class, learners with low levels of autonomy actually obtain higher average scores compared to those with moderate and high levels of autonomy.
Discovery Learning and Problem Based Learning models are learning models centered on learners in solving problems. Learners are first given a problem to investigate, and then they construct concepts and principles of a subject using their own abilities, integrating skills and knowledge they have previously acquired. Additionally, these learning models require active participation from learners, providing them with opportunities to discover and apply their own ideas to solve problems, which helps develop their creative thinking abilities. To determine the accuracy of acquired knowledge or the problem-solving approach, learners need to review the formulated problem-solving steps, thereby honing their critical thinking skills.
Effective learner autonomy can support the implementation of learning processes using the Discovery Learning and Problem Based Learning models. Independent learners tend to analyze, evaluate, and effectively organize their learning steps. They are capable of directing and controlling their own thoughts and actions without relying on others. Conversely, in Direct Instruction, learners with high levels of autonomy simply sit and listen to what the teacher presents in front of the class. In the Discovery Learning and Problem Based Learning models, teachers act as facilitators in the learning process, while learners with high levels of autonomy take the initiative to search for relevant resources needed to develop their creativity in solving given problems. 
This aligns with the opinion of Evi (2017) stating that learners with high levels of autonomy can successfully complete assigned tasks. Therefore, learners with high levels of autonomy in mathematics learning are more likely to effectively engage in the learning process using the Discovery Learning and Problem Based Learning models. Learner autonomy refers to learners' ability to engage in learning activities independently and voluntarily, enabling them to develop their own creativity. Hence, the implementation of Discovery Learning, Problem Based Learning, and Direct Instruction models interacts with the level of learner autonomy in influencing learners' learning creativity. autonomy regarding students' creative thinking abilities at SMK Revany Indra Putra in Jambi City.

CONCLUSION AND RECOMMENDATIONS
Based on the research findings and discussions presented, the following conclusions can be drawn:
a. There is an influence of the Discovery Learning and Problem Based Learning models on the mathematical creative thinking abilities of students at SMK Revany Indra Putra in Jambi City, specifically in the topic of trigonometric ratios.
b. There is an influence of learner autonomy on the mathematical creative thinking abilities of students at SMK Revany Indra Putra in Jambi City, specifically in the topic of trigonometric ratios.
c. There is an interaction between the Discovery Learning and Problem Based Learning models and learner

RECOMMENDATIONS
In mathematics teaching, teachers should pay attention to learner autonomy and implement either the Discovery Learning or Problem Based Learning models to enhance students' mathematical creative thinking abilities. However, when using these models, it is important to avoid the occurrence of misconceptions. Furthermore, teachers should focus on guiding passive students and those with weaker abilities.
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