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Introduction 

Every educational system aims to encourage students to have creative ability. 

Similarly in Indonesia, the curriculum is constructed based on the principle that 

learners have a central position to develop their competence, one of which is to 
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become a creative human being (BSNP, 2006). According to C.J. Neumann 

(2007) that throughout human history, creativity is considered the driving force 

behind all innovation. Therefore, in the context of the 21st century, the key 

skills that must be possessed are learning and innovation skills that include 

creative thinking skills and problem-solving skills, communication and 

collaboration skills, and creativity and innovation skills (Trilling & Fadel, 2009). 

In parallel with it the National Research Council (2012) places creativity on one 

of the three domains of competence in this century, the cognitive domain that 

involves reasoning and memory that includes three groups of competencies: 

cognitive processes and strategies; knowledge; and creativity. 

Therefore, in order to be creative, schools should develop an appropiate 

environment for teachers and students (Starko, 2014). In school mathematics 

learning should offer more than procedural skills (Hyman, 1993). Mathematical 

creativity will be difficult to develop if one is limited to rule-based 

implementation without recognizing the essence of the problem to be solved 

(Mann, 2006). It is the duty of a teacher in class to equip students not only about 

rules and procedures, but also emphasize creative ways to express ideas in 

solving math problems. This is in line with K. Suastika (2017) that teachers of 

mathematics are required to develop students' creativity in the learning that is 

done, so that students are able to build their mathematical talents. Hence, the 

competence of teachers and the creation of teaching and learning environment 

are two important things in improving students' mathematical creative thinking 

ability. Furthermore, limited knowledge of teachers will be detrimental and can 

affect the creativity and flexibility of teachers in preparing the teaching and 

learning environment (Celik & Arslan, 2012). Conversely, prospective teachers 

who have a high value on the nature of openness and have more experience 

related to creativity are more likely to support the creative style of teaching (Lee 

& Kemple, 2014). Thus, only creative teachers can train creative students 

(Nadjafikhah, Yaftian, & Bakhshalizadeh, 2012). 

U. Munandar (2003) asserted that the optimal development of creative

thinking ability is closely related to the way of teaching. However, much of the 

formal education only emphasizes convergent thinking (Munandar, 2014). 

Students should be given the opportunity to engage in struggling solving 

challenging mathematical problems that lead students to experience and 

creativity in mathematics and try to think like a mathematician, meaning that 

students are encouraged to reflect on their own ideas (Nadjafikhah & Yaftian, 

2013). Similarly, B. Sriraman (2005) states that most curriculum and 

educational approaches ignore open-ended views in the mathematics class and 

do not apply open-ended problems and avoid giving students the opportunity to 

engage in these types of issues independently in the long time. Though 

experience with open problems gives students an opportunity to express their 

conceptual understanding (Mann, 2006). 

Actually creative thinking is the essence in mathematics (Mann 2006). 

Creative thinking mathematically refers to the ability to produce new, varied 

solutions to open-ended mathematical problems (Johnson 2000; Livne, 2008). 

Meanwhile Grieshober (2004), defines it as an idea construction process that 

emphasizes fluency, flexibility, originality, and elaboration. However, some 

studies show that students' creative thinking ability in mathematics is still not 

as expected. As the result of research of Supriadi (2014) shows that the ability of 
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mathematical creative thinking of elementary school teacher candidate on 

flexibility aspect get the highest result but in the fluency aspect get the lowest 

result. Difficulties occur because students are accustomed to the inductive way, 

so when presented the problem is deductive, students have difficulty to solve it. 

A. Suryana (2016) in his research mentioned that the achievement of student's

ability in the indicator of creative thinking that is originality is considered low

based on the learning group (experiment and control) and reviewed based on the

level of early mathematical knowledge. Based on these findings, the training of

students as prospective teachers and creating a creative environment is one of

the needs that must be done and considered.

Open-ended problems based analytic-synthetic learning is one of the 

learning approaches involving students in analytic and synthetic activities 

towards open-ended problems to develop the ability of mathematical creative 

thinking. This study involves three very important intellectual skills and each 

one related to each other, namely (a) the synthetic skill to see the problems in 

the battle of conventional thinking, (b) the analytic skill to recognize which of 

one's Ideas are worth pursuing and which are not, and (c) the practical-

contextual skills of knowing how to persuade others of-the value of one's ideas 

(Sternberg, 2006). Lessons that are designed in small groups heterogeneously 

require students to work collaboratively. When this process occurs, students 

interact, communicate, share ideas, appreciate each other, and understand 

different opinions. Another characteristic in this study is the existence of 

intervention in the form of giving the question in a convergent or divergent. This 

questioning is important because according to Dillon (Chamberlin & Moon, 

2005), questions are a core function of learning and teaching, and through 

questioning students will be encouraged to think at higher cognitive levels. 

Similarly, M. Shahrill and D.J. Clarke (2014) revealed that the question as part 

of the teaching tool is a good strategy to motivate and challenge students' 

thinking, so that interaction can occur in the learning process in the classroom. 

Based on this thinking, this study aims to examine in depth the 

achievement of the ability to think creatively mathematically prospective 

elementary school teachers who obtain open-ended problems based analytical-

synthetic learning and conventional learning reviewed in whole and viewed from 

prior mathematical knowledge level (high, medium, and low). Attention to prior 

mathematical knowledge of students is done because according to Ausubel that 

the single most important factor affecting learning is what is already known to 

students (Hailikari, 2009). The knowledge already possessed is part of the 

student's prior knowledge which can be either correct conceptions, 

misconceptions, or naïve theories. The schemata of these students will grow and 

develop like new information during the learning process (Chareka, 2010). In 

addition, this study also aims to determine the effectiveness of open-ended 

problems based analytical-synthetic learning on the achievement of students' 

mathematical creative thinking ability. 

Method 

Design Research 

This research is a quasi experiment with non-equivalent control group design. 

Research units are determined based on the category of students' prior 

mathematical knowledge (PMK) with three levels, namely high, medium, and 
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low, and the learning-based category (open-ended problems based analytic-

synthetic and conventional). The subjects of the study were pre-service 

elementary school teachers at one of the state universities in Indonesia with 136 

students divided into two groups of research subjects, of 68 students each. 

Students who obtain open-ended problems based analytic-synthetic learning 

called the experimental group and students who receive conventional teaching 

called the control group. 

Forward to the study, all students were given a test to measure the prior 

mathematical knowledge (PMK) and the results of these tests were then 

grouped into high, medium, and low levels. Determination of PMK (high, 

medium, and low) criteria was arranged using S. Arikunto (2005) grouping rules 

with 𝑥 ≥  𝑥̅  +  𝑠𝑑 including high level, 𝑥̅ – sd ≤ x < 𝑥̅ + sd including medium level, 

and 𝑥 ≤  𝑥̅ –  𝑠𝑑 including low level. In detail, the description of the PMK levels of 

students (high, medium, and low) in both learning (experiment dan control) can 

be seen from the mean and standard deviations in the following table. 

 

Table 1. Results of PMK Tests on Both Learning Groups 

Data 

Learning Groups 

Experiment control 

n x  sd N x  Sd 

PMK Level 

High 13 15.77 1.58 10 15.60 1.20 

Medium 42 11.31 2.37 48 11.15 2.30 

Low 13 4.85 1.29 10 4.00 2.00 

     

In Table 1, the average value ( x ) and standard deviation (sd) of PMK tests 

at the high, medium and low levels of the experimental and control group did 

not differ greatly. Average difference of high level 0.17, medium level 0.16, and 

low level 0.85, with the difference of standard deviation respectively that is 0.67, 

0.07, and 0.71. These results indicate that the student's prior mathematical 

knowledge (PMK) condition is relatively the same. 

The result of prerequisite analysis test shows that the PMK score in the two 

study groups is not normally distributed, so the Mann-Whitney test is performed 

as shown in the following table. 

 
Table 2. Mann-Whitney's test of prior mathematical knowledge of students 

Learning Group Mann-Whitney U Z Sig. 

Eksperiment 
2234,500 -0,339 0,735 

Control 

 

Table 2 shows the Sig. value. = 0.735 greater than = 0.05, so there is no 

difference in prior mathematical knowledge (PMK) of students in both learning 

groups. This condition strengthens and qualifies different treatments in both 

research groups (experiments and controls), so that if there is a difference in 

achievement in the creative thinking ability in mathematics between the two 

learning groups, it is not caused by differences in the PMK of students but as a 

result of the treatment of each group. 

Instrument 
The instrument used in this research is prior mathematical knowledge test, 
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mathematical creative thinking ability tests, and interview guidance. This test 

is conducted with the aim to find out to what extent the achievement of 

mathematical creative thinking ability of elementary school teacher candidates 

after obtaining open-ended problems based analytic-synthetic learning in the 

experimental class and conventional learning in the control class. The test is in 

the form of a description to measure aspects of mathematical creative thinking 

ability, namely fluency, flexibility, elaboration, and originality. The test used 

seven questions that have qualified test validity with a relatively high reliability 

is r11 = 0.89. The next step of the research is giving the test of mathematical 

creative thinking ability in both groups (experiment and control). This test is 

given to prospective elementary school teachers before and after learning 

(pretest and posttest). 

Findings 

Analysis of posttest scores to measure students' mathematical creative 

thinking ability based on learning can be seen in Table 3 below. 

Table 3. Score Posttest Students' Mathematical Creative Thinking Ability 

Category 
Experiment Control 

N min max x Sd N min max x sd 

Learning Model 68 25 45 33.19 4.63 68 11 37 26.51 5.78 

PMK 
Level 

High 13 37 45 40.77 2.49 10 31 37 34.10 1.91 

Medium 42 26 37 32.14 2.50 48 22 33 27.15 2.48 

Low 13 25 35 29.00 2.61 10 11 25 15.90 4.63 

Table 3 shows that the achievement of students' mathematical creative 

thinking abilities in the experimental group is higher than the control group. 

The achievement of students' mathematical creative thinking abilities in the 

experimental group for each PMK (high, medium and low) level was higher than 

the control group. Achievement of students' mathematical creative thinking 

ability low level in the experimental group is higher than medium level in the 

control group. 

The results of the analysis indicate that open-ended problems based 

analytic-synthetic learning can further develop students' mathematical creative 

thinking skills at each PMK level rather than conventional learning. 

Mathematical creative thinking abilities of students at high level obtaining 

open-ended problems based analytic-synthetic learning are more developed than 

the level of medium and low level. Mathematical creative thinking abilities of 

students at the medium level is more developed than low level. 

Before the test the average difference to the achievement of mathematical 

creative thinking ability of students in both groups as a whole and the level of 

PMK, first tested ie analysis prerequisite test for normality and homogenity. 

Table 4. Normality Test on Data Achievement of Mathematical Creative Thinking Ability 

Learning 
Groups 

Kolmogorov-Smirnov 

Statistic Df Sig. 

Experiment 

Total .131 68 .006 

High .155 13 .200 

Medium .113 42 .200 
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Low .264 13 .013 

Control 

Total .161 68 .000 

High .217 10 .198 

Medium .116 48 .118 

Low .234 10 .127 

 

Based on Table 4, the data of students' mathematical creative thinking 

achievement in the experimental and control group obtained the sig score. <.05, 

so the data is not normally distributed. Meanwhile, data on the achievement of 

students' mathematical creative thinking level of high and medium level in both 

learning groups have sig. > .05, meaning that the sample is from a normally 

distributed population. At the low level, the experimental group obtained the sig 

score. <.05, meaning that the data is not normally distributed, while in the 

control group obtained sig. > .05 means that data is not normally distributed. 

Based on these results, a nonparametric test was performed using Mann-

Whitney test in both study groups and at low level. Homogeneity of variance test 

was done in high and medium level before parametric test.   

 
Table 5. Test of Homogenity of Variances 

PMK level Levene Statistic df1 df2 Sig. 

High .598 1 21 .448 

Medium .035 1 88 .853 

 

Homogenity test results in Table 5. shows the value of sig. > .05, so the 

variance is homogeneous. Thus, the parametric test of achievement data of 

mathematical creative thinking ability at high and medium level is done by 

using t-test. 

Nonparametric test results using Mann-Whitney test on the data of 

achievement of mathematical creative thinking ability based on learning 

reviewed in the whole can be seen in Table 6 below. 

 
Table 6. Mann-Whitney Test of Data Achievement of Mathematical Creative Thinking Ability 
Based on Learning. 

Learning Groups Mann-Whitney U Z Sig  

Experiment 
789.500 -6.642 .000 

Control 

 

Table 6 shows the sig value. < .05, it means that the achievement of 

students' mathematical creative thinking ability in experimental group is better 

than control group. 

The result of parametric test with t-test on the achievement data of 

students' mathematical creative thinking ability from high and medium level in 

both study groups can be seen in the following table. 

 
Table 7. T-test for Equality of Means Achievement of Students' Mathematical Creative 
Thinking Ability from High Level and Medium Level 

PMK Level 
 
 

 
 

 
 

 
 

 
 

95% Confidence Interval of 
the Difference 
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t Df Sig. 
Mean 
Difference 

Std. Error 
Difference 

Lower Upper 

High 7.017 21 .000 6.669 .950 4.693 8.646 
Medium 9.502 88 .000 4.997 .526 3.952 6.042 

The result of calculation in Table 7 shows that the average value of 

achievement of mathematical creative thinking ability at high and medium level 

obtains sig value. < .05, so that the achievement of mathematical creative 

thinking ability of high and medium levels in experiment group is better than 

control group. Meanwhile, the Mann-Whitney test result of the achievement of 

student's mathematical creative thinking at low level can be seen in the 

following table. 

Table 8. Mann-Whitney Test of Data Achievement of Student's Mathematical Creative 
Thinking Ability from Low Level 

PMK Level Learning Groups Mann-Whitney U Z Sig 

Low 
Experiment 

.500 -4.041 .000 
Control 

It can be seen in Table 8 that the value of sig. <.05, so that the achievement 

of students' mathematical creative thinking ability at low level in experimental 

group is better than control group. 

The above results show that the achievement of the mathematical creative 

thinking ability of students who have open-ended problems based analytic-

synthetic learning is significantly better than conventional learning when 

viewed in whole as well as from the PMK (high, medium, and low) levels. 

As a complement to this research, calculations using the effect size of Cohen 

d to determine the contribution of open-ended problems based analytic-synthetic 

learning to the achievement of students' mathematical creative thinking ability. 

The effect size calculation results are presented in Table 9 below. 

Table 9. Effect Size Application of Learning to Achievement of Students' Mathematical 
Creative Thinking Ability 

Learning Groups n 𝒙̅ S Spool d Interpretation 

Experiment 68 33.19 4.63 
5.24 1.28 High 

Control 68 26.51 5.78 

Based on Table 9, the value of d = 1.28 belongs to the high category, 

meaning that the effect size (ES) of open-ended problems based analytic-

synthetic learning on the achievement of students' mathematical creative 

thinking ability is in the high category. 

More details of pretest and posttest results the ability of mathematical 

creative thinking is analyzed by its aspects. The goal is to provide a more 

specific picture of the student's work on pretest and postes that measure the 

ability of creative mathematical thinking on open-ended problems based 

analytic-synthetic learning and conventional learning. The average student 

work result is presented in the following table. 
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Table 10. Average Student Work Outcomes from Every Aspect of Mathematical Creative 
Thinking Ability 

Aspect 
Exsperiment Control 

Pretest Posttest Pretest Posttest 
Fluency 
(IS = 4) 

1,51 
(37,8%) 

2,85 
(71,3%) 

1,47 
(36,8%) 

2,44 
(61,0%) 

Flexibility 
(IS = 4) 

1,38 
(34,5%) 

2,61 
(65,3%) 

1,33 
(33,3%) 

2,12 
(53,0%) 

 Elaboration 
(IS = 4 

1,27 
(31,8%) 

2,60 
(65,0%) 

1,21 
(30,3%) 

2,19 
(54,8%) 

Originality 
(IS = 4) 

0,35 
(8,8%) 

2,05 
(51,3%) 

0,49 
(12,3%) 

1,27 
(31,8%) 

Description: IS = Ideal Score 

 

In Table 10, it can be seen that the average pretest of each aspect of 

students' mathematical creative thinking ability in the experimental group and 

control group is not too far away. This condition shows that before being treated, 

the students' mathematical creative thinking ability in every aspect is relatively 

the same. The achievement (posttest) of mathematical creative thinking based 

on its aspects in the experimental group is higher than the control group. The 

highest achievement in the experimental group and control group was on the 

fluency aspect and the lowest on the originality aspect. Overall, in open-ended 

problems based analytic-synthetic learning, the achievement of students' 

mathematical creative thinking ability on fluency aspect is high, while the other 

aspect is medium. In conventional learning, the achievement of creative 

thinking ability on the aspect of fluency, flexibility, and elaboration are medium, 

while in the aspect of novelty (originality) is low. 

Conclusion and Discussion 

The results of the analysis show that the achievement of students' 

mathematical creative thinking ability which get open-ended problems based 

analytic-synthetic learning is significantly better than students who get 

conventional learning. This finding is similar to that of T. Mulyana (2008), 

Risnanosanti (2010), S.H. Noer (2011), Kartini (2011), W. Khoiri, A. Rochmad, 

A.N. Cahyono (2013), Kumiati (2014) who found that although the achievement 

of mathematical creative thinking ability of students who acquired innovative 

learning has not been optimal, but the achievement of students' mathematical 

creative thinking ability in innovative learning is better than conventional 

learning. These results suggest that open-ended problems based analytic-

synthetic learning provides a stronger effect on the achievement of students' 

mathematical creative thinking abilities than conventional learning. This result 

is reinforced by the effect size of open-ended problems based analytic-synthetic 

learning to the achievement of students' mathematical creative thinking ability 

in high category.  

These findings may occur because, according N. Nohda (2000) giving an 

open-ended problem in mathematics have no purpose to obtain the correct 

answer, but to help develop the mindset and creative mathematical activity of 

students. It is therefore not surprising that the analytic-synthetic learning on 

the basis of open-ended problems a stronger effect on the achievement and 

improvement of mathematical creative thinking abilities than conventional 

learning. These results are consistent with the O.N. Kwon, J.S. Park and J.H. 

Park (2006) studies which suggest that open-ended problems with multiple 
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answers and problem-solving strategies are effective in increasing divergent 

thinking. Similarly, mathematical groups that utilize highly active 

mathematical thinking skills with open-ended problems are also effective in 

fostering creative problem-solving abilities, unlike many traditional classes that 

focus on closed problems. 

The result of descriptive analysis toward the achievement of students' 

mathematical creative thinking ability as a whole in open-ended problems based 

analytic-synthetic learning and conventional learning is in the medium category. 

However, when viewed from the average achievement of students' mathematical 

creative thinking abilities, open-ended problems based analytic-synthetic 

learning has a higher mean value than conventional learning. Therefore, open-

ended problems based analytic-synthetic learning is more potential in 

developing students' mathematical creative thinking ability than conventional 

learning. The results of interviews with some students after conventional 

learning, they understand that a problem can be solved by various ways and 

even various answers through explanations and examples of problems that are 

solved together. However, they still find it difficult to solve a problem that 

demands a diversity of strategies and diversity of answers. 

Other findings on the achievement of students 'mathematical creative 

thinking based on PMK levels in the two learning groups show that at each level 

(high, medium, and low), the achievement of students' mathematical creative 

thinking ability that have in open-ended problems based analytic-synthetic 

learning is better than students who gain conventional learning. Analytic-

synthetic learning using open-ended problems as a basis for each meeting helps 

students in constructing knowledge and reasoning skills. Therefore, through this 

learning process of students' mathematical creative thinking can be more 

developed. This is in line with Lumsdaine and Lumsdaine (Yaqoob, 2012) that 

the creative thinking process as creative problem solving involves gathering 

information about some issues, analyzing them in order to define problems and 

understanding. Ideas are generated, elaborated and even synthesized to find a 

better solution. After that the results continue to be developed and tested in 

order to succeed in its application. 

The achievement of students' mathematical creative thinking ability for 

each level (high, medium, and low) that get open-ended problems based analytic-

synthetic learning is higher than students who get conventional learning. The 

achievement of mathematical creative thinking ability of low-level students who 

get open-ended problems based analytic-synthetic learning is higher than 

medium-level students who get conventional learning. This can happen because 

in open-ended problems based analytic-synthetic learning, the process of 

completion of open-ended problems is emphasized for discussion in groups. The 

analytical and synthetic process to solve problems is done by sharing ideas or 

ideas among students in groups. Highly skilled students are not allowed to 

dominate in problem solving, but they share their ideas with other students. If 

there are difficulties, the role of lecturers to open the minds of students by 

providing questions that can facilitate students towards the process of solving 

the problem. This is also reinforced by interviews with a low-skilled student that 

he finds it helpful to understand the problem given by the explanation of his 

group's friends. He also admitted that the questions asked by lecturers can 

recall the concept of the problem. It is not surprising, therefore, that in open-
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ended problems based analytic-synthetic learning at high level the achievement 

of students' mathematical creative thinking ability is in high criterion, while 

achievement at medium and low level is in medium criterion. Another case with 

conventional learning, the achievement of students' mathematical creative 

thinking ability at high and medium level is in medium criterion, and low level 

is in low criterion. 

The results of the analysis indicate that open-ended problems based 

analytic-synthetic learning can further develop students' mathematical creative 

thinking ability at each PMK level compared with conventional learning. 

Student's mathematical creative thinking ability at High PMK level that gets 

open-ended problems based analytic-synthetic learning is more developed than 

medium and low PMK level. The ability of students' mathematical creative 

thinking at the medium PMK level is more developed than the low PMK level. 

Based on the results of this study indicate that in learning mathematics should 

pay attention to student PMK, because according to Mann (2005) that 

mathematics learning achievement, which reflects the intelligence, is one of the 

significant estimators for creativity. 

Achievement in every aspect of students' mathematical creative thinking 

abilities in open-ended problems based analytic-synthetic learning is higher 

than that of students receiving conventional learning. In both lessons, the 

highest achievement is in the fluency aspect and the lowest on the originality 

aspect. In open-ended problems based analytic-synthetic learning, students' 

achievement on the aspect of fluency is high, while other aspects are moderate. 

Meanwhile, in conventional learning, the achievement on the aspects of fluency, 

flexibility, and elaboration is moderate, while the aspect of originality is low. 

This result can occur because based on an interview with one of the students 

from each learning group states that they generally have difficulty to solve 

problems unusually. They are average in solving the problem using the way that 

has been exemplified by the lecturer or the ways they have done in completing 

the Student Activity Sheet. These findings are similar to those of Risnanosanti 

(2010), Kartini (2011), and A. Suryana (2016). 

From the test results related to the creative thinking ability of pre-service 

elementary school teacher, open-ended problems based analytic-synthetic 

learning can be used to develop students' mathematical creative thinking ability. 

This learning can develop every aspect of mathematical creative thinking ability 

especially on fluency aspect. This can be seen from the achievement of the 

ability of the fluency is quite high, while the aspects of flexibility, elaboration, 

and originality are medium. These results are of course not optimal, need 

attention to the PMK because it affects the learning outcomes. Therefore, before 

applying this learning the lecturer must reinforce the concept of PMK students 

first in order to obtain optimal results. Providing motivation and facilitating 

student difficulties in solving open-ended problems needs to be done primarily in 

bringing up aspects of novelty (originality). 
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