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Abstract: Problem-based learning (PBL) is one of the 21
st
 century teaching and learning 

strategies in STEM education. STEM is an acronym for Science, Technology, Engineering 

and Mathematics. Ministry of education has found that PBL can be successfully applied to 

STEM field. PBL has the potential to develop creativity in problem solving and make 

students think creatively. It is also considered as an active learning method that encourages 

the students’ interest in understanding STEM concepts. Therefore, it is becoming a necessity 

to see how far the creativity domain in problem-based learning has been applied towards 

students especially in secondary school. Because there was lack of research about that. This 

systematic literature review analysis aims to focus on the similarities and differences such as 

the steps of problem-based learning applied, the creativity domain in problem solving, the 

findings of the study and the gap of research between all the articles. The study article was 

selected through a database of Scopus and Science Direct Journals according to keywords. 

Keywords used in the search are problem-based learning AND creative thinking AND 

secondary school. The search has been limited between 2009 until 2019. The thirteen of 

articles have been chosen to be analyzed based on the four steps in systematic literature 

review. The four steps included frame a question, run a search, the abstract and tittle of 

individual papers have to be read, and the information need to be abstract from selected set 

of final articles. The results reported the most suitable of creativity domain used in problem 

solving by the past researchers were fluency, flexibility, originality, elaboration and 

evaluation. However, generally the domain of creativity to be measured is not described in 

detail at every step of the problem-based learning even though problem-based learning 

strategy was very effective in improving students’ creative thinking.  

 

Keywords: Creativity Domain, Problem-based Learning, Secondary School, STEM 

Education. 

 

1. INTRODUCTION 

 

In recent year, the importance of providing students with education in the fields of Science, 

Technology, Math and Engineering (STEM) has been emphasized [41]. In order to implement 

effective STEM education, one of the skills that students need to develop is critical thinking 
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skills and creative thinking skills. Creative thinking skills are crucial to the success of Vision 

2020 in the education system in Malaysia. This is because a developed country can produce 

students who are critical, creative and innovative. Most STEM students in European, Western, 

Eastern and Asian countries in particular Malaysia are still unable to demonstrate creative 

open-ended questions [16]-[19]. To solve creative open-ended questions, it requires students to 

think creatively about any aspect of fluency, flexibility, originality and elaboration in providing 

a variety of methods or solutions to problems [22]. 

 

However, several previous studies have shown that overall students' creative thinking skills 

scores are still at a weak and moderate level [32]-[42]-[45]. This is likely to be due to weak 

teaching and learning strategies among teachers such as teachers still using traditional teaching 

methods where students are passive, and their creativity is not encouraged [27]. Therefore, 

several previous studies have suggested the strategy of problem-based learning can improve 

students’ creative thinking skills [23]-[26]-[43]-[44]. 

 

Problem-based learning is one of the active learning approaches that can help students become 

actively involved in the classroom [39]-[15]-[36]. Based on these facts, the ideal learning 

model for creativity and problem solving is the problem-based learning [7]. Several previous 

studies have shown that problem-based learning strategies have a positive impact on students' 

creative thinking in the STEM field [45]-[26]-[21]. However, past researchers have failed to 

show in detail where the domain of creativity lies in steps of problem-based learning strategy. 

Therefore, this study aims to gain information on the use of problem-based learning strategies 

to develop creative thinking skills of secondary school students in any field of STEM. 

 

2. LITERATURE REVIEW 

 

Nowadays, the creative thinking skills is the important skills among students that should be 

stimulated in solving daily problems [7]. According to [17], schools are beginning to recognize 

the need for students to practice and develop domains of creativity such as fluency, flexibility 

and originality. This is because to allow the students in developing a wider range of creative 

processes such as the students can practice developing a domain of fluency creativity when they 

want to come up with many ideas or solutions to problems they face. The development of this 

creative domain will be more meaningful if the idea is original and more flexible [34]. 

According to [12] and [14], creativity is a teacher's ability to try to inspire students through 

appropriate environment and training. For example, learning environments such as 

encouraging the use of open-ended questions in which students need to identify problems at the 

same time stimulates students' suggestions for thinking about specific ways of solving 

problems. In addition, training can also encourage students to think creatively through a variety 

of problem-solving methods [34]. 

 

Accordingly, a study from [6] has suggested that there is less emphasis on creativity in the 

classroom if: 

• Teachers are too limited in meaning to come up with new and original ideas that do not fit the 

curriculum knowledge. 

• Teachers only consider key discoveries as students' creative achievements. 

• Teachers simply believe that only a few students can be creative and not creative to other 

students. 

• Teachers always think that increased creativity always requires extra special curriculum. 
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In addition, it is possible that students are low capability in the domain of creativity because of 

less effective teaching and learning strategies such as traditional teaching and learning. Due to 

misunderstanding of creativity adopted by teachers, this may hinder the development of 

creativity among students [6]. Therefore, the development of student creativity can be assisted 

when teachers use problem-based learning strategies [24]. 

 

Some researchers, in particular [38] explain that problem-based learning serves as a catalyst for 

creative thinking and provides opportunities for innovation. The problem is that most 

real-world situations are always associated with students, this allows for their involvement in 

the problem-solving process as a whole [34]. However, most learning applications are based on 

the problem of creativity leaning towards art and Language [34]. There are examples of 

problem-based learning environments used in STEM subjects [38] but they are only intended to 

enhance STEM knowledge, and not for student creativity in high school. Therefore, the 

investigation of creativity domain for high school students in a problem-based learning 

environment is worth considering. 

 

The study of [3] has shown the effectiveness of problem-based learning compared to traditional 

teaching in the fluency and originality creativity of engineering students. The findings of their 

study have shown that problem-based learning can enhance the creativity domain of fluency 

and originality. In contrast, the study of [11] found that the fluency mean score was the highest 

and originality mean score was the lowest after University students was exposed to 

problem-based learning. On the other hand, [10] have identified that creative thinking skills in 

the domain of fluency, flexibility and originality of University students are still at a low level. 

Although many previous studies address the level of student creativity at the University level, 

there are few studies addressing the level of student creativity at the high school level and there 

are not many studies that focus on the creativity domain: fluency, flexibility and originality 

[30]. Therefore, this systematic literature review analysis study is aimed to identify the 

similarities and differences of all articles in problem-based learning on creativity domain such 

as the steps of problem-based learning applied, the creativity domain in problem solving, the 

findings of the study and the gap of research between all the articles. 

 

3. METHODOLOGY 

 

Research articles are selected through a database of Scopus and Science Direct Journals based 

on keywords used. Keywords used in the search are Problem-based Learning AND Creative 

Thinking AND Secondary School. For the purpose of obtaining the latest study, the search has 

been limited between 2009 and 2019. A total of 13 studies have been selected to be analyzed 

based on the four steps in systematic literature review analysis. The figure 1 have shown the 

four steps in systematic literature review analysis according to [5]: 

 

 
Figure 1: The Four Steps in Systematic Literature 

Review Analysis 
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For the first step which is framing a question. The researcher will ask the question to himself. 

For example, researchers want to use high school students as study samples, researchers want 

to focus on problem-based learning interventions, researchers look at problem-based learning 

and conventional learning and finally researchers want to see the impact of problem-based 

learning on creative thinking skills. 

 

The second step which is run a search of the literature databases. After the researcher have 

known what she or he want, the researcher conducted a search of the literature databases. This 

helped researcher to identify the appropriate search terms. These search terms are arranged 

using Boolean Logic related controlled vocabulary, symbols of truncation or expansion, and 

placement of the terms in different sections of a reported study. In Boolean Logic, the 

researcher used the connectors, "AND", "OR", and "NOT" in various combinations to expand 

or narrow down search results and findings. For examples as shown below;  

 

a) "Secondary Students" AND " Problem-based learning on creative thinking skills" will find 

only those articles that have BOTH secondary students AND problem-based learning on 

creative thinking skills as the subject topics. 

b) "Secondary Students" OR " problem-based learning " will find all articles that have EITHER 

"Secondary Students" OR " Problem-based learning on creative thinking skills" in their subject 

topics, so the number of results returned will be larger. 

c) "Secondary Students" NOT " Problem-based learning on creative thinking skills" will find 

only those articles that contain "Secondary students" but will exclude all articles that have 

"Problem-based learning on creative thinking skills" as their topic area. 

 

For the third step which is selected the articles for literature review analysis by reading titles, 

abstracts and full texts. The researcher set up a scheme where the researcher decided to select 

and reject the articles for literature review analysis. For example, the article is relevant for the 

study question, the article does not discuss the outcome that is of interest to this research and 

the article is published outside of the date range. Because of that only 13 articles have been 

chosen to be analysed. For the last step is abstract the information from articles. In this matter, 

the researcher abstract the information from articles and then put all those needed information 

into table synthesis matrix according to subthemes: authors, the steps of problem-based 

learning applied, the creativity domain in problem solving, the findings of the study and the gap 

of research between all the articles. From that table analysis, the researcher can make some 

similarities and differences in the thirteen studies. 

 

4. RESULTS 

 

There are some similarities and differences in the thirteen studies. All of these similarities and 

differences are divided into four parts of the results, such as the steps of problem-based learning 

applied, the domain creativity in problem solving, the findings of the study and the gap of 

research between all the articles. 

 

4.1 The Steps of Problem-based Learning Applied 

 

Based on the meta-analysis of the 13 articles, the researchers found that there were three 

categories of differences in the application of problem-based learning phases; 
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a)   Previous researchers have successfully extracted each phase of problem-based learning and 

also identified who pioneered the problem-based learning model used in their study 

[26]-[43]-[9]-[1]. 

b)   The previous researchers successfully extracted each phase of problem-based learning but 

failed to identify which problem-based learning model was used in their study 

[45]-[23]-[18]-[29]-[28]. 

c)   The previous researchers were unable to extract each phase of problem-based learning and 

did not specify which problem-based learning model was used in their study 

[24]-[25]-[44]-[21]. 

 

In the study of [26] and [43], they have similarities in which they used problem-based learning 

models from [2]. There were the phases of problem-based learning models from Arends; 1) 

student-centred problem-solving, 2) organizing students for learning, 3) helping self-learning 

and learning group, 4) Develop and present problem artefacts or presentations and 5) Analyse 

and evaluate problem solving processes. 

 

Whereas, the study of [1] differs slightly from the studies of [26] and [43], which is the use of 

problem-based learning models from Arends in 2007. However, the problem-based learning 

phases are similar to those in the Arends’ problem-based learning model phases in 2013. For 

the study of [9] used a problem-based learning model from Rusmono in 2012. The phases in 

problem-based learning are similar to the Arends problem-based learning phases of 2007 and 

2012. 

 

Meanwhile, the study of [45], [23], [18], [29] and [28] share similarities in which they 

successfully extract each phase of problem-based learning but failed to state which 

problem-based learning model is used in their study. In other words, they did not know the 

author of problem-based learning. According to [45] have identified the use of a problem-based 

learning model consisting of five phases; 1) orientation to students on problems, 2) organizing 

students for learning, 3) guiding individual and group research, 4) developing and delivering 

work-based creations, 5) analysing and evaluating processes to solve problems. In contrast to 

[23] who simply stated problem-based learning strategies meant that students solved problems, 

students transformed word problems into mathematical models, solved pictures, explored, 

must detect or sensitive issues, refined them in detail, and then completed them in various 

ways. For [29] did not show the phases of problem-based learning as fully as saying teachers 

should direct students to problems by providing a worksheet, students need to organize three 

questions and the final students using the inquiry strategy. In contrast to the study of [18] have 

stated that problem-based learning consists of three phases; (1) finding objective levels, 

looking for data or facts and finding problems as target questions, (2) determining as many 

ideas as possible, and (3) developing appropriate ideas for ideas. 

 

4.2 The Creativity Domain in Problem Solving 

 

Overall, the results of the meta-analysis have shown that there are 10 similar articles that 

successfully demonstrated the domain of creativity that they want to measure when solving 

problems in their research [45]-[26]-[43]-[23]-[44]-[24]-[9]-[29]-[1]-[21]. However, there are 

only 3 articles in the article failed to show the domain of creativity that they want to measure 

[28]-[25]-[18]. 
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The following shows a summary of the similarities and differences in the domain of creativity 

used by researchers in problems solving; 

 

a)   Fluency, Flexibility, Originality, Elaboration, Evaluation [45].  

b)   Fluency, Flexibility, Originality, Elaboration, Evaluation [26].  

c)   Fluency, Flexibility, Originality, Elaboration [43].  

d)   Sensitivity, Fluency, Flexibility, Originality, Elaboration [23].  

e)   Fluency, Flexibility, Originality, Elaboration, Evaluation [44].  

f)   Fluency, Flexibility, Originality, Elaboration [24]. 

g)   Fluency, Flexibility, Originality, Elaboration, Evaluation [9]. 

h)   Fluency, Flexibility, Originality, Elaboration [29]. 

i)   Fluency, Flexibility, Originality [1].  

j)   Fluency, Flexibility, Originality [21]. 

 

4.3 Findings of Research 

 

In the study of [45] found that student groups with high academic achievement had a relatively 

low level of flexibility (66.67%) and evaluation (64.52%) compared to fluency (74.42%), 

originality (73.47%) and elaboration (75.31 %). The student group with moderate academic 

achievement had a low level of elaboration (67.81%) and evaluation (54.65%) compared to the 

fluency (80.03%), originality (73.33%) and flexibility (73.17%). The student group with weak 

academic achievement had a low level of elaboration (66.76%), evaluation (51.53%) and 

originality (65.63%) compared to the fluency (80.85%) and flexibility (83.78%). 

 

In addition, the study of [26] found that the average of mean creative thinking skills among 

students who have been taught problem-based learning are at a moderate level (0.49). The 

following had shown a summary of the mean scores for each creative domain; 

 

a) Fluency domain mean score: 2.77. 

b) Flexibility domain mean score: 2.93 (highest). 

c) Originality domain mean score: 2.34 (lowest). 

d) Elaboration domain mean score: 2.63. 

 

The results of the study by [43] have shown that there are four categories of students namely 

less creative, medium-creative, creative and highly creative. The results of the study for each 

category of students are presented in detail as follows; 

 

a)   Less creative students: The fluency mean score is 17.5%, the originality mean score is 4%, 

and no students were unable to achieve the aspect of elaboration. 

b)   Medium creative students: Fluency mean score is 15%, flexibility mean score is 10%, 

originality mean score is 15% and elaboration mean score is 13%. 

c)   Creative students: The fluency mean score is 15%, the flexibility mean score is 9%, the 

originality mean score is 14% and the elaboration mean score is 16%. 

d)   Highly creative students: The fluency mean score is 15%, the flexibility mean score is 20%, 

the originality mean score is 6% and the elaboration mean score is 13%. 

 

In addition, [23] study has proven that the most mistakes creativity domain in problem-based 

learning were flexibility (2.95) and originality (2.73). Meanwhile, the creativity domain of 

fluency (3.55), elaboration (3.30) and sensitivity (3.20) had better mean scores than flexibility 
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and originality. For study of [44], as overall, the student creativity was good at 80.69 %. 

Students' creative thinking skills have been categorized into three groups of students based on 

their academic achievement. The improvement in students' creative thinking skills scores for 

each domain of creativity has been shown as follows; 

 

a)   Student with high academic achievement: fluency (100), flexibility (85), originality (90), 

elaboration (42), evaluation (59). 

b)   Student with moderate academic achievement: fluency (100), flexibility (44), originality 

(44), elaboration (10), evaluation (39). 

c)   Student with weak academic achievement: fluency (95), flexibility (50), originality (22), 

elaboration (0), evaluation (0). 

 

The findings of the study of [24] has achieved a satisfactory level of creativity level at 49.22%. 

The aspect of flexibility and originality were good at 74.61% and 68.36%, respectively. 

Meanwhile, the aspect of elaboration was very good at 100%. The findings of the study of [9] 

have shown an increase in N-gain scores in the domain of fluency creativity (0.67). The 

decrease in N-gain scores occurred in the domain of flexibility (0.49). Meanwhile, a slight 

increase in the N-gain score in the domain of originality (0.55). The elaboration of N-gain score 

was 0.66 and the N-gain evaluation score was 0.59. However, overall students' thinking skills 

were at a moderate level. According to [29], there are four levels of student creativity namely 

creativity level 0: non-creative students; creativity level 1: less creative students; creativity 

level 2: creative students; creativity 3: creative students; and creativity level 4: highly creative 

students. Their findings have shown that students' creative thinking skills were still low at the 

first test. This is because no student has reached the 3 and 4 levels of creativity. In the second 

test there was an increase in students' ability to reach the 3 and 4 levels of creativity. 

 

The study of [25] have shown that students' creative thinking skills improve when students use 

problem-based learning strategies instead of conventional learning. The findings of their study 

are also supported by [28] study. They have shown that the average N-gain score of students 

'creative thinking skills is at a high level (0.78) after using problem-based learning compared to 

conventional learning where the average N-gain score of students' creative thinking skills is 

0.52. Furthermore, [1] agreed that problem-based learning is an alternative learning model that 

can enhance students' creative thinking skills. 

 

In addition, the research of [18] have revealed that the data shown students with low academic 

achievement can achieve fluency and flexibility. The student with medium academic 

achievement also can achieve fluency and flexibility too but was not well structured in 

originality. However, the student with high academic achievement able to achieve the aspect of 

originality. According to [21], the results showed that the creative thinking level of students 

with high capability by problem-based learning was at level 4 or very creative because students 

were able to demonstrate fluency, flexibility and novelty.  

 

4.4 The Gap of The Research 

 

After analysed all the articles, the researcher found two important similarities gap of all the past 

researchers such as; 

 

a)    The domain of creativity is not described in detail at every step of the problem-based 

learning even though problem-based learning strategy is very effective in improving creativity 
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domain such as fluency, flexibility, originality, elaboration, evaluation and sensitivity. In this 

case, they were reporting to evaluate creative domain in problem solving by using 

problem-based learning but did not explicitly state the creativity domain in every phase of 

problem-based learning. There is no specific guidance or theoretical framework on how the 

implementation problem-based learning enhanced creative thinking skills in aspect of fluency, 

flexibility, originality, elaboration, evaluation and sensitivity 

[45]-[43]-[23]-[44]-[24]-[9]-[29]-[28]-[25]-[1]-[18]-[21]. 

b)    Did not explored and explained in depth how the process of creative thinking student got 

higher, medium and lower level in each of creativity domain 

[45]-[26]-[43]-[23]-[44]-[24]-[9]-[29]-[28]-[25]-[1]-[21]. 

c)    They were reporting to use student worksheet as their instrument for accessing students’ 

creative thinking skill but do not explicitly state the instrument based on whom or adopted and 

adapted or created by themselves. In this case, there are also lack of research about Hu and 

Adey’s instrument usage when they are doing creative thinking skills in STEM fields 

[45]-[26]-[43]-[23]-[44]-[24]-[9]-[29]-[28]-[25]-[1]-[21]. 

 

5.  DISCUSSIONS 

 

Overall, problem-based learning by Arends are more favourable model used in creative 

thinking skills among thirteen articles. It is because the steps in problem-based learning stated 

are easier to be used by the past researchers [1]-[26]-[43]. However, there was still lack of 

applicable usage of Arends’ model towards other reseachers. This is because the Arends’ 

model not so familiar to others researcher and make them to use the more applicable and 

familiar model such as Oon-seng Tan. Actually, the steps in problem-based learning from those 

articles are based on Oon-seng Tan’s model who is a piooner of model problem-based learning. 

[37] also emphasized that there are four components that need to be taken into account when 

implementing problem-based teaching and learning processes. The four components are 

problem presentation, problem solving questions, problem-based learning steps and problem 

presentation and assessment. In addition, Oon-seng Tan’s model are more related to creativity 

[39]. So that, the past researchers implement Arends’ model that was adopted and adapted from 

Oon-seng Tan on 2003. However, the model of Oon-seng Tan can be used to obtain better data 

collection and to meet the needs of researchers in problem-based learning in creative thinking 

skills. 

 

Furthermore, almost all studies have been measured domain creativity of fluency, flexibility, 

originality, elaboration and evaluation. This is because all the domain creativity are the main 

indicators of creative thinking skills [33]. In fact, the domain creativity namely fluency, 

flexibility, originality in problem solving was first introduced by Torrance on 1990 and 

followed by Hu and Adey on 2002. Fluency in problem-solving refers to a student’s ability to 

obtain many solutions to a problem [21]. Flexibility in problem-solving refers to a student’s 

ability to solve a problem using many different methods or ways [21]. Originality in 

problem-solving refers to the student’s ability to solve a problem with many different solutions 

and correct answers, especially to find an original solution which is not common for that 

student’s grades or their knowledge level [21]. Elaboration in problem solving refers to the 

student’s ability to solve a problem with another idea developed from an idea [21]. Evaluation 

in problem solving refers to the ability of students to evaluate the problem, evaluate their peers 

and the students have to do some reflection on their learning process. According to [30], 

although many previous studies on measuring creative thinking skills at University but there 

are not many studies that focus on the creativity domain: fluency, flexibility and originality at 
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secondary school. This statement also supported by [1] and [21]. They also measured creativity 

domain: fluency, flexibility and originality at secondary school by using problem-based 

learning.  

 

Besides that, there were still have the low and moderate ability of students’ creative thinking 

described by some past researchers [31]-[20]-[8]-[26]. According to [8] have stated that the 

result is triggered by five main factors which is learning process is still informative, learning is 

still dependent on the teacher, learning is a memorizing activity, teachers rarely practicing the 

comprehension ability, teachers rarely practicing some experiment activities and learning of 

science is still the focus on the count. In the other hands, some articles have shown differ 

findings on mean scores of fluency, flexibility, originality, elaboration, evaluation and 

sensitivity based on the capability students’ academic achievement [45]- [44]-[21]. The 

creative thinking skills was closely related to capability of students’ academic achievement 

[4]-[21]-[18]. The students that have the high capability in academic achievement fulfilled all 

the aspects of creativity domain [21]. Therefore, all the thirteen articles have shown that the 

problem-based learning used by the students in their learning can enhance the students’ creative 

thinking skills in aspects of fluency, flexibility, originality, elaboration, evaluation and 

sensitivity. 

 

Last but not least, mostly the studies are focused on determine the effectiveness of using 

problem-based learning on creative thinking skills [18]. However, all the above studied still 

lack of emphasis on how the process of creative thinking student got higher, medium and lower 

level in each of creativity domain. They did not explore and explain in depth how the process of 

creative thinking in each phases in problem-based learning 

[45]-[26]-[43]-[23]-[44]-[24]-[9]-[29]-[28]-[25]-[1]-[21]. Moreover, the past researchers 

explained the steps of problem-based learning only 

[45]-[43]-[23]-[44]-[24]-[9]-[29]-[28]-[25]-[1]-[18]-[21]. The domain of creativity is not 

described in detail at every step of the problem-based learning even though problem-based 

learning strategy is very effective in improving creativity domain such as fluency, flexibility, 

originality, elaboration, evaluation and sensitivity. In this case, they were reporting to evaluate 

creative domain in problem solving by using problem-based learning but did not explicitly state 

the creativity domain in every phase of problem-based learning. There is no specific guidance 

or theoretical framework on how the implementation problem-based learning enhanced 

creative thinking skills in aspect of fluency, flexibility, originality, elaboration or evaluation or 

sensitivity. Besides that, they were reporting to use student worksheet as their instrument for 

accessing students’ creative thinking skill but do not explicitly state the instrument based on 

whom or adopted and adapted or created by themselves 

[13]-[45]-[26]-[43]-[23]-[44]-[24]-[9]-[29]-[28]-[25]-[1]-[18]-[21]. In this case, they needed 

to use Hu and Adey instrument when they are doing creative thinking skills in STEM fields. 

This is because all thirteen articles using the general creativity instrument. [46] revealed in their 

study that, a test that uses creativity problems in a specific field is more appropriate as 

compared to a general creativity test to measure scientific creativity. 

6. CONCLUSION 

In conclusion, this concept paper has shown a pattern of recent studies on problem-based 

learning on creativity domain in problem solving for secondary school. Arends’ model of 

problem-based learning was the most frequently used by the past researchers. The researchers’ 

finding was recommended to use Oon-seng Tan model because of it is the pioneer of 

problem-based learning and the most suitable model for problem-based learning in creative 
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thinking.  Besides, there were still have the low and moderate ability of students’ creative 

thinking described by some past researchers due to some factors. Therefore, more researches on 

problem-based learning are needed to improve the students’ creative thinking skills such as 

fluency, flexibility, originality, elaboration, evaluation and sensitivity. 

7. REFERENCES 

 

[1]     Ardeniyansah and Rosnawati, R. (2018). Implementation of problem-based learning 

in terms of student mathematical creative thinking, Journal of Physics: Conference 

Series, Vol 1097, pp. 1-6. 

[2]     Arends, R. I. (2012). Learning to Teach (Belajar untuk Mengajar), In H. P. Soetjipto, 

and S. M. Soetjipto (translator) Belajar untuk Mengajar. Yogyakarya: Pustaka Pelajar. 

[3]     Awang, H., and Ramly, I. (2008). Creative thinking skill approach through 

problem-based learning: Pedagogy and practice in the engineering classroom, 

International Journal of Human and Social Sciences, Vol 3, pp. 18-23. 

[4]     Akgul. S., and Kahveci, N. G. (2016). A study on the development of a mathematics 

creativity scale, Eurasian Journal of Educational Research, Vol 62, pp. 57- 76. 

[5]     Basu, A. (2017). How to conduct meta-analysis: A basic tutorial, Available at : 

https://ir.canterbury.ac.nz/bitstream/handle/10092/14582/conduct-meta 

analysis%281%29.pdf?isAllowed=y&sequence=2 

[6]     Beghetto, R. A. (2009). In search of the unexpected: Finding creativity in the micro 

moments of the classroom, Psychology of Aesthetics, Creativity and the Arts, Vol 3, pp. 

2-5. 

[7]     Birgili, B. (2015). Creative and critical thinking skills in problem-based learning 

environments, Journal of Gifted Education and Creativity, vol. 2, no. 2, pp. 71–71.  

[8]     Carni, Maknun, J., and Siahaan, P. (2017). An Implementtaion of icare aproach 

(introduction, connection, application, reflection, extension) to improve the creative 

thinking skill, Journal of Physics: Conference Series, Vol 812, pp. 1-6. 

[9]     Eny, F. Momo, R., and Wahyu, S. (2018). Skill analysis of students' creative thinking 

in implementation of problem based learning with plastic waste handling context, 

Journal of Physics: Conference Series, vol. 1108, no. 1, pp. 1-5. 

[10] Ersoy, E., and Baser, E. (2014). The effect of problem-based learning method in 

higher education on creative thinking, Science Direct Procedia Social And Behavioral 

Sciences, Vol 116, pp. 3494-3498. 

[11] Elnetthra Folly, E., and Fauziah, S. (2013). The capability of integrated 

problem-based learning in improving students' level of creative-critical thinking, 

International Journal of e-EDucation, e-Business, e-Management and e-Learning, vol. 3, 

no. 4, 347-350. 

[12] Felder, R. M. (1987). On creating creative engineers, Engineering education, vol. 77, 

no. 4, 222-227. 

[13] Ibrahim, N. H., Surif, J., Abdullah, A. H., and Sabtu, N. A. S. (2014). Comparison of 

pedagogical content knowledge between expert and novice lecturers in teaching and 

learning process, Proceedings - 2014 International Conference on Teaching and 

Learning in Computing and Engineering, LATICE, Vol 6821863, pp. 240-246. 

[14] Ibrahim, N. H., Abdullah, A. H., Surif, J., and Ali, M. (2015). Cyclic improvement in 

the implementation of reflective practice, Proceedings of IEEE International 

Conference on Teaching, Assessment and Learning for Engineering: Learning for the 

Future Now, TALE 2014, Vol 7062617, pp. 192-197. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                ISSN 2515-8260                 Volume 07, Issue 06, 2020 

             

540 

 

 

[15] Jamal, S. N. B., Ibrahim, N. H. B., Surif, J. B. (2019). Concept cartoon in 

problem-based learning: A systematic literature review analysis, Journal of 

Technology and Science Education, vol. 9, no. 1, pp. 51-58. 

[16] Mourtos, N. J. (2010). Challenges students face in solving open-ended problems, 

International Journal of Engineering Education,  vol. 26, no. 4, 846–859. 

[17] Meador, K. S. (1997). Creative Thinking and Problem Solving for Young Learners, 

Englewood, Colorado: Teacher Ideas Press. 

[18] Munahefi, D. N., Waluya, S. B. and Rochmad. (2018). Analysis of creative 

mathematical thinking ability in problem based learning model on self- regulation 

learning, Journal of Physics: Conference Series, Vol 983, pp. 1-6. 

[19] Neo, M., and Neo, T. K. (2013). Exploring students’ creativity and design skills 

through a multimedia project: A constructivist approach in a malaysian classroom, 

Design and Technology Education: An International Journal,  vol. 18, no. 3, pp. 48–59. 

[20] Nurulsari, N., Abdurrahman and Suyatna, A. (2017). Journal of Physics: Conference 

Series, 909. 

[21] Nurdyani, F., Slamet, I., and Sujadi, I. (2018). Creative thinking level of students with 

high capability in relations and functions by problem- based learning Creative 

thinking level of students with high capability in relations and functions by 

problem-based learning, Journal of Physics: Conference Series,  Vol 983, pp. 1–6. 

[22] Overton, T., Potter, N., and Leng, C. (2013). A study of approaches to solving 

open-ended problems in chemistry, Chemistry Education Reseacrh and Practice, Vol 

14, pp. 468-475. 

[23] Ratnaningsih, N.  (2017). The analysis of mathematics creative thinking skils and 

self-efficacy of high students built through implementation of problem based 

learning and discovery learning, Jurnul Pendidikan Matematik Indonesia, vol. 2, no. 2, 

pp. 42–45. 

[24] Ratnasari, D., Supriyanti, T., and Rosbiono, M. (2017). Vocational high school students 

’ creativity in food additives with problem-based learning approach vocational high 

school students ’ creativity in food additives with problem-based learning 

approach, Journal of Physics: Conference Series, Vol 895. 

[25] Risnawati, Amir, Z., Lubis, M. S., and Syafri, M. (2018). The effect of problem-based 

learning (pbl) towards creative thinking ability and self-eficiacy of junior high 

school students, Journal of Physics, Vol 1116, pp. 1-9. 

[26] Roni Rohana, S., Sahyar., and Eva Marlina, G. (2017). The effect of problem-based 

learning (PBL) model on senior high school students’ creative thinking and 

problem solving ability of physics problems, IOSR Journal of Research & Method in 

Education (IOSR-JRME), vol. 7, no. 4, 11-18. 

[27] Ruechaipanit, W. (2013). Development of creativity-based learning model, pp. 1-14. 

[28] Rudibyani, R. B. (2017). Improving students’ creative thinking ability through 

problem based learning models on stoichiometric materials, Journal of Physics: 

Conference Series, Vol 1155, pp. 1-10. 

[29] Saadah, L. Z. K., Hobri and Irvan, M. (2019). The application of problem based 

learning (pbl) based on lesson study for learning community (LSLC) to improve 

students' creative thinking, IOP Conference Series: Earth and Environmental Science, 

vol. 243, no. 1, pp. 1-13. 

[30] Salbiah, M. H., and Roslinda, R. (2013). Tahap kreativiti pelajar tingkatan empat 

aliran sains di daerah kuala langat, pp. 926–934. 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                ISSN 2515-8260                 Volume 07, Issue 06, 2020 

             

541 

 

 

[31] Saeful, N., and Wawan, S. (2016). Improving students' cognitive abilities and creative 

thinking skills on temperature and heat concepts through an exelearning-assisted 

problem based learning, International Journal of Scientific and Technology Research, 

vol. 5, no. 12, pp. 59–63. 

[32] Siti Salbiah, O., Jamaludin, H., Noor Dayana, A. H., Johari, S., and Suraiya, M. (2017). 

Investigating the level of scientific creativity of science students, Advanced Science 

Letters, vol. 23, no. 9, 8247–8250. 

[33] Siswono, T. Y. E. (2011). Educational Research and Review, Vol 6, pp. 548. 

[34] Siew, N. M., Chong, C. L., and Lee, B. N. (2015). Fostering fifth graders’ scientific 

creativity through problem-based learning, Journal of Baltic Science Education, vol. 

14, no. 5, pp. 655–669. 

[35] Sihaloho, R. R. and Ginting, E. M. (2017). The effect of problem based learning (PBL) 

model toward student's creative thinking and problem solving ability in senior high 

school,  IOSR Journal of Research & Method in Education (IOSR-JRME), vol. 7, no. 4, 

pp. 11–18. 

[36] Sangguro, S. B. A., Surif, J. B., and Ibrahim, N. H. B. (2019). Conceptual knowledge in 

stoichiometry’s problem solving. International Journal of Recent Technology and 

Engineering, vol. 8, no. 2, pp. pp. 405-411. 

[37] Tan, O-S. (2003). Problem-based learning innovation: Using problems to power 

learning in the 21st century. Singapore: Thomson Learning. 

[38] Tan, O-S., Teo, C. T., and Chye, S. (2009). Problems and creativity. In Oon-Seng Tan 

(Ed.) Problem-Based Learning and Creativity, pp. 1-14. Singapore: Cengage Learning. 

[39] Tan, O-S. (2009). Problem-based learning and creativity. Singapore: Cengage Learning 

Asia Pte Ltd. 

[40] Torrance, E. P. (1990). Torrance Tests of Creative Thinking, Bensenville: Illinois. 

Scholastic Testing Service. 

[41] Thibaut, L., Ceuppens, S., De Loof, H., De Meester, J., Goovaerts, L., Struyf, A., 

Boeve-de Pauw, J., Dehaene, W., Deprez, J., De Cock, M., Hellinckx, L., Knipprath, H., 

Langie, G., Struyven, K., Van de Velde, D., Van Petegem, P., and Depaepe, F. (2018). 

Integrated STEM Education: A Systematic Review of Instructional Practices in 

Secondary Education, European Journal of STEM Education, vol. 3, no. 1, pp. 1–12. 

[42] Usta, E., and Akkanat, C. (2015). Investigating scientific creativity level of seventh 

grade students, Procedia - Social and Behavioral Sciences, Vol 191, pp. 1408–1415. 

[43] Wartono, Diantoro, M., and Bartlolona, J. R. (2018). Influence of problem based 

learning model on student creative thinking on elasticity topics a material, Jurnul 

Pendidikan Fisika Indonesia, vol. 14, no. 1, pp. 32–39. 

[44] Wahyu, W., Kurnia and Syaadah, R. S. (2018). Implementation of problem-based 

learning (PBL) approach to improve student’s academic achievement and creativity 

on the topic of electrolyte and non-electrolyte solutions at vocational school, Journal 

of Physics: Conference Series, vol. 1013, no.1. 

[45] Wahyu, W., Kurnia and Eli, R. N. (2016). Purification using problem-based learning 

to improve students' creative thinking skills on water purification, AIP Conference 

Proceedings, Vol 1708, pp. 1–4. 

[46] Zeng, L., Proctor R., and Salvendy, G. (2011). Can traditional divergent thinking tests 

be trusted in measuring and predicting real-world creativity, Creativity Research 

Journal, vol. 23, no. 1, pp. 24-37. 

 

 


