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INTRODUCTION 

STEM education in Malaysia needs to be strengthened as one of the main issues is the existing STEM 
curriculum operated un-integrated (Bunyamin, 2015; Rauf et al., 2017). In this regard, Ministry of Education 
(MoE) of Malaysia has taken steps to revise the curriculum and inform the implementation of the secondary 
school standard curriculum (SSSC) replacing secondary school integrated curriculum in phases beginning in 
2017 (Bahrum et al., 2017; Bunyamin & Finley, 2016). A standard document for curriculum and assessment 
(SDCA) for all subjects has been enacted and used by teachers to carry out teaching and learning and 
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 STEM-based learning innovations have been massively developed especially related to 
21st Century skills. This study was done to explore a relationship between creative 
thinking and science achievement through the implementation of integrated STEM-
based module on Reproduction topic. A quasi-experimental study involved pretest-
posttest non-equivalent group design with sample of 60 eighth graders from a boarding 
school in Baling, Kedah, Malaysia. The samples was divided into two groups - 30 
students of treatment group and 30 students of control group. The data were collected 
from pre-post-Reproduction Test Questions (RTQ) scores and pre-post-Creative 
Thinking Test Questions (CTTQ) scores. Pearson Correlation and one-way ANOVA at a 
significance level p < .05 were performed in analysing data. Findings reveal no 
statistically significant relationship between creative thinking and science achievement 
for both treatment group (r = .220, p = .243) and control group (r = .308, p = .098). 
Besides, there is a statistically significant and moderate and positive relationship 
between creative thinking indicator of fluency and science achievement (r = .463, p = 
.010) of the treatment group. In conclusion, general finding is an evidence that between 
creative thinking and science achievement shows a consistency in whatever teaching 
strategy implemented. In which, educators need to realize that academic achievement 
does not necessarily be a necessity in shaping one’s creativity. Therefore, further study 
is needed to investigate the relationship between these variables in the execution of 
STEM teaching and learning so that the findings can be generalized to a larger 
population.  
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assessment (MoE, 2013; Sulaiman et al., 2015). The SSSC provides learners with a comprehensive set of 21st 
Century skills and competencies (Scott, 2015).  

 In terms of pedagogy, the curriculum transformation emphasizes in-depth learning through various 
approaches involving higher-order thinking skills (McFarlane, 2013) as well as focusing on inquiry-based 
learning (Prayogi & Yuanita, 2018), problem-solving (Binkley et al., 2012), contextual learning (Asrizal et al., 
2017), collaborative learning (McKechan & Ellis, 2014), project-based learning (Mustafa et al., 2016; Mustaffa & 
Ismail, 2015), and STEM approach (CDD, 2016). In addition to pedagogy, providing teaching and learning 
resources is essential for teachers to find and use materials from various sources as references (CDD, 2014) 
and one of them is the use of teaching and learning modules besides using textbooks and digital materials 
supplied by MoE (MoE, 2013). 

 STEM-related studies in Malaysia and even in other countries are still lacking. The majority of studies aim to 
strengthen curriculum development and view the learning outcomes achieved by students who are still in their 
embryonic stages (English, 2016). While the number of students participating in STEM and their motivation has 
declined in most western countries (Asghar et al., 2012; Sturyf et al., 2019), some studies have shown that 
teenager’s interest in STEM in developing countries like India and Malaysia are increasing (Thomas & Watters, 
2015). However, more efforts need to be made to strengthen STEM.  

 Malaysian teachers are still less exposed to STEM, as the approach is relatively new to the country’s 
educators (Bahrum et al., 2017; Rauf et al., 2017). They lack STEM content knowledge and less attention to 
effective teaching strategies in implementing STEM (Mustafa et al., 2016; Osman & Saat, 2014). Besides, there 
are still many teachers who do not consider thinking ability as the focus of teaching. According to (Kadir et al., 
2017), science teachers are mainly less focused on executing activities that apply thinking skills. Thus, 
integrated STEM needs to be implemented as this approach that applies the problem-solving process can 
foster creative thinking and critical thinking, which are essential skills in ensuring student success. Hence, to 
strengthen STEM education in Malaysia, professional training needs to be improved and monitored to create 
competent teachers in terms of knowledge, skills, and attitudes in STEM integration (Bahrum et al., 2017). 
Besides, Science and Mathematics subjects should also be interesting (Fidan & Ay, 2016; Thomas & Watters, 
2015), easy to understand (Serrat et al., 2014), emphasizing more hands-on and exploration activities (Hock, 
2016; Piergiovanni, 2014). 

 Little research has been carried out involving STEM integration subjects like Science, Biology, Chemistry, 
Physics, and Mathematics. Past research on STEM are more prone to focus on higher education (Jayarajah et 
al., 2014) and less emphasis at school level (Bunyamin, 2015; Jayarajah et al., 2014). The execution of STEM 
at the school level, especially in secondary school, is still vague to be conducted by the teachers, whereas it is 
a strategy for increasing students’ readiness for post-secondary STEM programs. Therefore, researchers 
introduced the engineering design process as a teaching strategy in integrating STEM for Science teaching and 
learning among secondary students through a developed teaching module, named Celik STEM Module. 

The developed module consists of four content standard-based learning activities on the topic of 
Reproduction: sexual and asexual reproduction, the human reproductive system, and factors that influence fetal 
development, as stated in the SDCA. This module is used in learning these topics so that it is expected to 
provide an overview of the relationship between scientific achievement and creative thinking. The purpose of 
this study was to answer (1) whether there are significant differences between indicators of originality, fluency, 
flexibility, elaboration based on the level of scientific achievement, and (2) a significant relationship between 
creative thinking and scientific achievement between treatment and control groups.  

More specifically, these research questions test the following hypotheses: (Ho1) There is no statistically 
significant difference between creative thinking indicator of originality, fluency, flexibility and elaboration based 
on science achievement level of the treatment group; (Ho2) There is no statistically significant difference 
between creative thinking indicator of originality, fluency, flexibility and elaboration based on science 
achievement level of the control group; (Ho3) There is no statistically significant relationship between creative 
thinking and science achievement of the treatment group; (Ho4) There is no statistically significant relationship 
between creative thinking and science achievement of the control group; (Ho5) There is no statistically 
significant relationship between creative thinking indicator of originality, fluency, flexibility and elaboration and 
science achievement of the treatment group; (Ho6) There is no statistically significant relationship between 
creative thinking indicator of originality, fluency, flexibility and elaboration and science achievement of the 
control group. 

 

METHOD 

In this study, researchers did not randomly assign participants to groups. In other words, researchers did 
not control the assignment to groups. Consequently, the groups may be different before the study; thus, a 
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pretest is essential to be administered so that the sample groups are initially equivalent in terms of the aspects 
studied (e.g., creative thinking and science achievement). About what has been mentioned, this study involved 
a quasi-experimental with the type of pretest-posttest non-equivalent group design. Concerning this research 
design, a treatment group was given a pretest, received a treatment in which the sample engaged in teaching 
and learning using Celik STEM Module, and was then given a post-test. At the same time, there was a non-
equivalent control group that was given a pretest, had been educated using the traditional teaching method 
instead of using Celik STEM Module, and then was given a post-test. Both groups had been taught by the 
same teacher with different teaching methods. In terms of the difference in pretest-posttest execution time, the 
pretest was conducted in the first week for both groups before the treatment where reproduction test questions 
(RTQ) was administered on the first day while creative thinking test questions (CTTQ) was carried out on the 
next day. After implementing the treatment for eight weeks, the post-test was given to both groups in a tenth 
week. Pretest and post-tests were administered with the same instruments that consisted of the same 
questions for RTQ and CTTQ.  

Researchers conducted the study at one of the boarding schools in Baling, Kedah, Malaysia. A random 
cluster sampling was used where whole groups (six classes of eighth-graders) were randomly selected instead 
of individuals (Idris, 2013). In this way, researchers selected two groups: a treatment group and a control group; 
consisting of 30 respondents, respectively. The number of respondents representing each group is sufficient to 
carry out this study (Hogg et al., 2018) as referring to (Gay et al., 2012), the minimum requirement to carry out 
experimental research is 15 respondents per group.  

This study employed two types of instruments; RTQ to measure science achievement and CTTQ, on the 
other hand, measures students’ creative thinking. RTQ is composed of six main questions for short answer and 
essay that covered content standards of sexual and asexual reproduction, human reproductive system, and 
factors that affect the development of fetus and infant under reproduction topic in SDCA for Science subject. It 
was developed with an excellent for both a validity index of 0.96 and a reliability index of 0.87. The CTTQ, a 
divergent thinking test, consisting of 15 questions, was developed regarding Torrance Test of Creative Thinking 
(Anwar et al., 2012). The questions involved drawing picture construction activities, picture completion, and 
repeated figures of lines and circles. Besides, respondents should respond to the stimulus of pictures given in 
writing. CTTQ had been evaluated based on scoring components of originality, fluency, flexibility, and 
elaboration indicators. CTTQ had an outstanding validity index of 1.00 and a reliability index of 0.90. Data 
normality and homogeneity of variance were tested and reported to meet the assumptions before doing 
inferential analyses of Pearson correlation and one-way ANOVA tests in verifying the hypotheses.  

 

RESULTS AND DISCUSSION 

Before beginning inferential analysis, the distribution of data is essential to be checked. The Skewness and 
Kurtosis values of the pretest and posttest of the RTQ and CTTQ for the treatment and control groups are 
between -2 to +2. This numerical method showed that the data are normally distributed (Hussin et al., 2014). 
By using the normality test, researchers chose the Shapiro-Wilk Test as it produces a better power than the 
Kolmogorov-Smirnov Test (Ghasemi & Zahediasl, 2012). The findings implied that the pretest and posttest data 
of the RTQ and CTTQ for both groups were normally distributed (ρ > 0.05). Therefore, a parametric test was 
used in this study. 

 Besides, an equality or homogeneity of variance test should be done through Levene’s Test, known as F-
Test which explains the need to either meet the assumption of that both groups have the same variance in 
dependent variable (pretest scores). The test was carried out via a procedure of independent sample t-test. 
Findings showed that there is no significant difference between pretest scores of RTQ for the treatment group 
(M = 37.13, SD = 4.032) and control group (M = 35.43, SD = 4.066); [t (58) = -1.626, ρ = .109]. In fact, there is 
no significant difference between pretest scores of CTTQ for the treatment group (M = 41.40, SD = 4.523) and 
control group (M = 42.27, SD = 4.417); [t (58) = .751, ρ = .456].  

 

Table 1. One-way ANOVA of fluency on science achievement level of the treatment group 

Indicator  
Sum of 
squares 

df Mean square F Sig. 

Fluency 
Between groups 21.994 2 10.997 5.314 .011 

Within groups 55.872 27 2.069   
Total 77.867 29    
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One-way ANOVA in Table 1 shows a statistically significant difference between the creative thinking 
indicator of fluency based on the science achievement level of the treatment group [F (2.27) = 5.314, ρ = 
0.011]. It is explained in Table 2 in which students of excellent achievement with Grade A (M = 19.50, SD = 
1.000) differed from students of good achievement with grade C (M = 16.57, SD = 1.512) based on the 
indicator of fluency. Hence, the null hypothesis, Ho1 is rejected. 

 
Table 2. Tukey HSD test of fluency on science achievement level of the treatment group 

Indicator 
Science achievement 

level (I) 

Science 

achievement 

level (J) 

Mean difference  

(I-J) 
Std. error Sig. 

Fluency 

Excellent 

(Grade A) 

Honors 

Good 

1.711 

2.929* 

.791 

.902 

.096 

.008 

Honors 

(Grade B) 

Excellent 

Good 

-1.711 

1.218 

.791 

.636 

.096 

.154 

Good 

(Grade C) 

Excellent 

Honors 

-2.929* 

-1.218 

.902 

.636 

.008 

.154 
* The mean difference is significant at the .05 level 

 
Conversely, Table 3 shows a statistically significant difference between the creative thinking indicator of 

elaboration based on the science achievement level of the control group [F (2.27) = 3.658, ρ = 0.039]. It is 
explained in Table 4 that students of honors achievement with Grade B (M = 8.22, SD = 2.906) differed from 
students of satisfactory achievement with Grade D (M = 4.33, SD = 3.445) based on the indicator of 
elaboration. Thus, the null hypothesis, Ho2 is rejected. 

 
Table 3. One-Way ANOVA of elaboration on science achievement level of the control group 

Indicator  
Sum of 
Squares 

df Mean square F Sig. 

Elaboration 

Between Groups 59.244 2 29.622 3.658 .039 

Within Groups 218.622 27 8.097   

Total 277.867 29    

 
Table 4. Tukey HSD test of elaboration on science achievement level of the control group 

Indicator 
Science achievement 

level (I) 

Science 

achievement 

level (J) 

Mean difference  

(I-J) 
Std. error Sig. 

Elaboration 

Honors 

(grade B) 

Good 

Satisfactory 

.756 

3.889* 

1.200 

1.500 

.805 

.039 

Good 

(grade C) 

Honors 

Satisfactory 

-.756 

3.133 

1.200 

1.375 

.805 

.076 

Satisfactory 
(grade D) 

Honors 

Good 

-3.889* 

-3.133 

1.500 

1.375 

.039 

.076 

* The mean difference is significant at the .05 level 

 
Table 5 reflects the relationship between creative thinking and scientific achievement of the treatment and 

control groups. The results showed that there was no statistically significant relationship between creative 
thinking and science learning achievement for the treatment group (r = .220, ρ = 0.243) and the control group (r 
= .308, ρ = 0.098). The null hypothesis, Ho3, and Ho4 are accepted. It shows that students with high creative 
thinking skills do not necessarily excel in scientific achievement. There were students in the treatment group 
with a creative and very creative level who also obtained an honor achievement (grade B) and good (grade C) 
in addition to an excellent level (grade A). Besides, in the control group, students with the same level of creative 
thinking as the treatment group obtained satisfactory (grade B), good (grade C), and satisfying (grade D) 
achievement levels after the implementation of the intervention. It is in line with (Nori et al., 2018), that cognitive 
ability (measured by academic achievement) does not necessarily become necessary in shaping one's 
creativity. Also, the overall results of creative thinking that do not correlate with science learning achievement 
are evidence that between these variables shows consistency in whatever learning strategies are applied. 
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Table 5. Correlation between creative thinking and science achievement amongst treatment and control group 

 
Treatment Control 

Pearson correlation Sig. (two-tailed) Pearson correlation Sig. (two-tailed) 

Creative thinking .220 .243 .308 .098 
Originality .050 .794 .327 .078 
Fluency .463 .010** -.012 .951 
Flexibility .060 .753 -.020 .917 
Elaboration .121 .524 .280 .133 

 
Nevertheless, these findings imply that there is a moderate and statistically significant relationship (Cohen, 

1988) and a positive relationship between indicators of creative thinking fluency and scientific achievement (r = 
.463, ρ = 0.010) of the treatment group (Ho5 rejected). These results are following the ANOVA data in Table 1 
which proves that learning based on the Celik STEM Module through the engineering design process can 
improve the fluency of creativity, especially students can develop so many ideas that are relevant and 
meaningful (indicators of high fluency) to solve problems according to the activities shown in the module. As 
has been eloquently stated by (Siew & Ambo, 2018), the engineering design process can foster students' 
confidence in generating and exchanging ideas and trying to help each other produce excellent and final quality 
products. It contributes to the development of positive student creativity (Siew et al., 2016). 

  There was no statistically significant relationship between indicators of creative thinking originality, fluency, 
flexibility, elaboration, and scientific achievement for the control group. Therefore, the null hypothesis, Ho6 is 
accepted. It contrasts with the ANOVA data obtained in Table 3, which shows a significant difference in 
elaboration indicators based on the level of scientific achievement. Although students who follow traditional 
teaching can also develop better in elaborate creative thinking, which can explain specific ideas in detail, the 
weakness can be seen that the details sometimes fail to explain the main idea (Bermejo et al., 2013). Overall, 
the findings for both groups support the research conducted by (Jauk et al., 2013) that cognitive abilities have 
different influences on specific creativity domains (originality, fluency, flexibility, and elaboration). It is because 
creativity is not in the same construct but exists based on certain domains or criteria (Nori et al., 2018).   

Strengthening STEM as one of the critical initiatives in Malaysian Education Blueprint 2013-2025 can 
produce a holistic future generation in all aspects not only excellent in academic, but it can even highlight their 
talents in certain areas too which the country needs more creative thinkers as the engine for educational 
development (MoE, 2013; Rauf et al., 2017). While there have been efforts, like introducing 21st Century 
classrooms, i-Think projects, and STEM programs, more needs to be done to capture and embed creativity into 
the national curriculum. In this study, the findings suggest that the aspect of creative thinking should be given 
more attention in STEM teaching and learning because it is one of the higher-order thinking skills components 
that is important to be highlighted in the curriculum transformation in terms of pedagogy. The six strands of 
SSSC, i.e., science and technology; communication; spirituality; attitude and values; humanities; personal 
competence; and physical development and aesthetics that form the fundamentals of curriculum development 
in Malaysia are evident in the SDCA where the six of them support to each other with creative thinking, critical 
thinking, and innovativeness (CDD, 2014, 2016).  

 In addition to pedagogy, the enculturation of creative thinking amongst students starting from school is quite 
an essential goal (Peterson & Deal, 2016) because the creative thinking of Malaysian students is still at a low 
level (Bajuri et al., 2019). The importance of this aspect is acknowledged by Mahmud (2011) that making 
creativity a priority in the national agenda gives the country a more significant competitive foothold in an 
increasingly complex global economy. One of the biggest concerns is how one can be more creative or come 
up with better ideas when it comes to creativity. Thus, creative thinking is seen as one of the components that 
can contribute to better academic achievement (Bajuri et al., 2019) especially in science teaching and learning. 

 Specific studies related to the four indicators in creative thinking and their relationships with students’ 
academic achievement are still poorly implemented in Malaysia (Bajuri et al., 2019) especially to view the 
impact of implementing STEM teaching-learning in Science subject. Nonetheless, this study is slightly similar to 
those done by Bajuri et al (2019); and that showed a statistically significant and weak and positive relationship 
between creative thinking and physics achievement. The interpretation of ‘weak’ according to Cohen (1988) is 
said to be too little, or there may be a correlation based on interpretation (Idris, 2013). A study by Bahaudin 
(2011); and Candrasekaran (2013) reported similar findings with the researchers. Unlike the study conducted 
by Nami et al (2014), it showed that there is a statistically significant and strong and positive relationship 
between indicators of flexibility and academic achievement. The study by Anwar et al (2012) showed a 
statistically significant and positive relationship between creative thinking of all indicators and science 
achievement. The findings in this study, as well as the previous studies, explain that there may be some 
limitations by several factors as according to (Candrasekaran, 2013), the number of subjects in his study is 
about 118, compared to the study conducted by the researchers is only 60; and it is quite challenging to explain 
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the relationship between creative thinking and academic achievement. This view is supported by Anwar et al 
(2012), it is crucial to consider the sample size, environmental setup, and some other variables playing some 
role for such findings. The relationship might be altered when examining a different level of scientific 
achievement and employing a different creative thinking measurement (Anwar et al., 2012; Candrasekaran, 
2013). Besides, the maturity factor (age) is proven to influence in this regard (Nori et al., 2018). 

As implication for teachers, creative thinking skills that lead to creativity may be facilitated by using more 
authentic tasks in school, such as utilizing an integrated STEM approach that connects four disciplines, 
allowing students to enrich their learning experiences. As a result of this, students apply science and 
mathematics concepts to think logically, critically, and creatively in solving real-world problems based on steps 
in the engineering design process. Besides, teachers need to admit that there is a wide range of creative 
thinking found within their students as well as realize that creative thinking as necessary and finds ways to 
enhance and promote the development of their students. 

 

CONCLUSION 

This study provides empirical support for the relationship between creative thinking, creative thinking 
indicators, and science achievement. Based on the results and data gathered from the 60 students who 
participated in this study, it is clearly shown that the use of an integrated STEM-based module (Celik STEM 
Module) has significant results towards students’ creative thinking of fluency indicator and science achievement 
compared to the traditional teaching. The findings support the significance of teaching in a creative environment 
through integrated STEM that encourages creative thinking skills in solving real-world problems to improve the 
chance of academic success for all students.   
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