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Abstract. This research purposes to study the influence of 7E LC-STEM on students’ 
creative thinking skills in the temperature and heat topic using quasi-experiment research 
with Pre- and Posttest Design. The subject is students of Senior High School Batu 
Indonesia. They are distributed in the experiment (7E LC-STEM) and the comparison 
(7E LC) classes The research instrument is students’ Creative Thinking Skills Test with 
reliability of Cronbach’s alpha of 0.803. The data is analyzed with t-test, N-gain, and 
effect size. The result shows that the STEM approach can increase creative thinking 
skills as indicated by the significantly higher average skill score obtained by the 
experiment class. The implementation effect of 7E LC-STEM learning has a very large 
category than 7E LC class in increasing  creative thinking skills of students. The students 
of experiment class give higher positive responses than the comparison class for the 
learning process. 
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1   Introduction 

Temperature and Heat is a topic in Physics which covers one of the most principal 
knowledge about nature relating to warmth and cold, which is relevant to the example of 
concrete daily activity and technology. However, this topic is still considered difficult by 
students and teachers in physics learning [1]. Students know no distinction between the two 
separate concepts, which are the concept of temperature and the concept of heat [2]. Students 
also thought that heat as an entity that can be materialized [3]. Other misconception is that the 
assumption that the bigger an object’s mass, then the bigger its temperature [4]. Some still 
believe that if different objects are placed in a same environement for a long time, the objects 
will have different magnitude of temperature [5]. This may be due to the fact that teacher are 
only teaching lessons theoretically without trying to involve students in an active effort to 
explore and find the knowledge about temperature and heat on their own [6]. Moreover, 
students discovered that they can use mathematical equations on both topics to solve 
a problem, but they don’t understand the concepts behind them well [2]. These issues affect 
students’ ways to think creatively to solve a problem [7].  
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Creative thinking skills (CTS) are needed to face the obstacles of problem-solving in the 
globalization era of the 21st century [8]. CTS are one of the skills in the century which are 
currently aimed as a focus in the field of education all over the world [9]. However, initial 
research showed that 63.71% of students still have a low level of CTS [10]. There are some 
learning models that have been implemented to increase students’ creative thinking skills. 
Cognitive-Based Creativity Training was able to enhance students’ CTS [11]. The generative 
learning was able to increase students’ CTS in the heat transfer concept [12]. In the topic of 
Black’s principle, Macromedia Flash technology was utilized with Problem-Based Learning to 
increase students’ CTS with positive result [13]. However, learning which emphasizes 
conceptual understanding is still limited, so that CTS development has not yet been optimized. 
There’s still room for improvement by using other learning models in an attempt to improve 
CTS of students in the Temperature and Heat topic. 

The Temperature and Heat concept can be considered as abstract in nature with some 
mathematical equations in the mix, which can be utilized by students as the foundation to 
think creatively in understanding and applying relevant technology in daily activities. This 
characteristic can be covered by 7E Learning Cycle (7E LC), which is a learning model that 
consider students’ initial knowledge about a concept to help them gather new information to 
complete or deepen their understanding about the topic [14]. This kind of activity has the 
potential to help students train their 21st-century skills, including CTS [15]. However, it’s 
known that in every phase of 7E LC, students are still having difficulties in connecting 
existing concepts in physics to the newly acquired knowledge [16]. There is a way for students 
to develop their physics knowledge in an integrated manner through learning which connects 
physics concepts with real-world phenomenon’s [17]. This motivated the integration of 
Science, Technology, Engineering, and Mathematics (STEM) into 7E LC to enhance students’ 
CTS in the Temperature and Heat topic. It can be said that the 7E LC-STEM learning is 
oriented towards constructivist theory, albeit being rarely implemented in a real class setting. 

As stated before, education in the 21st century is focused on, amongst other things, the 
development of CTS [9]. STEM is one of the approaches suitable in order to attain the highest 
level of skills in the 21st century [18]. STEM is also needed in physics learning [19]. To 
provide solutions to every day’s contextual problems, STEM puts the utmost importance in 
the process of creative thinking where students aspire to solve the problems completely by 
working together in groups [20]. STEM integrates the aspect of Science, Technology, 
Engineering, and Mathematics in unison [21] so that students’ knowledge and skills can 
develop in a comprehensive manner [22]. STEM hones cognitive, psychomotor, and affective 
domain; applies knowledge into technology; and trains students to design, develop, and utilize 
technology in daily activity [23]. STEM skills can aid students in connecting existing concepts 
to newly gained knowledge in every phase of 7E LC. Such a process can situate the learning 
to be centered on students [24], and make the learning context to be meaningful [25]. 
Therefore, STEM-integrated 7E LC is expected to be the most appropriate method to increase 
the quality of the learning process [26] so that students’ CTS in the Temperature and Heat 
topic can improve considerably. This study aims to discover the influence, increase, and effect 
of 7E LC-STEM on students’ CTS in the Temperature and Heat topic. 



 
 
 
 

2   Method 

This research used Pre- and Posttest Design in a quasi-experiment [27]. The subject was 
66 eleventh grade students in Senior High School Batu Indonesia, which were divided into 
Experiment (n=30) and Comparison (n=36) classes. The Experiment class was taught using 
STEM-Integrated 7E LC model and Comparison class was taught with 7E LC model. 7E LC 
consisted of seven phases [14], and the STEM integration aspect was conducted as follows 
[28]. The Elicit and Engage phases required students’ pre-existing knowledge by using media 
or a case study. The Elicit phase involved the aspect of Science, while the Engage phase 
involved the aspects of Science and Engineering in STEM. In the Explore, Explain, Elaborate, 
and Evaluate phases, students endeavoured in the exploration of knowledge and concepts 
through observation, data gathering, hypotheses formulation, and knowledge implementation 
to solve a problem. The Explore phase involved all aspects of STEM. The Explain, Elaborate, 
and Evaluate phases involved aspects of Science, Engineering, and Mathematics. In the 
Extend phase, students expanded the result in the Evaluate phase and communicated their 
findings to train them to connect their acquired knowledge in daily practice. The Extend phase 
involved the aspects of Science, Technology, and Mathematics. The Engineering aspect is the 
most dominant in all amongst the seven phases. Engineering has seven steps, which are 
identifying the problem, information collecting to looking for possible solutions, choosing the 
best solution, designing and making, testing, modifying, and assessment [29]. The 7E LC class 
did some experiments while the 7E LC-STEM class did some experiments and produced two 
simple products. 

The research instrument was students’ Creative Thinking Skills Test with Cronbach’s 
alpha reliability of 0.803. Based on the characteristics of the Temperature and Heat topic and 
the opinions of Guilford and Torrance, this instrument consisted of four Creative Thinking 
Skills’ indicators, which are Fluency (Flue), Flexibility (Flex), Originality (Origin), and 
Elaboration (Elab). The results were five categories, which are Not Creative (level 0), Almost 
Not Creative (level 1), Quite Creative (level 2), Creative (level 3), and  Very Creative (level 4) 
[30]. This research used a data analysis technique with t-test and effect size [31], with N-gain 
[32]. 

3   Result and Discussion 

The pre-test data analysis of students’ CTS mean (with criteria), and standard deviation 
are as follows: (28.50 (Almost Not Creative); 9.48) for Experiment class, and (24.17 (Almost 
Not Creative); 9.78) for Comparison class. From this result, it can be said that the level of 
CTS of Experiment class and Comparison class were similar. Further test showed that 
normality and homogeneous assumptions were satisfied in the pre-test data. After being 
analized with t-test, the result of Sig. (2-tailed) = 0.076 was yielded, which shows that there’s 
no difference between groups. It can be concluded from this that both classes had the same 
initial condition before the experiment. The change in CTS by the end of the learning process 
was solely caused by the different model treatments in the two classes. 

The post-test data analysis of students’ CTS mean (with criteria), and standard deviation 
are as follows: (74.50 (Creative); 6.99) for Experiment class, and (64.31 (Creative); 8.19) for 
Comparison class. It’s shown that the Experiment class acquired a higher creative thinking 
skill level than the Comparison class. Normality and homogeneous assumptions were satisfied 



 
 
 
 

in the post-test data. The result of t-test analysis yielded Sig. (2-tailed) = 0.000 which shows 
that there’s a difference between groups. This indicates that the 7E LC-STEM learning in 
Experiment class resulted in a significantly higher level of students’ CTS than 7E LC learning 
in Comparison class in the Temperature and Heat topic. 

During the course of the study, both classes worked on 4 experiments and presented the 
results in class. However, the 7E LC-STEM class also worked on contextual problems by 
building two simple products as the solution, which are fire alarm and air conditioner. After 
the product's construction was completed, several activities were conducted, which are product 
testing, poster design, final presentation, and report writing. It’s apparent that the product 
completion process made the students in Experiment class work on a higher number of 
activities than the Comparison class. Under the STEM setting, the product design completion 
altogether can be the means for the students to communicate their understanding of the 
concepts with one another [33]. The concepts which are usually learned separately can be used 
to solve the contextual problem in daily lives in STEM integration. This encourages students 
to keep on learning [34]. Other than that, STEM integration in learning can encourage the 
students to explore the topics that spark their interests and pursue what they want to do in the 
future, including their aspirations in the field of mathematics and science [35]. It can be 
concluded that, on the Temperature and Heat topic, the proposed 7E LC-STEM method can 
help to enhance CTS of students better than 7E LC method. This finding is in accordance with 
the result of the previous study with engineering STEM-based process in a learning approach, 
which was able to increase tenth grade students’ CTS in the Equilibrium topic [36]. The 
worksheet which was used by students throughout the learning process was deemed effective 
in improving their creative thinking skills, especially with the STEM approach which was 
imbued within [37]. It’s evident that STEM learning can improve creativity of students with 
the use of examples from real-life problems which can be encountered in person [38].  

Students in both classes were successful in upgrading their level of CTS from Almost Not 
Creative at the beginning of the study to Creative at the end of the study. This means that 
there’s an internal change within students in a sense that they’re able to produce a novel and 
divergent solution which also includes conceptual understanding behind the use of 
mathematical equations [30]. This change was possible because both 7E LC-STEM and 7E 
LC classes were not conventional classes. In a conventional within, generally, when students 
are given problem description in a form of a story (without mathematical hints), they are more 
inclined to answer by constructing physics concept understanding through mathematical 
equations than to elaborate with verbal essays containing the relevant concepts [39].  

N-gain analysis was conducted on pre-test data and post-test data. Experiment class had 
N-gain value of 0.64 which can be categorized as medium. Comparison class had N-gain 
value of 0.53. If we compare the two values, it can be concluded that the increase of students’ 
CTS in Experiment class was higher than the increase in Comparison class, which means that 
the purposed 7E LC-STEM learning can increase students’ CTS better than 7E LC learning. It 
can be seen that this result supports the finding from the t-test result which was discussed 
previously. On one study about active students, the threshold of N-gain value to be surpassed 
in learning is 0.48 [40] and it can be seen that both Experiment class and Comparison class 
had higher value than the threshold. Previous research about the STEM approach utilization to 
better students’ CTS also support this finding [36]. The score of Comparison class’ N-gain 
was also higher than the threshold because the learning used in the class was not a 
conventional method. Moreover, Learning Cycle was also proved to be an effective method to 
improve CTS of students [41]. 



 
 
 
 

N-gain analysis was also done to the 4 indicators of CTS. The value of the N-gain and the 
category are written on Table 1. 

Table 1. The CTS’ N-gain score of each indicator. 

Indicators 
N-gain Classes (category) 

Experiment Comparison  
Flue 0.71 (H) 0.60 (M) 
Flex 0.68 (M) 0.43 (M) 

Origin 0.67 (M) 0.51 (M) 
Elab 0.59 (M) 0.50 (M) 

H = high; M = medium 

It can be seen from Table 1 that the proposed 7E LC-STEM learning was successful in 
improving the indicators of CTS. Those indicators are, in the order of the highest to the lowest 
improvement, Flue, Flex, Origin, and Elab. This order is the same as the finding in previous 
research [41]. It’s also apparent that the improvement in Experiment class was better than 
Comparison class on all indicators based on the N-gain of both classes. The Flue indicator had 
the highest N-gain on both Experiment and Comparison class. This is caused by students 
activity in class which required them to think and provide as many answers as possible for a 
real-life problem in the subtopic of heat transfer. However, the category of the N-gain in 
Experiment class (high) was a level higher than the Comparison class (medium) in this 
indicator. The reason for this is because the students in Experiment class was more active in 
working on a simple air conditioner as engineering product. Other thing that can be seen from 
Table 1 is that the N-gain category of the Experiment class in Flex and Origin indicators was 
higher than the category in Comparison class. The reason for this difference in level is because 
the students in Experiment class had an activity in which they had to make simple fire alarm 
as a product. The product which didn’t exist before was proven valuable and was a result of a 
worthy invention, and the students had to work their creative side to produce the ideas of the 
product as a solution of a problem [42].  

The N-gain score in the Elab indicator was the lowest for both classes. It means that 
students are still lacking in providing details and clear explanations of their ideas. Other 
research also found that students’ skill in elaboration activity could only reach Quite Creative 
category [41]. This may be caused due to the fact that in learning, there’s still not enough 
activity that trains the Elab indicator. In the learning process of both classes, each of the 
indicators Flue, Flex, and Origin, were trained in two phases. Those two phases are, in the 
order of execution, Engage-Evaluate, Elicit-Explain, and Explain-Elaborate. Meanwhile, the 
Elab indicator was only trained in one phase, which is called Extend. Therefore, there needs to 
be a continuous training and more amount of activity to develop students’ creative thinking 
skills, especially the Elab indicator. For example, the Elab indicator can be developed initially 
by encouraging students to give as many questions as possible about daily phenomenons in the 
Elicit phase, by asking the students to solve the questions in the Explain phase, by further 
elaborating the solution in the Elaborate phase, and finally by finalizing the knowledge 
understanding about the phenomenon in the Extend phase.  

Cohen’s effect size analysis was done on the pair of Experiment-Comparison classes and 
yielded d value of 1.332 on the “Very Large” category of students’ creative thinking skills. It 
means that the implementation effect of the proposed 7E LC-STEM had a “Very Large” 



 
 
 
 

impact on CTS compared with 7E LC method. Educators or teachers can implement 7E LC-
STEM method as a strategy to improve CTS of their students. Not only to help students 
achieve better academics goals, CTS will also help students as individuals to contribute more 
in society by solving real-life problems that they might encounter [43]. 

Questionnaire was issued to the students of both classes after the experiment to gauge 
their response or preference towards the learning that they experienced. Students’ response in 
the Experiment class showed that the proposed method was more well-received than the 
learning in Comparison class. The Experiment class received 91.3% and 87.7% response for 
the Agree and Strongly Agree answer. However, the results on the Comparison class was 
similar to the Experiment class. It means, either 7E LC-STEM or 7E LC can provide a 
comfortable learning environment for students. The reason for this is because both methods 
are very different from conventional method and provide more activity for students and 
demands more involvement from them. This is supported by the result in previous study which 
shows that students are more comfortable learning with Physics STEM Education Learning 
compared to learning with conventional learning method [44]. 

4   Conclusion 

Based on the results and discussion, there’s a difference between students’ CTS in 
Experiment class and Comparison class. The average score of the Experiment class (74.50) 
was higher than the Comparison class (64.31). Thus, it can be concluded that 7E LC-STEM 
learning can make students gain significantly higher CTS than 7E LC learning. Both classes 
increased the skill from Almost Not Creative to Creative levels CTS on both classes was able 
to be improved in Medium category, but the indicators of CTS on Experiment class were 
improved better than Comparison class based on the N-gain analysis. The value of d effect 
size of Experiment class was 1.332 (Very Large category) which shows that 7E LC-STEM 
had better impact than 7E LC regarding students’ CTS. Students were very comfortable in 
both classes because they weren’t conventional classes. However, students had a more 
positive response towards Experiment class than the Comparison class, which gained 
respectively 91.3% and 87.7% in Agree and Strongly Agree responses in the final 
questionnaire. 
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