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Abstract—Creative thinking skills are very important in solving difficult 

physics concepts, therefore the right strategies are needed as a trigger. This 

study has analyzed the implications of learning technology assisted by Physics 

educational technology (Phet) on creative thinking skills. The type of research 

is pre-experiment with one group pretest-posttest design. The sample involved 

32 early semester students from one private university, west Nusa Tenggara, 

Indonesia. Data has been collected using creative thinking essay tests that are 

adjusted to creative thinking skills-Kim indicators. Descriptive-parametric sta-

tistics are used to analyze research data. The results have shown that there are 

differences in the improvement scores at each indicator of fluency, flexibility, 

originality, and elaboration. The findings mean that Phet has positive implica-

tions for CrTS. In detail, it was presented in the discussion. 
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1 Introduction 

Physics concepts are very complicated, therefore requiring high-level thinking 

skills such as creative thinking to solve problems [1, 2]. Creative thinking is related to 

the complexity of intellectual thinking. In the learning process, creative thinking is a 

number of knowledge conflicts to find different solutions for the same problem, there-

fore it is highly recommended to solve open and complicated problems [3]. Ineffec-

tive learning strategies can lead to less developed creative thinking. The psychological 

impact is that students become dependent, unconfident, and pessimistic to present 

their findings [4]. 

Creative thinking is one of the basic skills in the curriculum of developed countries 

and is not easily taught in conventional classrooms, some of which have succeeded in 

becoming the best educated country in the world [3]. In 2018, WEFFI released that 

Finland, Switzerland and New Zealand were the best education providers who were 

very concerned about creative skills for the future. This means that creative thinking 

is an important skill to survive in the present and future [5]. This skills help to gener-

ate new methods and concepts [6], enrich ideas that are interconnected, and solve 

problems circularly [7], even able to reduce anxiety and increase positive emotions 
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[8]. Treffinger [9] emphasizes that everyone has the potential to think creatively. 

However, the ability to choose the right strategy is needed as a trigger [10].  

The use of interactive media from Physics education technology is an alternative 

learning strategy. The features provided help students analogize abstract physics con-

cepts and require mathematical logic [11]. Students can explore their creative abilities 

to find new alternatives such as proposing various ideas (fluency), various solution 

approaches (flexibility), offering new alternatives (originality), and being able to 

explain easily (elaboration) [12]. 

Previous research has not been widely used to explore students' creative thinking 

skills in higher education. Some other implications are focused on understanding 

physics concepts [13-16], maximizing involvement in learning [17], effectiveness in 

learning physics [18], stimulating class discussions [19, 20], improving learning pro-

cesses and outcomes [21], motivation and conceptual understanding [22], scientific 

inquiry [23], and problem solving [24, 25]. 

Presently, creative thinking in the era of technology is one indicator of the quality 

of education in a country, even an important ability for the future [26]. The use of 

technology is one of the efforts to increase it through the information technology 

approach. This study discusses the implications for students' creative thinking skills in 

higher education. 

2 Methodology 

This research is a pre-experiment with one group pretest-posttest design. A sample 

of 32 people was the first semester students in basic physics lectures at one of the 

private universities in west Nusa Tenggara. Creative thinking skills are triggered by 

interactive simulations and are freely accessed via https://phet.colorado.edu/. Data col-

lection is done by essay tests that refer to the four CrTS-Kim indicators (fluency, 

flexibility, originality, and elaboration). Inferential analysis is involved as a prerequi-

site test in determining the contribution of Phet simulations to each CrTS indicator. 

Improvements in implications are obtained from the N-gain test. The categorization of 

N-gain scores refers to the Hake categories [27] as follows: 

N − gain (g) =
𝑃𝑜𝑠𝑡𝑒𝑡𝑠 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡

𝑀𝑎𝑘𝑠. 𝑠𝑐𝑜𝑟𝑒 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡
 

Table 1.  Categorizing creative thinking skills 

N-gain (g) scores Categories 

g > 0.7 High 

0.3 ≤ g ≤ .7 Medium 

g < 0.3 Low 
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Based on Table 1, each CrTS indicator score refers to three N-gain categories, namely 

high, medium, and low. The analysis of prerequisite tests (normality and 

homogeneity) using SPSS 18.0 software.  

3 Results and Discussion 

Preliminary data analysis was conducted to determine the prerequisite test for nor-

mality and homogeneity. The normality test of data based on the number of samples is 

the Shapiro-Wilk method. According to Razali and Wah [28] Shapiro-Wilk is recom-

mended for small samples or less than 50 and sig. > 0.05. The test results show that 

the distribution of data on each CrTS indicator (variant) has been normally distributed 

(Table 2). Furthermore, Levene’s test (homogeneity) was conducted to find out the 

similarity of variants from the pretest-posttest data. Levene’s test is needed as an 

additional prerequisite, although not all parametric tests involve it. Data is considered 

homogeneous if sig. > 0.05. The analysis results show that each CrTS indicator has 

sig. > 0.05, therefore it meets the homogeneous criteria (Table 3). 

Table 2.  Result of test normality 

Indicators  

(Variant) 

Shapiro-Wilk 
N 

Pretest score Sig.  Posttest score Sig.  

Fluency 0.947 0.12 0.941 0.78 

32 
Flexibility 0.937 0.06 0.948 0.13 

Originality 0.939 0.07 0.951 0.15 

Elaboration 0.943 0.09 0.957 0.22 

Table 3.  The homogeneity test results for each indicator (Levene’s test) 

Indicators (Variant) Levene’s test Sig. N 

Fluency 1.234 0.296 

32 
Flexibility 1.537 0.220 

Originality 2.815 0.065 

Elaboration 1.467 0.236 

 

N-gain analysis is carried out after meeting the requirements for normality and 

homogeneity. The increase in each CrTS indicator in basic physics learning can be 

demonstrated by this analysis. The category of N-gain scores is strongly influenced by 

the increase in student pretest-posttest scores. Analysis results (Table 4) represent 

Phet's contribution in each CrTS indicator. The number of students categorized as 

‘High’ on the fluency indicator is 41%, while ‘Medium’ and ‘Low’ categories are 

34% and 25%. This means that most students have high creativity on fluency indica-

tors. The increase in flexibility and originality indicators is dominated by the 'Medi-

um' category, which is 72% and 53%, others categorized as 'Low'. This means that the 

score difference between student pretest-posttest is not much different; therefore it is 

not 'high' category. The last category is elaboration, mostly categorized as 'Medium' 

(50%), others 'High' (28%) and 'Low' (22%). 
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Table 4.  Profile of CrTS indicators in each category 

N-gain Categories CrTS Indicators  

Fluency  Flexibility  Originality  Elaboration  

High 0.41 0.0 0.0 0.28 

Medium 0.34 0.72 0.53 0.50 

Low 0.25 0.28 0.47 0.22 

 

Typical contributions based on the average N-gain score on each indicator are cat-

egorized as 'Medium' (Graph 1). This means that the effect of applying Phet in phys-

ics learning has a considerable contribution in increasing CrTS.  

 

Fig. 1. Graph 1 Profile of the average N-gain score for each indicator 

The fluency category has reciprocity in the categories of flexibility, originality, and 

elaboration. This means that success in the next creative process is determined by 

fluency ability [29]. In addition, learning that is oriented towards learning objectives 

can maximize student fluency abilities [30].  

Various factors can cause different levels of student creative thinking. Every stu-

dent has intellectual differences in thinking to understand physics concepts. Comple-

tion of cases with the same ways and conditions can cause student creativity not to 

develop. According to Oslon [31] that habitual and pessimism (fear of failure, limited 

completion time, worry in criticism) are inhibiting factors of creative thinking. This 

means that an open minded attitude must be accustomed, confident, and optimism is 

required [32]. However, for the level of higher education students are required to be 

adept at solving various cases of physics with creative solutions, therefore educators 

must be selective in choosing the right learning strategy and using open problems for 

triggering CrTS.  
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4 Conclusion 

These results have shown that Phet simulations have positive implications for in-

creasing CrTS in physics concepts. This profile has been presented by an increase in 

CrTS indicator scores. 
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