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Abstract. This study is to investigate the effect of PBL-based Data Science Education Program using App 
Inventor on Computational Thinking and Creativity of elementary students. Based on the results of the 
pre-requisite analysis by Rossett’s demand analysis model, PBL-based Data Science Education program 
was designed according to the procedure of ‘ADDIE model’ which is 42 hours of classroom instruction 
for elementary student. As a result of the Paired t-test, it was proved that the Computational Thinking 
was statistically significantly improved in the post-test. In addition, as a result of the Paired t-test and 
Wilcoxon’s signed rank test, it was found that the sub-factors of Creativity were ‘Originality’, 
‘Elavoration’, ‘Closure’, ‘Average’, and ‘Index’. Therefore, it was confirmed that the PBL-based Data 
Science Education Program using App Inventor is effective in improving Computational Thinking and 
Creativity of elementary student.  
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INTRODUCTION 

In keeping with the social changes caused by the ‘4IR(fourth industrial revolution)’, represented by 
artificial intelligence and big data, the ‘Ministry of Education’ suggested future core competencies in order 
to cultivate the competencies required by the future society at school. In particular, the ‘2015 Revised 
Curriculum’ emphasizes Computational Thinking as a core competency for creative fusion talent. 
Accordingly, in order to reinforce Computational Thinking that can creatively and cooperatively solve 
various problems in real life through information curriculum, software education is obligated in 
elementary and middle schools.  

Software education in elementary and middle schools aims to develop real-life problem-solving 
capabilities through Computational Thinking. According to ‘Wing’, Computational Thinking is to think like 
a computer scientist when encountering a problem to be solved, to establish a problem, to logically organize 
and analyze data to solve a problem (Wing, 2006).  

In particular, in the era of the ‘4IR’, education must cultivate the ability to extract useful information 
by collecting and analyzing necessary data among numerous digital data, Data Science Education can 
cultivate such abilities. 

Creativity is also a major area of interest that many scholars are interested in to improve through 
software education along with Computational Thinking.  

Companies such as ‘Google’, ‘Amazon’, and ‘Netflix’, which are enjoying the best competitiveness 
through big data analysis, have in common that they are the most creative companies in the world. The fact 
that the world's most creative companies are gaining competitive advantage based on data analysis 
suggests two things (Kim, 2020).  First, in the era of big data, the source of corporate creativity lies in the 
analysis of data, and the second is that individual creativity can also be cultivated through efforts to 
increase analysis capability (Kim, 2020). 

Yun et al. (2019)’s study, it was proved that through a media art convergence talent education 
program that utilizes Data Science and artificial intelligence, it is possible to improve creativity through 
Data Science Education by promoting convergent thinking and creativity. 

PBL (Project Based Learning) is a learning method in which learners make plans for solving a project 
on their own, find data, and collaborate on solutions to share results. PBL is effective in improving problem 
solving ability, it is widely used in programming education. 

In general, the process of solving a problem in data science education consists of the process of 
defining (searching) a problem by the learner himself, collecting and analyzing data, and generalizing 
(statistical reasoning) to predict a phenomenon. In this process, more in-depth exploration can be made in 
the process of solving data problems when PBL is based. 
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Figure 1. Data Science Education tool 

On the other hand, tool selection is a part that depends on the work environment and data. According 
to Figure 1, tools aimed at elementary students and beginners should be easy to use and simple to use, such 
as ‘Excel’ and ‘App Inventor’, and can be used with relatively little programming experience. 

  Statistics packages such as ‘Excel’ and ‘R’ are widely used as data collection and analysis tools, but 
it is difficult to find a case where only statistical packages are used instead of programming languages for 
the entire process of solving Data Science problems.   

Accordingly, ‘Python’ is being used a lot these days. In the case of ‘Python’, in steps such as data 
visualization, deep learning, and machine learning, open source software libraries such as’ TensorFlow’ 
and ‘Keras’ must be installed and utilized. Therefore, for beginners such as elementary students who are 
not data scientists, it is not easy to use statistics packages such as ‘Excel’ and ‘R’ or ‘Python’.  

However, according to the recent development of various mobile devices, ‘App Inventor’, which is 
widely used for app production in educational fields, is an educational programming language that is not 
difficult to use even for beginners. In addition, it is suitable as a data visualization tool because it is possible 
to implement a bar graph of the collected data by learning a simple command block. 

Therefore, in this study, we attempt to verify the effect of using ‘App Inventor’ as a Data Science 
Education tool to find out ‘The effect of PBL-based Data Science Education Programs on elementary 
students' Computational Thinking and creativity’. 

THEORETICAL BACKGROUND 

PBL 

PBL(Project Based Learning) refers to learning in which learners determine solutions to be explored and 
achieve cognitive, affective and psychological goals in the process of designing, implementing and 
presenting solutions, discussions and debate, and persuasion (Chae, 2017). PBL basically includes a 
cooperative learning process with a clear goal and reflection, emphasizing high-level thinking skills such as 
problem-solving, decision-making, and reflective thinking, and is a process of autonomously writing the 
outcome of learning tasks through active participation of learners (Lee, 2013). In keeping with the social 
changes caused by the ‘4IR(fourth industrial revolution)’, represented by artificial intelligence and big data, 
the ‘Ministry of Education’ suggested future core competencies in order to cultivate the competencies. 

App Inventor 

App Inventor was changed from Google to MIT App Inventor in 2010, and can be used in a web browser, so 
it is widely used for education. App Inventor's app creation environment was designed to be optimized for 
‘Java’ and ‘Chrome browsers’ (Rim, 2013). App Inventor is an object-oriented language and is suitable for 
use as an educational programming language and allows students to solve problems on their own. In 
addition, it can be easily accessed by anyone and it does not take much time and effort to learn, so it can 
greatly reduce the psychological burden of learners. 
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Data Science 

It is known that the term Data Science was first used by Cleveland in 2001, and according to the 
NCDS(National Consortium for Data Science), Data Science is a field of scientific observation, theory 
development, systemic analysis, hypothesis experimentation, and verification of digital data.  

The vast amount of data we have encountered in recent years needs to be properly collected and 
analyzed as needed, but traditional methods cannot handle the overflowing data. One of the disciplines that 
collects, analyzes, and processes such data is Data Science, which is defined as the convergence of various 
disciplines such as ‘mathematics’, ‘statistics’, ‘business administration’, ‘computer science’, and ‘library 
information’ (Shi  et al., 2014).  

Based on ‘statistics’, ‘computer science’, and ‘management engineering’, Data Science covers the 
entire process from data structure and collection to analysis and storage based on ‘data mining’, 
‘management science’, and ‘management informatics’. Data Science has a great influence on data 
management in various fields such as ‘bioinformatics’, ‘library and information science’, and ‘management 
of technology’. 

Computational Thinking 

The term ‘Computational Thinking’ was first used in 1980 by ‘Seymour Papert’, a mathematician, computer 
scientist, educator, and creator of the programming language ‘Logo’, a contributor to the field of artificial 
intelligence, and began to be known in earnest by ‘Wing’. 

 ‘Wing’ defined ‘Computational Thinking’ as ‘basic thinking ability that all people who will live in the 
future knowledge and information age must have an abstract thinking ability that includes basic concepts 
of computer science, problem solving methods and system design methods based on computer science 
principles, and understanding of human behavior’(Wing, 2006). 

According to the ‘2015 Revised Curriculum’, Computational Thinking refers to the ability to 
understand problems in real life and various academic fields by using the basic concepts and principles of 
computer science and computers, and to find and apply solutions creatively. It is known to include creative 
fusion skills. 

Computational Thinking can be said to be the central concept of computer science, and many 
advanced countries recognize its importance and continue to conduct research to include it in the regular 
curriculum. Recently, active academic research has been conducted on computing thinking skills in Korea. 

Creativity 

Since ‘Creativity’ is known to be the highest level of performance and achievement of human beings, it is 
difficult to define the concept of ‘Creativity’ in a single word, and there are different opinions on the 
definition of ‘Creativity’ according to researchers. 

‘Osborn’ defined it as a universal ability that everyone has, and ‘Maslow’ divided it into ‘special talent’ 
and ‘self-realization’ creativity. ‘Guilford’ divided into convergent thinking and divergent thinking. 
‘Torrance’ defined new and unique ideas, different perspectives, and problems in a new light (Jeon, 2006). 

Analysis of prior research 

Shin et al. (2015)’s study, the limitations of the existing STEAM program were analyzed, and the STEAM 
program using App Inventor was developed and presented. 

Kim & Yoo (2017)’s study, as a result of developing and applying a software education program using 
App Inventor for the purpose of developing Computational Thinking for elementary students, it was found 
that the learners’ Computational Thinking was improved and computer-related attitudes also showed 
positive changes. 

Kim & Lee (2018)’s study, a self-directed learning centered on learner participation was designed 
by incorporating the Jewish Habruta education method into the creation of an app that attracts learners' 
interest. Through this, it was intended to enhance Computational Thinking, which is an essential 
competency in the era of the ‘4IR’, and to cultivate creative fusion-type talents with the right personality. 

Kim & Song (2017)’s study, based on PBL, a methodology already applied to several subjects, and 
App Inventor, one of the good tools for software education, an educational program suitable for the ‘2015 
Revised Curriculum’ was designed. 

Until now, many studies using scratch among physical computing and educational programming 
languages have been conducted, and are widely applied in the field of software education leading schools. 
However, looking at previous studies, it can be seen that few studies have verified the improvement of 
Computational Thinking and Creativity by applying App Inventor to educational activities. In addition, 
there are no studies on PBL-based data science education or studies that verify the improvement of 
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learners' Computational Thinking and Creativity by using educational programming languages for Data 
Science Education. 

The software education methodology to date has remained mostly in physical computing or field 
application and effectiveness verification for some educational programming languages. Therefore, it is 
considered necessary to study whether the development and application of data science education 
programs can actually improve learners' Computational Thinking and Creativity as one of several 
alternatives to this. 

METHODS 

ISD(Instructional System Development) model basically applied the ‘ADDIE model’, and for the analysis of 
learner needs, Rossett's needs analysis model was used. The details of research and research methods 
according to the stages of the ‘ADDIE model’ are as follows. 

 Analysis: 
A study on Computational Thinking and Creativity (literature study) 
Prior research analysis (case study) 
Analysis of learners' needs (research study) 

 Design: 
Development of tools to be used for evaluation (literature research) 
Development of strategies required for teaching (research/literature research) 

 Development: 
PBL-based Data Science Education program development (development research) 

 Implementation: 
PBL-based Data Science Education program applied (experimental research) 

 Evaluation: 
Analysis of educational program application results (experimental research) 

Data Science Education Program Development Practices and Applications 

The program development model is the ‘ADDIE model’, and the ‘ADDIE model’ is a representative model of 
instructional design that focuses on the process, and the ‘analysis’ stage is the initial stage of instructional 
design, which is a stage to analyze the elements of absolute importance in the design situation. The ‘design’ 
stage is a stage to creatively synthesize the outputs from the analysis stage. The ‘development’ stage is the 
stage of actually developing and producing teaching-learning materials to be used in class. In the 
‘implementation’ stage, the teaching-learning materials and various media completed in the development 
stage are used in the actual field. The ‘evaluation’ stage is the process of determining whether the final 
product has fulfilled its intended purpose (Kang, 2011). 

Analysis 

A needs analysis was conducted for 205 students in the 4th to 6th grades of elementary school. Figure 2 
shows that the experience and interest in educational programming languages is the highest, and it was 
analyzed that the use of educational programming languages for PBL-based Data Science Education 
programs would be highly effective. 
 

 

Figure 2. Experience participating in software education 

PBL emphasizes cooperative learning activities, problem-solving activities, activities that collect and 
analyze data to create results, learner-centered autonomous activities, and learner reflection processes for 
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the development of high-level thinking skills(Koo, 2018), so the Data Science Education of this study It is a 
learning method suitable for the program. In to Figure 3, project learning by team is the preferred learning 
method in the PBL-based Data Science Education program, so it was analyzed that designing an education 
program taking this into account was necessary. 

 

 

Figure 3. Data science education learning method 

According to Figure 4, it is expected that Computational Thinking and Creativity will increase 
through the PBL-based Data Science Education program. 

 

 

Figure 4. Improve capacity through data science education 

Design 

PBL-based Data Science Education program tools for elementary students should be easy to use, simple to 
use, and able to use with relatively little programming experience. App Inventor is used in this study 
because it can be easily accessed by anyone, and it takes less time and effort to learn grammar as well as 
practical experience, so it can relieve the psychological burden.  

The data-based problem solving steps were organized as shown in Figure 5 after the researcher 
arranged the problem solving steps of Kim (2016)’s 
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Figure 5. General procedure for problem-solving based on data 

Development & Implementation 

For a total of 6 days, 42 times were conducted for 26 elementary students who applied for the educational 
donation program conducted by Jeju National University. According to the needs analysis result and the 
characteristics of the Data Science Education tool, educational content was selected as shown in Table 1 
and an education program was developed. A part of the program of ‘Collecting Data to Establish a School 
Trip Plan’, the project learning topic of the 8~14 times, is shown in Figure 6.  

Table 1. The theme of Data science education program 

Hour  Learning theme 

1～7 
 Understand the meaning of data science, learning the basic functions of App 

Inventor for that 

8～14  Automatically collect data and make an experiential learning plan 

15～21 
 Detect vibrations, create applications to gather their data, practice living 

handling earthquakes 

22～28 
 Collect their data, examine the influence of habits on health Think about 

desirable lifestyle 

29～35 
 Think about the points you usually cared about, decide the theme, collect your 

data and solve it 

35～42 
 After giving feedback on the final report, make final announcement through 

correction and replenishment(data story telling)  
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Figure 6. Data science education program 

The PBL-based Data Science Education program developed in this study was applied to a total of 42 
times during classes held for 6 days in the form of an intensive course during vacation to control external 
variables in schools and academies. Classes were held every day from 9 am to 15 pm, with 7 sessions every 
40 minutes. On the last day, the final project report was finished with a final presentation (data storytelling) 
to all students and parents. 

Figure 7 shows the application process according to the data problem solving process for one of the 
final project reports written by students. The theme is ‘Is it related to the average sleep time and height 
growth of elementary students?’ 

 

 

Figure 7. Final report (Kim OO). 
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First, in the step of ‘Defining a data problem (exploring a problem)’, the ‘problem’ (what is the 
problem or question?), the ‘goal’ (what do you want to obtain by solving the problem or question?), 
‘hypothesis’ (the problem or question What is the reason I thought about?) as shown in Figure 8. 

 

 

Figure 8. Define data problem(problem searching 

 

Figure 9. Define data problem (problem searching 

In the ‘data collection’ step, as shown in Figure 9, the data collection method and items for data 
collection were determined, and data was prepared by directly collecting the data and quantifying those 
that can be quantified. 

The ‘Understanding Phenomenon’ step is a step to perform exploratory data analysis. As shown in 
Figure 10, the original data is examined and visualized, individual attributes are analyzed, and relationships 
between attributes are analyzed. 

 

 

Figure 10. Define data problem (problem searching 
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In the ‘generalizing phenomena’ step, based on the data analyzed as shown in Figure 11, I compared 
the hypotheses I had made to draw conclusions and make statistical inferences. 

 

 

Figure 11. General procedure for problem-solving based on data 

In the ‘predicting the phenomenon’ stage, the conclusion was confirmed through experimental 
research, and in order to prevent statistical errors in causal relations, the correlation was checked through 
confirmation experiments, etc. to make future predictions. The final presentation (data storytelling) was 
run as a time to present each final project report in front of the students and parents. 

 

 

Figure 12. Data storytelling scene 

Evaluation 

Table 2 is a verification tool for improving Computational Thinking and Creativity through the application 
of the PBL-based Data Science Education program developed in this study. Computational Cognition Tests 
A and B of Byung Soo Kim(2014) were used as a tool ‘Computational Thinking’, and shapes A and B on the 
TTCT test paper were used as a tool for testing ‘Creativity’. 

Table 2. Experimental design 

 Pre-test Treatment Post-test 

class O1 X O2 

X : Science education program for personal data utilization data 
O1 : Pre test(Computational Thinking, creativity) 
⇒ normality test(Shapiro-Wilks test) 
O1, O2 : Pre-Post test(Computational Thinking, creativity) 
⇒ After the normality test, Paired sample T-test or Wilcoxon’s signed rank test 
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RESULTS 

CT(Computational Thinking) change 

First, the ‘Shapiro-Wilks test’ was performed to confirm whether the experimental group secured 
normality, and the results were presented in Table 3. 

Table 3. Normality test (CT) 

N Mean Std.Dev. Max Min t value p value 

26 12.23 3.972 17 3 .924 .056 

*p<.05 
 
As a result of conducting the ‘Shapiro-Wilks test’, the significance was ‘.056’, which was higher than 

the significance level of ‘.05’, confirming the normal distribution. The ‘Paired sample T-test’ was conducted 
as shown in Table 4 in order to find out the change in ‘CT(Computational Thinking)’ as a result of the pre- 
and post-test conducted on the experimental group. 

Table 4. Paired sample T-test (CT) 

Test N Mean Std.Dev. t value p value 

Pre 26 12.23 3.972 
-2.826 .009** 

Post 26 13.5 3.455 

**p<.01 
 
As a result of the  ‘Paired sample T-test’  in Table 4, the average value of Computational Thinking in 

the post-test was ‘13.5’, which was higher than that of the pre-test, and the significance probability was 
‘.009’, which was statistically significantly improved at the significance level of  ‘.01’. Therefore, it can be 
seen that the Computational Thinking was improved as a result of the input of the PBL-based Data Science 
Education program. 

Creativity change 

As a result of the preliminary Creativity test, the ‘Shapiro-Wilks test’ was conducted to confirm whether 
the experimental group had normality, and the results were presented in Table 5. 

Table 5. Normality test (Creativity)  

Subscales N Mean Std.Dev. Max Min t value p value 

Fluency 26 105.84 20.356 145 66 .954 .285 

Originality 26 109.42 20.333 150 68 .959 .367 

Titles 26 101.34 43.809 158 0 .906 .021* 

Elaboration 26 107.88 15.079 133 80 .959 .374 

Closure 26 67.42 33.761 115 0 .917 .038* 

Average 26 98.38 20.723 139.4 44.8 .972 .681 

Index 26 102.61 22.074 145.4 44.8 .967 .554 

*p<.05 
 
As a result of conducting the ‘Shapiro-Wilks test’, the significance in the areas of ‘Titles’ and ‘Closure’ 

was ‘.021’ and ‘.038’, respectively, indicating that the normality was not satisfied. The remaining areas 
showed a higher significance than the significance level of ‘.05’, confirming that they were normally 
distributed.  

 In order to find out the change in creativity as a result of the pre-post test conducted on the 
experimental group, the ‘Paired sample T-test’ was performed as shown in Table 6. For the ‘Titles' and 
‘Closure’, which did not secure normality, the ‘Wilcoxon’s signed rank test’ was conducted as shown in 
Table 7. 
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Table 6. Paired sample T-test (Creativity) 

Subscales Test N Mean Std.Dev. t value p value 

Fluency 
Pre 26 105.84 20.356 

-1.781 .087 
Post 26 111.84 20.586 

Originality 
Pre 26 109.42 20.333 

-2.635 .014* 
Post 26 119.07 19.114 

Elaboration 
Pre 26 107.88 15.079 

-8.739 .000** 
Post 26 128.03 14.572 

Average 
Pre 26 98.38 20.723 

-4.590 .000** 
Post 26 110.57 15.151 

Index 
Pre 26 102.61 22.074 

-4.502 .000** 
Post 26 115.50 15.859 

*p<.05, **p<.01 

Table 7. Wilcoxon’s signed rank test (Creativity) 

Subscales Test N Mean Std.Dev. t value p value 

Titles 
Pre 26 101.34 43.809 

-1.029 .303 
Post 26 110.615 30.060 

Closure 
Pre 26 67.420 33.761 

-2.416 .016* 
Post 26 81.000 29.640 

*p<.05 
 

As a result of ‘Paired sample T-test’ and ‘Wilcoxon’s signed rank test’ in Table 6 and Table 7, the 
average value of all sub-elements of creativity increased in the post-test, but especially, ‘Originality’, 
‘Elavoration’, ‘Average’, ‘Index’, ‘Closure’ were statistically significantly improved.  

The t statistic value of ‘Originality’ is ‘-2.635’, the significance probability is ‘.014’, and the t statistic 
value of  ‘Closure’ is ‘-2.416’, and the significance probability is ‘.016.’ Therefore, at the significance level of  
‘.05’, the post-test score was significantly improved when compared with the pre-test score. 

In addition, the t statistic value of  ‘Fluency’ is ‘-8.739’, the significance probability is ‘.000’, the t 
statistic value of ‘Average’ is ‘-4.590’, the significance probability is ‘.000’, the t statistic value of ‘Index’ is ‘-
4.502’, and the significance probability is It turned out to be ‘.000’. Therefore, at the significance level of  
‘.01’, the post-test score was significantly improved when compared with the pre-test score. It can be seen 
that Creativity has improved as a result of the input of the PBL-based Data Science Education program. 

DISCUSSION AND CONCLUSIONS 

In this study, a PBL-based Data Science Education program using App Inventor was developed and applied 
to improve Computational Thinking and Creativity for elementary students. As a result of the study, the 
educational program developed in this study was found to be effective in improving the Computational 
Thinking and Creativity of elementary students. This is thought to be because App Inventor is a tool that 
can be easily learned and utilized because even beginners can easily combine blocks to create desired apps, 
and it is suitable for problem solving activities of PBL-based Data Science Education program. 

In addition, through the direct activity-centered PBL-based problem-solving learning process, the 
learner establishes a plan for solving a project on his own and collects, organizes, expresses, and interprets 
data according to the data problem-solving stage. It is thought that the sub-elements of creativity improved 
and had a positive effect on the improvement of Computational Thinking and Creativity.  

However, in this study, not all processes were conducted only as small group cooperative activities, 
and some processes including final projects were also conducted as individual activities as needed. 
Therefore, it is considered that a follow-up study is needed to verify the difference in the effectiveness of a 
course consisting only of small groups and an educational program that includes individual activities due 
to the nature of PBL including cooperative learning process and reflection.  
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In addition, since the experimental group of this study could not secure a sample group of 30 or more 
required for correlation studies, there is a limit to generalization through analysis of the correlation of the 
experimental results, so follow-up studies with multiple participants are considered necessary. 
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