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Animation

(Age group: Benjamins; Difficulty: easy)

B-tarois planning an animation, which shows a sequence of pictures of a face. The animation should run smoothly. Therefore, the order of
the pictures is correct, if only one attribute of the face changes from one picture to the next. Unfortunately, the pictures got mixed up. Now

B-taro must find the correct order again. Luckily, he knows which pictureis last. He labels the five other pictures with letters Ato E.

What is the correct order of the five other pictures?

MD—-B—=E—=C—A

(2)C—B—+D—A—E

(3)D—-B—C—E—A

(4)B—-D—C—AE
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<ABSTRACT>

Instructional Model and Education Program for

Data Science Education based on Physical Computing

Bongchul Kim

Major of Computer Education, Faculty of Science Education

Graduate School, Jeju National University

Supervised by professor Jonghoon Kim

The purpose of this study is to develop an instructional model and
education program for data science education based on physical computing
and to verify its educational effectiveness by applying it to elementary school
students.

The inception of the data science boom dates back to the early 2000s. With
the gradual proliferation of the internet since the 2000s, households have
increasingly found themselves in an environment where internet usage has
become a daily norm. The developments in the Internet of Things and digital
devices, coupled with the growth of social media in the 2010s, have served as
catalysts for the explosive generation of data. Subsequently, in 2012, the
Harvard Business Review introduced data scientists as the most attractive

profession of the 21st century, marking a significant signal for the onset of
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the full-fledged resurgence of data science. In contemporary society, not only
1s there a quantitative increase in data, but also the scope of data utilization
in various aspects of daily life is rapidly expanding.

In the data-driven future society, there is a need for skills that not only
enable the effective utilization of data in problem-solving and decision—making
processes but also encompass the ability to analyze large volumes of data
tailored to specific objectives. In other words, education in data science, which
involves learning the process of solving problems based on data, and software
education, which involves learning to efficiently solve complex problems using
computing technology, are essential elements for effectively cultivating the
competencies demanded by the data-driven future society. Reflecting these
societal learning requirements, this study has developed a data science
education program based on physical computing that allows the learning of
processes to effectively address complex problems based on data.

In this study, the ADDIE model, a systematic instruction design model, was
employed to conduct developmental research for the development of the data
science education program based on physical computing.

In the initial phase of the ADDIE model, the analysis stage was conducted
to analyze learning requirements and tasks. Through a review of prior
research and literature analysis, the social learning demands for data science
education were examined. Additionally, an analysis of the practical learning
requirements for data science education was performed, targeting teachers in
the field of education.

In the design phase, based on the results derived from the analysis stage,
the achievement goals of the education program were specified, and
assessment tools were designed. Additionally, suitable teaching methods,
instructional strategies, and an overall educational theme were devised in
alignment with the program’s objectives.

In the development phase, the development of the data science education
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program based on physical computing was carried out based on the content
from the design stage. To refine and validate the education program, two
rounds of pilot tests were conducted with elementary school students, and the
results obtained from the pilot tests were incorporated to finalize the
education program, including the instructional model for data science
education.

In the implementation phase, to validate the effectiveness of the final
education program, an experiment group and a control group of elementary
school students were formed, and the research was conducted. The developed
education program was implemented for the experiment group, while the
control group received software education according to the general curriculum.

In the evaluation phase, to measure the improvement in computational
thinking through the education program, a pre- and post—-assessment of
computational thinking was conducted. The analysis of the assessment results
revealed that the data science education program based on physical computing
developed in this study was effective in enhancing elementary school
students’ computational thinking.

The conclusion of this study is as follows.

First, the data science education program based on physical computing is
effective in enhancing computational thinking. By incorporating physical
computing into data science education, students were able to directly collect
data from observable phenomena in their daily surroundings and engage in
problem-solving activities involving data analysis according to the research
topic. In other words, software education that actively utilizes programming in
data science education became feasible, and it was confirmed that the
computational thinking of students who participated in the education
significantly improved.

Second, effective approaches for introducing data science education to

elementary school students were proposed. By reconstructing the curriculum
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and developing unit plans and instructional materials for data science
education based on physical computing, possibilities for utilizing these
resources as educational materials for elementary school students were
suggested.

Third, a instructional model for data science education was developed. The
model underwent expert validation and usability evaluation, confirming its
validity. It presents instructional stages for learning the problem-solving
process through data science.

Through subsequent research, expanding the target audience and validating
various effectiveness of the developed data science education program based
on physical computing could contribute to the advancement of the program.
The potential for further development in the data science education program

based on physical computing can be anticipated.

Keywords: Physical Computing, Data Science Education Instructional Model,

Data Science Education, Computational Thinking, ADDIE model.
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