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Abstract

The software centered world following the fourth industrial revolution is rapidly approaching
us. Countries around the world attach importance to software's ability as one of the key
elements for training future human resources. In order to train software centered human
resources, each university has designated Software Education as an essential curriculum for
not only major but also non-majors. In the past Software Education was an education for a
major, but recent Software Education was changed to the essential education that is
necessary for all living in the software centered world. In the past the curriculum was
focused on software development and implementation-oriented education, but recent
curriculum emphasizes sequential arranging and thinking of problem solving. In order to
reflect trends in recent Software Education in detail, we integrate Software Education with
major concept of Computational Thinking. In this paper, we analyzed the effect of the main
concept of Computational Thinking on Software Education for non-majored learners who
received Software Education based on Computational Thinking (here refers to learners who
major in humanities, social sciences and arts). In addition, research models of satisfaction,
self-efficacy, and occupational change was established as the elements of Software
Education, and it was found that there was a relation between Computational Thinking and
Software Education.
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1. Introduction

As the interest in the future society of the knowledge base is heightened, the software

centered world is rapidly approaching us due to the fourth industrial revolution. Countries
around the world attach to software capability as one of the key elements of training future
human resources [1]. Software capability refers to software centered communication ability,
problem solving ability, information utilization technology, and is a core ability for
knowledge based training of training future human resources [1]. In accordance with the
change of the ability of this education, the problem solving ability is improved based on
Software Education in Korea, USA, Japan, Israel, India and UK etc [1].

In recent years Software Education has proposed an Thinking centered curriculum that can
learn the principles of computer science. In the past Software Education was an education for
a major, but recent Software Education was changed to the essential education that is
necessary for all living in the software centered world. At each university, Software
Education has become a necessary education course for not only major but also non-majors.
In the past the curriculum was focused on software development and implementation-
oriented education, but recent curriculum emphasizes sequential arranging and thinking of
problem solving. In order to expand the scope of education and access new Software
Education, we are pursuing a new change in the education field which moved away from
existing software curriculum and methodology.

In order to reflect trends in recent Software Education in education, we combine main
concept of Computational Thinking and Software Education which is generalized by
Wing(2017) [2, 3, 4]. Computational Thinking is a process of thinking about problem
solving ability. It suggests a new direction of Software Education, claiming that everyone
should accustomed and learn to read, write, and calculate as well as learn Computational
Thinking [2, 3, 4].

Therefore, Computational Thinking and curriculum of Software Education should be
convergence in order to constantly discovering future human resources. In order to reflect
this, each educational institution has recently introduced a new vision of Software Education
and is attempting a new change of creative human resources required by future society. As a
part of this change, the methodology of Software Education based on Computational
Thinking is attracting attention. Computational Thinking based Software Education should
utilize a wide range of knowledge from various fields of study and fusion. It should also
improve the ability to solve complex problems. Computational Thinking based Software
Education means comprehensive education that can break down the division of disciplines
and develop integrated insight.

The purpose of this study is to analyze the effect of the main concept of Computational
Thinking for non-majors who received Software Education based on Computational
Thinking majoring in humanities, social sciences, and arts.

In addition, we set up a research model for the satisfaction of Software Education, self-
efficacy, and change of occupation of non-majors and we found that there is a relation
between Computational Thinking and Software Education. We then conducted a hierarchical
regression analysis that influenced Software Education among the core elements of
Computational Thinking. Based on the results, we propose an educational model of

Software Education based on Computational Thinking for non-majors.
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2. Theoretical Background

2.1 Related Research on Computational Thinking

Computational Thinking was first introduced to us in 1996 when Seymour Papert was first
used as an approach to creating geometric ideas and later became known by Wing.
Wing(2017) claim that “Computational Thinking should be defined as thinking for problem
solving, system design, and understanding of human behavior according to the basic
concepts and principles of computer science. Everyone should learn and accustomed
Computational Thinking as well as learn to read, write, and calculate” [2, 3, 4].

CSTA (Computer Science Teachers Association, 2011) defined Computational Thinking
as a process of problem solving [5]. Computational Thinking includes the following
characteristics [5].

First, we define the problem so that we can use the computer and other tools to solve the
problem. Second, the data necessary for problem solving are logically composed and
analyzed. Third, data is re-expressed through abstractions such as models and simulations.
Fourth, we automate the solution based on procedural steps and algorithmic thinking. Fifth,
we identified analyzed and implemented all possible solutions to select the most efficient of
problem solving procedures. Sixth, we generalize the solution to various problems.

CSTA and ISTE(International Society for Technology in Education) presented Data
Collection, Data Analysis, Data Representation, Problem Decomposition, Abstraction,
Algorithms & Procedures, Automation, Simulation, Parallelization as a key element of
Computational Thinking based on the results of David Barr, John Harrison, & Leslie Conery
(2011) [4, 5, 6].

The nine core concepts of Computational Thinking are shown in Table 1 [4, 5, 6].

Table 1. Computational Thinking Main Concepts

Concept Definition

Data Collection

Problem understanding, analysis and collect data based on
analysis to solve the problem

Data Analysis

Carefully sorting and analyzing the data collected and data
provided in the problem

Data Representation

Express data in problem using graphs, charts, words and
images

Problem Decomposition

Dividing and analyzing the problem to solve the problem

Defining the main concepts to reduce the complexity of the

Abstraction
problem
Algorithm and . . .
Procedures Expressing the steps required to solve the problem until now
. Creating an algorithm of the solution procedure for a
Automation - - -
computing machine to carry it out
Simulation Creating an experimental model to solve the problem
Parallelization Coming up with a common objective to solve a problem
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2.2 Computational Thinking based Software Education

In order to spread software society, software centered universities are selected and the
training of software talent with problem solving ability is strengthened [8]. It also includes
software basic education for non-majors and encourages the development of software
curriculum design and support programs centering on non-majors. However, it is somewhat
unreasonable to think that the curriculum or the curriculum provided so far is the
development of the curriculum or the curriculum for the non-majors. In addition, there is no
education content in the Software Education course based on Computational Thinking,
which has recently been recognized as important.

Therefore, this study aims to design the development of curriculum and curriculum for
Software Education based on Computational Thinking, which is focused on non-majors. The
design goals of the Computational Thinking based Software Education course for non-
majors are as follows [7, 8, 9].

First, it aims to understand the principles of computer science and recognize the
importance of software by real life and academic field. Understands the principles of
computer science and recognizes the importance of software based on practical examples of
real life computer science principles applied [9].

Second, it reflects the characteristics of major field of non-majors. The course focuses on
improving the problem solving ability based on Computational Thinking and focuses on the
Software Education that reflects the characteristics of each major so that non-majors can
solve the problems through software in each major field [8, 9].

Third, we aim to educate students with procedural problem solving skills based on
Computational Thinking. Non-majors are not coding programs to solve problems. It is to
improve the ability that the process of solving problems based on their prior knowledge,
experience, and thinking. This suggests a practical methodology to implement learner 's
sequential thinking directly with software [10].

Fourth, programming can be applied for efficient selection among problem solving
methods. Making software programming language to be applied in order to improve the
efficiency of sequential problem solving [11].

3. Research Method and Procedure

3.1 Course Development

After the design of Software Education based on Computational Thinking for non-majors,
we developed two subjects: ‘Computational Thinking and Software Coding’ and ‘Problem
Solving and Algorithm’.

The development period of the curriculum is from October 2015 to July 2016 and the
overall schedule for the curriculum development is shown in Table 2.
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Table 2. Course Development Schedule

Time Schedule
2015. 10. Course development decision
2015. 11. Prepare the first data and collect expert opinions
2015. 12. Conducting expert reviews after preparing secondary data
2016. 1. Use it as teaching materials for preparatory college
2016. 2. After revision expert evaluation conducted

3.1.1 Development of ‘Computational Thinking and Software Coding’ Course

‘Computational Thinking and Software Coding’ is a curriculum to raise awareness of the
principles of computer science, trends in the latest IT technologies and importance of
information society for non-majoring students who are new to software. The main concept of
Computational Thinking was used as a sequential step of the teaching and learning process,
and focused on improving the learners logical thinking ability [12, 13]. The main concept of
Computational Thinking was used as a sequential step of the teaching and learning process
and focused on improving the learners logical thinking ability. In addition, the learner 's thinking
for problem solving was designed as a core concept of Computational Thinking, and it was constructed
to be implemented as a block-based programming language to implement it [12, 13].

‘Computational Thinking and Software Coding’ is designed to learn the basic concepts of
software through the theoretical education to understand the importance of computer science
and Software Education and the principles of computer operation in the beginning of
learning for Software Education of the non-majors. In the middle, the problem solving
procedure and application process based on the concept were constructed.

The curriculum design is shown in Table 3.

3.1.2 Development of ‘Problem Solving and Algorithm’ Course

‘Problem Solving and Algorithms’ include three educational contents. First, learners are
not simply coding the program, but solving the problems presented in the story. Second,
learners make problem solving procedural based on experience, knowledge and thinking.
Third, learners can choose a more efficient methodology [14].

The experience of presenting problem solving procedures in sequence is a great help to
improve the learner's logical thinking ability. Therefore, problem-solving procedure is
expressed in pseudo-code and then configured to be able to be algorithms and learn how to
implement more efficient algorithms [15].

Python languages were used to implement algorithms as tools. 'Problem Solving and
Algorithm' is designed to learn how to select the problem solving procedures learned in
'‘Computational Thinking and Software Coding' more efficiently.

The curriculum design is shown in Table 3 [8].
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Table 3. Design of Development Subject
MMain concepts | Subject name Theoretical education Practical training
Computer sﬁii ':nnd Software umplugzed activity
Underzstanding - :
the gorinciples of Pﬂﬂﬂﬁdﬁ‘;mpmﬁmul_ on 98 | ytroduction and usage of Entry
Smputst The development of the Latest IT on
teckmology Entry basic example
The concept of Computing Sequence  Event / Sigmal
Concept and Thinking Example
Thinking :
Computational Uw:larstar?i];piiuftﬂm Variables and example of lists
Thinking prncip
and Variables and Lists Operator exarple
Software
Coding ) ) . .
= Understanding Logic Operations Selection example
L‘ndersl::ndm_e: ﬂi:; control I oop logic ple 1
Understanding Loop Logic Loop logic example 2
Procedures for Dﬁe}?ﬂiﬁiﬁz differences Fumction Example
Problem Solving - : °P
Lnd&rstaanm_E t_.hgnsmncept of Search and Sort
Understanding Search and Sort Advanced Example
Necessity m%&?ﬂiﬁs of Problem Concept of Physical Computing
Stmﬁ,’;’;ﬁﬁﬁﬂ“’;‘;ﬁg" for Use of phrysical Computing
Concepta.:éiugnl}:emeofdata Python data type
Solution T?:It.iﬁ;:: for Puzzle Python Data Handling
farious ; . i
Problem Solving P'mbl_ﬁm Techniques for solving logical Program flow control
= Solving problems
Methods = . _
and Solution Techniques for Workin with eranhi
Algonthm Computer Science Problems OTIIng vt Arapiics
Data sorting Algorithm Prooram flow contrel
Choosing : ;
Efficient Data search Alsonthm Functions
Problem Solving i .
Methods Brute Force Algorithm Sorting
Divide and ca Alsoritt Object-Oriented Program

Concepts
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3.2 Study Subjects and Model Setting

This study is aimed at 205 students attending 'Computational Thinking and Software
Coding' and 'Problem Solving and Algorithm' courses at S university in 2017.

We investigated self-efficacy, satisfaction with educational effectiveness and change of
occupation based on Computational Thinking after learning ‘Computational Thinking and
Software Coding’ and ‘Problem Solving and Algorithm’.

A total of 40 questionnaires were divided on a 6 points scale. The effects of software
coding education on learning satisfaction, self-efficacy, and change of occupation were
investigated based on nine core elements of Computational Thinking.

The research model of this study is shown in Fig. 1.

Data
Collection
Data - Understanding
Analysis Problem
Data

Representation

Problem
Decompasition |

Software
Education

Generating
Ideas

Abstraction

Algorithms & | /
Procedures /

Automation |~ /

Simulation | — Best Choice

Parallelization

Fig. 1. Research Model

3.3 Research Result

In this study, the Cronbach o coefficient was used to measure the internal consistency relia
bility of each factor. The measurement reference value was set to 0.6 or more. Table 4 is th
e result of analysis about each average, standard deviation and credibility.
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Table 4. Reliability Verification Results

Concept variable Average [S)':;adii ™ Cronbach o
Data Ceollection 1.9928 55892 205 0.674
Data Analysis 1.8342 51558 205 0.649
Data Representation 1.2886 66710 205 0.790
Problem Decomposition 1.7809 67294 205 0.696
Abstraction 1.8905 55938 205 0.791
Algorithms & Procedures 1.9837 57317 205 0.250
Automation 1.0644 B3127 205 0.691
Simulation 1.8916 B1683 205 0.873
Parallelization 1.7779 61438 205 0.714
Understanding Problem 1.9029 60107 205 0618
Generating Ideas 1.8342 513557 205 0.757
Best Choice 2.0639 56845 205 0.749
Software Education 1.9837 55382 205 0.603

Automation variables have very weak correlation with most variables or show no
correlation. On the other hand, the Software Education variables are correlated with most
variables and the degree of correlation is very high. The correlation coefficient was highest
0.866 with Algorithms & Procedures and Software Education. The correlation between
Abstraction and Software Education was 0.691.

Thus, Algorithms & Procedures, Abstraction can be considered to have a strong correlation
with Software Education. Correlation analysis result is shown in Table 5.
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Table 5. Correlation Coefficients between Variables
PCC= Pearson Correlafion Coefficient | Povelue = Means both sides / =205

M: | D Dtz Aeitrrs Unfectariny | Geemtig | B W
: | B i | & | Ao | Smdin | B ) o
Collation | Ancys | Repveattin | Doy Procedires Problam i3 Omee | Educstion

Da | PEC 1

Colltion | pyiye

Da | PEC | M

Analysis Pavalue 000

Dz PCC 4 318

Repressntation Bovalya 0 0

Pablen | TR a3 A1 K 1

Doompostion | oo | 0| om| o

PLC ' U5 336 241 1

Abdration
Baalye 000 00 00 00

Alosthms | ALC | T8 w'l oW in
&

Presdurs | Paalye 00 000 00 i o0

BLC 03 s 108 T 05 on 1
Avtomation
Badve | 68 3 08 36 T m
Bee | osmt| | | 5| sut| s 016 1
Simulation
Badve | 000 000 00 00 il [l 18
RCLO| ar a8 " 416" s 0 g1 1
Parallelizatinn
Baave | 000 00 00 00 000 o B 000
Vot BCC |48 436 41 ad m kL KT 3 1
Boblem | pone | o0 o0l 0| mo|  ow|  ow|  sul oW
Gty | PSC | 38 39 ] 41 o 43 m| s 39 A1 |
Bas oo | o o 00 il il 566 00 00 000
B Ao Kihh m ' " 38" 3" A" A KT 38" 1
Chaies

Paalne {00 00 {00 {00 0 (00 000 {00 00 000 000

" 7" " " m

wo | PG| 4| s B 4 4w

Bboin | e | 0| o0l me| o] om| | | o @ W m W

**_The correlation cosfiicient is af 001 level (both sides)

Hierarchical regression analysis was used to analyze which independent variables had the
greatest effect on dependent variables except intervening variables [16]. Hierarchical
regression analysis is one of the types of multiple regression analysis. Hierarchical
regression analysis is an analysis that set the order in accordance with degree which
influenced on dependent variable among several independent variable. The following
hypothesis was set up for hierarchical regression analysis.
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H : The nine key components of Computational Thinking will have a positive impact
on Software Education. Hierarchical Regression model is shown in Fig. 2.

Data
; .
Collection ~

Data X .
Analysis S~ ~.

Data i ‘-""“'m.\_\ ™~
Representation | — ™

Problem i T
Decomposition | ——— T ‘“Q_‘\\

Software
Education

Abstraction

Algorithms & . — —
Procedures - -

Automation — 7 -

Simulation - ~

Parallelization

Fig. 2. Hierarchical Regression model

Table 6 is a hierarchical regression model of variables affecting Software Education. In
Model 1, Data Collection (t = 96.761, p = .000) explains Software Education to 97.2%, and
Data Collection affects Software Education. Model 2 was further regressed by Data Analysis
(t = -3.165, p = .000) in addition to Data Collection. It showed 0.1% more influence on
Software Education than Model 1. Model 3 was further regressed by Data Representation (t
= 2.322, p = .034) and was found to affect Software Education. The problem decomposition
of model 4 (t = 1.978, p = .135) showed no effect at statistical significance level. Model 5's
Abstraction (t = -2.877, p = .013) and Model 6's Algorithms & Procedures (t = 6.877, p
= .000) were found to affect Software Education. Model 7's Automation (t = -1.122, p
= .263) did not have any effect at statistical significance levels. Model 8 simulation (t =
6.980, p = 0.000) and model 9 parallelization (t = 2.590, p = .010) were found to affect
Software Education.

The evaluation of relative influence between variables that can improve Software
Education by H hypothesis is based on the absolute value of B, which is the standardization
coefficient of Model 9, which is the final model. In other words, the independent variable
with the greatest absolute value of B, the standardization factor, has the greatest influence on
Software Education among the variables having influence on statistical significance level.
Comparing the absolute value of the standardization coefficient f in Model 9, Data
Collection and Algorithms & Procedures have the greatest influence on Software Education
and Problem Decomposition and Automation have the least influence on Software
Education.

Therefore, sufficient data collection for the problem is needed for the growth of learners'
Software Education. In addition, it is necessary to introduce a teaching - learning process
that can experience sequenced algorithms & procedures in solving problems.
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The tolerance limits are all 0.1 or more, so it can be judged that there is no problem in
multi-collinearity. The Durbin-Watson value is 2.012, which is very close to the reference
value of 2 and not close to 0 or 4, so it is judged that there is no correlation between the
residuals.

Table 6. Hierarchical Regression Analysis

Model 1 Model 2 Model 3 Model 4 Model ]
Independent
vanable | saybrd b ) dadrd ) davhrd ) s .
ettor B t-value ettor B t-value o B t-value or B t-vahe e B tvalue
constant m 16600) | 15750000 |01 T 7 1 160030008 | 06 1067002)
Data - - w0 ) o T
Callection D0 WL %TeN000) | OU1| 09T| BROROON | 010 W3 BESR0M) | 01| MU BeA0C000) | 0u3 ' 66,629 000)
_ﬁ:};m Q12| -036 | 31650000 | 013 ) -043 [ 3EMC0N) | OL3 | -G48 | -2SI3000) | 013 |-DdE | -3817C000)
Deta ‘ 08| 02 230004 9| 9 LE6X08T) | 08| D19 LTNOE)
Representation
Protlem 0| o 013 Wl o ( ()
Deconposicn 9| e LOTEA3S) | 09| D19 LeO%0%)
Abstraction 04 1-08 1 -2
At
Pocdrss
Automation
Simulation
Parallelization
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— F=0270.514, =000 F=4762.403, =000 F=3162810, p=000 F=2382.430, =000 F=1038.974, =000
Moddl 6 Model 7 Mode! 8 Moddl 9
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rariabl
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¥ syl i davrd i ganckrd a andrd 4 1 limi
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constant 03 07808 | 09 135008 |0 2765(006) | 027 13013)
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Therefore, this research model is suitable for the regression model. The results of the
study model reflecting the results of hierarchical regression analysis result can be shown as

Fig. 3.
Data
; ~
Collection \\
Data h _
Analysis \\p\—\_[:l[]l:]
~ -
Data i “‘“-\.H_\p_f.ouo\\
Representation | N
T _p=016
Problem T~
Decomposition
Abstraction =014 —
p=000___—
Algorithms & _ /";/ -
Procedures 7
=000~
ﬂ,’ -
Automation //”5:-01}1//
,/’/’/ //
- -
- ~
. . - /
Simulation d e
Vs
P
y
P
. S
Parallelization

Fig. 3. Hierarchical Regression Result

3.4 Application of Research Result

Software
Education

Based on the results of hierarchical regression analysis, we implemented Software
Education applying the concept of Computational Thinking. The study period was 205
students in the 1st and 2nd semesters of 2017, and their composition is shown in Table 7.

Table 7. Characteristics of Subjects

. Number Ratio
Ttem Drivision .y
(perzons) (%)
Male a4 459
Sex
Female 111 341
Department of Humanities & Social 123 60.0
Major
Department of Social & Science 82 40.0
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In order to measure the satisfaction of Software Education, the change of self-efficacy and
occupation of the subjects, pre and post t-tests were conducted. The results are shown in
Table 8.

Table 8. Research Results

Pre-Post It | fi sSD t df o
[ earn previous 314 205 0.34 )
; = 8.189 204 A000
Satisfaction
post 379 205 0.17
previous 304 205 0.51
Self-Efficacy 7144 204 A000
post 3.83 205 0.37
previous 348 205 0.34
et 6823 | 204 001
ceupsEhen post 3.52 205 0.50

As a result, Software Education applying the concept of Computational Thinking showed
a positive change in learning satisfaction, self-efficacy, and future occupation.

4. Conclusion

As each field of society is changed into software by the fourth industrial revolution, it is
aiming to change the talent cultivation, curriculum and occupation. Software Education,
which has been limited to specific fields in the past, is now required education for all
members of society. In order to educate creative software capabilities, core competencies of
future society, Software Education based on Computational Thinking is being implemented
recently for non-majors in each field.

This paper has proved that Data Collection and Algorithms & Procedures are the most
influential factors when applying Computational Thinking to Software Education for non-
majors. Software Education based on Computational Thinking stimulates intrinsic
motivation through learner-learner interaction and active participation by giving individual
responsibility to learners. In addition, the learner's self-efficacy and self-efficacy are
improved by solving problems by finding various ways of learning based on problem solving
ability. Self-efficacy is defined by self-belief in the ability to organize and sustain the
necessary activities for achieving the goal for some work. The higher the self-efficacy, the
higher the level of performance that individuals can achieve by improving the performance
level, goal level, effort level, and degree of immersion level. Computational Thinking has
proven to have an impact.

Therefore, in this study, Software Education was conducted focusing on Data Collection,
Algorithms & Procedures, and Simulation when Software Education for non-majors. As a
result, we could see the positive change of satisfaction, self-efficacy, and future job
occupation of learners.

In the future, we will be advance this study and suggest Software Education systematic
education model for non-majors who got a difficult to Software Education.
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