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ABSTRACT

The interest in the Fourth Industrial Revolution along with the development of ICT makes the software get the atffentfion of the world.
This phenomenon naturally leads to the concern for software education. Learning soffware coding is not easy for studenfs whose major
is in humanities or social sciences. This paper is a study of how cognition on soffware education affects to education of computational
thinking. For research method, moderator variables were adopted on the proposed research model fo prove that positive cognition
can derive good influence on improvement of computational thinking. To find out moderator variables of the research model, we have
conducted the questionnaire over three years for total of 928 students who took the software coding courses. As the result of the studly,
we proved that the positive cognition on software education can make the better improvement of computational thinking within
proper moderator variables.

= keyword : Computational Thinking, Soffware Coding, Problem Solving, Cognition on Software, Multiple Regression Analysis,

Moderator Model Analysis

1. Introduction

As entering the era of the Fourth Industrial Revolution,
software education has taken an important position. Students
are required to understand software coding to prepare for the
future, and they have to improve the level of computational
thinking abilities through software education to be a member
of software society. Computational thinking is considered
essential as a basic skill taught in schools along with 3Rs
which are reading, writing, and arithmetic. Therefore, it is
obvious that improving the level of computational thinking
abilities is important.

Many universities in Korea offer software coding classes
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that include computational thinking in curriculums. Some of
them have been designated as mandatory courses for every
student. However, it is not easy to take coding classes for
students majored in humanities or social sciences. Since the
students are having difficulties in understanding the course
materials, they think negatively on either software or
computational thinking. Such dissatisfaction on courses
lowers the effectiveness of the education as well as the
achievement of the courses[1]. Negative attitude toward
software courses affects the students to establish negative
perceptions for software. It is very important for students
who are future workers to have positive perceptions about
the software because the bad perceptions can make a bad
impact when working in the future.

We need an study to let students have positive cognition
on software education. If students have the positive cognition
on software education, it would improve the students’ level
of computational thinking abilities and it can make students
have open minds toward software. In the near future, when
the students work as a member of software centered society,
open minds toward software and effect of the education can
make students have a confidence on dealing with software.

In this study, three factors for positive cognition of
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software education were used as independent variables for
regression analysis, and the improvement of computational
thinking was used as a dependent variable for the research
model. The three independent variables for positive cognition
on software education were ‘SWImprvMe’, ‘NeedSW’, and
‘SWMKkBetter’. After confirming that dependent variable was
dependent on independent variables, we confirmed that
moderator variables have a moderating effect on the
relationship between independent variables and a dependent
variable. The survey was conducted for three years to find
out the moderator variables. We collected the questionnaire
answer from all 928 students who took the software coding
classes. As a result of the questionnaire, three moderator
variables could be applied to the research model. The three
moderator variables were ‘SmllGrp’, ‘LabRelated’, and
‘MajorRel’.

2. Research Background

2.1 Improvement of CT

A survey was conducted for three years and the 928
students who took software coding classes were
participated for the questionnaire. The result of
questionnaire showed that computational thinking(CT)
scores were higher when they had a better positive
cognition on software.

(Table 1) The Result of the Survey

The Result of the Survey

—t— 15t year 2nd year 3rdyear

75
65
60

NEED 5W SWIMPROVE ME SW MAKE BETTER CTIMPROVED

1% Year 2 Year 3 Year
Need SW | 180(57.9%) | 162(73.7%) | 317(79.8%)
SW Improve Me | 211(69.8%) | 178(80.9%) | 333(83.9%)
SW Make Better | 233(749%) | 187(85%) | 377(95.0%)
CT Improved | 224(720%) | 189(85.9%) | 385(97.0%)
# of respondents 311 220 397

The composition of the survey participants was as
shown in Table 1. 311 students were participated at the
first year, 220 students at the second year, and 397
students at the third year. Hence, the total participants
were 928 students.

Figure 1 indicates that not only the cognition on

(Figure 1) Better Cognition, better CT

software was improved every year, but the scores of
the computational thinking were also getting higher.

The first question related positive cognition on software
education was ‘Do you need software education even though
you are majored in humanities or social sciences?” At the
first year, only 180 students out of 311 that is 57.9% of the
respondents answered positively. The second year was
improved up to 69.8% of the respondents as positive answer,
and the third year hit 79.8% as positive response.

The second question was ‘Do we think learning software
that enhances the thinking abilities can improve yourself?” In
this question, the mentioned thinking abilities are meant to
be comprehensive and generally refer to the computational
thinking that is currently receiving intensive attention. At the
first year, 211 students that is 69.8% showed positive
response. At the second year, 80.9% of the respondents
answered positively; and 83.9% of the respondents answered
positively at the third year.

The third question was ‘Do you think learning software
can make better software centered society?” At the first year,
233 students that is 74.9% showed positive response. At the
second year, 85% of the respondents answered positively;
and 95.0% of the respondents answered positively at the
third year.

The last question was ‘Are you certain that your level of
computational thinking abilities is improved in many
aspects?’ At the first year, 224 students that is 72.0% showed
positive response. At the second year, 85.9% of the
respondents answered positively; and 97.0% of the
respondents answered positively at the third year.
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2.2 Assessment for Computational Thinking

In Section 2.1, the question of whether the level of
computational thinking abilities improved is needed to be
verified. Hence, there were the questions to test
computational thinking abilities in the survey. The
questionnaire items about computational thinking were
composed with 11 different areas[2,3,4,5,6,7,8,9].

Figure 2 shows the result of the radiation graph for
computational thinking abilities. In Figure 2, the innermost
radiograph shows the score of computational thinking
abilities before taking no software coding class. The middle
radiation graph in Figure 2 corresponds to the scores of
computational thinking abilities of students who took one
basic software coding class. The outermost radiation graph
corresponds to the scores of computational thinking abilities
of students who had taken two mandatory software coding

classes.

Reformulating

3.8
Data Handling: Lo Recursive

4

WWgorithrric & Procedures Data as Code,

Heuristic Reasoning Simplifying

Resource Sharing Abstraction

Pre-fetching Decomposition

(Figure 2) Improvement of Level of CT

2.3 Descriptive Questionnaire

The 397 students who participated the third year of
questionnaire  survey were conducted a descriptive
questionnaire on what they wanted for software coding classes
to improve their computational thinking abilities. We analyzed
the students’ answers and found the main keyword.

The most highly mentioned keyword was ‘Small Class.’
The students wanted a small group class instead of a
large-scale class. If there are too many students, students had
difficult time to pay attention on the class.

The second most mentioned keyword was ‘Related Lab.’

It seemed that students had hard times if the theoretical class
and the practical lab were not related. Even though some
theoretical classes were not available to design a proper
related practical lab, students wanted to see the connection
between the theoretical class and the practical lab.

The third frequently mentioned keyword was ‘Major
Related.” Instead of learning the famous problem, students
wanted problems which were related to their major for
problem-based learning. Since the students took a class
because it is mandatory for the graduation, they wanted
useful problems for lab assignment rather than common
problems.

Other keyword were ‘More Example,” ‘Class Time,” and
‘Textbook.” We only selected the top 3 from the keyword to
apply as the moderator variables to improve the
computational thinking abilities.

Keyword ‘ Frequency

Small Class GG 5
Related Lab | | 79

Major Related NN 62
More Example NN 40

Class Time | 21
Textbook [l 9

(Figure 3) Keyboards for Better Class

3. Literature Review

3.1 Software Literacy

A researcher studied on providing a smart learning
environment to improve the efficiency of education[10]. To
prepare for the education in the era of the Fourth Industrial
Revolution, applying high technology in the educational field
is efficient than the traditional learning process to improve
learning effect. To get advantage of using high technology in
the classroom, students need to understand the concept of
software because many class materials supplied as software
products. For better education and learning, it is obvious that
everyone involved in the education should be aware of
software literacy.
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There is a growing need for software education such as
computational thinking education for convergence with other
scholarships in universities. It is due to the advent of the 4th
Industrial Revolution[11]. Software literacy is an imperative
to understanding everyday 21st century contexts where the
focus is on software. Up to high school, students can only
be a consumer of software, but when students enter an
university, students must be a consumer and also a producer.
To produce a software, students must learn the basic
concepts of software and practice software coding.

3.2 Computational Thinking

Information technologies are the base of the world
infrastructure. Nowadays, the effort has been oriented mainly
to convert students into users of computer tools. This has
gone from being necessary to being insufficient, because the
use of software applications means to manage a digital
language that is obsolete in a time that is not proportional,
in effort, to the time that has been invested in acquiring these
skills. That is, instead of teaching students only the syntax
of a changing language, they should be instructed in the rules
that allow them to know how the digital language is
constructed. Thus, computational thinking emerges as a
paradigm of work, and the programming is established as the
tool to solve problems[12].

Improving the computational thinking abilities is essential
for everyone not just for understanding digital language.
Computational thinking will be a fundamental skill, which can
be used by everyone in future to strengthen and enhance
learning[13]. It is a thought process that involves formulating
problems so that solutions can be represented as computational
steps and algorithms. In other words, computational thinking
is problem solving ability, not simply software understanding.

3.3 Cognitive-Based Education

Existing programming education often leads to learer’s
cognitive burden. The traditional programming education is
based on the programming method of teaching or
project-based method in which students are required to find
solutions depending on their ways of thinking and some
guidance by teachers. The programming ability can be

improved by various factors. The emotional intelligence is a
concept that can complement existing cognitive-based
education[14]. When a learner participates a programming
class with positive cognitive learning, the programming
ability can be empowered.

The primary missions of educational institutions, from
elementary to graduate and professional schools. are to impart
knowledge and to teach cognitive skills. One of the
most important cognitive skills is no doubt problem-solving
ability. Problem solving is of course predominantly involved
in basic courses such as mathematics and science and
in professional areas such as medicine. engineering, and
architecture. But problem solving pervades almost all
areas of instruction; reading and writing have important
problem-solving components, for example. Even such a
rudimentary process as retrieving information stored in
long-term memory can be viewed as a problem-solving
activity[15]. Hence, learning for problem solving is bond with
cognitive skills.

4. Method

4.1 Research Model

After analyzing the three-year survey, how students
think about learning software affects improvement of
computational thinking. The results of the analysis proved
when the students had a positive cognition on purpose for
the software coding class, the level of computational
thinking abilities is improved more than others who had
a negative cognition. Therefore, we adopted the
improvement of computational thinking as a dependent
variable, and applied factors of cognition on software
education as independent variables. Figure 4 presents our
research model, and it has independent variables part,
dependent variable, along with moderator variables.

The independent variables for cognition on software
education are ‘NeedSW,” ‘SWImprvMe,” and ‘SWMkBetter’
those are explained as the research background in Section
2.1.

For statistical analysis, IBM SPSS package is used.
Through the statistical analysis, we verified that the proposed
research model was correctly suggested.

96

2019. 6



The study on correlation of cognition on software education with improvement of computational thinking

Independent variable:

Cognition on Software Dependent variable:

« Need SW Improvement of
« SW Improve Me Computational Thinking
« SW Make Better Future

Moderator variables:
« Small Group

«Lab Related Lectures
* Major Related Lab

(Figure 4) Moderator Model

4.2 Multiple Regression Analysis

The multiple regression is applied to check the
relationship between several independent variables and a
dependent variable. Three independent variables and one
dependent variable were applied for the multiple regression
analysis for the research model as Figure 5.

Variables Entered/Removed?

Wariables Wariables
Model Entered Removed Method
1 SWimprvMe, . Enter
MNeedSW,
SWMkBetter”

a. DependentWVariable: CTlmpry

b. All requested variables entered.

(Figure 5) Multiple Regression

As Figure 5, all requested independent variables are
entered for the dependent variable ‘CTImprv.’

4.3 Moderator Model Analysis

In statistics and regression analysis, moderation occurs
when the relationship between two variables depends on a

Variables Entered/Removed®

Variables Variables
Model Entered Remoaoved Method

1 SWimprvie, . Enter
MNeed3SW,
SWhkBetter®

2 SmllGrp, Enter
LabRelated,
l‘«1aj|3rF?eIh

a. DependentVariable: CTImprv

b. All requested variables entered.

(Figure 6) Moderator Variables

third variable. The third variable is referred to as the
moderator variable. For the suggested research model, we
applied 3 variables as moderator variables as shown in
Figure 6.

The rationale for the selection of moderator variables is
described in Section 2.3. The moderator variables are
‘SmllGrp,” ‘LabRelated,” and ‘MajorRel.’

5. Result

The results of the statistical analysis using SPSS are as

follows.
Model Summar\ah
Adjusted R Std. Error of Durbin-
Model R R Square Square the Estimate Watson
1 4557 207 201 55560 2.040

a. Predictors: (Constant), SWimprvMe, MeedSW, SWhkBetter
b. Dependent Variable: CTImpry

(Figure 7) Model Summary for R?

The correlation between the independent variable and the
dependent variable is highly correlated as 0.455 as Figure 7.
The value of adjusted R square is 20.7%, and it shows the
total explanatory power of dependent variable of independent
variables. The value of Durbin-Watson is 2.040. Since the
numerical value of Durbin-Watson is close to 2 and not close
to 0 or 4, there is no correlation between the residuals;
hence, the regression model is interpreted as appropriate.

ANOVA?
Sum of
Model Squares df Mean Square F Sig
1 Regression 31.607 3 10.536 3413 000”
Residual 121.314 393 309
Total 152.922 396

a. Dependent Variable: CTImpry
b. Predictors: (Constant), SWimprMe, NeedSW, SWhkBetter

(Figure 8) F-test for Research Model

The linear regression’s F-test has the null hypothesis that
there is no linear relationship among the variables. With F
= 34.131 and 396 degrees of freedom the test is highly
significant, thus we can assume that there is a linear
relationship between the variables in our model as shown in
Figure 8.

et QlE|Hl HE 3| (20233)

97



The study on correlation of cognition on software education with improvement of computational thinking

In Figure 9, the linear regression’s t-value for the
influencing relationship of ‘NeedSW’ toward ‘CTImprv’ is
2943 which satisfies the condition over *1.96, and
significance probability is .003 that satisfies p < 0.05.
Therefore, ‘CTImprv’ is dependent on ‘NeedSW’ in our
model. The t-value of ‘SWMkBetter’ toward ‘CTImprv’ is
2.449 which satisfies the condition over +1.96, and
significance probability is .015. Therefore, ‘CTImprv’ is also
dependent on ‘SWMkBetter’ in the research model.

Coefficients”

Standardized
Unstandardized Coefficients  Coefiicients
Model B Std. Errar Beta t Sig
1 (Constant) 3433 A28 27.218 .00o
NeedSw 116 039 184 2.643 .00z
SWhkBetter 110 045 172 2,448 015
SWimprvMe m 048 159 2318 021

a. DependentVariable: CTImprv

(Figure 9) t-value for Research Model

Histogram

Dependent Variable: CTimprv

Mean= 17915
E Sid. Dev. =098
Ner

Frequency

] ) 2 ) o 1 2

Regression Standardized Residual

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: CTimprv

10

Expected Cum Prob

Observed Cum Prob

(Figure 10) Histogram & Plot

Model Summary®

Change Statistics

Adjusted R Std. Error of RSquare Sig.F
Model R R Squars Square the Estimate Change  FChange  dfl an Change

1 455° 207 201 55550 207 343 3 303 000
a90° 793 790 26503 565 367765 3 390 000
a.Preditors: (Constant), SWImprvfe, NeedSw, SWHkBeter
b.Predictors: (Constant), SWImprvle, NeedSW, SWMKBeter, SmilGrp, LabRelated, MajorRel
¢. Dependent Variable: CTimprv

(Figure 11) Moderator Model Analysis

The t-value of ‘SWImprvMe’ toward ‘CTImprv’ is 2.319
which satisfies the condition over £1.96, and significance
probability is .021 that satisfies the condition p < 0.05.
Therefore, ‘CTImprv’ is also dependent on the last moderator
variable ‘SWImprvMe’ in the proposed research model.

The last thing we need to check is the homoscedasticity
and normality of residuals. The histogram indicates that the
residuals approximate a normal distribution. The plot shows
that in our linear regression analysis there is no tendency in
the error terms as shown in Figure 10.

The result of moderator model analysis is shown in Figure
11. Since the significance F change is .000, which is less
than 0.05, it can be judged that there is a moderating effect
on our model. It shows that ‘Smllgrp’, ‘LabRelated’ and
‘MajorRel’ are moderator variables for ‘CTImprv’ which is
the dependent variable on the research model.

6. Discussion

This study started with the hypothesis that the positive
cognition on software education improves the effectiveness
of getting computational thinking abilities. For three years,
the questionnaires were conducted, and the total of 928
students who took software coding classes answered the
questionnaires. The result of the questionnaires were
analyzed to verify the hypothesis.

As the software coding classes are repeatedly opened for
the mandatory courses, students’ perceptions about the
classes have changed positively and gradually agreed to the
necessity of software education because of emphasis on the
importance of software in various media. As the result, it
derive the positive cognition on software education. Having
positive attitude toward the class makes the students
accomplish the better educational effect. The multiple
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regression analysis was processed to prove the hypothesis,
and it has proven that the improving computational thinking
abilities is dependent on the positive cognition on software
education.

Furthermore, to find out additional factors that can
improve computational thinking abilities even more, we
proposed a moderator model in the research model. In order
to confirm the moderator variables, 397 students were asked
to write a descriptive questionnaire. Then three moderator
variables with the most frequent responses were selected.
Thru statistical analysis, the selected 3 moderator variables
were determined that they have moderating effects on the
proposed research model.

This study concluded that positive cognition on software
education can make the better improvement of computational
thinking within proper moderator variables. Nevertheless, it
should be noted that there are variables that can not be used
in general situation, since this study is limited to specific
circumstances of our institution.
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