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Abstract

Even though the effort to reduce the gaps between genders, gender differences still exists
in many fields. Computer programming area is not an exception. In order to enhance students’
computational thinking ability, this paper analyzes the gender differences in personal
characteristics such as abstract thinking ability. Also, it analyzes computer programming
factors how they differently affect the students’ program understanding ability from the
gender point of view. By analyzing students’ attitudes toward programming, we can help
educators to increase their students’ computational thinking ability.
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1. Introduction

Recently, computational thinking ability has been regarded as an essential ability that
is needed in 21st Century. Various studies have been conducted so far, and many
researchers mentioned that automation and abstraction are treated as the key
components in computational thinking ability [1][2][3][4]. Also, a lot of researchers
have developed the meaningful results about what to teach their students with new
pedagogical approaches and technologies. However, there still exist many considering
aspects in how to teach even though many methods have already been published. In this
paper, we focus on the analysis of gender differences in order to develop instructional
method more accurately [5][6].

On the other hand, from the previous our research [7][8], we found that there existed
a statistically significant difference in abstract thinking ability that is represented in
terms of the Behavior ldentification Form Index, shortly BIF [9][10], between male and
female high school students. According to the previous works [7][8], the mean value of
the male students’ abstract thinking ability was higher than that of the female students.
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The existing research usually insisted that higher abstract thinking ability is helpful to
solve problems. However, this may not always be true.

In this paper, we analyze personal characteristics and figure out if there exists any
gender difference in them in order to develop a better educational way to enhance
students’ computational thinking ability. In order to achieve our research objectives, we
surveyed 286 high school students who learned the Python programming language with
the RUR-PLE from the same teacher. We gave 5 programs and requested them to draw
the result of each program.

The rest of our paper is organized as follows. In section 2, we describe the
Behavioral Identification Form and the computer programming problems that were used
in the paper. In section 3, we present the research results related to the gender
difference in abstract thinking and difficulty levels of programming components while
coding. Also, we describe the experimental results how students’ coding preference
affects their programming understanding ability. Finally, we conclude our paper in
section 4.

2. Backgrounds

The action identification theory [9] is the theory that people’s actions can be figured
out by their thinking styles. According to the theory, there are two styles in people’s
thinking; one is abstract (global) thinking style and the other is concrete (local) thinking
style [9]. The thinking styles can affect teenagers’ academic achievement differently.
Many research works have been done to measure people’s thinking levels [9][10][11].

One of them is the Behavioral Identification Form, namely BIF [9][10]. The BIF was
developed by Vallacher and Wegner, and it consists of 25 items to measure a person’s
action identification level. Each question has two alternatives; one is abstract and the
other is concrete [10]. We can calculate a person’s abstract thinking value by giving 0
point for the concrete alternative and giving 1 point for the abstract alternative. We can
get the abstract thinking level with the sum of the scores of the items.

For this research, we developed 5 RUR-PLE programs. We defined the programs in
terms of the lines of codes, the number of selection commands, and the number of
iteration commands shown in [Table 1]. The scores on which students have solved the 5
problems became dependent variables in our experiment.

Table 1. The 5 RUR-PLE programs

Factors Program1 Program2 Program3 Program4 Program5
The lines of codes 11 15 22 14 17
The number of iterations 0 1 2 6 10
The number of selections 0 0 4 0 3

3. Experimental results

In this section, we describe the experiment results that contain the gender differences
in the degree of difficulty while using commands of the RUR-PLE and contain how
different abstract thinking levels of genders affected the program understanding ability.
Also, we examined how learners’ coding preferences affect their program understanding
ability.
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First of all, we examined if there was any gender difference in the degree of
difficulty when the students use the RUR-PLE commands. As shown in [Table 2], for
the 3 command groups, the female students felt more difficulty than the male students
when they used commands. The basic command group was the exception. However,
there was no difference in the students’ total scores statistically. From this result,
educators have to encourage female students more to have self-esteem when they use
their computer programming language for enhance their automation skills.

Table 2. The gender difference in the degree of difficulty about the command groups

Command t-test for Equality of Means
Gender Mean SD S M
Groups t df 9. ‘Mean sD
(2-tailed) Difference
Condition |__&® 165 85 371 | 266 <.001 -41 11
Female 2.06 .95
. Male 2.63 1.16
Select| -5.60 283 <.001 -74 13
electon - I male | 3.36 107
. Male 2.67 .95
Iteration Female 3.04 ;R -3.29 245 .001 =37 A1

Next, we examined if there was any difference in the abstract thinking level and
program understanding ability between two genders. As shown in Table 3, there was a
gender difference in the abstract thinking level. The mean difference between gender
was 2.36, the t = 4.15. The male students had the higher level of abstract thinking than
the female students. On the contrary, the female students thought more concretely than
the male students did.

Table 3. The gender differences in the abstract thinking value and the program understanding ability

t-test for Equality of Means
Problem Gender Mean | SD . o Sig. Mean .
(2-tailed) Difference

Male 1.94 .26

Problem 1 Female 1ad 19 2.17 | 233.91 .031 .10 .05
Male 1.85 52

Problem 2 Female 176 50 1.25 | 284.82 211 .08 .07
Male .92 .99

Problem 3 Female 118 96 -2.22 286 .027 -.26 A1
Male 1.53 79

Problem 4 Female 157 77 -.45 286 .654 -.04 .09
Male .88 .78

Problem 5 Female a5 2 .30 286 .764 .03 .09

This difference can affect the interpretation of programs. In fact, the male students
solved the Problem 1 better, which contained simple sentences, whereas the female
students solved the Program 3 better, which contains if-elif statements and is more
complex. From this result, we figured out that when the students read programs,
concrete thinking is helpful to understand the program’s result.

Also, we examined if there was any difference in program understanding ability
between the students who had the lower abstract thinking ability and the students who
had the higher level abstract thinking ability. The mean value of the abstract thinking
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for all the students was between 13 and 14. Thus, we divided the students into the group
with abstract thinking value of 13 points or less and the other group with abstract
thinking value of 14 points or more. There was no difference in the abstract thinking
level as shown in [Table 4]. It seemed that abstract thinking level did not affect the
students’ program understanding ability. However, in order to make our analyses more
accurate, we divided the data with gender and then examined again if there was any
difference between two abstract thinking level.

Table 4. The differences in the program understanding ability between two abstract thinking levels

Problem Type Abstract Thinking Level (ATL) Mean SD
Problem 1 h?;z: igg ;f
Losr L 5
Problem 3 ,:mee: ﬂé Z:
Problem 4 I:?;;: 122 ;3
Problem 5 h?;/;/]zrr gg 28

As a result, we found that in the Problem 5, the male students had a partial difference
in program understanding ability between two abstract thinking level (See also Table
5). Besides, for the Problem 2, the Problem 3, and the Problem 4, the students who had
the higher abstract thinking level solved the problems better than those who had the
lower abstract thinking level.

Table 5. The differences in the program understanding ability between two abstract thinking levels
with two data sets divided by gender

t-test for Equality of Means
Problem Type Sig. . Std. Error
t df (2-tailed) Mean Difference Difference
Male -1.78 134 .078 -.23 A3
Problem 5
Female .95 148 .343 A3 A4

Finally, we examined if there existed any interaction effect between the students’
coding preference level and gender. We asked students to rank whether they like to
write code, namely coding preference, or to read code. If a student preferred to write
code, then the student’s coding preference level was set to high. Otherwise, the
student’s coding preference level was set to low. For other problems except the Problem
1, the students who had the high coding preference level also understood the programs
better (significantly different). However, in the Program 3, the effect size of gender
(.02) was higher than that of coding preference (.01). And, there was no interaction
effect between coding preference and gender. In summary, the students with the high
coding preference level and the female students have solved the Problem 3 better than
the others. Also, for the other problems, there were no interaction effect between coding
preference and gender. And, the coding preference factor’s effect size was bigger than
gender. In some types of programs, gender can play the more important key factor for
understanding programs.
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4. Conclusions

In this research, we have analyzed the personal characteristics of the teenagers based
on their understanding of the RUR-PLE computer programs to find out better
educational methods for developing their computational thinking skills. In particular,
this paper focuses on gender differences analysis. By performing these, we can
contribute to develop more appropriate educational methods for the students. As a
result, the female students felt more difficult when they use the RUR-PLE commands
while programming even though their program understanding abilities were not
different from those of the male students. And, only for the iteration command such as
repeat, the male students at the high abstract thinking level understood the program
better than the male students at the low abstract thinking level. On the contrary, the
female students at the low abstract thinking level understood the program better. It
means that concrete thinking was helpful to the female students, whereas abstract
thinking was helpful to the male students for the same problem. Educators need to be
aware of gender differences in analyzing problems and to teach them to think in
different ways for their better understanding the problems.

Acknowledgments
This work was supported by the research grant of Jeju National University in 2017.

References

[1] J.S. You, “The core is Not ‘Coding Skills’ but ‘Computational Thinking’,” http://it.chosun.com/news/
article.html?no=2820617

[2] J.M. Kim and W.K. Lee, “A study on the identity of information curriculum from the viewpoint of curriculum
education,” Journal of Korean Information Education, vol.14, no.2, pp.219-227, (2010)

[3] J.W. Choi, E.K. Lee, K.H. Kim, and Y.J. Lee, “Suggestion of evaluation method of learner's computing
thinking ability in revised information curriculum,” 2015 Korea Computer Education Summer Conference
Proceedings, vol.19, no.2, (2015)

[4] J.M. Wing, “Computational thinking,” Communications of the ACM, vol.49, no.3, pp.33-35, (2006)

[5] Y.K. Bae, “A study on the teaching strategy of robot programming considering the difference in gender,”
Journal of Korean Association of Computer Education, vol.14, no.1, pp.27-37, (2007)

[6] S. Beyer, K.Rynes, J. Perrault, K. Hay, and S. Haller, “Gender differences in computer science students,”
SIGCSE '03 Proceedings of the 34th SIGCSE Technical Symposium on Computer Science Education, vol.35,
no.l, pp.49-53, February 18-23, Reno, U.S.A., (2003)

[7] C.J. Park, J.S. Hyun, H.R. Jin, and H.S. Jung, “Analysis of relationship between abstract thinking, language
familiarity, and academic achievement in high school students' understanding of ¢ and scratch programs,”
Journal of Korean Association of Computer Education, vol.18, no.6, pp.1-12, (2015)

[8] C.J. Park and J.S. Hyun, “Effects of gender and abstract thinking factors on adolescents’ computer program
learning,” Proceedings of the 45th IEEE International Conference of Frontiers in Education, October 21-24,
Texas, U.S.A., (2015)

[9] R.R. Vallacher and D.M. Wegner, “What do people think they're doing?action identification and human
behavior,” Psychological Review, vol.94, no.1, pp.3-15

[10] “The behavior identification form,” http://www. wjh.harvard.edu/~wegner/BIF.htm

[11] D. Kember, D.Y. Leung, A. Jones, A.Y. Loke, J. McKay, K. Sinclair, H. Tse, C. Webb, F.K. Yuet Wong, M.
Wong, and E. Yeung, “Development of a questionnaire to measure the level of reflective
thinking,” Assessment & Evaluation in Higher Education, vol.25, no.4, pp.381-395, (2000)

Copyright © 2017 Global Vision Press (GV Press) 31



Analysis of Gender Differences for Enhancing Learners’ Computational Thinking Ability— From the Personal
Characteristics and Coding Preference Point of View

32

Authors

Chan Jung Park

Professor Park received Ph.D. atSogang University. From 1990 to
1994and from 1998 to 1999, she worked for Korea Telecom. Since
1999, she has been working for the Dept. of Computer Education at
Jeju National University. Her research interests include creative
problem solving, mobile app development, and instructional design of
technology. She received the Best Teacher Award (2008, 2016) and the
Best Paper Award in the Korea Association of Computer Education
Domestic Conference (2012, 2016).

Jung Suk Hyun

Professor Hyun received Ph.D. at Sogang University, Korea. Since
2002, he has worked for the Dept. of MIS at Jeju National University.
His research interests include creative problem solving and behavioral
decision theory. He received the Best Teacher Award (2011, 2016), the
Excellent Paper Award of the Korean Creativity Application
Association (2016), the Excellent Paper Award of the Korean
Academic Society of Business Administration (2016), the Excellent
Paper Award of the Korean TRIZ Association (2015), the Best Paper
Award of the Convergent Research Society among Humanities,
Sociology, Science, and Technology (2015), the awards of the Korean
Intellectual Property Office (2012).

KyongEun Lee

Dr. KyongEun Lee received Ph.D. at Dept. of Management
Information Systems of Jeju National University in 2016. She has
been working at Jeju National University since 2010. Her research
interests include abstract thinking, information security and
behavioral decision theory.

Chan Jung Park. Jung Suk Hyun and KyongEun Lee



