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ABSTRACT

The aim of this study is to investigate the computational thinking skills of secondary school students and their perceived
self-efficacy related fo block-based programming. The study group consists of 464 students affending 5, 6, 7, and 8
grades in a province located in the Cenfral Anatolia region, Turkey. Datawere collected by Computational Thinking Skills
Scale and Self-Efficacy Perception Scale related to Block-Based Programming. Independent sample t-fest was used for
comparisons of gender, programming education, Scratch and Arduino learning status apart from lessons. According fo
the findings, it was determined that the computational thinking skills of students were high. Significant differences were
found in both compurtational thinking skills and self-efficacy perceptions of block-based programming according fo

gender, programming education, and Scratch and Arduino learning status.
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INTRODUCTION

Nowadays, when technology surrounds us, it is difficult to
defermine a place where technology does not touch. In
agriculture, industry, education, health, ar, transportation,
tfechnology is used extensively in all areas of our lives. In this
direction, changes have taken place in all areas where
technology has touched, and ook its share in this change
in education. Today, it has become one of the primary
objectives of education to educate productive individuals
who can use the developing technology effectively, who
can access information when they need it, by structuring
the information, thinking critically and creatively. Recently,
in addition to these skills, computational thinking skills have
taken place in education as an important feature that
individuals should possess.

Computational thinking is one of the new concepfts that
have been studied in the literature in recent years.
Therefore, the definitions for this concept vary and their
content is not yet clearly defined (Brennan & Resnick, 2012;
Garcia-Pefalvo & Mendes, 2018). However, according to
Wing (2006), where the term is frequently mentioned
together, computational thinking is a form of analytical

thinking that includes elements, such as problem solving,
system design and understanding human behavior based
on the concepts in computer science. International
Society for Technology in Education ISTE (2018) defines this
skl as the development and use of strategies 1o
understand and solve problems in order to benefit from the
power of technological methods to develop and test
solutions to problems.

Yildiz and Ciftci (2017) think that one of the most effective
ways to develop computational thinking skills is
programming education. Therefore, students' self-efficacy
perceptions are thought to be important in the
development of these skills. According to Bandura (1977),
individuals' self-efficacy perception towards a task is
directly related to their performance and effort in
successfully performing that task. So, high self-efficacy
perception of individuals in a context is important as it will
be related to its performance. As a matter of fact, it is seen
in the literature that students' self-efficacy perception
scores related to programming affect their programming
performance (Askar & Davenport, 2009; Mazman & Altun
2013).
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1. Related Literature

Brennan and Resnick (2012), on the other hand, made the
definition of computational thinking based on Scratch
experiences. The researchers identified three key
dimensions of computational thinking. The first dimension is
called computational concepts and covers the concepts
that individuals use to develop programs (sequences,
loops, parallelism, events, conditionals, operators, and
data, etc.). The second dimension is computational
practices and is based on the activities that individuals do
while developing programs such as being incremental
and iterative, testing and debugging, reusing and
remixing, and abstracting and modularizing. The third
dimension is computational perspectives. This dimension
includes individuals' understanding of the code writing
process. Kalelioglu et al. (2016) identified the most
common features used in explaining computational
thinking in their literature review. They stated that these
features consist of concepts, such as problem solving,
abstraction, algorithmic thinking, patftemn recognition, and
system based thinking.

Many researchers mentioned uncertainties about how to
develop computational thinking in individuals and how to
fransfer it to the classroom environment (Czerkawski &
Lyman, 2015; Demir & Seferoglu, 2017; Grover & Peaq,
2013; Guzdial, 2008; Kalelioglu et al., 2016; Kazimoglu et
al., 2012; Lee et al., 2011; Wing, 2008; Yadav et al., 2011).
They have emphasized that there are studies which are
limited in the literature (Kalelioglu et al., 2016; Korkmaz et
al., 2015).

Yildiz and Ciftci (2017) think that one of the most effective
ways of developing these skills is programming education.
Similarly, Sayin and Seferoglu (2016) emphasized the
importance of programming education and stated that
programming skill was accepted as one of the 21* century
skills. Lye and Koh (2014) also emphasize that
programming education plays a key role in computational
thinking. Because studies show that programming
education develops many high-level thinking skills that are
covered by computatfional thinking. Problem solving
(Catlak et al., 2016; Karabak & Gunes, 2013; Shin et al.,
2013), creative thinking, critical analysis, continuous

leaming through systematic experiment and process
(Catlak et al., 2016; Monroy-Hemdndez & Resnick, 2008)
and product creation (Catlak et al., 2016) are among
these skills. The studies show that students' perceptions of
self-efficacy related to programming have changed aftfer
programing education (Mazman & Altun, 2013; Davidson et
al., 2010), so the situation of taking programming education
wasincludedinthe study.

In the studies, the importance of programming education is
emphasized at an early age and it is stated that programming
education can make positive contributions to the
development of students (Ozginar et al., 2016; Demirer &
Nurcan, 2016). However, reasons such as the need for expertise
in fext-based programming languages (Esteves & Mendes,
2004), abstract thinking skills, and complex language (Gomes
& Mendes, 2007) revedled the idea that block-based
programming languages would be more appropriate for
young people. Because of the age of secondary school
students, concrefe programming languages are preferred
over apbstract programming languages in Turkey. That's why in
Information Technology courses, Arduino and Scratch are
lectured in secondary schools. Therefore, in line with the aims of
the study, research related to block based programming such
as Scratch areincluded.

YUkseltUrk and Altiok (201 8) state that there are few studiesin the
field of block-based programming and computational
thinking skils, and these studies are generaly aimed ot
facilitating beginners 1o leamn programming and creating
projects through problem-solving strategies. Researchers also
point out that fext-based programming leads to lack of
moftivation and negative prejudices in students, due to the
complexity of its specific rules and syntax. Students create
products by combining components, such as animation,
sound, painting and music with block based programming.
This provides an enviionment for them to develop their
problem-solving and computational thinking skills. As a result of
another study conducted by YukseltUrk and Altiok (2017), the
researchers stated that block-based programming can bbe an
important way to develop students' computational thinking
and credtive thinking skills.

Garcia-Penalvo and Mendes (201 8) state that computational
thinking is interpreted by researchers in various ways and that
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this concept is taken into the teaching process with different
approaches in the classroom. Examples of these approaches
include block-based programming, text-based programming,
and physical kits created to control robofic systerms or objects.

Howland and Good (2015) examined the effect of students on
leaming computational thinking using the Flip application, a
visual/ block based programming language. Atthe end of the
study;, it was defermined that the students 'motivation
increased as a result of producing their own games, the
application was effective in the students' leaming the concepts
related to computational thinking and that the female students
were more successful in the programming process. However,
Kobsirpat (2015) found that leaming activities with Scratch
contfributed to the development of students' credtivity.

Kalelioglu et al. (2014) examined the problem-solving skills of
fifth grade students by using Scrafch platform. In the light of the
findings, it was observed that Scratch programming languoge
did not affect students' problem-solving skills. However, all
students developed a positive attitude towards programming
with Scratch and stated that they found the environment easy.
Kukul and Gokeearslan (2014) examined the problem-soiving
skills of the students who received programming training for the
first fime in their study conducted with 304 students in the fifth
and sixth grades. Scratch was used in the programming
education of the students. According to the findings, the
problem-solving skills of the students were found to e high.
However, it is seen that this skill is not meaningful in terms of
variables, such as gender, grade level, computer status. The
studies showed that the attitudes of female students fowards
programming could differ according to male students, so
gendervariable was also examined in this study.

As aresult of applications with secondary school students using
block based programming, Fadjo (2012), it was determined
that the applications play an important role in the
development of students' computational thinking skills and
conceptual knowledge. Rizvi et al. (2011) state that students
programming with Scrafch have a high degree of self-efficacy.
In the study conducted by Bishop-Clark et al. (2007) using the
Alice application with students who do not have experience in
programming language, the students were examined from a
qualitative and quantitative perspective. The findings showed
that students enjoyed programming, increased their self-

confidence in programming, and showed significant
improvementsin understanding programming concepts.

According to Kasalok (2017), in the literature, block-based
programming is widely used in the programming education of
secondary school students, but there is no study with self-
efficacy perception related to block-based programming.
Based on these findings, this study was designed fo eliminate
the uncertainty existing in the literature and to determine the
general situation for perceptions of computational thinking skills
and self-efficacy regarding block-based programming.
2.Purpose

The aim of this study is fo investigate the computational thinking
skils and self-efficacy perceptions of secondary school
students according to some variables. For this purpose, the
following questions were examined.

e What is the level of computational thinking skills of
secondary school students?

e Do secondary school students' levels of computational
thinking skills differ according to following variables?

e Gender

e Programming education

o Studying status of Scratch apart from lessons
e Studying status of Arduino apart from lessons

e What are the levels of self-efficacy perceptions of
secondary school students towards block-based
programming?

e Do secondary school students' self-efficacy perceptions

related to block-based programming differ according to
following variables?

e Gender

e Programming education

o Studying status of Scrafch apart from lessons
o Studying status of Arduino apart from lessons

e [sthere arelationship between secondary school students'
computational thinking skills and self-efficacy perceptions
of block-based programming?

3. Method
3.1 Model of Research

This study examines the computational thinking skills of 5, 6", 7"
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aond 8" grade students in a province in Central Anatolia and
their perceptions of self-efficacy for block-based
programming and the relationship between these two
variables. This study, which aims to describbe an existing situation,
is an example of a cross-sectional survey model (BUyukozttrk et
al., 2018). The dependent variables of the study are students'
computational thinking skills and self-efficacy perceptions of
block-based programming. On the other hand, gender,
programming education, and Scrafch and Arduino working
conditions outside of the course are the independent variables
examined.

3.2 Research Group

The study was caried out with the participation of 464
secondary school students. A stepwise path was followed in
selecting the participants, the purposeful sampling method
and then the random sampling method was used.
Accordingly, the schools in the city centre that provide
programming education and do not provide programming
education are listed separately. Two schools form each list were
randomly selected and the study was carried out in these four
schoals. In the schools, each class was chosen randomly and
scales were applied. Information about the sample of the
research is tabulated on the basis of participants.
Demographic characteristics of the students are given in Table
1. When the demographic information about the students
were examined, 49.6% were female (N = 230) and 50.4%
were male (N = 234). It is seen that 73.5% of the students
received programming education (N = 341). 56.5% of the
students had Scratch (N = 262); 17.0% use Arduino (N = 79)
outside the classroorm and study on these platforms.

3.3 Data Collection Tools

In this study, Computational Thinking Levels Scale (CTLS) was
used by Korkmaz et al. (2015) fo defermine the computational
thinking skills scores of secondary school students. The scale
consisted of four items of credtivity, four items of algorithmic
thinking, four items of cooperativity, four items of critical thinking
and six itermns of problem solving. The scale was prepared as a
five-point likert. The infermal consistency coefficient Cronbach's
alpha values were 0.64 for the creativity dimension; 0.76 for
algorithmic thinking; 0.81 for the cooperdtivity dimension; 0.71
for critical thinking; 0.86 for problem solving and 0.80 for the
overall scale. The following formula (Formula 1) is used to score

Variables Categories N %
Gender Female 230 49.6
Male 234 50.4
Programming Education Taken 341 73.5
Not Taken 123 26.5
Studying status of Scratch Yes 262 56.5
a part from lessons No 202 43.5
Studying status of Yes 79 17.0
Arduino apart No 385 83.0

from lessons

Table 1. Demographic Information of Students
the scale. According fo the scores obtained, computational
thinking skills of individuals are determined as weak, medium
andhigh.

Xrawscore X20 [_l]

Slandard)scorg Scale item numbers.

Perceived self-efficacy scale related to block-based
programming was developed by Kasalak (2017). In the scale,
there are five items for simple block based programming fasks;
seven items are complex block based programming tasks; The
scale was prepared as a five-point likert. The infemal
consistency coefficient of the scale was found to be 0.82 for
the dimension of simple block-based programming tasks; 0.86
forcomplex block-lbased programming fasks.

3.4Implementation Process

At the beginning of the study, necessary permissions were
obtained from the Provincial Directorate of National
Education and scales were applied in the second
semester of the 2018-2019 academic year. Accordingly,
four schools were identified with easily accessible
sampling method. Scales were applied to the fifth, sixth,
seventh, and eighth grades randomly selected for each
grade level from these schools and data were collected
from individuals willing to participate voluntarily. The scale
was applied to 480 students in four secondary schools
and the data of 464 of them were analyzed. Findings
were obtained in accordance with the analysis.

3.5 Data Analysis

The data obtained from the research were analyzed using SPSS
23 program. Histogram graphs, skewness-kurtosis coefficients
were examined for the assurmption of normality of self-efficacy
perception scores related to block-based programming and
CILS scores. Accordingly, it was found that the skewness and
kurtosis coefficients were between -2 and +2 (George &
Mallery, 2010; Khan, 2015) and the variables did not deviate
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fromthe normal excess.

Independent samples t-test was used for gender,
programming fraining, and Scrafch and  Arduino - study
situations outside the classroom. In order to determine the
relationship between students' computational thinking skills and
self-efficacy perceptions related o block-based programming,
Pearson correlation coefficient was used since the data
showed normal distribution.

4.Findings
4.1 Computational Thinking Levels of Secondary School
Students

Within the scope of the research, in order to determine the
computational thinking skills of 5", 6", 7" and 8" grade students,
CILS consisting of five factors and a total of 22 items was
appliedto the students. Descriptive statistics were calculated in
accordance with the answers given by the students who
participatedin the study and the results are givenin Table 2.

The raw scores obtained in Table 2 were calculated in
accordance with the scoring formula specified by Korkmaz
et al. (2015) and standard scores were obtained.
Accordingly, secondary school students' creativity (X =
80.8), algorithmic thinking is (X = 72.3) and cooperativity
(X=78.8) critical thinking (X=72.9) are at high levels while
problem solving (X=54.7) is seen to be at medium levels.
it is observed that the students' general
computational thinking skills (X=70.4) score is observed to
be high.

However,

4.2 Comparison of Computational Thinking Skills of
Secondary School Students According fo Variables

The results of the analysis of students' computational thinking
skils according to the variables, such as gender, programming
education, using Scratch and Arduino platforms outside the
school are showninthefables.

Table 3 shows the f-test results of students' computational
thinking skils according to gender. Accordingly, students'

credtivity [1(462) = 2.59; p <0.05], cooperativity [t(462) = 2.20;
p<0.05], and problem solving [1(462) = 4.49; p<0.05] levels
differ significantly according fo gender. While female
students had higher creativity (X=16.56) than male
students (X=15.79) male students 'problem solving levels
(X=17.70) and cooperativity levels (X=16.38) are higher
than female students' problem solving levels (X=15.06)

and cooperativity levels (X=16.10).

Table 4 shows the t-fest results of students' computational
thinking skills according to programming education.
Accordingly, the students' computational thinking skills who
took programming training differ significantly from students
who did not take [1(462) = 2.28; p<0.05]. The average
scores of computational thinking (X=78.26) of students
who received programming training were higher than
those who did notreceive (X=75.01).

Table 5 shows the t-test results of students' computational
thinking skills according to their working status in Scratch
platform outside of the classroom. Accordingly, creativity
[1(373) = 3.50; p<0.05], algorithmic thinking [t(388) = 5.32;
p<0.05], cooperativity [H(402) = 3.18; p<0.05], critical
thinking [1(462)=3.58;p<0.05] factors and computational
thinking skills [t(462) = 4.76; p<0.05] of students who work
Scratch Platform outside of the class differ significantly
from students who do not work. Students working on the
Scratch platform outside of the class had higher creativity
(X=16.64), algorithmic thinking (X=15.56), cooperativity
(X=16.25), critical thinking (X=15.11), and average
scores for computational thinking (X=79.98), than non-
working students.

Table 6 shows the t-fest results of the students'
computational thinking skills according to their working
situation on the Arduino platform. According to this,
algorithmic thinking [t (462) = 2.53; p<0.05], problem
solving [t (462) = 3.04; p<0.05] and computational
thinking skills [t (462) = 2.71; p<0.05] of students working

Factors Item Count N Min. Max. X SD
Creativity 4 464 4.00 20.00 16.17 3.23
Algorithmic Thinking 4 464 4.00 20.00 14.46 3.68
Cooperativity 4 464 4.00 20.00 15.76 3.81
Critical Thinking 4 464 4.00 20.0 14.58 3.66
Problem Solving 6 464 6.00 30.00 16.41 6.52
Computational Thinking 22 464 22.00 110.00 77.47 13.72

Table 2. Descriptive Statistics on Computational Thinking Skills of Students
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Variable  Factors Group X  SD t df p
Creativity Female 16.56 3.07
Male 15.79 3.35

259 462 010

Algorithmic Female 14.30 3.65
Thinking Male 1462 3.72 93 462 351
Cooperativity Female 16.15 3.73 000 462 028

Male 16.38 3.86
Ciritical Thinking Female 14.77 3.53 100 462 274

Male 14.40 3.77
Female 15.06 6.12

Male 17.70 6.64
Female 76.86 12.02
Male 77.93 14.98
None 75.01 13.57

Gender  Problem Solving

4.49 462 .000

Computational

Thinking 841 462 401

Table 3. Computational Thinking Skills T-Test Results
According to Gender Variable

Variable Factors Group X SD t df P
Creativity Taken 1628 3.17
NotTaken 15.87 3.41 .18 462 237
Algorithmic Taken 14.62  3.65
Thinking NotToken 1403 3.76 152 462 129
Cooperativity  Taken 156.90 3.79
Programming NotTaken 1539 ags | o0 P
Education
Critical Taken 14.76 3.55 1.76 462 079
Thinking NotTaken 14.08 3.89
Problem Taken 16.69 6.56 156 462 .118
Solving Not Taken 15.62  6.38
Computational Taken 78.26 13.52 208 462 .024
Thinking NotTaken  75.01 13.57

Table 4. Computational Thinking Skills T-Test Results According
to Programming Education

Variable Factors Group X SD t daf P
Creativity Yes 16.64 2.84
No 1556 360 350 373 .001
Algorithmic Yes 16.25 3.27 532 388 .000
Thinking No 1343 393
Cooperativity — Yes 1625 3.59
No 15.12 401 3.18 406 .002
Studying status ~ Crifical Thinking  Yes 1511 3.43
of Scrafch No 13.9 3.83 3.58 462 .000
l‘;ggn”fsrom Problern- Yes 167 683 1.3 usp 959
Solving No 1602 6.09
Computational Yes 79.98 12.83
Thinking 4,76 462 .000

No 74.05 13.85

Table 5. Computational Thinking Skills T-Test Results According

to Scratch Study Situations Outside of Classroom
in Arduino platform outside the class differ significantly
from non-working students. Students working on Arduino
platform outside of the class had higher algorithmic
thinking (X=15.41), problem solving (X=18.43), and
average scores for computational thinking (X=81.16)
than non-working students.

4.3 Students' Self-Efficacy Perceptions regarding Block Based
Programming

Within the scope of the research, in order to determine the
selfefficacy perceptions of the students at 5", 6", 7" and 8"
grade levels, self-efficacy perceptions related to block-based
programming consisting of two dimensions and a tofal of 12
iterns were applied to the students. Descriptive analyzes were
conducted in line with the answers of the students who
participated in the research and the results are giveninTable 7.

When the results in Table 7 are examined, it is seen that the
average score of students for simple block based
programming tasks is (X=18.29) and that the scores for
complex block based programming tasks are (X=22.59). On
the otherhand, self-efficacy perceptions of the students based
on block-based programming ranged from 12 to 60 and the
mean (X= 40.89).

4.4 Comparison of Perceived Self-Efficacy related to Block
Based Programming of Secondary School Students
accordingfo Variables

The results of the analysis of students' self-efficacy regarding
block-based programming according to variables, such
as gender, programming education, and studying Scrafch
and Arduino platforms outside the school are shown in the
fables.

Table 8 shows the t-test results of students' perceptions of
self-efficacy regarding block-based programming
according to gender variable. Students' simple block-
based programming tasks [t (462) = 2.38; p<0.05] and
complex block-based programming tasks [t (462) = 3.89;
p<0.05] factors and self-efficacy perceptions of block-
based programming [t(462) = 3.50; p<0.05] differ
significantly according to gender. Male students' score of
simple block-based programming tasks (X= 18.80) and
complex block-based programming tasks (X=23.84) and
self-efficacy perceptions related to block-based
programming (X=42.72) were higher than female
students. Table 9 shows t-test results of students' perceptions
of self-efficacy regarding block-based programming
according to programming education. According fo
simple block-based programming tasks [t (462) = 5.64;
p<0.05],complex block-based programming tasks [t (462)
= 3.70; p<0.05] and self-efficacy perceptions of block-
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Variable Factors Group X SD t df p
Creativity Yes 1645 3.15
847 462 .398
No 1611 3.25
Algorithmic Yes 15.41 3.20
Thinking No 1427 375 2530 462 012
Cooperativity ~ Yes 16.82  3.67 147 a6 883
Studying status No 1575 3.85 ' '
gfpgfrf‘f‘rg?n Crifical Thinking Yes ~ 15.03  3.40
1.200 462 .229
lessons No 14.49 3.70
Problem- Yes 18.43  7.00
Solvin . .
l¢] No 1600 6.35 3.040 462 .002
Computational Yes 81.16 15.02
Thinking 2.710 462 .007

No 76.63 13.17

Table 6. Computational Thinking Skills T-Test Results According
to Arduino Platform Study Situations Outside of Classroom

Factors ltem N Min. Max. X SD
Count

Simple block based
programming tasks 5 464 5 25 18.29 5.36

Complex block

based programming 7 464 7 35 2259 7.04
Self-Efficacy
Perception on
Block Based 12 464 12 60 40.89 11.46
Programming

Table 7. Descriptive Statistics of Students' Perceived Self-Efficacy
Regarding Block Based Programming

based programming [t (462) = 4.92; p<0.05], there are
significant differences between the students who took
programming fraining before and the students who did not
take. Simple block-based programming tasks (X= 19.11),
complex block-based programming tasks (X= 23.31) and
self-efficacy perceptions of block-based programming
(X=42.43) scores of students who took programming
fraining before are higher than the students who did not
take.

Table 10 shows the t-test results of the students' perceptions
of self-efficacy regarding block-based programming
according to their studying status on Scratch platform.
According to simple block-based programming tasks [t
(386)=7.20; p<0.05], complex block-based programming
tasks [t (462) = 5.70; p<0.05] and self-efficacy perceptions
of block-based programming [t (462) = 7.04; p<0.05]
scores, there are significant differences between students
who studied Scratch platform outside of the course and
students who did not study. Simple block-based
programming fasks (X=19.82), complex block-based
programming tasks (X=24.20), and self-efficacy

Variable Factors Group X SD t df P

Simpleblogk—bosed Female 17.70 5.55
programming tasks

Male 18.80 511 238 462 .018

Gender - Complex block Femadle 21.33  6.95
based programming ' '
Male 23.84 692 389 462 .000

Self-Efficacy
Perception on
Block Based
Programming

Female 39.00 11.49

3.50 462 .000
Male 4272 11.16

Table 8. T-Test Results of Self-Efficacy Perception related to
Block Based Programming According to Gender

perceptions of block-based programming (X=44.03)
scores of students who studied Scratch platform apart from
lessons are higher than students who did not study on
Scratch platform apart from lessons.

Table 11 shows the 1-test results of the students' perceptions
of self-efficacy regarding the block-based programming
according to the working situation on the Arduino platform.
According to complex block-based programming tasks [t
(462) = 2.82; p<0.05] and self-efficacy perceptions of
block-based programming [t (462) = 2.43; p<0.05] scores,
there are significant differences between students who
studied Arduino platform outside of the class and students
who did not study. Complex block-based programming
tasks (X=24.62) and block-based programming self-
efficacy perceptions (X=43.74) scores of students who
studied Arduino platform apart from lessons are higher than
students who did not study Arduino platform apart from
lessons.

4.5 Findings on the Relationship Befween Students'
Computational Thinking Skills and Self-Efficacy
Perceptions of Block Based Programming

Within the scope of the study, in order to determine the
computational thinking skills and the self-efficacy
perception related to block-based programming of 5", 6",
7" and 8" grade students, CTLS and Perceived self-efficacy
scale related to block-based programming were used.
Pearson correlation coefficient was used to determine the
relationship between students' computational thinking skills
and self-efficacy perceptions related to block-based
programming and the results are givenin Table 12.

Table 12 presents the Pearson Product Moment Correlation
Analysis between students' computational thinking skills
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Variable Factors Group X SD t df P
Simple block based Yes 19.11 4.99
programming tasks No 16.03 571 5.64 462 000
Complex block Yes 23.31 7.02
Programming based programmin 3.70 462 .000
Education prog l¢] No 20.60 6.74
Perceived self-efficacy  Yes 42.43 11.06
related to block No 36.64 11.52 4.92 462 .000

based programming

Table 9. T-Test Results of Self-Efficacy Perception Related to Block Based Programming According to Programming Education

Variable Factors Group X SD t df P

Basic block based Yes 19.82 4.64
rogramming fasks

preg ¢ No 16.31 5.60 720 386 .00
Complex block based Yes 24.20 6.64
programming fasks 5.77 462 .000

Studying status of Scratch No 20.51 7.02

apart from lessons i _effi

o Perceived self-efficacy Yes 44.03 10.26

related to block 7.04 462 000
based programming No 36.83 11.68

Table 10. T-Test Results of Self-Efficacy Perception Related to Block Based Programming
According to Studying Status of Scratch Apart from Lessons.

Variable Factors

Basic block based
programming tasks

Complex block based

Studying status of Arduino 8
programming tasks

apart from lessons
Perceived self-efficacy related
o block based programming

Group X SD t df P
Yes 1912  4.87
No 1812 a5 106 462 133
Yes 24.62 6.59
No 2218 707 282 462 005
Yes  43.74 10.64
No 4031 1155 243 462 015

Table 11. T-Test Results of Self-Efficacy Perception Related to Block Based Programming
According to Studying Status of Arduino Apart from Lessons

and self-efficacy perceptions related to block-based
programming. Accordingly, there are low positive
correlations between students' cooperativity scores and
complex block-based programming tasks scores [r = .267;
p<.05], and problem-solving scores and self-efficacy
perception scores related to block-based programming [r
=149, p<.05]. No significant relationship was found
between students' problem-solving scores and simple
block based programming scores (p>.05). However, a
significant and positive correlation was found between the
other dimensions. In other words, there is a significant
positive and moderate relationship between students'
computational thinking skills and self-efficacy perceptions
related to block-based programming.

5. Results and Discussion

Computational thinking and programming skills have
become two of the 21" century skills that are often referred

fo as highly regarded in the field of education. However,
there are not enough studies in the literature to identify and
develop computational thinking skills (Brennan & Resnick,
2012; Garcia-Penalvo & Mendes, 2018). However, it is
possible to come across research that advocates the idea
that programming education is effective in computational
thinking skills (Lye & Koh, 2017; Oluk & Korkmaz, 2016; Yildiz &
Ciftci, 2017). In this direction, this study aimed to contribute
to the literature on computational thinking skills, and the
relationship between computational thinking skills and
perceived self-efficacy regarding block-based
programming of the secondary school students were
examined.

Students' creativity, algorithmic thinking, cooperativity,
critical thinking and general computational thinking skills
are high level. However, it was found that problem solving
factor was moderate. Korkmaz et al. (2015) reported a
similar situation in their study and found that the problem-
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based programming

Computational Thinking Self-Efficacy Perception According to Block Based Programming N r P
Simple block based programming 464 324 .000
Complex block based programmin
Creativity 9 © 464 391 000
Perceived self-efficacy related to block
based programming 464 392 .000
Simple block based programming 464 435 .000
Complex block based programming 464 551 000
Algorithmic Thinki ' '
gorinmic Thinking Perceived self-efficacy related to block
based programming 464 542 .000
Simple block based programming 464 .306 .000
Complex block based programming
Cooperativity ) : 464 267 .000
Perceived self-efficacy related to block
based programming 464 307 000
Simple block based programming 464 362 .000
Complex block based programmin
Critical Thinking . ! 9 9 464 438 .000
Perceived self-efficacy related to block
based programming 464 439 000
Simple block based programming 464 .051 .270
Complex block based programmin
Problern Solving ° asedpiog ° 464 204 000
Perceived self-efficacy related to block
based programming 464 149 001
Simple block based programming 464 403 .000
Complex block based programming
Computational Thinking . . 464 533 000
Perceived self-efficacy related to block
464 516 .000

Table 12. Pearson Product Moment Correlation Analysis Results of Students' Computation a
Thinking Skills and Self-Efficacy Perceptions Related toBlock-Based Programming

solving factor of the students was moderate. Since the
schools in which the study was conducted are located in
the city center, the students' opportunities are higher than
the other schools and the maijority of them have received
programming training, which may be one of the reasons
why the scale scores of the students are high or medium
level.

Computational thinking skills differed according to gender.
According fo this, female students in the study group are
more creative than men, and male students have better
problem solving and cooperativity skills than women.
Depending on this result, creativity of male students,
problem solving and cooperativity skills of female students
should be improved. Kirmit et al. (2018), in their study at
secondary school level, found that male students' creative
thinking, algorithmic thinking, cooperativity and critical
thinking averages were higher than women; found that the
problem solving means of female students were higher
than male students. The findings of the study differ from the
current study findings in terms of factors. Among the
reasons why the students' general computational thinking

skills scores are similar, but differ in the sub-factors, the
cultural structures such as methods of access to
information in the provinces where the study was
conducted, educational status of parents, socio-
economic status, etc. may be different,

In Turkey, as in other countries in recent years, the
importance is given to programing education at early age.
Research results showed that programming education is
important in terms  of computational thinking  skills.
Computational thinking skills of students who receive
programming education are higher than others. Parallel fo
this result, students who use Scratch platform, which is one
of the block based programming languages and develop
applications, have higher creativity, algorithmic thinking,
cooperativity, critical thinking, and computational thinking
skills. It is possible to come across many studies that support
the findings and show that the use of Scratch is effective in
the development of students' computational thinking skills
in general and sub-factors (Fadjo, 2012; Kobsiripat, 2015;
Kukul & Gokgearslan, 2014; YUksekeltirk & Altiok, 2017). In
addition, students who are interested in the Arduino
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platform and make applications apart from lessons also
have higher algorithmic thinking, problem solving and
computational thinking skills. Similarly, in the study
conducted by Pala and Mihci-Turker (2019a), it was
determined that the training using the Arduino IDE platform
was effective on the creativity, algorithmic thinking, critical
thinking sub-factors and general computational thinking
skills of the teacher candidates. Gulbahar (2018) stated
that robotic coding developed students' many skills, such
as logical inquiry, algorithmic thinking, decomposition,
abstraction, and generalization. Briefly, students develop
alltheir skills in computational thinking. Similarly, Penmetcha
(2012) states that robotic programs such as Arduino IDE are
effective inimproving computational thinking skills.

In addition to computational thinking skills, students'
perceptions of self-efficacy regarding block-based
programming were examined and significant results were
obtained. According to this, male students have higher
perceptions about block-based programming. In a study
conducted by Pala and Mihci-Turker (2019b), it was found
that programming education had an effect on the gender
variable and that female students described
programming as more difficult. Similarly, Carter & Jenkins
(1999) state that there is a perception that women are
weaker in programming education than men. However, it is
possible 1o come across different studies suggesting that
women have a weaker confidence in programming
(Scragg & Smith, 1998). On the other hand, Isa and Derus
(2017) stated that in their study on programming education
and gender, males had less understanding of functions
than females and females had less desire to leamn
programming languages than males. However, in the
study conducted by Lau and Yuen (2009), it was
determined that student gender had no effect on
programming ability. As Isa and Derus (2017) point out,
women may be reluctant to learn programming
languages.

In addition, it was found that programming education was
effective in students' self-efficacy perceptions related to
block-based programming. Students who are trained in
programming have higher self-efficacy perceptions
related to block based programming. Rizvi et al. (2011)

stated that students who have programming training have
a high degree of self-efficacy. This finding is in line with the
research results. It is thought that this situation may be due
to the prejudices about programming and the perception
of the programming process as difficult. Because students
who do noft take the programming course consider the
process difficult. For this reason, it is important to change
the prejudices of the students and to start the process with
easy practices that increase the self-efficacy perceptions
regarding block-based programming. As a matter of fact,
it is possible to find studies in the literature that students' self-
efficacy perceptions have changed after the block-based
programming process (Bishop-Clark et al., 2007; Rizviet al.,
2011).

Students' use of Scratch and Arduino platform outside the
classroom and developing applications in this
environment are also effective in their self-efficacy
perceptions and sub-dimensions related to block-based
programming. This may be due to the fact that
programming languages such as Scratch and Arduino are
more concrete, easier and fun to use than traditional
programming languages. As a matter of fact, in the study
conducted by Ozoran et al. (2012), positive opinions such
as ‘the program was entertaining, it made the
programming visual, it helped to learn the concept of
algorithm and it increased creativity” were reached for the
Scratch platform. However, there is a moderate positive
correlation between students' computational thinking skills
and self-efficacy perceptions of block-based programming
in almost all dimensions.

6. Suggestions

Based on all these results, it is seen that there is a need for
applications that increase the problem-solving skills of the
students. Male students should be developed in terms of
creativity, female students in problem solving and
cooperativity skills. All students should be provided with
programming training to improve their computational
thinking skills; students should be able fo spend time outside
the school and practice on Scratch and Arduino platforms.
In subsequent studies, research on the causes of these
results may be conducted.

In the findings related fo the study, the problem solving
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levels of the students who developed applications with the
Scratch platform outside the class and who were not
interested in this subject were similar. Detailed research can
be conducted in other studies on the causes of this finding
and the causes can be examined.

There is a need to increase students' self-efficacy
perceptions related to block-based programming,
especially of female students. In addition to this, students
should be allowed to practice outside the school on
platforms such as Scratch and Arduino.

Conclusions

This study aimed to contribute to the literature on
computational thinking skills, and the relatfionship between
computational thinking skills and perceived self-efficacy
regarding block-based programming of the secondary
school students were examined. As a result of the study,
computational thinking skills differed according to
gender. According fo this, female students in the study
group are more creative than men, and male students
have better problem solving and cooperativity skills than
women. On the other hand, computational thinking skills
of students who receive programming education are
higher than others. Parallel to this result, students who use
Scratch platform which is one of the block based
programming languages and develop applications,
have higher creativity, algorithmic thinking, cooperativity,
critical thinking and computational thinking skills.

In addition to computational thinking skills, students'
perceptions of self-efficacy regarding block-based
programming were examined and significant results
were obtained. According to this, male students have
higher perceptions about block-based programming.
Also, it was found that programming education was
effective in students' self-efficacy perceptions related
to block-based programming. Students who are
frained in programming have higher self-efficacy
perceptions related to block based programming.
Students' use of Scratch and Arduino platform outside
the classroom and developing applications in this
environment are also effective in their self-efficacy
perceptions and sub-dimensions related to block-
based programming.
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