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Abstract

The purpose of this research is to examine Computational Thinking (CT) skills, Computer Programming
Self-Efficacy (CPSE), and Computer Programming Attitude (CPA) of middle school students who took the
Information Technologies & Software (IT&S) courses and those who did not, and make various analyses
according to the relationships between these variables. It is a correlational study and participants are 5, 6%, 7t
and 8"-grade middle school students. Computational Thinking Levels Scale, Computer Programming
Self-Efficacy Scale, and Educational Computer Games Assisted Learning Coding Attitude Scale were used as
data collection tools. Multivariable regression analysis and Multivariate Analysis of Variance were performed as
statistical technics. As a result of the analysis, it was found that CPA and CPSE variables are significant
predictors for CT skills. Both students who took IT&S course and those who did not take have moderate CPSE
levels. But students who took IT&S course have a statistically significantly higher CPSE scores. In addition, it
was observed that both those who took IT&S course and those who did not have moderate CPA and did not
differ statistically, and students who took IT&S course had a high level of CT, while those who did not take the
course were moderate and statistically different. It was also found that students who took IT&S courses made
cumulative progress in terms of CPSE, CPA and CT variables compared to those who did not. The obtained
results are discussed within the framework of middle school IT & S course curriculum held in Turkey in 2018.

Keywords: computational thinking skills; computer programming self-efficacy; computer programming attitude;
middle school students; information technologies & software course

1. Introduction

Almost all of today's middle school students are growing in a world surrounded by digital equipment. Even if
they do not have these digital equipment, they have information about what they do and how they are used. One
of the theories that can best explain this is the Social Learning Theory by Albert Bandura (1971). Bandura
mentions learning through modelling in social environment. Thanks to the informative function of the model,
the learning product emerges and the learners learn by observing. The learner first perceives and interprets the
situations in the social environment; then he remembers that they interpret and code into their long-term memory;
then he practices his observations; finally, if he has the motivation to repeat this observation, he repeats the
behavior at different times (Bandura, 1971). We can call this generation a digital native, born into the digital
world and speaking the language of the digital world as its mother tongue (Prensky, 2001a). Communicating
with digital natives who learn to use the technological language as their mother tongue in a social environment
can be through well-designed games or activities in teaching environments (Prensky, 2001b). At this point,
teaching by activities such as problem solving in the process comes to mind.
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P21 (Partnership for 21st century learning), which has international members and aims to develop educational
policies, has provided a framework for 21st century learners. The framework covers elements under two main
themes: Learning outcomes and Support systems (P21, 2020). These elements, which are essential for all
students at the point of being ready for the 21st century, are directly or indirectly related to technology. In
parallel, institutions such as ISTE (International Society for Technology in Education) and CSTA (Computer
Science Teachers Association) also provided an opinion on the concept of CT brought up by Wing (2006) and
how to develop it at the K-12 level (ISTE, 2018; ISTE & CSTA, 2011). Turkish MoE (Ministry of Education),
which was not indifferent to such studies, updated its middle school IT&S course curriculum in 2018. The
feature of this new program is that it gives a large space to the problem solving and programming unit. When
looking at their specific goals, it is seen that great importance is given to problem solving and CT skills (MoE,
2018a; MoE, 2018b).

In the literature, there are studies examining the relationship between CT and programming performance
according to various variables (Shute, Sun & Asbell-Clarke, 2017; Oluk & Korkmaz, 2016; Durak & Saritepeci,
2018). These studies generally deal with variables related to cognitive structure. However, affective variables are
also important for CT skills (Roman-Gonzéalez, Pérez-Gonzalez & Jiménez-Fernandez, 2017; Roman-Gonzalez,
Pérez-Gonzalez, Moreno-Leo6n, & Robles, 2018) and it is recommended to establish regression models in the
future studies to predict CT skills (Avcu & Ayverdi, 2020). In the literature review, the first study that comes to
mind about the CT skills at the middle school level, CPSE (Computer Programming Self-Efficacy) and CPA
(Computer Programming Attitude) were not studied in the same experiment together. From this point of view,
the CPA, CPSE and CT of middle school students who took the IT&S course and those who did not take were
examined, and various analyses were made according to the relationships between these variables. In this context,
research questions of the study can be listed as follows.

RQ1: Are CPA and CPSE variables significant predictors for CT skills?

RQ2: What is the distribution of CT skills, CPA and CPSE measurements of students who took IT&S course and
those who did not?

RQ3: Do the students who took the IT&S course and those who did not take differ according to the common
effect of the CPA, CPSE and CT skills variables?

2. The study
2.1. Research Design

In this study, CT skills, CPSE and CPA of middle school students were measured. Then, the relationships
between these variables were examined and it was determined whether the aforementioned measurements differ
according to whether students took IT&S course or not. Therefore, it is a correlational study. As in this study,
studies to reveal the relationships between variables are evaluated within the scope of the relational screening
model (Fraenkel & Wallen, 2009).

2.2. Participants

Participants are the students who were studying in 5, 6, 7 and 8th-grade middle school in 2018-2019 spring
semester in Van province of Turkey. Van is in the east of Turkey. The data were collected in the first quarter of
2019. Students were from four different middle public schools. Analysis was carried out with the data of 506
students in total, 221 of them are female and 285 of them are male. Students took IT&S course according to the
infrastructure of computer laboratory in their schools.

2.3. Instrumentation
2.3.1. Computational Thinking Levels Scale

Computational Thinking Levels Scale (CTLS) was used to measure students' CT skills. The scale is a five-point
Likert type and adapted by Korkmaz, Cakir & Ozden (2016) for middle school students. The scale has five
sub-dimensions. The Cronbach Alpha coefficient of the Creativity sub-dimension consisting of four items is .640;
the four-point Algorithmic Thinking sub-dimension was .762; the four-point Collaboration sub-dimension .811;
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the four-point Critical Thinking sub-dimension was .714; the six-item Problem Solving sub-dimension was
calculated as .867. The Cronbach Alpha coefficient of the 22-item scale is .809. As a result of Confirmatory
Factor Analysis performed in the adaptation process, goodness of fit values were determined as RMSEA = .074,
S-RMR =.078, GFI = .89, AGFI = .84, CFI = .91, NNFI = .91, IFI = .90. According to these results, it has been
stated by the researchers that the scale model has acceptable fit values. In addition, according to the results, it
was found that the scale is a reliable and valid measurement tool to measure Turkish students' CT skills.

2.3.2. Computer Programming Self-Efficacy Scale

Computer Programming Self-Efficacy Scale (CPSES) developed by Kukul, Gokgearslan & Gunbatar (2017) was
aimed to measure students' CPSE. As a result of the exploratory factor analysis, the scale took its final shape
with 31 items and consists of one factor. Cronbach Alpha coefficient of the five-point likert type scale is .950. As
a result of confirmatory factor analysis Goodness of fit values were found as: X2 / df = 1.84; RMSEA = .06; NFI
=.95; NNFI = .98; RMR = .068; CFI = .98; IFI = .98; GFI = .82 and AGFI = .79. According to the obtained data
model for scale, it was found that Turkish middle school students have compliance with acceptable values and
the model has a high level of reliability.

2.3.3. Computer Programming Attitude Scale

Educational Computer Games Assisted Learning Coding Attitude Scale was used to determine the students’
CPAs. The Scale was developed by Kegeci, Alan & Kirbag-Zengin (2016). The scale, consisting of a total of 28
items, is a five-point Likert type. To determine the sub-factor structure of the scale, exploratory factor analysis
was performed. The scale consists of three sub-factors. The Cronbach Alpha coefficient of the 12-item sub-factor,
which is called as a request against coding learning, is .840; the 11-item sub-factor, which is called the interest
for the use of computer games in education for education purposes is .736; the five-item sub-factor called
concern about the asocialization of the computer is .481. The Cronbach Alpha coefficient of the whole scale
is .833. As a result of the analysis, it has been revealed that the scale is sufficiently valid and reliable.

2.4. Data Analysis

Firstly, descriptive statistics related to CT, CPSE and CPA measurements of the students were presented. Then,
multivariable regression analysis was performed to determine significant predictors for CT. Multivariate
Analysis of Variance (MANOVA) was performed to determine if students who took IT&S courses and those who
did not take differed according to the common effect of CT, CPSE and CPA measurements. Finally, One-way
analysis of Variance (ANOVA) was performed to compare the CTS, CPSE and CPA measurements of students
who took IT&S courses and those who did not.

3. Findings
RQ1: Are CPA and CPSE variables significant predictors for CT skills?

Table 1. Result of multiple regression analysis conducted for CT skills predict

Variable B Standard Error t p Zero-order r  Partial r
Fixed Value  1.188 .166 7.169 .000

CPSE 465 .037 485 12.668 .000 .530 492
CPA 210 .046 175 4.578 .000 .300 .200
R=.557 R2=.310

F(2,503):1l3.026 p:.OOO

For the reference points, Pearson correlation coeffients (r) can take values from -1 to +1. We can interpret
values .10 to .29 as small (low), .30 to .49 as medium (moderate), .50 to 1.0 as large (high) (Pallant, 2007).
According to Table 1, it is seen that there is a positive and moderate (r = .530) correlation between CT and CPSE
according to bilateral and partial correlations between predictor variables and predicted variable, and when CPA
variable is controlled, partial correlation between CT skill and CPSE is similarly positive and moderate (r = .492).
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It is seen that there is a positive and moderate (r = .300) relationship between CT skill and CPA, and when the
CPSE variable is controlled, there is a positive and low (r = .200) relationship between CT skill and CPA.

When CPSE and CPA variables are considered together, they offer a moderate and significant relationship with
CT skills scores, R = .557, R? = .310, p <.01. The CPSE and CPA variables explain approximately 31% of the
total variance in the CT skills.

According to the standardized regression coefficient (j3), the significance level of the CPSE variable for CT skills
is higher than for CPA. When the t-test results related to the significance of the regression coefficient are
examined, it is seen that both variables are significant predictors of CT skills (p < .01). Regression equation for
predicting CT skills is given below.

CT=1.188 + .465 * CPSE + .210 * CPA (1)

RQ2: What is the distribution of CT skills, CPA and CPSE measurements of students who took IT&S course and
those who did not?
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Figure 1. Distribution of CPSE, CPA and CT measurements of students who took IT&S courses and those who
did not

In figure 1, there are values related to the distribution of CPSE, CPA and CT skills measurements of students
who took IT&S course and those who did not take. 426 of the students participating in the study took IT&S
course and 80 of them did not. Mean ranges from five-point likert scales can be interpreted for 1.00-1.79 as very
low; 1.80-2.59 as low; 2.60-3.39 as moderate; 3.40-4.19 as high; 4.20-5.00 as very high. While the average
CPSE of students who took the course is ¥ = 3.36 (moderate), the average of those who did not take the course
is ¥ =3.16 (moderate). CPA averages of students who took the course and those who did not are very similar
and their average is ¥ = 3.18 (moderate). While the average of the CT skills of the students who took the course
is ¥ =3.45 (high), the average of those who did not take is ¥ = 3.17 (moderate).
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RQ3: Do the students who took the IT&S course and those who did not take differ according to the common
effect of the CPA, CPSE and CT skill variables?

It was tested whether the data set belonging to the students, who took IT&S course and those who did not,
provided the assumptions of the MANOVA analysis. It was seen that assumptions were provided. As a result of
the analysis, according to the common effect of the dependent variables a significant difference was found
among the students in terms of whether they took IT&S courses (F (3502= 6.071, p = .000; Wilks' Lambda (1)
= .965; Partial eta squared = .035).

Table 2. Mean, Standard Deviation Values and ANOVA Results of CT, CPSE and CPA Measurements according
to taking IT&S course

IT&S N X sd df = 0 Partial Eta
course Squared
CT ves 426 3.4481 59261 1-504 15.737 .000* 030
No 80  3.1687 49326 ' ' '
Yes 426 3.3645 .60484 *
CPSE No 80 31564 62530 1-504 7.890 .005 .015
Yes 426 3.1799 .50704
CPA No 80 31773 39746 1-504 .002 .965 .000

*p< 0.01

Table 2 shows the ANOVA results in which dependent variables are compared according to whether students
took IT&S course or not. CT and CPSE variables of the students who took IT&S course have significantly
higher levels than those who did not (p < .01). In terms of CPA, students who took the IT&S course and those
who did not take do not differ (p> .05).

4. Discussion of Findings

This research was carried out to examine CT, CPSE, and CPA of middle school students who took IT&S course
and those who did not take and to make various analyzes according to the relationships between these variables.
The results obtained revealed that the variables CPA and CPSE are significant predictors for CT skills. In terms
of CT skills predict, the CPSE variable is stronger than the CPA variable. CT, which is derived from computer
science (Yadav, Stephenson & Hong, 2017) and identified with programming, has no clear definition
(Computing at school, 2020). However, it is known that CT is not the same as programming skills. It can be said
that making a computer program creates an infrastructure to think computationally (Shute, Sun & Asbell-Clarke,
2017). In parallel, There are studies that show results regarding the relationship between Programming
performance and CT such as; students who use block-based programming tools develop their CT skills as much
as their programming skills improve (Oluk & Korkmaz, 2016); the variable of academic success of Information
technologies can significantly predict CT skills (Durak & Saritepeci, 2018). These variables, which are related to
programming performance, can be described as cognitive factors. For CT skills, non-cognitive factors such as
self-efficacy and attitude are determinative as well as cognitive factors (Roman-Gonzalez et al., 2018). In the
literature, there are studies on non-cognitive factors that support the results of this study. It was found that there
is a moderate significant relationship between CPA and CPSE (Coban, Korkmaz, Cakir & Erdogmus, 2020); and
a moderate significant relationship between CT and CPSE (Durak, Yilmaz, & Yilmaz, 2019) and CPSE
predicted CT significantly (Avcu & Ayverdi, 2020). The importance of the data obtained within the scope of this
study is that the CPSE and CPA variables, which come to mind as the non-cognitive factor when it comes to CT,
are considered together for the middle school students, and this study reveals the order of their importance.

When CPSE levels were analyzed, it was seen that both students who took IT&S course and those who did not
take had moderate self-efficacy. Although both groups seem to be at the same level, comparisons in terms of
their averages showed that the students who took the course had higher self-efficacy statistically significantly.
The concept of self-efficacy can be explained as “the individual's perception of the capacity to perform the
required effort to perform a particular task” (Bandura, 1997) and there is a mutual relationship with the
performance variable (Lishinski, Yadav, Good & Enbody, 2016). Prior programming experience is an important
variable for CPSE (Mazman & Altun, 2013; Kittur, 2020). Effect of programming experience on self-efficacy
was revealed, after four weeks of STEM-supported training (Feldhausen, Weese, & Bean, 2018) or for a period
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of algorithm and coding training (Mihg1-Tiirker & Pala, 2020; Okal, Yildirim, & Timur, 2020). Considering the
situation that people think that computer programming is complex and difficult (Yiikseltiirk & Altiok, 2017), it is
an expected result that students who did not take IT&S course before and therefore did never perform
computer-programming performance would have lower CPSE perceptions.

When the CPAs of the students were examined, it was seen that both the students who took IT&S course and
those who did not had very close averages. Both groups have moderate CPA. There is no statistically significant
difference according to the comparisons over their averages. In the literature, there are studies that demonstrate
that students' programming attitudes have increased as a result of the programming instruction carried out with
computer programming tools such as mBlock and Scratch working with drag and drop logic (Giinbatar &
Karalar, 2018; Yiikseltiirk & Altiok, 2017). In addition, there are studies revealing that tools such as scratch used
in programming instruction do not provide similar attitude development with the traditional method (Cetin,
2016) and that the attitudes of both gifted and normal students towards computer-aided coding are similar
(Toklu, 2019). Based on these results, it is thought that CPA can develop at the end of the instruction, which is
carried out either with traditional method or with various programming tools. However, it has been demonstrated
that people who are interested in computer programming for many years do not differ from those who are new in
this business in terms of attitude (Gunbatar, 2018). Attitude is the mental state in which the individual
pre-chooses the behaviour in the face of certain situations (Gagne, 1985). Attitudes guide human behaviour, and
they constitute an important place within the scope of affective domain learning (Balaban-Sali, 2006). There are
several levels of affective domain learning, ranging from a basic level, such as having knowledge about a
particular situation, to a complex situation ranging from creating a life philosophy (Krathwohl, Bloom & Masia,
1964). Getting information about the attitude of an individual about a certain subject directly reveals his attitude.
However, it is not possible for everyone to present objective information, and different approaches to obtaining
information (such as collecting information from others, reviewing records) can also be used (Balaban-Sal,
2006). In the literature, it is mentioned that there is a development in programming attitude after basic
programming training, and there is no difference between those who are interested in programming for many
years and those who are new to this business in terms of programming attitude. However, the number of studies
on computer programming and student attitudes is not high (Cetin & Ozden, 2015). Considering the complex
nature of the attitude, it is recommended to carry out new studies (using different approaches to obtain
information if possible).

When CT measurements are examined, students who took IT&S course had high level of CT skills; those who
did not take the course were found to be at a moderate level. Comparison results based on averages also support
this level differentiation. Students who took the course have significantly higher CT skills than those who did not
take the course. In the process of collecting data within the scope of the study, MoE Board of Education
Discipline has recently organized the IT&S course curriculum at middle school level. Therefore, the data were
collected during the first applications of the renewed curriculum. Within the scope of the specific objectives of
the renewed curriculum, main expectations are: The students' acquisition and development of problem solving
and computational thinking skills; To be able to express their verbal and visual expressions by developing an
understanding of algorithm design; To choose the appropriate programming approach to solve problems and
apply them; Creating technical knowledge in programming; Ability to use at least one of the programming
languages; Developing innovative and original projects for the solution of the problems encountered in daily
life (problems faced by elderly and disabled people, etc.) ”. In this context, a “Problem solving and
programming” unit covers a total of 72 hours, covering 50% for the 5" and 6™ grades and 44% for the 7" and 8"
grades. It is planned to achieve the above-mentioned special objectives within the scope of this unit (MoE,
2018a; MoE, 2018b). The CT skills difference between the students who took IT&S course and those who did
not take the course, and the problem solving and programming unit, which is given an important place within the
scope of the curriculum, are an indication that the new curriculum can achieve its purpose.

Students who took the course and those who did not differ according to the common effect of CPSE, CPA and
CT skills. In other words, the students who took this course make progress cumulatively in terms of these three
variables compared to those who did not. As a result of their study, Roman-Gonzélez, Pérez-Gonzélez,
Moreno-Ledn, & Robles (2018) emphasized non-cognitive factors related to CT. They provided suggestions for
training policies for the development of CT skills. Accordingly, besides cognitive psychological construct such
as problem solving skill, non-cognitive factors such as self-efficacy and personality should also be considered.
Within the scope of this study, this differentiation obtained with the common effect of self-efficacy, attitude and
CT skills confirms the idea of Roman-Gonzalez, Pérez-Gonzalez, Moreno-Ledn, & Robles (2018). Turkey,
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revealed the importance of the CPSE and CPA variables as well as CT skills to achieve the specific objectives
within the scope of the problem-solving and programming unit with the its renewed IT & S course curriculum.
Based on these results, especially the importance of problem-solving and programming unit’s objectives has
emerged. Updated middle school IT&S course curriculum requirements must be accomplished by all institutions
in Turkey. Curriculum developers in other countries must recognize the importance of the problem-solving and
programming subjects. They should make decisions to equip students with the skills with this context.
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