Rumeli Egitim Arastirmalar: Dergisi 2023.4 (Haziran)/ 1

Self-assessment of computational thinking skill: A scale development study / Ceylan, V. K. & Akar Vural, R.

01. Self-Assessment of Computational Thinking Skill: A Scale Development
Study*

Veysel Karani CEYLAN?

Ruken AKAR VURALS3

APA: Ceylan, V. K. & Akar Vural, R. (2023). Self-assessment of computational thinking skill: A scale
development study. Rumeli Egitim Arastirmalart Dergisi, (4), 1-22. DOI: 10.5281/zenodo.8217317

Abstract

This study aims to develop a valid and reliable scale to measure computational thinking skills in
children aged between 11 and 13. The scale development process began with an in-depth literature
review to determine the operational definition of computational thinking. In addition, 17 teachers
working in the field were interviewed to determine how the concept is used in practice. Based on the
literature and interview data, the dimensions of algorithmic thinking, abstraction, reusability,
automation, generalization, parsing, and parallelization were identified as sub-dimensions of the
draft scale. The item pool was initially set at 40 items, and the opinions of subject experts were sought
for content and face validity. After this stage, the item pool was reduced to 36 items. The pilot study
of the draft scale form was administered to a total of 272 students. After the pilot application of the
draft scale form, exploratory factor analysis was first used in the analysis phase. When the factor
relations of the scale were determined as a result of repeated analysis, 16 items were removed from
the scale, leaving 20 items in the final form. Cronbach alpha for internal consistency and reliability
values indicated sufficient reliability values. Confirmatory factor analysis was then used to check the
validity of the factors obtained. The compatibility of the 5 factors obtained as a result of EFA with the
items was tested in CFA. As a result of the analysis, five factors were obtained: algorithmic thinking
(5 items), parallelization (5 items), decomposition (4 items), automation (3 items), and abstraction
(3 items) scale structure consisting of 20 items.

Keywords : Scale development , computational thinking, factor analyse
Bilgi islemsel diisiinme 6z degerlendirme 6lcegi: Olcek gelistirme calismasi
Oz

Bu caligmanin amaci, 11-13 yas arasi ¢ocuklarin bilgi islemsel diisiinme becerilerini belirleyen gegerli
ve giivenilir bir 6lcek gelistirmektir. Olgek gelistirme siirecinde éncelikle bilgi islemsel diisiinmenin
tamimim belirlemek i¢in derinlemesine bir literatiir taramasi yapilmigtir. Ayrica alanda gorev yapan
17 6gretmenle goriigiilerek kavramin uygulamada nasil kullamildigi belirlenmistir. Literatiir ve
goriisme verilerine dayanarak; taslak olgegin alt boyutlar olarak algoritmik diisiinme, soyutlama,
yeniden kullanilabilirlik, otomasyon, genelleme, ayrigstirma ve paralellestirme boyutlar
belirlenmistir. Madde havuzu baslangicta 40 madde olarak belirlenmis, kapsam ve goriiniis
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gecerliligi icin alan uzmanlarinin goriislerinden sonra 4 madde gikarilmigtir. Taslak 6l¢ek formunun
pilot calismasi toplam 272 Ggrenciye uygulanmustir. Taslak 6lgek formunun pilot uygulamasimin
ardindan analiz asamasinda ilk olarak Agimlayic1 Faktor analizi kullanilmigtir. Tekrarlanan analizler
sonucunda 6lgegin faktor iligkileri net olarak belirlendiginde 16 madde 6lgekten gikarilmis ve geriye
20 madde son halini almistir. Cronbach alpha i¢ tutarhilik ve giivenilirlik degerleri, yeterli giivenilirlik
degerlerine isaret etmektedir. Faktorlerin gegerliligi icin dogrulayici faktor analizi kullanilmigtir. AFA
sonucunda elde edilen 5 faktoriin maddelerle uyumu DFA'da test edilmistir. Analiz sonucunda
algoritmik diisinme (5 madde), paralellestirme (5 madde), ayristirma (4 madde), otomasyon (3
madde), soyutlama (3 madde) olmak iizere 20 maddeden olusan bes faktorlii bir 6lgek yapist
edilmistir.

Anahtar kelimeler : Bilgi islemsel diisiinme, faktor analizi, 6lcek gelistirme
1. Introduction

With the developments in the world of information and communication, information has increased
significantly (big data) since the existence of humanity, and processing information with high-level
thinking skills is considered a more important value. Computational Thinking (CT), which is shown
among these thinking skills, is the most mentioned thinking area nowadays with its core skills (Brennan
& Resnick, 2012). It is estimated that increasing these competencies of individuals will also be an
important tool in creating value-added products since the development of ICT skills also enables the
development of the transfer of knowledge in many areas (Garcia-Penalvo et al., 2016). Several studies
have been carried out on the interaction of CT skills with other thinking areas and it has been determined
that they are positively related to areas such as problem-solving, reasoning, reflective thinking, and
spatial thinking (Orton et al., 2016; Ambrosio et al., 2014; Selby & Woollard, 2013; Yildiz Durak &
Saritepeci, 2018).

The basis of term CT is based on Papert's (1980) constructionism and APOS (Action Process Object
Schema) theory. The term computer, whose English equivalent is "computer"”, was first used in English
in the sense of a person who calculates in the 1640s, and the origin of this word comes from "Compute",
that is, to calculate. The calculation, which originated in Turkish, has passed as information counting
and has caused the problem of how to express it in Turkish. There is still no clear equivalent of CT in
Turkish literature. In addition to its definition, it is seen that there are different approaches and uses
related to this skill, although there is still no clarity in the literature in terms of core skills, pedagogical,
measurement, and evaluation of the concept. The concept of CT is also defined in different ways in
different studies. The most important common points of these definitions are; problem-solving
processes such as problem-solving, understanding the problem, and formulating problems. In a joint
study reported by CSTA (Computer Science Teachers Association), computational thinking was
expressed as a problem-solving process with the following features:

e  Formulating to solve problems with the help of computers or other tools,
e  Organizing and analyzing data logically,

e  Presenting data through models, simulations,

e  Automating solutions within the framework of algorithmic thinking,

e Identifying, analyzing, and applying the most appropriate solution(s) by using resources
effectively and efficiently.
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e Transferring and generalizing the found solution to different problems (Giilbahar, Kert &,
Kalelioglu et al., 2014; ISTE , 2016).

1.1. Sub-Dimensions of Computational Thinking

The computational thinking process includes many sub-actions and concepts. In the literature review,
it is seen that CT is not a single generally accepted component of core skills (Kalelioglu et al., 2014).
However, when the different views accepted in the literature are examined (ISTE, 2016; Kalelioglu &
Giilbahar, 2015; Selby & Woollard, 2013; Wing, 2006); abstraction, algorithmic thinking, evaluation,
problem-solving, separation into components, pattern recognition and generalization. Selby and
Woollard (2013) used the concepts of thinking process (Cuny et al., 2010), abstraction (Denning, 2007),
and decomposition (Edelson, 2002; Guzdial et al., 2019) in their study on the definition of CT. Today,
Microsoft and Google companies dealing with CT also examine these components under two headings
as mental processes and concrete outputs. For mental processes; They identified the components of
abstraction, algorithmic design, data analysis, decomposition, and pattern recognition. Concrete
outputs were determined as automation, data collection, data representation, parallelization,
generalization of patterns, and simulation. Sub-dimensions of CT frequently used in the literature are
summarized in and explained in Table 1.

Table 1. Sub-dimensions of CT

Concept

Abstraction is the process of making work more understandable by reducing
unnecessary details. The important thing in the abstraction skill is to choose
the right detail that needs to be hidden without losing the data so that the
problem can be solved more easily. An important part of this is choosing a
good representation of the system. Different presentations make it easier to
do different things. (Csizmadia et al., 2015).

Abstraction

Algorithmic thinking is the way to solve a clear definition of the processing

Algorithmic Thinking steps (Csizmadia et al., 2015).

Decomposition is a way of thinking about artifacts in terms of their parts. The
parts are then understood, deciphered, developed, and evaluated. This makes
it easier to solve complex problems, new situations are better understood, and
large systems are easier to design (Csizmadia et al., 2015).

Decomposition

Debugging is the systematic practice of analysis and evaluation using skills

Debugging such as testing, monitoring, and logical thinking to predict and verify results.

Generalization is related to identifying patterns, similarities, and connections
and using these features. It is a way to quickly solve new problems based on

Generalization previous solutions to problems and new experiences. Algorithms that solve
some specific problems can be adapted to solve an entire class of similar
problems.

1.2. Measurement and evaluation status of CT

It is seen that there is no dominant model or approach in the literature review for the measurement and
evaluation of CT skills. It is seen there are differences in the evaluation frameworks and models seen in
the literature. In most of the existing approaches, it is seen that the tools used in the evaluation of the
final products developed by the students with this thinking skill are insufficient.

Seiter and Foreman (2013) in the early-stage CT (PECT) model 1-6. They assume that every student
naturally possesses CT skills in their approach to determining the CT levels of grade-level students and
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that these skills emerge when designing and developing specific tasks. There are three different levels of
variables in the model; are variables that represent concepts, design patterns, and programming
structure. Concept variables of the model for basic programming concepts; It creates concepts such as
operators, conditions, views, loops, and variables. Design patterns, on the other hand, consist of
concepts for the design of the developed product such as animation, speech, scenario, and score tracking.
The variables that show the programming structure of the model consist of procedure, algorithm,
parallelism, abstraction, and synchronization steps. Seiter and Foreman (2013) graded these variables
as “Basic (1)”, “Improvable (2)” and “Adequate (3)” and evaluated them over these units.

Grover, Cooper and Pea (2013) used open-ended questions, multiple-choice tests, and the applications
they made to develop a certain algorithm on the Scratch program as an evaluation tool in their study on
the evaluation of the concept of CT at the basic education level.

As another evaluation strategy, scenarios such as leaving certain points of the process blank or correcting
the error by finding a faulty program piece by the student are used during the development of the
product. In this way, the scenarios of finding the problems and the method of debugging the current
program are shown among the effective methods in measuring the CT skills of the students (Repenning
et al., 2010).

In addition to these models, the design scenarios suggested by Brennan and Resnick (2012) are; They
developed different project sets by using the Scratch programming tool in collaboration with the
Education Development Center (EDC). This model includes the steps of choosing one of the previously
developed sets by the students, explaining the development steps of the selected project, how this project
can be developed, debugging if any, and rearranging it by adding a new feature.

At the beginning of the studies on the evaluation of CT in an uncomputerized environment is the
bebras.org event, whose popularity is increasing every year and whose participation level is increasing
in our country. It is an activity aimed at increasing both CT skills and different thinking skills of
individuals with multiple-choice answers consisting of short tasks that appeal to different age groups
(Kalelioglu et al., 2014).

Although many studies have been carried out on the evaluation of CT, the difficulty of concepts and
structures in computer programming environments is an important obstacle in this process. In the
context of measuring and evaluating CT skills, although there is not a single common scale widely used
in the literature, many different tools can be accessed in this field. The most important obstacle
encountered in the measurement of CT skills stems from the nature of computer science (Yeni, 2017).
Because in this area, a question can sometimes have too many correct options. For this reason, it is seen
that these scales are associated with the relevant tools in studies and different measurement tools are
used instead of a single scale. At the beginning of these tools are rubrics to evaluate the sub-components
of CT, online tools for coding analysis (Dr. Scratch), qualitative interviews with the participants, in-class
observations, and a few scale studies developed in the field ( Armoni et al., 2015; Field, 2009; Repenning
et al., 2010; Werner et al., 2012). In addition to this, it is seen that there are studies on the transfer of
these skills to different disciplines at the basic education level. Schwartz and Martin (2004) conducted
studies in the field of mathematics and science at the secondary school level in their work titled
preparation for future learning. Werner et al. (2012) evaluated the products developed by students using
fairy tale scenarios in the context of CT skills by using the game programming tool Alice in the

introductory programming course at the secondary school level.
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A study within the scope of the evaluation of CT skills; difficulties and problems encountered; The lack
of consensus on the sub-skill dimensions of the CT skill, the lack of resources and the lack of diversity
in the available resources, the lack of automatic assessment tools and professional development
seminars (Yeni, 2017).

In the literature review, there is not a clear model and method in the evaluation process of computational
thinking skills, and there was no generally accepted scale tool for secondary school students. The
measurement tools related to computational thinking skills in Turkish and English languages were
examined, and since the dimensions differed considerably in different scales, and there was no
determinative scale suitable for the level of secondary school students, it was decided by the researchers
to develop a new scale with a clear theoretical basis and views of considered as one of the experienced
group teachers.

2. Method

Since the content of the study consists of the scale development process, the survey model was used as
a method in the study. The survey model is the scanning arrangements made on a group, sample, or
sample taken from the universe in general or taken from it to make a general judgment about the
universe in a universe consisting of many elements (Karasar, 2013). In addition, the scale development
principles proposed by DeVellis (1991) were also taken as a basis for the development process of the
scale in this study. Confirmatory and exploratory factor analysis (CFA and EFA) was used for data
analysis in the study. In the study, this model was preferred because it aimed to develop a valid and
reliable measurement tool to measure the computational thinking skills of secondary school students.

2.1. Sampling

The scale, which was revised in line with expert opinion, was piloted at the level of four different
secondary schools (One private school, and three public schools) in the Milas district. The research
application permission to conduct scale forms schools was obtained from Mugla Governorship
Provincial Directorate of National Education. Different references were taken in the order determining
the study group of the scale. According to Kline (1994), a sample of 200 participants may be sufficient
for a factor analysis that does not include more than 40 items.

As the research sample, the 6th and 7th grades which the Problem-Solving and Programming unit had
been taught the previous year were determined. In the pilot stage, the scale form was applied to 272
secondary school students, and these data were used in Exploratory Factor Analysis (EFA).
Confirmatory Factor Analysis (CFA) was applied on the second stage , a scale form was conducted on a
total of different 285 secondary school students. Information details about the sampling are presented
in Table 2.

Table 2. Demographic information of research participants

Stage Stage
N=272 N=285
Female 158 162
Gender
Male 114 123
Age 11 88 85
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12 115 136

13 69 74

6 . Grade 174 107
Grade

7. Grade 98 178

Sakarya Secondary School 126 144

Camkoy Secondary School 71 65
Schools . .

Private Ozge Secondary School 44 32

Giimiigliik Secondary School 28 44

3. Results

In this part, findings have been explained according to the scale development principles proposed by
DeVellis (1991). During the scale development process, the researcher followed the steps below.

3.1. Application

In the literature review, there is no clear model and method in the process of evaluating computational
thinking skills, and there is no generally valid scale tool. The existing measurement tools related to
computational thinking skills in Turkish and English languages were examined, and since the
dimensions differed considerably in different scales, and there was no determinative scale suitable for
the level of secondary school students, the researchers decided to develop a new scale with a clear
theoretical basis and views of considered as one of the experienced group teachers.

In the scale development process, the researcher developed the computational thinking (CT) skill self-
assessment scale in line with the following principles of DeVellis (1991).

3.2. Determining the operational definition of CT by conducting an in-depth literature
review

Although there are many technical aspects in scale development and validity analysis, the importance of
grounding the scale well in important theories related to the phenomenon to be measured should not be
ignored. The boundaries of the phenomenon should be clearly defined so that the scope of the scale is
not dragged into undesirable dimensions. The theory is a great convenience in clarification (DeVellis,
1991). While Papert (1980), a software expert, first introduced CT in 1996, computer scientist Wing
(2006) pioneered the concept by further expanding the definition. According to Wing (2014),
computational thinking is an area of thinking skills that includes problem-solving, system design, and
understanding human behavior by grounding concepts in computer science. According to ISTE -
International Science for Technology in Education- (2016), CT is seen as a key need that individuals will
need today and tomorrow and is defined as a problem-solving approach that strengthens technology
and thinking. According to ISTE, ISTE is a problem-solving process that involves formulating problems
using computers and other tools, logically analyzing and organizing data, automating solutions with
algorithmic thinking, analyzing, defining, and implementing solutions that are the most efficient and
effective combination of steps, and resources.
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3.3. Interviewing experienced teachers in the field during the process of creating the item
pool

In the creation of the item pool, the opinions of 17 Information Technologies teachers working in the
field were taken by using semi-structured interview forms, and it was tried to determine the appropriate
items to increase the content validity of the scale. During the interview, questions were asked about the
definition and dimensions of computational thinking and the methods used by the teachers toward CT.
Content analysis was used in the analysis of the interview forms. In line with the codes obtained as a
result of this analysis and literature review, a total of 40-item scale pool was created. These items were
first evaluated within the scope of language validity by a Turkish Language and Literature Teacher. All
of the items have been developed in a positive structure. The following points were taken into account
in the writing of the item pools:

e  Attention was paid to the selection of items reflecting the purpose of the scale.

e Long expressions that have multiple meanings, create uncertainty, and examine multiple
skills were avoided.

e The technical terms are tried to be simplified as much as possible, they are written,
sufficiently short, and by the spelling rules.

3.4. Determining the scale type

The scale was developed in Likert type in terms of structure. In Likert-type scales, there is an action of
responding at various levels of agreement or approval to the item or statement presented as a statement
expressing a statement. For this reason, the response options were developed at a 5-level consisting of
Strongly disagree (1), Disagree (2), Partially agree (3), Agree (4), and Strongly agree (5) options with
equal intervals according to the difference in the level of agreement.

3.5. Initial item pool reviewed by experts

The content of a scale should validly reflect the conceptual definition (DeVellis, 1991). The draft form
created for content and face validity was sent to subject area experts and asked for their evaluation. In
this draft, the purpose and scope of the scale's development and the expectations from the experts are
clearly stated in the form of a directive. This expert group consisted of one faculty member working in
the Curriculum and Instruction department of Universities and three faculty members working in
Computer Teaching and Technologies Education. Experts who evaluated the items in the draft form
were asked to evaluate the items as 1 (The item is suitable), 2 (Can be improved), and 3 (The item is not
suitable). In line with the feedback from the experts, the initial items were re-evaluated and four items
were removed from the scale, revised 8 items, and the number of items was reduced to 36.

3.6. Analyze

The focus of scale development is to reveal the structure of the feature that is intended to be measured
in the best way. For this purpose, it was carried out to reveal how the predicted structure of the item
pool, was prepared and pre-implemented (Erkus, 2016). According to Jéreskog and Sérbom (1993),
factor analysis, which is a common statistical technique applied to reveal this structure and to name
these structures, was defined to analyze the mutual relations between variables. Factor analysis has a
very important place in measuring psychological structures (Nunnally, 1978).
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Before the analysis phase, the missing values in the data set were checked. Missing values can cause
serious errors in item load calculations, especially in factor analysis studies, and reduce the statistical
power of research (Cole, 1987; Davey & Savla, 2010). According to Tabachnick and Fidell (2007), null
values in the research data should not exceed 5%. Each variable in the study data set was examined with
frequency tables one by one and it was determined that the null values were not above 5% and the data
showed a random distribution. For this reason, no data assignment was made for the missing data.

In many data sets, observations that cannot be controlled, are affected by other variables, and do not
belong to the variance can be found. These observations can be more or less. The variables resulting
from these observations are called outliers (Hinkle, Wiersma, & Jurs, 1981). The total score and
Mahalanobis distance were calculated to determine the extreme values in the data set. Mahalanobis
distance is a value used to detect the presence of extreme values that make it difficult to meet linearity
and normality assumptions in regression analysis (Cokluk, Sekercioglu, & Biiyiikoztiirk, 2012). As
mentioned by Osborne and Overbay, outliers were examined using z scores for univariate outliers and
Mahalanobis distance for multivariate outliers, and the results of the study were more reliable.
According to Mahalanobis (D2) distance calculation (1-CDF.CHISQ(MAH_2,6)) for multivariate
outliers, 36 outliers were removed from the data set because they were below 0.01.

The meaning of the normality distribution at each factor or each subgroup of the within-group factor of
the measurements of the dependent variable is called “multiple normality”. Methods and techniques
applied for univariate normality can also be used in the examination of multiple normality (Demir et al.,
2016; Stevens, 2009; Tabachnick & Fidell, 2007;). By graphical, statistical, and descriptive methods, the
position of the scores on a line or whether they show a bell-shaped distribution is determined, and the
distribution of the scores is presented visually (Field, 2009; Quinn & Keough, 2002). The Scatter Plot
Matrix method was used in this study for the normality distribution and linearity of multivariate data.
The shapes of the distributions in this matrix give an idea about normality and linearity. The departure
from the ellipse shape in the normality distribution indicates that there is no normal distribution. As the
kurtosis and skewness values are in the range of + 1 the univariate normality assumption was met and
the normality distribution and linearity distribution of the multiple variables in the data set are shown
in Figure 1. (Mertler & Vannatta, 2005).
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Figure 1. Scatter Plot Matrix

To ensure the construct validity of the scale, exploratory factor analysis, and Confirmatory Factor
Analysis techniques were used. There is a widespread consensus in the literature that factor analysis is
a statistical technique used to demonstrate construct validity (Anastasi, 1982; Cronbach, 1970; Erkus,
2016; Reio & Wisell, 2006). In the study, within the scope of the explanatory factor analysis method;
principal components analysis was used. Although it is stated that principal component analysis, which
is frequently mentioned in the literature (Floyd & Widaman, 1995; Ford, MacCallum, & Tait, 1986;
Gorsuch, 1983; Mulaik, 1990; Snook & Gorsuch, 1989), is a different analysis from confirmatory factor
analysis, according to some theorists, factor analysis is also seen as an extension of principal component
analysis with different assumptions about possible patterns between variables (Arrindell & Van der
Ende, 1985; Cokluk et al., 2012; Guadagnoli & Velicer, 1988; Steiger, 1990;). Principal component
analysis was defined by Kline (1994) as a method of condensing the correlation matrix. The main
difference between these two analyzes is; factor analysis is based on the correlation matrix between the
variables, while principal component analysis is based on the variance-covariance matrix. For the
difference between the components obtained from this correlation matrix and the factor, Kline (1994)
stated that the components are real factors. According to Kline (1994), the general factors of factor
analysis are hypothetical. Because these are estimates derived from estimated data.

Before starting the factor analysis, the factorability of the correlation matrix should be tested.
Factorization depends on the fact that the relations between variables (scale items) are above a certain
level (Pett et al., 2003). The strength of the relationships can be evaluated with Bartlett's Test of
Sphericity and the Kaiser-Meyer-Olkin Test of Sampling Adequacy. The fact that the KMO value is .91

in Table 2 indicates that a high-level evaluation can be made for sample adequacy. The Bartlett Test of
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Sphericity tests the significance of the difference between the observed correlation matrix (inter-item
correlation matrix) and the unit matrix. For the matrix to be factored, the correlations between the items
must be statistically significantly different from zero. When the Barlett’s Sphericity test results in Table
3. are examined, it is seen that the chi-square (2 ) value obtained is significant at the 0.01 level and the
KMO value.906 was found. In this respect, it was determined that the difference between the matrices
was significant to accept the data suitable for analysis and sample adequacy was enough (p<.05)

Table 3. Barlett’s Test of Sphericity

Kaiser-Meyer-Olkin Sample Test .906
Barlett’s Test of Sphericity Chi-Square 1684.9
df 231
p .000

The principal component analysis method was used as a factorization method in the study. The main
reasons for choosing this method are as follows. This method was preferred to reveal the basic
dimensions of the measured subject, to ensure a multivariate normal distribution, to have at least
equally spaced data, to have low error variance in the data, to be a scale development study, and to
determine under which dimensions the items would be grouped.

According to Tabachnick and Fidell (2007), if the structure is stable and consistent, the result is the
same no matter which rotation method is used. Vertical rotation, one of the rotation methods, was used
by the researcher in the study. As a result of the analysis, it was seen that the structure was more clearly
exposed with vertical rotation. For this reason, varimax technique, one of the vertical rotation methods,
was used to extract the items and to see the structure more clearly, and it was assumed that the factors
were unrelated to each other. Although the factor loading values vary, the common factor variance gives
the same result when calculated over the load values before rotation (Cokluk et al., 2012). It is a model
proposed by Kaiser and is a modification of the Quartimax. In this method, which gives priority to the
columns of the factor loads matrix while reaching the simple structure, some load values in each column
are approached to 1 while the remaining many values are approached to o.

As a result of the first analysis, it was seen that there were 8 components with an eigenvalue above 1 for
the 36 items taken as the basis, and the common variances of the items were calculated. The eigenvalue
of a factor reflects the strength of the relationship between the factor and the original variables. For this
reason, eigenvalues are used to decide the number of factors.

Instead of directly subtracting items under .40 in the common variance load, factor loads in the rotated
components matrix were also considered. Factor load; shows the correlation of the item with the
relevant factor. These values are taken into account when determining whether an item is under any
factor. It is concluded that items with sufficiently high factor loadings measure a similar structure
(Erkus, 2016). In this study, the .32 value stated by Tabachnick and Fidell (2007) was accepted as the
lower limit during the Exploratory Factor Analysis (EFA) stage, and the items to which the loads below
this value belong were not taken into account. According to Erkus (2016); It was stated that in reducing
the items, especially in studies with a low number of items, items remove according to this rule caused
the structure to deteriorate. For this reason, by using different rotation and subtraction techniques in
the study, the incorrect creation of the structure was prevented. Considering the reviewed by experts
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state (36 items) of the scale as a result of the item loads in Table 3, 16 items (I1, I3, 16, I9, 110, I11, I15,
I17, 118, 119, 121, 122, 129, 131, 133, and I36) were removed. In the item removal process, the overlap
between the items and the factors were taken into consideration. substance overlap status; the item
giving a load value above the acceptance level (.32) in more than one factor and the difference between
the load values of the item in two or more factors is less than .10 (Cokluk et al., 2012). As a result of the
analysis, the total number of these components decreased to 5 and the explained variance rate was
55.165%. According to Scherer et al. (1988), a variance explanation rate of between 40% and 60% is
considered sufficient for studies in the field of social sciences. The high rate of variance explained is as
much as the strength of the factor structure of the scale (Gorsuch, 1983). The ratio of explained variances
is 32%, 6.8%, 5.7%, 5.4%, and 5.1%.

Table 3. Explained Total Variance

2 Rotation Sums of Squared
§ Initial Eigenvalues Extraction Sums of Squared Loadings Loadings
o
g % of % of % of
S Total Variance Cum. % Total Variance Cum. % Total Variance Cum. %
1 6.433 32.167 32.167 6.433 32.167 32.167 2.856 14.282 14.282
2 1.337 6.687 38.854 1.337 6.687 38.854 2.580 12.900 27.182
3 1.154 5.771 44.625 1.154 5.771 44.625 2.314 11.568 38.750
4 1.088 5.438 50.063 1.088 5.438 50.063 1.697 8.487 47.238
5 1.020 5.102 55.165 1.020 5.102 55.165 1.585 7.927 55.165
6 .924 4.622 59.787
7 .822 4.111 63.898
8 .805 4.025 67.923
9 .776 3.881 71.803
10 .720 3.602 75.405
11 .665 3.323 78.728
12 .643 3.213 81.942
13 .594 2.970 84.911
14 554 2.768 87.679
15 .496 2.481 90.160
16 .448 2.242 02.402
17 424 2.119 94.522
18  .404 2.019 96.541
19 .373 1.867 98.408
20 .318 1.592 100.000

Extraction Method: Principal Component Analysis.

The values in the common variance loads (communality) field shown in Table 4 are the correlation value
of the factors. This value is high for .6 and above, the average for .6 and .3, and unacceptable for below

.3 (Kline, 1994).
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Figure 2. Scree Plot Graph

When Figure 1 is examined, 5 factors can be selected according to the eigenvalue based breaking point.
However, this is a visually decided interpretation. Deciding according to the Total Variance Explained
in Table 4. will help us reach a more accurate result.

Table 4. Exploratory Factor Analysis Results

Factor Loads

h2 Factor1 Factor2 Factor3 Factor4 Factors

14 - I can determine the steps I need to .53 6
follow in solving the problem myself. 7
16 - I can develop the algorithms I use in my .56 6
applications myself. 04
I5 - I set the limits of the loops Tuse inmy .49 62
applications. ’
120 - I make changes to a working code .55

.56
block.
17 - I calculate which processes should be .48 56

within loop boundaries in my applications.

123 - I easily find the errors I encounter in .60

my applications. 73
134 - I use a programming language to solve .46 60
problems. :
I25- I use multiple events in my .60

applications. 59
124 - T use multiple objects in the same .60 6
scene in my applications. 5
126 - I describe events that happen inthe .54 54

background while my apps are running.
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I8 — In problem-solving, I produce solutions.52
using operators (+, -,*, /), expressions, and .67
equations.

I27 - I remove unnecessary steps in my .63

application. 65

I14 - I can show the solution to problems .62

with formulas. 64

128- I organize the process steps in order of .53

. . S .61
importance in my applications.

135- I do not feel obligated to use a .69

programming language to solve problems. 8o

130- I break down the problem-solving .49
process into smaller parts. -7

13- I can classify the problems I encounter .61
as easy, medium, and difficult. 54

I2- I think that I use the shortest way to .55 o
solve the problem. 7

113- I can have computers and other tools .48
(Robot, tablet, phone, etc.) perform .54
repetitive and similar operations.

I12- I use the computer or other tools to .50 5
solve problems. 5

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

In addition, GFI=.910, CFI=.944, RFI=.805, IFI=.946, NFI=.936, RMSEA=.043, AGFI=.889, and
PGFI=.898 values, optimal values were obtained for the fit of the model as seen in Table 5. Improvement
on the model was not required. (Byrne, 2010;Raykov & Marcoulides, 2006). GFI values between .90 and
95 are considered acceptable model indicators (Byrne, 2010). RMSEA value of less than 0.05 is considered
to be a good fit, less than .08 is acceptable, and a value above is considered to indicate a mediocre fit
(Brown, 2006; Hoe, 2008; J6reskog & Sérbom, 1993).

Table 5. Fit Values of model

Index Scale Value Perfect Fit Good Fit
X? /sd 2.6 X2 /sd<2 X2 /sd<3
CMIN/DF 1.415 CMIN/DF<2.5 CMIN/DF <3
RMSEA .043 0<RMSEA<.05 0,05<RMSEA<.1.0
CFI .95 .97<CFI<1 .95<CFI<.97
GFI .92 .95<GFI<1 .90<GFI<.95
RFI .805 .90<RFI<1 .65<RFI<.89
NFI .936 .95<NFI<1 0,90<NFI<0,95
IFI .95 .80<IFI<.85 .85< IFI< 1.0
AGFI .889 .90<AGFI<1 0,85<AGFI<0,90
PGFI .898 .95<PGFI<1 0,85<PGFI<0,90
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CFI: Comparative Fit Index, GFI : Goodness of Fit Index, RFI: Relative Fit Index, RMSEA: Root Mean Square
Error of Approximation, IFI: Incremental Fit Index, PGFI: Parsimony Goodness of Fit Index

The correlation between the factors of the five-factor model is given in Table 6. Accordingly, it is seen that
there is no clear consensus among the sources in determining the sub-dimensions of the CT field in the
literature. According to the results obtained by calculating the Pearson correlation values, it was observed
that there was a correlation of .80 and .82 between algorithmic thinking and respectively parallelization
and automatization factors.

Table 6. Pearson Correlation Values Between Factors and Cronbach’s Alpha (a) Values

a 1 2 3 4 5
Algorithmic Thinking (1) .81
Abstraction (2) .83 .64
Parallelization (3) .88 82 .75
Automation (4) .85 .80 .59 .70
Decomposition (5) .90 75 77 .77 .62

*p<.05, a = Cronbach Alpha Value

According to Kline (1994), in the measurement model, the correlation estimates between the factors in
the CFA results and the loads of the factors on which the indicators depend should be specified.
Cronbach Alpha values show that all factors have high reliability In addition, if the model is validated
logically, as in this study, it should be taken into account that the correlation estimates between the
factors should not be too high (>.85) (Cokluk et al., 2012). It was determined that there was no
correlation above .85 in the model, and the lowest correlation was .59 between the abstraction and
automatization factors.
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Figure 2. Confirmatory Factor Analysis Model of the Scale.

Confirmatory factor analysis (CFA) is an advanced technique based on testing theories with latent
variables (Tabachnick & Fidell, 2007). This technique is also used to validate structures or models. IBM
Amos v22 program was used for CFA in the study. CFA, in which the model developed as a result of EFA
is also seen as a hypothesis test, is widely used to show the relationships between the observed variables
and latent variables and among themselves in the latent variables. Figure 2 shows the setup of the
theoretical structure in the AMOS environment.

As a result of the alpha test performed for the reliability analysis of the scale, Cronbach's alpha value
was obtained as .89 as indicated in the Table 5. This value is sufficient for the reliability level of the scale.

In addition, in the reliability analysis of the factors, the Cronbach alpha value of the algorithmic thinking

factor was .75, the decomposition factor was .71, the parallelization factor was .75, the abstraction factor
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was .58, and the automation factor was .56. As a result of EFA and CFA, a total of 20 items remained in
the scale.

Discussion and conclusion

Bocconi et al. (2016) stated in the report they presented to the European Union Education Commission
that the CT skills that will be gained through coding and programming education at the basic education
level will have two basic gains for both individuals and countries. In the first of these gains, CT makes a
significant contribution to economic growth, fills the unemployment in the field of information and
communication technologies, and prepares for the occupational groups that will emerge in the future,
and as the second gain, the development of CT skills in individuals provides them with different thinking
skills and the ability to express themselves using various tools. stated that it is the acquisition of
problem-solving skills and solving daily issues from different viewpoints. In this context, it is of great
importance that CT is taught at the basic education level. Determining at what level this skill is acquired
during the education program implementation process is seen as an important element that will increase
the quality of teaching this skill.

In this study, a multi-dimensional scale consisting of five sub-factors and 20 items was developed to
measure the computational thinking skills of secondary school students 11-13 age group in Turkey. In
the writing of the scale items, negative sentence structures were not used frequently to avoid confusion
of meaning among the participants. But there is one item on the abstraction factor with negative
statements, this item should be reverse-coded when coding the responses on the scale. The highest score
that can be obtained on the scale is 100, while the lowest score is 20. The high score obtained indicates
that the participants' self-evaluation of CT skills is high.

Result of the study; it was seen that the scale had sufficient psychometric properties. It was developed
that reveals the self-assessment of computational thinking skills by enabling students to question
themselves better, and the necessary reliability and validity analyzes were made to meet the
expectations. Although there are different understandings about CT sub-dimensions of CT (Kalelioglu
et al,2014; Barr & Stephenson, 2011; Grover et al., 2013; Selby & Woollard, 2013). In the literature
review, it is seen that there is not a single generally accepted component about the components of CT.
The concepts and processes in the computational thinking process can be listed as abstraction, algorithm
design, automation, data collection, data analysis, data presentation, decomposition, simultaneous
operation, pattern recognition, pattern generalization, and modeling. In this scale, the sub-dimensions
mentioned in the literature were also reached. However, according to different views accepted in the
literature (ISTE, 2016; Kalelioglu et al., 2014; Selby & Woollard, 2013; Wing, 2006), these components
are; abstraction, algorithmic thinking, evaluation, problem-solving, decomposition, pattern recognition,
and generalization are important components of the CT.

As a result of the analyses of the study, a valid and reliable scale consisting of five factors with twenty
items was obtained. In this study; it has been determined that computational thinking skill consists of
five factors as seen in Figure 3. Among the factors of the scale, there are five items of algorithmic
thinking, five items of parallelization, four items of decomposition, three items of automation, and three
items of abstraction. Cronbach Alpha value determined that there was no correlation above .85 in the
model, and the lowest correlation was .59 between the abstraction and automatization factors. The scale
explains 55.17% of the total variance. There is no exact value for the minimum variance that a scale

Adres | Address
Rumeli Egitim Arastirmalari Dergisi | Rumeli Journal of Education Studies
istanbul Medeniyet Universitesi, Egitim Bilimleri Fakiiltesi, Tiirkce | Istanbul Medeniyet University, Faculty of Education Sciences, Dep. of
ve Sosyal Bilimler Boliimii, Tiitrk¢e Egitimi ABD | Turkish and Social Sciences Education, Turkish Education Program
Cevizli, Kartal - ISTANBUL / TURKIYE 34865 | Cevizli, Kartal - ISTANBUL / TURKIYE 34865
e-posta: rumelieducation@yandex.com | e-mail: rumelieducation@yandex.com
tel: +90 505 7958124, +90 216 773 0 616 | phone: +90 505 7958124, +90 216 773 0 616



Rumeli Egitim Arastirmalar: Dergisi 2023.4 (Haziran)/ 17

Self-assessment of computational thinking skill: A scale development study / Ceylan, V. K. & Akar Vural, R.

should explain, but it is stated that a variance explanation rate of between 40% and 60% is considered
sufficient for studies in the field of social sciences (Scherer et al.,1988).

In the second stage, as a result of the confirmatory factor analysis of the five-dimensional and 20-item,
good fit values were estimated, and thus construct validity was ensured. Although there is no consensus
in the literature about the model fit indices to be considered in determining the model fit in CFA, in
addition to the x2/df value (Kline, 1994), RMSEA (Joreskog & S6rbom, 1993), CFI (Bentler, 1990) and
SRMR (Hoe, 2008; Brown, 2006) fit indices are frequently recommended. In addition, GFI, RFI, IFI,
NFI, AGFI, and PGFI values, optimal values were obtained for the fit of the model. Improvement on the
model was not required (Byrne, 2010; Raykov & Marcoulides, 2006). For this reason, these fit indices
were used in model evaluation in the research. As a result of the analysis of the square root of AVE, CR,
and AVE and the correlation coefficients between the factors reached by CFA, it was seen that the scale
met the conditions of validity. Therefore, it is possible to say that the scale has a stable structure, and
consistent results can be met when applied at different sampling. In the reliability analysis of the scale,
Cronbach's alpha coefficient was tested and examined in terms of the overall scale and factors. In the
reliability analysis of the factors, the Cronbach alpha value of the algorithmic thinking factor was .75,
the decomposition factor was .71, the parallelization factor was .75, the abstraction factor was .58, and
the automation factor was .56. These values indicate that adequate validity is achieved (Cronbach &
Shavelson, 2004; Barbera et al, 2021).

When the validity and reliability indicators of the scale are evaluated together, it can be stated that the
scale can be used safely to determine the secondary school students’ self-assessment of CT skills.

Algoritmic
Thinking

Decomposition

Automation

Figure 3. Scale Factors

This developed scale can be used to measure the self-assessment perceptions of students in secondary
school students regarding their computational thinking skills. It is thought that this scale can contribute
to the practitioners in better directing those who plan to receive education in the field of programming
and coding. However, as stated before, since the computational thinking skill is an abstract skill, based
it on a single measurement tool may not give very accurate results. Therefore, it is recommended to use

different assessment tools together (Gouws, Bradshaw & Wentworth, 2013; Ozmen & Altun, 2016; Yeni,
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2017). The final version of the Turkish version with all items of the scale developed in this study is
presented in Appendix 1.

In recent years, there is a need for research on computational thinking skills, which have been tried to
be gained by different methods at different ages, at which ages, with which tools, environments, and
methods, more effectively and permanently (Giilbahar et al., 2019; Lockwood & Mooney, 2017). The
limitation of the research is that it was conducted in the 2018-2019 academic year with the students
attending the sixth grades of one private and three public secondary schools in the Milas district of
Mugla province.
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Appendix 1. Self-Assessment of Computational Thinking Skill Scale (Turkish Version)

Sevgili Ogrenciler, bu dl¢ek sizlerin bilgi islemsel diisiinme becerilerinizin 6zdegerlendirmesine yonelik
bilimsel bir caligmada kullanilmak iizere tasarlanmigtir. Liitfen her bir maddeyi 6zenle ve dikkatle okuyunuz ve
kendinize en uygun cevabi “tamamen katiliyorum”, “katiliyorum”, “kismen katiliyorum”, “katilmiyorum”, “hig
katilmiyorum” gseklinde kodlaymiz. Katithmimzdan dolayr simdiden ¢ok tesekkiir ederim.

Cinsiyetiniz: Kiz ( ) Erkek()
Smifimz  : 6.Smuf (). 7.Smaf ()
Giinliik olarak Ekran (Akilh Telefon, Tablet, Bilgisayar, Oyun konsolu vb diger araglari) Kullanim siireniz:

araclara (Robot, tablet, telefon vb.) yaptirabilirim.

0-1 saat() 1-2saat() 2-3saat () 3-4 Saat () 4 saat ve daha fazlas1 ()
g E gl g g
¥5 5| 52 Z| 23
2 2| 23 2| 23
28 E| S| 2| %3
V= = 1G] NG
3 3 S8 v
W @] @ [@]| 6
1 Problemin ¢6ziimiinde takip etmem gereken adimlari kendim [ (O) | (O) 0) o) | (0
belirlerim.
2 Uygulamalarimda kullandigim déngiilerin sinirlarim belirlerim. (0) (0) (0) 0) | (O)
3 Uygulamalarimda hangi islemlerin dongii sinirlar icerisinde olmas: | (O) | (O) ) ©O) | O
gerektigini hesaplarim.
4 Bir problemin ¢6ziimiinden yola ¢ikarak yeni bir problemi ¢ézerim. ) | (0) (0) 0) | (0O)
5 Calisan bir kod blogunda degisiklikler yaparim. (O0) | (0) (0) 0) | (0O)
6 Uygulamalarimda karsilastigim hatalar: kolaylikla bulurum. O) | (0) (0) O | (0
7 Uygulamalarimda birden fazla nesneyi ayni sahnede kullanirim. (0) | (0) (0) O) | (0)
8 Uygulamalarimda birden fazla olay kullanirim. O) | (0) (0) ) | (O)
9 Uygulamalarim c¢ahgtign anda arka planda gerceklesen olaylar1 [ (O) | (O) (0) o) | (O
(islemleri) aciklarim.
10 | Problemlerin ¢6ziimii icin farkh programlama dilleri kullanirim. O) | (0) (0) 0) | (0)
11 Uygulamamdaki gereksiz (6nemsiz) adimlar ¢ikartirim. O) | (0) (0) 0) | (0O)
12 | Uygulamalarimdaki islem adimlarini 6nem sirasina gore siralarim. O) | (0) (0) ©O) | (0O)
13 | Problemlerin ¢6ziimiinii formiil ile gosterebilirim. O) | (0) (0) O | (0
14 | Problemlerin ¢6ziimiinde operator (+, -,*, /), ifade ve esitlikleri | (0) | (O) (0) o) | (O
kullanarak ¢6ziim iiretirim.
15 | Problemin ¢6ziim siirecini daha kiiciik parcalara ayiririm. O | (0 ((0)] O | (0
16 | Problemlerin ¢oziimiinde programlama dili ya da programlama | (0) | (O) (0) o) | (0O
kavrami kullanmadan da ¢6ziimii gerceklestirebilirim.
17* | Problemlerin ¢6ziimii igin programlama dili kullanma zorunlulugu | (0) | (O) (0) o) | (0O
hissetmem.
18 | Problem ¢oziimiinde en kisa ¢6ziim yolunu kullandigimi | (O) | (O) (0) ) | (O
diisiiniiriim.
19 | Problem ¢éziimiinde bilgisayar veya diger araclar1 kullanirim. © | © ©) © | ©
20 | Tekrar eden ve birbirine benzer iglemleri bilgisayarlara ve diger | (0) | (O) 0) o) | (O

Not: * ters kodlu madde
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