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The present study aimed to determine the effect of Scratch-assisted expressions
and applications on the Computational Thinking skills of pre-service teachers.
For this purpose, the research was designed with an exploratory sequential
design, a mixed research method. Thirty-three pre-service teachers participated
in the study. Data were collected with Computational Thinking Scale before and
after the applications conducted in the Instructional Technologies course, and
with a survey form developed by the author and face-to-face interviews
conducted with the participants at the end of the course. Based on the data
obtained, it was determined that the applications conducted in the course
improved the Computational Thinking skills of the participants. Although the
improvement did not differ based on gender, it was determined that the
differences were significant based on creativity, algorithmic thinking, and
critical thinking sub-dimensions. Furthermore, it was observed that there was a
positive and significant correlation between Computational Thinking and
academic achievement. Also, pre-service teachers stated that Scratch
applications contributed to the acquisition of Computational Thinking skills. It
was suggested that the present study findings would contribute to future studies

on Computational Thinking acquisition in similar courses.

Introduction

Our lives have accelerated with advances in information and communication technologies. Access to

information, content production, and provision of content has become the wheels of these rapid advances. To

cope with these advances, a need for processes to find solutions and make decisions about novel problems are

significant. In this context, a new concept, Computational thinking (CT), was introduced.

Computational Thinking

CT was first proposed by Papert (1980). Wing (2006), on the other hand, pioneered the current significance of

the concept. There is no consensus on the definition of CT, which is a complex concept (Haseski, ilic, &

Tugtekin, 2018). For instance, according to The National Research Council (NRC) (2010), CT is a structure that

includes various cognitive habits and strategies in problem-solving. Carnegie Mellon (2014) defined CT as the
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use of computers to support thinking and problem-solving processes. Kafai (2016) reported that computational
thinking is a social practice. In a computer science-related definition, diSessa (2001) argued that CT is the use of
computer science methods and perspectives by individuals. In general, the concept is accepted as a 21st-century
skill where individuals propose solutions to the problems they encounter and employ the most suitable solutions
(Denning, 2009; ISTE, 2016). In the present study, it was decided to use the final CT definition.

The concept became more popular due to the significance assigned by institutions such as Google for Education
(2015) and ISTE (2016) and the number of studies on CT started to increase. In the literature, some studies
aimed to improve CT skills with robots (Kafai & Burke, 2013) and software programming (Berland &
Wilensky, 2015; Pellas & Peroutseas, 2016). Furthermore, other studies investigated ICT courses based on CT
(Mercimek & llic, 2017), integrated CT into the curriculum and developed CT curriculum (Angeli et al., 2016;
Bers, Flannery, Kazakoff, & Sullivan, 2014; Israel, Pearson, Tapia, Wherfel, & Reese, 2015). Furthermore, after
the initial studies that focused on defining the concept, the studies started to focus more on the field of education
(ilic, Haseski, & Tugtekin, 2018; Oz¢mar, 2017). It was observed that various content analyzes were conducted
in recent years to investigate these studies in detail (Haseski & Ilic, 2019; Ilic et al., 2018; Shute, Sun, & Asbell-
Clarke, 2017, Ozgmar, 2017).

CT is a skill that everyone should possess, not just professional computer scientists (llic et al., 2018; National
Research Council, 2010; Wing, 2006). It was reported that CT, which is significant in solving complex
problems, could be effective in various fields such as geography, meteorology, archeology, engineering, and
pharmaceutics (DeSchryver & Yadav, 2015). However, CT was mostly associated with computer science in
most studies (Israel et al., 2015; Ozgmar, 2017; Pellas & Peroutseas, 2016). Thus, the courses associated with
computer sciences became important in the acquisition of CT skills to pre-service teachers. Hence, the

Instructional Technologies course should be addressed in this context.

Instructional Technologies Course

Instructional Technologies course is a teacher training program course in the curriculum renewed in the 2018-
2019 academic year. The course is designed as a 2 hours per week theoretical course. The Instructional
Technologies course content was specified by YOK (2018) as follows:
Information technologies in education; instructional process and classification of instructional
technologies; theoretical approaches to instructional technologies; new approaches in learning;
contemporary literacies; instructional technologies as instruments and materials; design of
instructional materials; designing thematic instructional materials; creating field-specific object

warehouse, assessment criteria of instructional material.

As seen in the course content, the Instructional Technologies course that includes topics such as information
technologies in education, new approaches in learning, instructional technologies as instruments and materials,
and design of the instructional materials stands out as an important course. The course is also important since it

replaced the Computer 2 course in the new curriculum since CT was associated with computer sciences (Israel

427



Tlic

et al., 2015; Ozcmar, 2017; Pellas & Peroutseas, 2016). Furthermore, as Tissenbaum, Sheldon, and Abelson
(2019) noted, the course should not only aim to instruct the concepts but include production as well. Thus, the
course is important as it contains topics such as material development. Thus, the replacement of the Computer 2
course with this course and further concentration on practice in addition to the instruction of theoretical content,
the course was considered important for the acquisition of CT. Scratch software is significant due to ease of use
and effectiveness in the acquisition of CT skills, which is one of the skills that pre-service teachers aim to
acquire (Lye & Koh, 2014).

Scratch

Various visual programming languages such as Alice, Logo, Blockly, and Small with end-user appeal were
developed in recent years. Scratch, developed by MIT Media Labs, is one of these programming languages.
Scratch (Price & Barnes, 2015), which has reached a higher number of users due to its ease of use when
compared to other tools, includes various components. In the application, which includes 4 panels, there is a
field that contains code blocks on the far left of the screen. The codes in the blocks such as motion, events,
sensing can be added to the space in the middle. Since these codes could be dragged and dropped, even the most
novice users do not experience difficulties. In the panel at the bottom right, there are sprites and related features.
The stage is located right above this panel. The screen produced by the codes with the selected sprites is
displayed in this area. Furthermore, due to the multi-language feature and the ability of the code to run simply
on a web browser, Scratch has high availability. The general structure of Scratch is called tinkerable. Thus,
codes consisting of small chucks contribute to hands-on-learning (Maloney, Resnick, Rusk, Silverman, &
Eastmond, 2010) and are easy to use (Resnick, Kafai, Maeda, Rusk, and Maloney, 2003). It was reported in the
literature that Scratch is a simple and enjoyable tool (Gen¢ & Karakus, 2011). The opportunity it provides for
the students to learn by doing is also effective for teachers (Tan & Kim, 2015). This demonstrated that the
implementation is effective on creativity as well (Armoni, Meerbaum-Salant, & Ben-Ari, 2015; Korkmaz, 2016;
Wolz, Stone, Pearson, Pulimood, & Switzer, 2011). Thus, it was reported that Scratch contributed to problem-
solving, logical, and analytical thinking skills (Calder, 2010; Kauc¢i¢ & Asi¢, 2011). Furthermore, Scratch is a
useful tool in the acquisition of algorithmic thinking skills and CT related skills by learners (Berland &
Wilensky, 2015; Maloney et al., 2010).

Related Literature

Constructionism, developed by Papert, advocates that learners should produce an object or a design for a more
effective learning process. Thus, learners learn more easily by designing (Kafai & Resnick, 1996). In this
context, it seems necessary to encourage learners to produce (Peppler & Kafai, 2007). In constructionism theory,
courses such as Instructional Technologies that prioritize material design in CT instruction and include basic
topics associated with computer sciences are considered important. Furthermore, the inclusion of CT in teacher
training was considered a requirement (ilic et al, 2018; Yadav, Mayfield, Zhou, Hambrusch, & Korb, 2014,
Yadav, Hong, & Stephenson, 2016). There is only a limited number of studies on CT and pre-service teachers in

the literature (Haseski & Ilic, 2019). In these studies, it was observed that CT skills were not tackled in
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conjunction with the Scratch and Instructional Technologies course. Furthermore, there is no specific
educational program on CT instruction (Ertmer & Ottenbreit-Leftwich, 2010; Masterman & Manton, 2011;
Moreno-Leén, Robles, & Roman-Gonzalez, 2015). Thus, the Instructional Technologies lesson, which is one of
the common courses where the concept could be instructed, is significant in the introduction of CT to all pre-
service teachers. Thus, it was suggested that pre-service teachers could allow their students to acquire this skill
from preschool to high school in the future. It was considered that Scratch could be useful in achieving this goal
due to its ease of use and effectiveness in CT instruction. Hence, the present study aimed to determine the effect
of Scratch-assisted CT expressions and applications conducted in the Instructional Technologies course on CT

skills of pre-service teachers.

Method
The Research Model

This study was conducted with an exploratory sequential design, a mixed research method. The designs where
quantitative and qualitative data are collected, analyzed, and interpreted are called mixed designs (Onwuegbuzie
& Leech, 2006). One of the mixed research methods is the exploratory sequential design, where qualitative data
are collected secondly to support the quantitative data (Creswell, 2003). In this context, quantitative data were
obtained with CTS, and then the survey form and interviews were used to explain the quantitative data. Thus, it

was aimed to explain qualitative data with the CTS data.

The Study Group

The study group included 33 pre-service teachers attending a public education faculty during the 2019-2020
academic year. As seen in Table 1, the ages of pre-service teachers ranged between 18 and 33. Furthermore,

about half of the participants were female (51.5%).

Table 1. The Distribution of Participants based on Gender

Age f %
18 5 15.2
19 10 30.3
20 9 27.3
21 4 12.1
22 2 6.1
24 1 3.0
28 1 3.0
33 1 3.0

The criterion sampling method was used to determine the study group. This method is used when it is necessary
to study existing cases or that meet certain criteria determined by the researchers (Yildirim & Simsek, 2011).

Thus, the selection criteria were determined as attending Pamukkale University, Faculty of Education,
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enrollment in the Instructional Technologies course section instructed by the author during the 2019-2020
academic year fall semester. In addition to this, only volunteering students were enrolled in the study for ethical
reasons. Also, care was taken to abide by the principle of confidentiality and the participant 1Ds were coded

with a P, and the participant number in the present study.

Data Collection Instruments

In the present study, scales, survey forms, and interviews were employed to collect data. The “Computational
Thinking Scale” (CTS), developed by Korkmaz, Cakir, and Ozden (2017), which is a 5-point Likert-type scale
with 29 items and 5 factors, was used in the present study. Out of the 5-factor structure, 6 items in the final
factor were negative and the remaining items were in the scale. The Cronbach Alpha internal consistency
coefficient of the scale developed for college students is .82. In the present study, the CTS internal consistency
coefficient was calculated as .91 in the pre-test and .93 in the post-test. These findings demonstrated that the

internal consistency of the scale was high (DeVellis, 2012; Kline, 2000).

The survey and interview forms were developed by the researcher. During the development of both tools, the
opinions of 3 Computer Education and Instructional Technology experts were obtained. The experts were
selected based on their contribution to the literature on CT. Then, the questions were examined by a linguist and
an assessment and evaluation specialist. The survey and interview forms were finalized after the required
editing. The survey form included one question. It included only one question since the author aimed to learn
the general views of the pre-service teachers without steering them towards an idea. The survey form question
was “Did the Instructional Technologies course have any contribution? If so, what were the contributions?” On
the other hand, the following questions were included in the interview form developed for one-on-one
interviews:
1. What are your views on CT?
2. Did the Instructional Technologies course contribute to your CT skills? If yes, what can you say about
this contribution?
3. What do you think about Scratch?
4. Scratch was one of the significant topics covered in the Instructional Technologies course. Do you think
this application had any impact on your CT skills? If so, what can you say about this impact?
In addition to these data collection instruments, demographic information such as age and gender of the

participants was collected.

Procedure

The study group participated in a 13-week instructional technology course lectured by the researcher. In the first
week of the course, the instructor applied the CTS as a pre-test without even before the introductions prevent
biased findings due to the recognition of teaching staff. Fifty pre-service teachers participated in the pre-test.
Based on the instructional technology course content, the instruction was started with topics such as the concept

of technology and instructional technologies, historical developments, and classification of instructional
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technologies. Next, the concept of the algorithm was discussed. At this stage, after the presentation of the
concept and its significance, the topics of conditions, loops, and flow charts were addressed. In the next step, the
concept of CT was instructed for 2 weeks. CT examples, steps, importance, and reflections of CT skills in life
were discussed. To improve the comprehension of the topic, the example developed by Haseski, lic and
Tugtekin (2017) to present the basic CT concepts to teachers was presented to the participants. The example
included the steps included in ISTE standards, explanations of these steps, and solutions associated with steps
about the problem of how to go from Ankara to Istanbul were instructed. Furthermore, sample assignments
completed by pre-service teachers in previous courses were also presented to the participants. Next, pre-service
teachers were asked to identify a problem in their daily lives and work on an assignment based on these
problems. In this assignment, the researcher advised the participants starting from the step of problem
identification until the completion of the assignment.

In subsequent classes, the Scratch application was discussed for 3 weeks. It was identified that Scratch was a
very effective tool especially for beginners although several instruments could be employed in the acquisition of
CT skills. Furthermore, it was stated that the use of Scratch software could contribute to students of all grades
from preschool to higher education. Then, the basic components of the software such as code blocks, writing
area for these blocks, and the stage were addressed. The whole process was conducted with the constructivist
approach. In the process, before the discussion of algorithmic thinking and CT concepts, the participants were
asked about the solution to the problem. Then, sample code blocks were presented by the author to assist the
pre-service teachers. Throughout the process, the feedback was provided for both individuals and groups,
creating an environment that allowed group discussions that could lead to collaborative learning. Dialog
activities, which are among the main building blocks in English language instruction, were designed by the
participants. In this process, as seen in Figures 1 and 2, the presence of structures such as loops and if-then
clauses are presented after the use of simple components. Each student was asked to design activity and the

assignments were evaluated by the author and feedback was provided.
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Figure 1. A Screenshot from a Student Activity with Code Blocks
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Turn right, go straight the
street then take the first
left. The post office is next
to the grocery store.

Figure 2. A Screenshot from a Student Activity

In the final activity, pre-service teachers were asked to design a short quiz including correct and incorrect
answers. As seen in Figures 3 and 4, procedures such as giving feedback to the user after an incorrect answer,

increasing the points after a correct answer, and increasing the question level after a certain score is reached

were employed.
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Figure 3. A Screenshot from a Student Activity with Code Blocks

After the instruction of the above-mentioned topics, the post-test data were collected with CTS in the final class.
Thirty-four students participated in the post-test. The difference between the participants in the pre-test and
post-test was since certain students changed their sections during the course. The next step was conducted
online. The single-question survey form about the contributions of the course was sent to the students online.
After the analysis of the data collected with both data collection instruments, face-to-face interviews were
conducted with 4 participants who stated that the course contributed to their skills and volunteered for the

interview. These interviews were conducted in the author’s office between 26.12.2019 and 31.12.2019. The
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interviews lasted between 3:28 and 8:19 minutes.

Name of the morning
meal?

Figure 4. A Screenshot from a Student Activity Asking a Question

Data Analysis and Interpretation

Before the data analysis, the responses given to the negative items in the CTS were reverse coded. Missing
responses were investigated in the data set and it was determined that there was no missing data as well. The 50
students who participated in the pre-test and 34 students who participated in the post-test were determined. The
data collected with both tests were analyzed and the participants who did not participate in one of the tests were
excluded from the analysis. Thus, the data collected from 33 pre-service teachers, who participated in both pre-

and post-tests were analyzed.

To use parametric tests, the sample size should be at least 15 for in-group comparisons (Pallant, 2001). Thus, it
was observed that the criterion was met. Almost all skewness and kurtosis values for both participants and
genders were in the range of -2 - +2. According to George and Mallery (2011), these values were sufficient to
determine the normal distribution of the data. For females, Kurtosisyiticaipre Was 2.041 and Kurtosisiticaipost Was
2.002 and Kurtosisgiticaipost Was 2.369 for males. Kolmogorov-Smirnov test is used in groups with 30 or more
participants to determine the normal distribution (Akbulut, 2010). Accordingly, it was determined that all but
one value exhibited normal distribution. This value demonstrated that that the collaboration post-test scores of
females did not exhibit normal distribution (D (17) = .217, p = .33).

However, according to Cokluk, Sekercioglu, and Biiyiikoztiirk (2010), more than one case should be employed
in the determination of the normal distribution. Thus, the histogram and quartile graph were also used. Based on
these analyses, all variables exhibited a normal distribution. In this context, it was decided to use parametric
paired samples t-test and independent samples t-Test. The research problems determined based on the study aim

and the analyses employed to solve these problems are presented in Table 2.
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The analyses presented in Table 2 were conducted with statistical analysis software. The significance level was
taken as .05 in statistical analysis. Spreadsheet software was used to analyze qualitative data. In this software,
the responses of each participant were written on a separate line. Codes and themes were obtained based on
these responses analyzed with content analysis. Furthermore, to ensure the transferability of the study, direct
quotes of the participant statements were also presented.

Table 2. The Research Problems and the Analyses Employed to Solve These Problems

Research questions Type of Analysis

1. Overall CT score and sub-dimension scores differ across )
Paired samples t-test
pre-test and post-test results?

2. Overall CT score and sub-dimension scores based on
. Independent Samples t-test
pre-test and post-test differ across gender?

3. Is there a correlation between CT pre-test, CT post-pest, o ]
. Pearson Coefficient of Correlation
and achievement scores?

Validity and Reliability

Various steps were taken to ensure the validity and reliability of the study. For instance, data triangulation was
conducted to improve the internal validity of the study. The data triangulation method allows the control,
comparison, and verification of different types of data (Patton, 1990). Thus, in addition to the data collected
with pre-test and post-test CTS application, the data collected with the survey form and one-on-one interviews

were used.

The students were informed about their rights about participation in the study. Long-term interaction was
maintained with the students during the 13-week course instruction to collect in-depth data. Furthermore,
qualitative data were presented using direct participant quotes to improve the reliability of the study. Cronbach
Alpha values for the development of the scale and internal consistency coefficients obtained for the pre-test and
post-test data are presented to the readers as well.

Limitations

The present study has several limitations. In the present study, the exploratory sequential design was employed.
Therefore, the study group included a small population. Furthermore, due to the employment of the criterion
sampling method, individuals who met the specified criteria could be assigned to the study group. Another
limitation was the data collection instruments. Interview questions, which were used especially to collect the
qualitative data were a limiting factor in the study. The final limitation of the study was the scope and quality of
the course. The Instructional Technologies course content that was determined by YOK and implemented by the

author was another limitation in the study.
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Findings

The findings obtained with the analyses conducted based on the research problems are presented under three
main topics. First, the CT pre-test and post-test and sub-dimension scores of the pre-service teacher are
presented. Then, all pre-test and post-test scores of the participants were analyzed based on gender and the
findings are presented in the second section. Finally, the correlations between CT pre-test, post-test, and

achievement scores are presented.

Findings on Overall CT and CT Sub-Dimension Data

To determine the pre-test post-test scores of the pre-service teachers based on overall CT score and sub-
dimension scores, paired-samples t-test was used. Furthermore, the responses given by the participants to the
survey questions and the data obtained with face-to-face interviews were also employed. Paired samples t-test

results are as presented in Table 3.

Table 3. Paired Samples t-test Results

Pre-Test - Post-Test ~ Group T Ss t Sd p
Female -2.000 3.021 -2.730 16 .015*
Creativity Male -1.438 2.632 -2.184 15 .045*
Total -1.727 2.809 -3.532 32 .001*
Female -2.941 3.508 -3.457 16 .003*
Algorithmic Thinking Male -2.688 3.301 -3.257 15 .005*
Total -2.818 3.358 -4.821 32 .000**
Female -0.353 3.408 -427 16 .675
Cooperativity Male -1.563 3.119 -2.004 15 .064
Total -0.939 3.278 -1.646 32 110
Female -1.765 2.796 -2.603 16 .019*
Critical Thinking Male -1.188 2.713 -1.751 15 .100
Total -1.485 2.729 -3.126 32 .004*
Female -0.059 3.561 -.068 16 947
Problem Solving Male -0.438 5.354 -.327 15 .748
Total -0.242 4.451 -.313 32 756
Female -5.118 7.607 -2.774 16 .014*
Overall CT Male -5.875 9.054 -2.595 15 .020*
Total -5.485 8.216 -3.835 32 .001*

Based on the results presented in Table 3, it was determined that there were significant differences between CT
pre-test and post-test scores of all participants (i) = -3.835, p <. 05), male participants (t;s) = -2.595, p <.05)

and female participants (tq6) = -2.774, p <.05). Similarly, there was a significant difference between creativity
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and algorithmic thinking pre-test and post-test scores of all groups. Based on the mean scores, it was observed

that the mean post-test score was higher when compared to the mean pre-test score (Epost_tesp Epre_test).

In other words, it could be suggested that the overall CT score, creativity, and algorithmic thinking scores of the
participants improved after the application. The qualitative data also supported this finding. Based on the survey
data, most participants (93.94%) stated that the course contributed to various skills. Four students stated that the
course had a direct contribution to CT skills, etc. For example, P19 stated the following: "...I learned software
that I have not heard of before, I improved my knowledge and CT.” In the interviews, all pre-service teachers
stated that the course contributed to their CT skills. For example, P1 stated the following: “In the course, certain
definitions were presented about the concept of CT. This was something | want to apply in my life. | learned this
in the course. | did not know it before the course. | started to think more that it was important in courses and
should be used by teachers and students.” Furthermore, in one-on-one interviews, P1 stated the following
reflecting algorithmic thinking: “We can achieve a more successful result when we break down the problem into
parts and write down adequate solutions, then select the most adequate one, and apply it to other events. I think

this is a very practical method.”

On the other hand, no significant difference was determined between the cooperativity and problem-solving sub-
dimension scores of all groups. Despite this finding, certain students stated in the survey that the course
improved their problem-solving skills. For example, P33 stated the following: "I think it would be beneficial for
the determination of the paths to choose in rapid problem-solving.” In one-on-one interviews, P4 stated that the
course improved CT skills: “We have a problem. This is something to be resolved. We need something about
how to solve this. CT is useful in this context. It gave me an idea. | can use this method in the events that | will
encounter in my daily life in the future.” The participant also stated that this skill could also be used to solve
problems. The lack of a difference between the cooperativity sub-dimension scores could have been since only
individual activities were conducted in the course. Unlike the above-mentioned findings, there was a significant
difference between the critical thinking scores of all participants (t2) = -3.126, p <.05) and female participants
(tae) = -2.603, p <.05), while the difference between the scores of male participants was not significant (ts) = -
1.751 p =.100).

All study participants expressed positive views about Scratch. Two students stated that the application had an

13

interesting structure. For example, P3 stressed the intended use of the application: “... useful software. It can
also be of interest. We can narrate stories and make games with it. It is very good in terms of attracting interest.
Great achievements can be acquired when used adequately.” P1, on the other hand, stated that the application
had its advantages in algorithmic thinking as follows: “It allows both the teacher and the individual who develop
the application to acquire planned thinking skill. I can see that." It was determined that pre-service teachers
expressed different views about the contribution of Scratch to CT skills. While 2 participants were undecided on
the issue, 2 students stated that Scratch was effective in the development of CT skills. P2, one of the undecided
students stated the following: “I cannot recognize a connection between the two. Because | was not very active

on Scratch.” One of the students who thought Scratch was effective, P4 stated the following: “It did. It was like

this: There is something that needs to be explained or transmitted. Or there is an event that needs to be resolved.
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Scratch is also a method. So, we can use this method. It had such a benefit for CT with me.”

The Findings on the Differences between Overall CT and CT Sub-Dimension Scores

Independent samples t-test was employed to determine the differences between the pre-test and post-test overall

CT and CT sub-dimension scores of the participants. The t-test results are presented in Table 4.

Table 4. Independent Samples t-test Results

Group n = Ss Sd t p
Female 17 33.059 3.526
Creativity Pre-test 31 -.281 781
Male 16 33.438 4.211
Female 17 35.059 3.211
Creativity Post-test 31 137 .892
Male 16 34.875 4.410
Algorithmic Female 17 12.824 6.217
o 31 -.852 401
Thinking Pre-test  Male 16 14.750 6.768
Algorithmic Female 17 15.765 6.280
o 31 -.665 511
Thinking Post-test Male 16 17.438 8.099
Cooperativity Pre- Female 17 14.235 3.456
31 -.247 .806
test Male 16 14.563 4.131
Cooperativity Post- Female 17 14.588 2.399
31 -1.586 123
test Male 16 16.125 3.138
Critical Thinking  Female 17 16.765 2.905
31 -1.125 271
Pre-test Male 16 18.250 4.465
Critical Thinking  Female 17 18.529 4.625
31 -522 .605
Post-test Male 16 19.438 5.354
Problem Solving  Female 17 23.235 3.073
31 .569 574
Pre-test Male 16 22.438 4.746
Problem Solving  Female 17 23.294 3.460
31 315 .755
Post-test Male 16 22.875 4.161
Overall CT Female 17 67.059 10.244
31 -.630 533
Pre-test Male 16 70.000 16.108
Overall CT Female 17 72.176 12.759
31 -.715 480
Post-test Male 16 75.875 16.808

As seen in Table 4, there was no significant difference between the pre-test and post-test overall CT and CT
sub-dimension scores based on the gender variable. Thus, it could be suggested that the pre-application levels of
the participants were similar. Also, it could be suggested that the improvements experienced after the

application were close.
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The Findings on the Correlation between CT Pre-Test, CT Post-test and Achievement Scores

Pearson Correlation coefficient was employed to determine the correlation between the achievement, CT pre-

test, and CT post-test scores of the pre-service teachers. The conducted analysis is presented in Table 5.

Table 5. The Correlation between the Achievement, CT Pre-test and CT Post-test Scores of the Pre-service

Teachers
Test (n=247) Post-Test Achievement Score
Pre-Test .833** 458**
Post-Test - 4107

*Correlation is  significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.01 level (2-tailed).

As seen in Table 5, it was determined that there were significant and positive correlations between all variables
(p <.05). According to Cohen (1977), the correlation between CT pre-test and CT post-test scores was high (p
<.01, r = .833) and the correlation between CT pre-test and achievement scores was moderate (p <.01, r = .458).
In other words, as the CT pre-test scores of the students increased, their CT post-test scores increased.
Furthermore, as the CT pre-test score increased, the course achievement score increased as well. The correlation
between the CT scores and the achievement scores of the students was moderate (p <.05, r =, 410). It could be

suggested that course achievement improved as the CT post-test score increased, similar to the other findings.

The analysis of the correlations based on gender revealed a positive and high correlation between CT pre-test
and CT post-test for both female (p <.01, r = .803) and male (p <.01, r = .850) students. Similarly, a high and
significant correlation was determined between CT pre-test and achievement scores of male students (p <.05, r =
.536). However, there was no significant correlation between the same scores of female students (p = .062).
Similarly, there was a moderate correlation between CT post-test and achievement scores of male students (p

<.05, r =.569). On the other hand, this correlation was not true for female students (p = .233).

Discussion, Conclusion, and Recommendations

The present study aimed to determine the impact of Scratch-assisted CT expressions and applications on CT
skills of pre-service teachers. Consistent with this aim, the levels of 33 pre-service teachers were analyzed. It
was considered that the present study findings would contribute future studies on the CT skill levels of pre-
service teachers in courses such as Scratch-assisted Instructional Technologies. Furthermore, the study was also
considered important since the study group included pre-service teachers, who will instruct the skill at different

school levels in the future.

In the study, it was concluded that the CT skills of the pre-service teachers improved. This finding was
consistent with the study findings on the same target group (Cetin, 2016; Gabriele, Bertacchini, Tavernise,
Vaca-Cardenas, Pantano, & Bilotta, 2019; Kim, Choi, Han, & So, 2012). Furthermore, considering Scratch is a
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beneficial tool in the acquisition of algorithmic thinking and CT skills (Berland & Wilensky, 2015; Maloney et
al., 2010), it could be suggested that this finding was expected. On the other hand, it was determined that there
was an improvement in the algorithmic thinking skills of the pre-service teachers. This finding was in line with
the studies in the literature (Cetin, 2016; Gabriele et al., 2019; Kim et al., 2012) and the studies which
demonstrated that algorithmic thinking was an important part of CT skills (Korkmaz et al., 2017; Yadav et al.,
2016).

The findings on creativity were similar to CT and algorithmic thinking findings. It was reported that CT was a
problem-solving process where creative thinking is important (Snalune, 2015; Voskoglou & Buckley 2012).
Thus, it was observed that the present study findings were consistent with the literature. According to Paul
(1990), there is an important correlation between creative thinking and critical thinking. It was determined that
the critical thinking skills, which are associated with creativity, of the participants, improved in the present
study. While this improvement was significant in all participants and female participants, it was not significant

in males. It could be argued that the above-mentioned finding for males was due to the study group size.

Critical thinking is an important component of CT (Ater-Kranov, Bryant, Orr, Wallace, & Zhang, 2010). It
could be argued that Scratch contributes to logical thinking and analytical thinking skills (Calder, 2010; Kauci¢
& Asic, 2011), benefiting the learners in critical thinking. Thus, the study findings were consistent with the
literature. On the other hand, it was reported in the literature that Scratch contributed to learners’ problem
solving, logical thinking, and analytical thinking skills (Calder, 2010; Kaucdi¢ & Asi¢, 2011). However, in the
present study, a significant difference could not be determined in the problem solving and cooperativity
dimensions between the pre-service teachers. This finding on cooperativity skills could be due to the fact that
only individual activities were conducted in the Instructional Technologies course. The present study findings
on problem-solving were unexpected. As reported in the literature, CT is a problem-solving process
(Kazimoglu, Kiernan, Bacon, & MacKinnon, 2012; Yagci, 2019). Thus, the course was expected to improve this
skill. However, it was suggested that this finding was due to the sample size. On the other hand, the qualitative
findings demonstrated that the process contributed to the problem-solving skills of pre-service teachers. Finally,
it was determined that the overall CT and CT sub-dimension scores did not differ by gender. This finding was
consistent with the studies which reported that there was no significant correlation between CT levels and
gender (Werner, Denner, Campe, & Kawamoto, 2012). However, these findings contradicted with other study

findings (Prottsman, 2011; Roman-Gonzalez, Perez-Gonzalez, & Jimenez-Fernandez, 2017).

A significant and positive correlation was determined between CT and academic achievement. In the literature,
it was reported that CT concepts and applications are based on computer sciences (Korkmaz et al., 2017;
Sengupta, Kinnebrew, Basu, Biswas, & Clark, 2013; Wing, 2008). It could be suggested that the topics
instructed in the Instructional Technologies course in the present study were effective in CT skills. Furthermore,
it was reported that academic achievement in information technologies was associated with CT skills (Durak &
Saritepeci, 2018). Thus, it could be argued that the study findings were consistent with the findings reported in
the literature. However, considering that CT is a problem-solving process beyond technological literacy (Yadav

et al., 2016), it was observed that further research is required on Instructional Technologies and similar courses.
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It was determined that the Scratch application utilized in the present study was effective on CT and algorithmic
thinking skills. This finding was consistent with previous studies, which reported that the application had an
impact on algorithmic thinking and CT skills of pre-service teachers (Cetin, 2016; Gabriele et al., 2019; Kim et
al., 2012). In general, it was reported that Scratch contributed to problem-solving, logical, and analytical
thinking skills (Calder, 2010; Kauci¢ & Asic, 2011). Furthermore, Scratch was reported as a beneficial tool in
the acquisition of algorithmic thinking and CT skills by the learners (Berland & Wilensky, 2015; Maloney et al.,
2010). It was also reported in the literature that Scratch is a pleasant application (Gen¢ & Karakus, 2011). Thus,

it was observed that the present study findings were consistent with the literature.

In conclusion, it was determined that the CT skills of pre-service teachers improved with the algorithm, CT
concept, and Scratch application topics instructed in the Instructional Technologies course. This finding was
similar in all dimensions except for problem-solving and collaboration dimensions. There was no difference
between the development of CT skills based on gender. There was a positive correlation between CT skills and
academic success. Furthermore, it was concluded that the Scratch application, which was mostly employed in
applied classes, was effective in CT skills. It could be observed that these findings were consistent both with the
literature mentioned above and the reports of the authors who developed related measurement tools (Kazimoglu
et al., 2012; Yagci, 2019). There is no curriculum on the instruction of CT for pre-service teachers (Ertmer &
Ottenbreit-Leftwich, 2010; Masterman & Manton, 2011; Moreno-Leon et al., 2015). Thus, it was considered
significant that the present study was conducted within the context of a product-oriented course such as
Instructional Technologies, where topics such as Scratch, etc. were instructed. However, there is a need for
further studies on the topic in the literature. Thus;
e Future studies could be conducted with different designs in the Instructional Technologies course.
o Studies could be conducted on various courses that could contribute to the CT skills of the teachers.
e The levels of pre-service teachers in CT sub-dimensions could be studied with larger samples.
e The effect of Scratch and similar applications on the CT skills of pre-service teachers could be
determined with future experimental studies.
e According to the literature, the CT skills of in-service teachers are more developed when compared to
those of the pre-service teachers (Giinbatar, 2019). Thus, future longitudinal studies could monitor the
CT development of learners after graduation.

e Future studies that would include ethnic/racial demographics could be beneficial.
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