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1. INTRODUCTION

Rapid developments in information and communication technologies (ICT) and today’s conditions
reveal the necessity of raising individuals in accordance with 21st century skills. Researchers have postulated
that computational and creative thinking which are the ones of the 21st-century skills are important for the
needs of our age and are interrelated [1], [2]. Creative thinking is defined as one’s ability to solve problems
innovatively and create original and valuable products [3]. Although creativity has been taught mainly from
the perspective of art and design for many years, it is now accepted that it contributes to various areas of life
[4], [5]. Many studies revealed that in classroom activities, creative experience not only supports students’
academic success, but also can increase students’ innovative thinking, motivation and participation in the
learning process [6], [7]. Computational thinking, the term which Wing brought to educational research
literature [8], is a fundamental skill (reading, writing, arithmetic thinking) that has been a focal point of
attention in recent years [9]-[11] and is a recent concept associated with the ability to “think like a computer
scientist” at each level of education [8]. Computational thinking is one of the eight practices in Science and
Engineering Applications within the framework of the Next Generation of Science Standards (NGSS) [12]
and National Research Council (NRC) [13].

Researchers suggest that everybody should develop computational and creative thinking at an early
age. Therefore, the teachers should first develop their computational and creative thinking so that they can
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incorporate them into their teaching [14], [15], because teachers are responsible for helping students develop
their learning and skills. However, they are inadequate on computational and creative thinking and how to
integrate them into their teaching. In this regard, to both develop the teachers’ computational and creative
thinking and promote their integration abilities of these skills into their teaching/learning, many countries
have recognized the importance of computational and creative thinking and tried to incorporate them into
their curricula. They have also developed numerous online platforms, especially game-based learning
environments [16]. It has been stated that online platforms and programming activities support these skills in
the creation of works in different fields [17]-[19]. Of these online platforms, block-based platforms (Scratch)
provide students with the opportunity to “extend their creative expression to solve problems, create
computational artifacts,” and develop new knowledge [20].

The growth of creative expression and the development of creative thinking are supported by digital
learning environments that encourage programming or computational thinking. Scratch, which is developed
by Massachusetts Institute of Technology (MIT), is a free and visual programming language that enables
K-12 students develop and create interactive learning objects such as animations, simulations, and games. It
is a user-friendly program that provides instant feedback allowing students to program. It provides even
inexperienced students with the opportunity to control the actions of different objects and create programs by
bringing blocks together through “drag-and-drop” [21]-[23]. Scratch could be utilized to enhance both
students’ mathematical concepts and computational thinking skills. In this respect, to improve the
participants’ computational and creative thinking, they developed animations/similations related to four
science and four math learning outcomes using Scratch during COVID-19 pandemic in this study.

There is no consensus on the definition of computational thinking [21] although it is a popular topic
that has been intensely studied over the last years [24]. However, we need to identify the similarities and
differences among those definitions instead of trying to come up with a definite one [25]. For example,
Papert, who was the first to use the term “computational thinking”, argues that computational ideas can
change the way children think in different areas [26]. The International Society for Technology in Education
(ISTE) defines computational thinking as a logical organization, data analysis, and problem-solving process
that involves generating solutions through algorithmic thinking and identifying, analyzing, and applying
effective, and adequate possible solutions [27].

Computational thinking is related to the following concepts: i) Abstraction: Making a phenomenon
more understandable by eliminating unnecessary details; ii) Algorithmic thinking: Finding a solution by
clearly describing process steps [28]; iii) Decomposition: Making it easier to solve complex problems, better
understanding new situations, and making large systems easier to design [28]; iv) Simultaneity: Completing
different tasks at the same time for the same purpose; v) Debugging: Systematically analyzing and evaluating
through different skills (testing, monitoring, logical thinking) to predict and verify outcomes; and vi)
Generalization: Identifying and using patterns, similarities, and connections.

In recent years, there has been a consensus that creativity is a 21st-century skill that should be
incorporated into curricula [29], [30]. Researchers define creativity in different ways. Creativity is a complex
and multifaceted concept that is difficult to define [31]. Torrance defines it as “the process of sensing
difficulties, problems, gaps in information, missing elements, something askew; making guesses and
formulating hypotheses about these deficiencies; evaluating and testing these guesses and hypotheses;
possibly revising and retesting them; and, last, communicating the results” [32]. Amabile defines creativity as
one’s ability to produce anything novel and useful [33].

2. LITERATURE REVIEW

In the literature, there have been many research on computational thinking creative thinking. In
particular, Turkish researchers have focused on computational thinking since 2018 [34]-[40]. Of these
studies, the researchers addressed computational thinking skills [34], [35], [37], [39]-[42], computational
thinking self-efficacy [43], problem-solving [42], computational thinking skills with Dr. Scratch [44],
academic performance [39], [40], and computational thinking perceived self-efficacy [36]. In these studies,
the sample often consisted of middle school students [40]-[62]. Looking on the creative thinking, the
researchers intensely carried out many research on creativity. In general, there are many research on
computational and creative thinking from different perspectives, including looking at how these two
constructs interact [19], [63] and looking at creativity within the context of computational thinking [64], [65].

Additionally, despite the fact that many computer-based learning platforms such as Scratch support
the development of computational thinking abilities, research has so far focused mainly on qualitative
approaches [9], [66]. However, there is only limited research that both quantitatively and qualitatively
investigating the effect of using Scratch on computational and creative thinking. Since coding education has
become popular all over the world, especially in Turkey, in recent years, we believe that this subject should
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attract more attention. Therefore, this study aimed to investigate the effect of online Scratch activities on
computational and creative thinking of the college students studying in the Department Child Development
during the COVID-19 pandemic.

This study investigated the effect of online Scratch activities on college students’ computational and
creative thinking. Thus, there were several research questions of the study: i) Is there a significant difference
between pre-test and post-test mean scores of college students’ computational thinking?; ii) Is there a
significant difference between pre-test and post-test mean scores of college students’ creative thinking?; and
iii) How did the online Scratch activities affect the college students’ computational and creative thinking
during the process?

3. RESEARCH METHOD

This study used a mixed research design (quantitative and qualitative) including one group pretest-
posttest design to evaluate the effect of online Scratch activities on the college students’ computational and
creative thinking [45]. A mixed research design helps researchers reduce biases inherent in either quantitative
or qualitative methods and increase validity and reliability [46]. In line with this design, quantitative data
were collected using the Computational Thinking Scale (CTS) and the Marmara Creative Thinking
Dispositions Scale (MCTDS). The instruments were administered to the participants before (pre-test) and
after the intervention (post-test). Qualitative data were obtained from participants’ reflective journals.

3.1. Sample

The sample consisted of 24 undergraduate students (23 female and 1 male) in the Department of
Child Development in the 2019-2020 academic year. All of them participated in the study on a voluntary
basis. The participants had no experience in Scratch and the level of their technological knowledge was low.
Their age varied from 17 to 20.

3.2. Procedure

The study was carried out in “Teaching Science and Mathematics in Preschool Education” course
and lasted for 12 weeks in the first semester. The students participated in weekly both synchronous and
asynchronous discussion forums during semester on Moodle Learning Management System. In the first
week, the pre-tests were administered to all PSTs prior to the implementation. The participants were asked to
develop Scratch projects related to science and math learning outcomes. Therefore, in the following weeks, to
help the participants become familiar with the implementation and the functions of the Scratch and show how
to use it, they received practical training about Scratch. For example, they learned how to drag and drop code
blocks, save their Scratch projects, and create activities through algorithmic thinking and logic constructs.
Specific demo for Scratch projects showing how to use code blocks in their projects was also provided to
them. After the fourth week, the participants were asked to individually prepare separate Scratch projects for
each week. As a result, each participant developed a total of 8 original Scratch projects related to four science
and four math learning outcomes. The researchers evaluated their projects and provided instant feedback to
them. Throughout the study, the participants also kept reflective journals based on the protocol questions
related to Scratch projects on their personal blogs on Moodle.

3.3. Data collection tools

To investigate the students’ computational thinking levels, Computational Thinking Scale (CTS)
developed by Ertugrul-Akyol was used [47]. The instrument consists of 30 items and three subscales
(computational thinking, robotics-coding and software, and professional development and career planning).
The items are rated on a five-point Likert-type scale (1=Strongly disagree, 2=Disagree, 3=Undecided,
4=Agree, 5=Strongly agree). The total score of the scale ranges from 30 to 150.

The other quantitative data collection tool is The Marmara Creative Thinking Dispositions Scale
(MCTDS). This scale developed by Ozgenel and Cetin [48] was used to determine the students’ creative
thinking levels. There are six subscales (self-discipline, innovation search, courage, inquisitive, doubt, and
flexibility) and 25 items on the scale. The items are rated on a five-point Likert-type scale (1=Never,
2=Rarely, 3=Sometimes, 4=Generally, 5=Always). The total score of this scale ranges from 25 to 125.
Cronbach’s alpha reliability coefficient of the tests are 0.860 and 0.897, respectively. The qualitative data
were collected from the participants’ reflective journals. For the reflective journal, a protocol including 10
questions were developed based on the literature. They were asked to keep a journal every week and respond
to questions related to their Scratch projects in order to reflect on their experiences, thoughts, and challenges.
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3.4. Data analysis

The quantitative data were analyzed using the SPSS at a significance level of 0.05. First, the
normality was tested using the Shapiro-Wilk test because the sample size is less than 50. The results
indicated that the data were normally distributed (p>0.05). Therefore, for investigating the effect of online
Scratch activities on computational and creative thinking, paired sample t-test was used. The qualitative data
were analyzed using content analysis. Content analysis involves three stages: i) Conceptualizing data;
ii) Organizing the data logically according to resulting concepts; and iii) Identifying themes that describe the
data [49]. The first and second authors coded the qualitative data independently and compared them. Inter-
rater reliability was found to be high (.86).

4. RESULTS
4.1. Is there a significant difference between pre-test and post-test mean scores of college students’
computational thinking?

The results from the analysis of the quantitative and qualitative data of computational thinking are
presented in Table 1. The paired sample t-test was used to determine the impact of the intervention on
participants’ computational thinking. The results showed that participants had a significantly higher mean
posttest score than the pre-test score [tps)=-7.68; p=0.000], indicating that the intervention helped
participants develop their computational thinking.

Table 1. Paired sample t-test scores on the participants’ computational thinking

Variable N Test X S t23) P
Computational Pre-test 231 .58
thinking 24 Post-test 3.21 43 -7.68 .000

4.2. s there a significant difference between pre-test and post-test mean scores of college students’
creative thinking?

The findings of the paired sample t-test used for determining the impact of the intervention on
participants’ creative thinking showed that participants had a significantly higher mean post-test MCTDS
score than the pre-test score [tes=-11.41; p=0.000]. This finding indicates that the intervention improved
participants’ creative thinking as shown in Table 2.

Table 2. Paired sample t-test scores on the participants’ creative thinking

Variable N Test X S tes) P
Creative Pre-test 3.43 .35
thinking 24 Post-test 4.37 .32 -11.41 .000

4.3. How did the online Scratch activities affect the college students’ computational and creative
thinking?

Table 3 shows the qualitative results regarding the participants’ computational thinking from their
reflective journals. The qualitative results showed that the intervention helped participants develop their
computational thinking over the weeks. Under the category of “repetitive actions,” participants did not
address anything in their blogs in the first week. However, almost all participants mentioned about repetitive
actions in their blogs in the last week (N=20). Under the category of “algorithmic thinking,” very few
participants expressed their views about planning and steps in the first weeks. However, most participants
mentioned those concepts in the last weeks. None of the participants expressed their opinions about using the
code blocks in the first week. However, 20 participants addressed it in the eighth week.

Under the category of “decomposition,” participants did not say anything about defining and
subdividing a problem in the first week. However, they started to mention as the weeks progressed. Under the
category of “simultaneity,” participants were able to create projects flawlessly and fluidly, create activities
that fit the purpose, and complete more than one task at the same time. Several quotes from the students’
reflective journals and some screenshots from their Scratch projects are presented in Figures 1 and 2.
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Table 3. Qualitative results regarding computational thinking
Frequency

Category Code WL W2 W3 WA W5 We W7 WS
Repetitive Typing codes easily for repetitive actions - 3 8 11 15 17 20 20
actions Continuous rotation - 2 5 6 10 12 15 17

Continuous motion - 3 5 7 11 13 15 19
Continuous speech - 2 5 8 10 14 16 18
Continuous sound - 2 5 5 7 9 9 12
Algorithmic Planning - 5 8 10 13 15 17 21
thinking Following the steps - 2 5 7 10 12 14 17
Planning what code blocks to use - 3 4 8 10 12 15 20
Decomposition  Defining and subdividing a problem - 3 5 8 10 13 17 19
Simultaneity Making it flawless and fluid - 2 5 7 10 12 15 19
Helped me develop the ability to complete - 5 7 10 11 13 15 16
two tasks at the same time
Creating an activity that fits the purpose - 2 3 6 8 12 15 20

Some quotes about repetitive actions (P15) and algorithmic thinking (P13):

“l know how to use codes for repetitive actions, so | can type the codes and get the repetitive
actions going, like dropping music, for example.” (P15-week 3)

“| got the hang of the codes, so | was able to get all planets rotating for a certain period of time.”
(P15-week 4)

“For example, | was able to get the mother pigeon to clap her wings in a very short time because |
learned what code was where, so | had no trouble finding them.” (P15-week 6)

“l made a list of the necessary steps. You should first design and then actualize it so that you
wouldn't confuse things. Everything goes wrong the same way if you misplace a code. So, | was
very careful with it.” (P13-week 6)

vvvi

Figure 1. Scratch projects screenshots of (a) P15-week2, (b) P15-week4, (¢) P15-week?7,
(d) P13-week1, (e) P13-week3, (f) P13-week6

Some quotes about decomposition (P2) and simultaneity (P17):

“For example, the problem is how to design a math activity on Scratch. The subproblem is “Is the
level of knowledge about geometric shapes sufficient?” First, defining the problem and then
moving on to action helped me realize the significance of defining a problem before going about a
task.” (P2-week 2)

“First, | chose a backdrop and a sprite and then events and motions, which helped me create my
project of taking a walk-in nature.” (P2-week 4)
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“It helped me with the thing, first | thought about which sprite and backdrop to choose and which
code blocks to use, and then | created my project of matching with numbers.” (P2-week 5)

“First, | asked myself what kind of activity I could create with numbers, how to use the addition,
what codes to use, which helped me create an activity that fit the project, identifying a problem
and dividing it into subproblems helped me create my project by doing and living.” (P2-week 6)
“It helped me perform more than one thing at the same time because first, | think about how to
adapt the events to my sprites and then what codes to use. | mean, it helped me think about more
than one thing at the same time. The events unfold consecutively at the same time.” (P17-week 4)
“To create a Scratch project, you have to think about more than one thing. You have to think
about what codes to use and what sprites to choose. For example, | used codes for fruits and then
vegetables. My math topic was the sets; that’s how | managed the whole process.” (P17-week 6)

Figure 2. Scratch projects screenshots of (a) P2-weekl, (b) P2-week4, (¢) P2-week?7,
(d) P17-week1, (e) P17-week3, (f) P17-week8

Table 4 shows the qualitative results regarding the participants’ computational thinking from their
reflective journals. The qualitative results showed that the participants’ creative thinking improved
throughout the process. In the category of “fluency,” only a few participants stated that the intervention
improved their comprehensibility in the first weeks, whereas most participants noted it in the last weeks.
More than half the participants remarked that the intervention helped them envision things and design things
mentally in the last weeks. In the category of “originality,” the students expressed that the intervention helped
them create new things, use different blocks, and put new knowledge into practice in a different way. The
quotes from the students’ reflective journals and some screenshots from their Scratch projects as displayed in
Figure 3.

Table 4. Qualitative results regarding creative thinking

Frequency

Category Code wi W2 W3 W4 W5 We W7 W8
Fluency Envisioning 2 6 9 12 15 15 18 21
Increasing comprehensibility 1 2 7 11 15 16 18 20

Designing mentally 1 3 6 10 12 15 17 18

Originality ~ Creating new things 1 3 7 10 12 15 15 20
Using different blocks - 1 3 7 10 12 14 16

Putting new knowledge into practice 1 1 5 6 8 12 15 16

in a different way

Some quotes about fluency (P3) and originality (P9):

“I think I made some progress on using the Scratch.” (P3-week 2)
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“Of course, the course helped me think more deeply and from a broader perspective. The process
was quite hard, but it made me feel more alert because it encouraged me to think in three
dimensions.” (P3-week 3)

“The design process is mentally quite challenging. But as I focused on Scratch, | realized that
Scratch projects are not as difficult as they used to be. | make sure that the material and objects
are as close to reality as possible because kids remember what they see.” (P3-week 5)

“I've realized that | can create new and different visual things.” (P9-week 4)

“Now | can design and develop my own games.” (P9-week 5)

(d) ®

Figure 3. Scratch projects screenshots of (a) P3-week2, (b) P3-week5, (c) P3-weeks,
(d) P9-week3, (e) P9-week4, (f) P9-week?7

5. DISCUSSION

This study investigated the effect of online Scratch activities on college students’ computational and
creative thinking. The quantitative findings of the first research question of the study showed that the
intervention enhanced the participants’ their computational thinking. Our results are consistent with those of
many research in the literature [52]-[56], [60], [61]. Many research indicated that using Scratch helped the
learners to develop their computational thinking [52], [60], [61], [67], [68]. For example, Rodriguez-
Martinez, Gonzalez-Calero, and Séez-Lo6pez [52] found that Scratch helped six graders learn math concepts
and develop computational thinking. In another study, the researchers determined that Scratch activities
enhanced fifth graders’ computational thinking skills [67].

The quantitative findings regarding the second research question of the study showed that Scratch
activities improved the students’ creative thinking. Previous studies found similar findings [57]-[59]. For
example, Park et al. [59] conducted a study with 27 Korean primary school students using Scratch and
educational robots. The curriculum in the study was divided into three stages: fundamental, advanced, and
application. In the fundamental stage, the students learned and practiced basic programming language. In the
advanced stage, they learned and practiced advanced programming language. In the application stage, they
applied programming to Korean, music, and math. The results showed that the activities helped the students
develop fluency and originality, which are two subfactors of creativity. The results of this study support that
block-based platforms such as Scratch provide students with the opportunity to “extend their creative
expression to solve problems, create computational artifacts,” and develop new knowledge [20].

The findings on third research question of the study showed that qualitative findings obtained from
reflective journals supported those of the quantitative analysis. The results indicated that the participants did
not mention almost anything about computational and creative thinking in their reflective journals in the first
weeks. One of the reasons of this may be that the college students at first had difficulty in understanding
about what and how to do because they received online education during the COVID-19 pandemic. The other
is that computational and creative thinking are complex skills that take some time to develop. However, in
the following weeks, they began to highlight about these skills, suggesting that the Scratch activities helped
themselves develop their computational and creative thinking. Previous studies provide these findings. For
example, Ozyol [41] at first found that students had difficulty learning the sub concepts of computational
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thinking and had inadequate knowledge of the process. However, in the last weeks, he noted that they
developed coding and algorithmic thinking skills, learned many concepts (e.g., rotation, variable), and made
decisions more quickly and easily. Catlak, Tekdal, and Baz [51] conducted a literature review and concluded
that students considered Scratch an easy, engaging, and fun program that helped them develop algorithmic
thinking and programming skills and made them more creative and motivated. In addition, reflective journals
often subjectively focus on personal experiences, reactions, and reflections. Therefore, this might improve
students’ critical thinking abilities, motivate them to reflect on their own thinking (meta-cognition), and help
for their assignments [69].

6. CONCLUSION

This study investigating the impact of online Scratch activities on the computational and creative
thinking of college students concluded that the intervention enhanced these skills that are 21st century skills.
In addition, this study indicated that both qualitative and quantitative findings support each other. The results
imply that the outcomes of this study are applicable in education practice. Therefore, to educate qualified
individuals with 21st century skills, the scratch activities ought to be integrated into both science and
mathematics education curriculums and teacher education programs.

The results in general show that Scratch helps college students develop computational and creative
thinking. However, this study has two limitations. First, there was no control group in this study. Although
our results indicate that Scratch is effective in developing the students’ computational and creative thinking, a
research design with a control group would have been ideal for making valuable comparisons and drawing
more definitive conclusions. Second, we did not investigate whether some personal characteristics affect their
computational and creative thinking, although it has been found to be associated with computational and
creative thinking. However, this was because almost all students in the classroom were female. Researchers
should integrate Scratch into other disciplines and determine its effect on different dependent variables. We
offer that they should also conduct longitudinal studies to better understand the long-term effects of Scratch
activities on students’ computational and creative thinking.
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