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Abstract: This study seeks to explore the relationship between science teachers’ computational
thinking skills, collaborative learning attitudes, and their creativity in the context of sustainable
education. The study adopted an explanatory sequential design, which is one of the designs used
in mixed-method research. A total of 369 science teachers were included in the quantitative phase
of the study. Quantitative data were collected using three different scales. These scales included
the “Computational Thinking Scale”, “Online Cooperative Learning Attitude Scale (OCLAS)”, and
“Creative Self-Efficacy Scale”. Structural Equation Modelling (SEM), confirmatory factor analysis,
and path analysis were conducted to analyze the quantitative data. The qualitative phase of the study
consisted of nine science teachers. Data were collected with a semi-structured interview form by
considering the scores obtained from the scales. Qualitative data were analyzed through descriptive
analysis. It was found that science teachers’ computational thinking skills and collaborative learning
attitudes significantly predicted their creativity within the framework of sustainable education. As
a result of the interviews conducted, it was concluded that science teachers lacked computational
thinking skills. It is critical to provide teachers with guidance on how to integrate computational
thinking skills into their subject areas. Science teachers’ knowledge of computational thinking skills
can be enhanced, and computational thinking skills can be included in all teacher education programs.

Keywords: computational thinking skills; teacher education; collaborative learning; creativity; science
teachers; sustainable education

1. Introduction

Today, in parallel with advances in technology, almost everyone, regardless of age,
is expected to have certain basic computer skills [1]. It is essential for individuals to
integrate digital technologies into their lives in order to solve the problems that they
encounter in their daily lives by thinking critically [2]. Therefore, it is necessary to provide
individuals with problem-solving skills using technology and to raise individuals with this
competence [3]. In order to prepare individuals for the world of the future, individuals
are expected not to consume technology but to have a productive role by making use of
existing technologies [4]. Computational thinking skills are necessary for achieving this [5].

Ref. [2] defines computational thinking skills as “individuals’ ability to solve prob-
lems by making use of the fundamental concepts of computer science and understand
human behavior”. This covers a wider area than just programming and coding skills [2].
Computational thinking skills include mathematical thinking by using a generalizable
approach in the problem-solving process. It adopts engineering thinking by focusing on
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the design and evaluation of complex systems. It also includes scientific thinking aimed
at understanding elements such as human behavior, cognitive processes, and intelligence.
This multifaceted structure makes computational thinking skills an effective tool in inter-
disciplinary problem-solving and modeling processes. The combination of mathematical,
engineering, and scientific perspectives allows computational thinking skills to find a wide
range of applications. This allows individuals to solve complex problems in a structured
and effective way. Computational thinking skills are divided into sub-dimensions, in-
cluding abstraction, algorithmic thinking, collaboration, creativity, critical thinking, data
analysis, debugging, decomposition, intuitive reasoning, and problem-solving [6,7]. Ref. [1]
stated that computational thinking skills includes a number of familiar concepts, such as
problem decomposition, data representation, and modeling, as well as less well-known
ideas such as binary search, recursion, and parallelization. Computational thinking skills
also include analytical thinking skills such as reading, writing, and basic mathematics
skills [1]. In addition, there are institutions and organizations with international standards
that support computational thinking skills in the field of education. These organizations [8],
policymakers, and large-scale companies (Google, Microsoft, etc.) have supported this
thinking skill and defined computational thinking skills as a competence that everyone
should acquire at the basic level.

Over the past three decades, computational thinking skills have become increasingly
important and have attracted great attention in the context of sustainable education. For
this reason, they are regarded as essential for individuals to be able to keep up with the
digital age. In order to integrate digital technologies smoothly into future generations
and sustainable education, it is crucial for individuals to develop skills such as creativity
and problem-solving. In the digital world, there is a growing need for creativity to solve
problems across all areas of life. Creativity is defined as “the generation of both new and
useful ideas” [9]. Creativity is described as having original, unique, and useful ideas in
which a solution is developed individually or collaboratively [10]. Creativity is related to
constructs such as creative thinking [11], creative problem-solving [12], and innovation [13].
Creativity refers to developing solutions by using as few resources as possible. In computer
science, creativity is defined as design that requires fewer resources [14]. To maintain
competitiveness, every individual, especially the younger generation, is expected to be
digitally comfortable and competent and willing to contribute to social development by
creatively solving problems with digital technologies [15].

Collaborative learning is a learning approach in which students work together in
small, independent groups to achieve common educational goals, and their performance
is evaluated both individually and as a group [16]. Collaborative learning can be cate-
gorized into two primary forms: group-based collaborative learning and partner-based
collaborative learning. In group-based collaborative learning, participants collaborate as a
cohesive unit, engaging in a shared learning experience that emphasizes teamwork and
collective problem-solving. Conversely, partner-based collaborative learning involves the
distribution of tasks among individual partners, where each member takes responsibility
for specific subtasks. In this latter model, partners work independently on their assigned
components, subsequently merging the individual contributions to form a comprehensive
final output. This approach promotes both accountability and interdependence, as each
participant’s efforts are critical to the success of the overall project. The integration of
individual work into a collective outcome not only enhances the learning experience but
also fosters skills such as communication, negotiation, and collaborative problem-solving,
which are essential for success in various academic and professional contexts. In collab-
orative learning, group members are anticipated to engage in negotiation processes to
collaboratively fulfill their assigned tasks [17,18]. Collaborative learning is also related
to the development of students’ computational thinking skills. Likewise, it has been re-
ported that collaborative game-based learning fosters students’ computational thinking
skills [19]. Studies focusing on creativity in computational thinking skills are generally
based on two main categories [20]. The first category addresses creativity in the context
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of computational thinking skills, while the second category examines creativity outside of
computational thinking skills. Refs. [5,21] highlight the significant role of digital platforms
in developing students’ problem-solving and creative thinking skills within the context
of computational thinking skills. In this context, digital tools and platforms provide a
basis for students and teachers to solve complex problems more creatively and effectively,
while fostering their cognitive flexibility and innovative thinking skills. Studies in the
context of creativity, other than computational thinking skills, focus on the relationship
between the acquisition of computational thinking skills and creativity measurements.
Studies in this category examine whether or not creativity can be fostered through teaching
computational thinking skills [22,23] and whether or not computational thinking skills can
be developed by supporting creativity [24]. Studies examining the relationship between
computational thinking skills and creativity from various perspectives provide important
findings for understanding the dynamics between these two skills. These studies reveal
how computational thinking skills and creativity support each other and how they can be
applied in the context of sustainable education. However, the limited number of studies
involving teachers as a sample limits the generalizability of the findings in this area regard-
ing educational practices. Considering the critical role that teachers play in teaching both
computational thinking skills and creativity, more extensive research focusing on teachers
is necessary. Such studies can provide important guidance for integrating these two skills
into educational processes more effectively.

In this learning process, students develop the skills of questioning, sharing their
thoughts, being open to different perspectives, and creating new understandings through
interaction between them [25]. Designing an education system to support these skills is
considered an important step towards raising individuals who think differently and use
their imagination effectively. Imagination stands out as the fundamental nurturing element
of creativity [24]. Ref. [26] defined creativity as a way of thinking and emphasized that it
is closely linked to imagination. Therefore, teachers need to guide students and support
this process through in-class activities in order to enable them to develop their creativity
and provide sustainable education. Regarding collaborative learning strategies, one study
designed a collaborative learning environment by using computational thinking skills in
order to teach area calculation to middle school students [27]. In another study, a program
that bridges home and school environments was designed by utilizing a digital platform
with Web 2.0 features to facilitate structured collaborations in science classes. Following
these procedures, students’ achievements in science were reported to have increased [28].
Overall, research suggests that a constructivist learning framework can help students learn
social interaction, cognition, higher-order thinking, sustainable education, and compu-
tational thinking skills. In addition, these acquired skills are skills that individuals will
continuously use both now and in the future, and they are skills whose importance should
be highlighted.

The literature includes studies reporting on factors affecting the computational think-
ing skills of elementary school students, with the effect of collaborative learning [29], the
relationship between creativity and computational thinking skills [30], and the effects of
computational thinking skills and creative problem-solving [31]. In this regard, it is crucial
to develop computational thinking skills for sustainable education within the educational
process, as well as to identify the factors that contribute effectively to acquiring these skills.
Research has long focused on encouraging teachers to use technology effectively in educa-
tion. However, it is seen that there are still deficiencies in teachers’ knowledge and skills in
using technology [32]. Literature reviews reveal that teachers with high technological skills
are more inclined to use technology in the future. This shows that the teacher education
process plays a critical role in their effective use of information and communication tech-
nologies in the future [33]. In line with sustainable education goals, it is of great importance
for teachers to learn computer-supported collaborative learning environments based on
social constructivism principles and to be able to use such environments effectively. In this
context, it is vital to determine the strengths and weaknesses of a learning environment that
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supports collaborative problem-solving processes and teach them to teachers. In particular,
transferring the design stages of problem-based collaborative learning environments rein-
forced by dynamic web technologies to teachers will contribute to their ability to effectively
apply these technologies in their lessons and to increase their creativity. This approach
aims to increase teachers’ awareness of technology-based pedagogical strategies and to
widely use such innovative learning environments in the classroom environment. The
review of the literature has identified several gaps related to this issue, particularly that
no study has examined the interrelationship between teachers’ computational thinking
skills, sustainable education, collaborative learning, and creativity skills. For this reason,
this study makes a significant contribution to the literature. In this context, this study aims
to determine the extent to which science teachers’ computational thinking skills predicts
their collaborative learning within the framework of sustainable education and whether or
not the creativity variable has an impact on this prediction level. The research questions
formulated in line with the purpose of the study are as follows:

1. What is the relationship between science teachers’ computational thinking skills and
their creativity in the context of sustainable education?

2. What is the relationship between science teachers’ computational thinking skills and
their collaborative learning in the context of sustainable education?

3. Is there a significant relationship between science teachers’ computational thinking
skills, collaborative learning, and creativity in the context of sustainable education?

4. How do science teachers perceive the relationship between computational thinking skills,
collaborative learning, and their creativity in the context of sustainable education?

2. Method

A mixed design, which involves the joint use of quantitative and qualitative research
methods, was employed in the study. Qualitative data are necessary to understand the
subjective world of the participants in cases where quantitative data alone are insufficient.
The study adopted an explanatory design, in which, first, quantitative data are collected
and analyzed, then the analysis process is completed using qualitative data based on the
former analysis [34].

The research consisted of two phases, and in the first phase the correlational survey
model was taken as the basis. In the correlational survey model, the correlations between
the variables are examined, and the correlation values of the relationships between the
variables are calculated accordingly [34]. In the study adopting the correlational design,
the mediation effect between the mediator variable (Creativity) and the other variables was
checked. In the next phase, qualitative data aimed to reveal the current situation by using
the case study method.

This study aims to determine the extent to which science teachers’ computational
thinking skills predicts their collaborative learning in the context of sustainable education
and whether or not the creativity variable affects this prediction level.

The hypotheses formed in line with the purpose of the study are given below
(Figures 1–3).
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H1. There is a significant relationship between the sub-dimensions of computational thinking skills
and creativity of science teachers.

H2. There is a significant relationship between the sub-dimensions of computational thinking skills
and collaborative learning of science teachers.

H3. The sub-dimensions of computational thinking skills and collaborative learning of science
teachers are significant predictors of creativity.

2.1. Sample

The sample of the study comprises science teachers in the 2022–2023 academic year. It
includes 369 teachers selected through the purposive sampling method. In the first phase
of the study, the relationship between teachers’ computational thinking skills, collaborative
learning, and creativity was examined. A total of 68.8% of the students taking part in
the study were female science teachers and 31.3% were male science teachers. When
their grade levels were analyzed, it was revealed that 24.8% of them were in first grade,
26% in second grade, 23.6% in third grade, and 28.4% in fourth grade.

In the qualitative data collection phase, the average scores of the scales were calculated,
and teachers who received low and high scores on the scales were identified to create the
study group of the research. In this regard, several open-ended questions were posed to
nine teachers.

2.2. Data Collection Tools

“Online Cooperative Learning Attitude Scale”, “Computational Thinking Scale”,
“Creative Self-Efficacy Scale” and an open-ended questionnaire form were used as data
gathering tools in the study.

2.2.1. Computational Thinking Scale

Within the scope of the research, the “Computer Thinking Skills Scale” developed
by [35] was used to measure the computational thinking skills of science teachers. The scale
is a five-point Likert-type scale consisting of 29 items and five factors, which are “creativity”,
“algorithmic thinking”, “cooperativity”, “critical thinking”, and “problem-solving”. The
internal consistency coefficient of the scale was found to be 0.82, and it was calculated as
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0.79 for the present study. EFA and CFA values were checked to test the construct validity
of the scale, and the KMO value of the scale obtained as a result of EFA was found to be
0.77. The Bartlett Sphericity value was found to be 596 (p < 0.001, df = 25). The fit index of
the scale was calculated (x2/df = 458.65 df = 1.50, NFI = 0.91, RMSEA = 0.053, CFI = 0.96)
and was found to be acceptable.

2.2.2. Online Cooperative Learning Attitude Scale (OCLAS)

The “Online Cooperative Learning Attitude Scale” developed by [7] was employed
to measure students’ “Collaborative Learning”. The scale is a five-point Likert-type scale
consisting of 17 items and two factors, which are “positive attitude” and “negative atti-
tude”. The internal consistency coefficient of the scale was calculated as 0.90, and it was
measured as 0.84 for the present study. The fit index values were calculated for this study
((x2 = 2003.85/df = 404) = 4.95 (p = 0.00), NFI = 0.84, GFI = 0.78, RMSEA = 0.09, CFI = 0.87)
and were considered acceptable for the model [36].

2.2.3. Creative Self-Efficacy Scale

The Creative Self-Efficacy Scale (CSES) was developed by [37] and adapted to Turkish
by [38]. The CSES aims to measure employees’ perceptions of their ability to be creative
in their work and is a five-point Likert-type scale that consists of three items. The in-
ternal consistency coefficient of the scale was calculated as 0.72, and it was measured
as 0.84 for the present study. The fit index values were also calculated for this study:
(x2 = 93.36/df = 32) = 2.93 (p = 0.00), NFI = 0.95, GFI = 0.97, RMSEA = 0.05, CFI = 0.97.
Considering these values, the fit indices of the model are considered acceptable [36].

2.2.4. Open Ended Questionnaire

Qualitative data were gathered using a semi-structured interview form with open-
ended questions aimed at revealing the feelings and opinions of the teachers regarding
computational thinking skills, collaborative learning, and their perception of creativity. The
questions in this form include dimensions designed to explore the connections established
in real life, such as creativity, algorithmic thinking, cooperativity, critical thinking, problem-
solving, positive attitude, negative attitude, creativity, and meaning making. A total of
three experts were consulted while preparing the questions.

2.3. Data Collection

Necessary permissions were obtained to collect data for the study, and quantitative
data were collected in the fall semester of the 2022–2023 academic year. Data were collected
after the class hours, and the participants were informed by the researcher about the scales.
For this reason, no problems were experienced. Following the collection and analysis of
the quantitative data, teachers with low and high scores on the scales were identified,
and qualitative data were collected at the beginning of the spring term of the 2022–2023
academic year.

3. Data Analysis
3.1. Quantitative Data Analysis

The scales were completed by 382 teachers. Data suitability for analysis was tested
by the assumption of normality and the identification of missing data. For one thing, data
were checked to identify any missing data, and it was found that the missing data rate for
each item was below 5%. The missing values were replaced with the item mean without
changing the overall mean. The kurtosis and skewness coefficients calculated to verify the
normality assumption for the items were taken considering the range of −10 < kurtosis < 10
and −3 < skewness < 3 [39]. KMO and Bartlett’s tests were conducted to determine the
construct validity of the scale and the necessity for factor analysis. Following the removal
of the invalid data, the data gathered from 369 teachers were entered into the SPSS 23
statistical program. A structural equation model was established to explain the effect of
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teachers’ computational thinking skills on their collaborative learning in the context of
sustainable education when creativity was included as the mediator variable. After the
descriptive statistics of the variables were calculated, the correlations were examined to
reveal the relationship between the variables. For the analyses, SPSS 23 was used for
descriptive statistics and correlation calculations, and LISREL 8.7 was utilized for structural
equation modelling. Descriptive statistics were used in the analysis of the qualitative data,
and the responses of the teachers were interpreted through examples that present the
findings obtained for the research problem.

3.1.1. The Goodness of Fit Interval Values for the Evaluation of Model Fit

The analysis of the model fit indices indicated that RMSEA value showed a perfect
fit and CFI value had an acceptable fit. However, AGFI remained outside the acceptable
range. Considering these values, confirmatory factor analysis results suggest a structural
fit for the model.

3.1.2. Qualitative Data Analysis

The qualitative data of the research were subjected to descriptive analysis, and the
opinions of the participants were gathered and interpreted. Descriptive analysis refers
to the interpretation of opinions after taking the opinions of the participants [40]. In the
current study, research questions were formulated by utilizing the literature, and the data
were categorized according to the responses given to the research questions. In this context,
codes and themes were generated.

4. Findings

The research made use of descriptive statistics for the variables. Arithmetic mean and
standard deviation values were calculated. Then, Pearson correlation coefficient values
were calculated to reveal the relationship between the variables, and the findings are given
in Table 1.

Table 1. Confirmatory factor analysis fit index values of the measurement model [36,39,40].

Fitness Criteria Good Fit Acceptable Fit Fit Indices Obtained in
the Study

X2/df 0 ≤ X2/df ≤ 2 2 ≤ X2/df ≤ 5 3.25
RMSA 0 ≤ RMSA ≤ 0.05 0.05 ≤ RMSA ≤ 0.10 0.04
SRMR 0 ≤ SRMR ≤ 0.05 0.05 ≤ SRMR ≤ 0.10 0.08

NFI 0.95 ≤ NFI ≤ 1 0.90 ≤ NFI ≤ 0.95 0.96
CFI 0.97 ≤ CFI ≤ 1 0.90 ≤ CFI ≤ 0.95 0.92

AGFI 0.90 ≤ AGFI ≤ 1 0.85 ≤ AGFI ≤ 0.90 0.79

Table 2 shows that the computational thinking skills, collaborative learning, and cre-
ativity of the science teachers are close to 3 on the 5-point Likert-type scale. Therefore, it
can be stated that the participants had moderate levels of computational thinking skills,
collaborative learning, and creativity. In addition, it can be seen in the table that their
computational thinking skills were highest in the creativity sub-dimension (Mean = 4.23)
and lowest in the problem-solving sub-dimension (Mean = 2.12); their collaborative learn-
ing was highest in the positive attitude sub-dimension (Mean = 3.79) and lowest in the
negative attitude sub-dimension (Mean = 2.27), and finally their creativity was highest in
the first and second sub-dimensions (Mean = 4.03) and lowest in the third sub-dimension
(Mean = 3.95).
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Table 2. Pearson correlation and mean values for the variables.

Variables M SD. 1 2 3 4 5 6 7 8 9 10

Computational thinking skills

1. Creativity 4.23 0.0406 0.466 ** 0.513 ** 0.410 ** −0.435 ** 0.492 ** −0.368 ** 0.507 ** 0.497** 0.410 **

2. Algorithmic thinking 3.66 0.0626 0.414 ** 0.446 ** −0.181 * 0.275 ** −0.142 0.199 * 0.244 ** 0.193 *

3. Cooperativity 3.85 0.0729 0.369 ** −0.386 ** 0.755 ** −0.579 ** 0.382 ** 0.347 ** 0.314 **

4. Critical thinking 3.69 0.0579 −0.200 * 0.302 ** −0.166 * 0.323 ** 0.417 ** 0.306 **

5. Problem-solving 2.122 0.0699 −0.288 ** 0.434 ** −0.400 ** −0.442 ** −0.354 **

6. Collaborative learning 3.03 0.0279

7. Positive 3.79 0.0665 −0.680 ** 0.361 ** 0.311 ** 0.277 **

8. Negative 2.27 0.0764 −0.242 ** −0.190 * −0.162 *

9. Creativity 4.00 0.0647

10. Cre 1 4.03 0.075 0.769 ** 0.598 **

11. Cre 2 4.03 0.077 0.649 **

12. Cre 3 3.95 0.070

* p < 0.05; ** p < 0.01; N = 369.
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The correlation coefficients given in Table 2 show that there was a low-level, negative,
and significant relationship between the creativity, cooperativity, algorithmic thinking, and
critical thinking sub-dimensions, which are the sub-dimensions of computational thinking
skills, and the positive attitude sub-dimension at the levels of −0.368, −0.142, −0.579, and
−0.166, respectively (p < 0.01).

4.1. Findings Regarding the First Sub-Problem

In the analysis of the data related to the first sub-problem of the study, primarily
computational thinking skills, collaborative learning, and creativity were identified as
implicit variables. Five sub-dimensions of the Computational Thinking Scale and two
sub-dimensions of the Online Cooperative Learning Attitudes Scale were assigned to the
model as observed variables. As a result of the exploratory factor analysis, three sub-factors
were obtained by item parceling, and a measurement model with three latent variables
and eleven observed variables was built. Item parceling is the aggregation of items that
reflect the sub-dimensions of the scale and have a more homogeneous structure by taking
into account the factor loadings of the items of the scale. The model created is shown
in Figure 4.
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According to the measurement model shown in Figure 4, the Chi-square value
x2 = 100.91, df = 32 was found to be significant at the p = 0.00 level. As a result of di-
viding the Chi-square value by the degrees of freedom (x2/df), the value of 3.125 was
obtained. The goodness-of-fit indices were calculated as RMSEA 0.05, AGFI 0.79, CFI
0.92, GFI 0.88, NFI 0.96, and SRMR 0.08. Considering these values, the fit indices of the
measurement model are considered good [40]. According to the model, there was a highly
positive and significant (0.86) relationship between the teachers’ computational thinking
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skills and collaborative learning, and a highly positive and significant (0.55) relationship
between their computational thinking skills and creativity, and a positive and significant
(0.32) relationship between their creativity and collaborative learning. Accordingly, as the
collaborative learning levels of the teacher rose, so did their creativity and computational
thinking skills levels. In the measurement model, t-values were checked to test the signifi-
cance of the direct effects. The obtained t-values confirmed the significance of the factor
loadings. The t-values of the model are illustrated in Figure 5.
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4.2. Findings Regarding the Second Sub-Problem

As a result of the analysis conducted for the second sub-problem of the research, a
direct relationship was found between computational thinking skills and collaborative
learning. The structural model developed is shown in Figure 6.

As revealed in Figure 6, the correlation between the variables of collaborative learning
and computational learning was found to be positive (0.88) and high. The goodness
of fit indices of the model ((x2 = 5.06, p = 0.00), SRMR = 0.092, GFI = 0.88, CFI = 0.86,
IFI = 0.86, NFI = 0.78, RMSEA = 0.1, AGFI = 0.74, and RMR = 0.005) indicated a good fit for
the model [40].
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4.3. Findings Regarding the Third Sub-Problem

In the analysis conducted for the third sub-problem of the research, creativity was
included in the model as the mediator variable between computational thinking skills and
collaborative learning. The model including the partial mediation relationship was ana-
lyzed. While explaining the relationship between a dependent variable and an independent
variable within the framework of Structural Equation Modeling (SEM), it is expressed that
a mediator variable indirectly affects this relationship [41]. In order for the relationship
between dependent and independent variables to be comprehensive, a mediator variable is
required. The partial mediator model created is shown in Figure 7.
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Figure 6 indicates that the direct impact of computational thinking skills on collabora-
tive learning was 0.88, and Figure 7 shows that it was 0.36 when creativity was included
as the mediator variable. Drawing on this decrease in the relationship level, it can be
suggested that creativity has a partial mediating effect on the relationship between com-
putational thinking skills and collaborative learning. When the fit statistics of the model
were examined, it was seen that the fit indices were at an acceptable level [40]: Chi-square
value x2 = 195.01, df = 41, p = 0.00, x2/df = 4.75, AGFI = 0.69, GFI = 0.81, CFI = 0.84, and
RMSEA = 0.15.

4.4. Qualitative Findings

The qualitative findings of the study are consistent with the quantitative data. The
qualitative phase of the study was divided into three codes and eleven themes. The codes
of the study included computational thinking skills, collaborative learning, and creativity
of teachers, and the themes of the study comprised Creativity, Algorithmic Thinking,
Cooperativity, Critical Thinking, Problem-solving, Negative Attitude, Positive Attitude,
Original Ideas, Overcoming a problem, and Building on the ideas of Others (Table 3).

Table 3. Qualitative findings.

Codes Themes T1 T2 T3 T4 T5 T6 T7 T8 T9 f %

Computational
Thinking Skill

Creativity ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 10 100.0%
Algorithmic Thinking 0 0.0%

Cooperativity ✓ ✓ ✓ ✓ 4 44.4%
Critical Thinking ✓ ✓ ✓ 3 33.3%
Problem-solving ✓ ✓ ✓ 3 33.3%

Collaborative
Learning

Negative Attitude 0.0%
Positive Attitude ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 9 100.0%

Creativity
Original Ideas ✓ ✓ ✓ ✓ ✓ ✓ 6 66.7%

Overcoming a Problem ✓ ✓ ✓ ✓ ✓ 5 55.6%
Building on the ideas

of Others ✓ ✓ ✓ 3 33.3%

It is seen that the themes that were most preferred by the science teachers include
creative thinking skills and original ideas, and the least preferred themes were algorithmic
thinking skills and negative attitudes. The statements of the teachers regarding this theme
are as follows:

T2,T6,T9: “Computational thinking skills refers to the use of 21st century skills in
solving a problem. These skills can be critical thinking skills, creative thinking skills, and
interdisciplinary thinking skills.”

T1,T5,T6,T8: “Collaborative learning means working together with a group in research-
ing a subject and solving a problem and analyzing the problem situation in coordination
with more than one person. If we analyze the problem situation in coordination with more
than one person, the most creative and comprehensive solutions will emerge because each
person has different thoughts or ideas.”

T2,T6,T9: “Coming up with a creative idea or solution alone is a difficult task. With
collaborative learning, more original results come out with the ideas of more than
one person. In relation to computational thinking skills, in interdisciplinary think-
ing, which is also a sub-thinking of computational thinking skills, addressing a problem
in an interdisciplinary dimension can be seen healthier for the solutions, results, and
causes of that problem.”

T1,T3,T4,T6,T7,T9: “Since computational thinking skills and collaborative learning
are based on problem-solving, they are directly related to creativity. Generating new
ideas in the problem-solving process requires creative thinking skills as it tries to solve
a problem in different ways. While computational thinking skills refers to analyzing a
subject or concept thanks to the knowledge acquired, creativity is the endeavor to add new
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meanings to the subject matter, and collaborative learning means bringing it together as
a group. What is important here is to discuss how the knowledge stored in different layers
of the mind can be used to solve a certain problem by exchanging ideas between small or
large groups.

5. Conclusions

According to the research findings, collaborative learning has a significant effect on
computational thinking skills; the creativity variable has a partial mediating effect on this
relationship, and this indirect effect is also statistically significant. These results suggest
that including teachers in technology-supported processes and providing a culture of
collaboration supports the development of computational thinking skills. In addition,
these skills will enable teachers to use collaborative and technology-supported learning
environments more effectively in their lessons in their professional lives. This finding
underscores the importance of developing teachers’ skills in using technology effectively
in terms of future educational practices. The research results also revealed that science
teachers have deficiencies in computational thinking skills. This deficiency also affects the
relationship with collaborative learning and creativity. The strengths of the technology-
supported online learning environment are that the teacher–student and environment
interaction is simultaneous, it offers a learning process independent of time and space, and
students construct knowledge by working together with technology support and receive
accurate feedback in this process. In this context, it is recommended that science teachers be
trained so that they can integrate online technologies into their teaching–learning processes.
This will contribute to the development of teachers’ computational thinking skills for
sustainable education and enable them to play a more active role in technology-supported
educational environments.

6. Discussion

The results of the study indicate that, within the context of sustainable education,
collaborative learning affects computational thinking skills, and at the same time the
creativity variable serves as a partial mediator in this relationship, and this indirect ef-
fect is statistically significant. It has been reported that computational thinking skills
have an impact on collaborative learning and creativity, and that programming improves
creativity [42,43]. Ref. [8] also supports the research findings and indicates that creativity,
algorithmic thinking, critical thinking, problem-solving, and communication and cooper-
ation skills are essential components of computational thinking skills. It has been noted
that teachers associate computational thinking skills mainly with problem-solving and
logical thinking skills [5]. Computational thinking skills are of crucial importance for
the development of other thinking skills. In one study, the relationship between creative
thinking and computational creativity of secondary school students was examined and
a special game-based platform was prepared. In the study, it was reported that students
solved the challenges in the game platform more easily as their creativity levels rose [15,30].
In addition, both project-based learning and collaborative learning have positive effects on
computational thinking skills [44]. Therefore, the issue of how to develop computational
thinking skills, especially in teacher education, is a current and much-needed issue [45]. In
order to develop these skills, it is essential to equip teachers with the knowledge necessary
to integrate computational thinking skills into learning environments. However, although
computational thinking skills are considered a fundamental skill set to adapt to the future,
the literature does not provide a clear framework for how these skills can be gained [44].

In a study where collaborative learning was provided on computational thinking
skills performance, a group of students was presented with a task and content monitoring
environment (planning, monitoring, and evaluation). During this process, teachers were
asked to plan what students would learn, what assignments they would do, and how
they would be assessed. The results of the study revealed that computational thinking
skills performance serves as an important factor for collaborative learning. In this context,
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teachers should use collaborative game-based activities, explain each stage of the activities,
and teach with innovative teaching practices. Teachers and learning environments are
recognized as critical factors in fostering the development of students’ computational
thinking skills [46]. Educators play a central role in designing and facilitating learning
experiences that foster problem-solving, abstraction, algorithmic thinking, and data analy-
sis. Effective learning environments, particularly those enriched with technology, provide
opportunities for students to engage in collaborative and interactive activities that build
these skills [47]. As such, both the teacher’s instructional practices and the structure of the
learning environment significantly influence students’ ability to acquire and apply compu-
tational thinking skills in various contexts. To effectively develop computational thinking
skills, collaboration between computer scientists, educators, and educational technologists
is essential. These stakeholders should work together to design instructional activities
that integrate computational thinking skills concepts, such as problem decomposition,
pattern recognition, and algorithmic reasoning. Furthermore, these activities should be
systematically incorporated into teacher training programs, ensuring that educators are
equipped with the necessary knowledge and pedagogical strategies to foster computational
thinking skills in their classrooms. This interdisciplinary approach aims to enhance teachers’
capacity to deliver computational thinking skills education, thereby improving student out-
comes in technology-driven problem-solving. Enhancing science teachers’ understanding
of computational thinking skills is crucial for promoting sustainable education practices
within the realm of teacher education. Integrating computational thinking skills into all
teacher education programs can equip educators with the necessary skills to effectively
incorporate computational methods and strategies into their curricula. This foundational
knowledge will enable science teachers to facilitate students’ engagement with complex
problem-solving scenarios and foster critical thinking skills that are essential in today’s
technology-driven world. Moreover, by embedding computational thinking skills within
teacher training frameworks, educators can better prepare future generations to navigate
and innovate within the increasingly digital landscape of scientific inquiry and education,
ultimately contributing to the development of a more sustainable educational ecosystem.

Future research should emphasize the collaborative efforts between educators and
computer scientists to create tangible examples of integrating computational thinking skills
across various core content areas, including literacy, arts, mathematics, and science [5].
This collaboration is essential to develop a comprehensive framework that illustrates the
practical applications of computational thinking skills in diverse educational contexts [48].
If teachers’ content knowledge is not significantly enhanced, their grasp of computational
thinking skills will likely remain superficial, characterized by an “abstract” understanding
that lacks depth and relevance to the subject matter they are responsible for teaching.
Consequently, a focused initiative aimed at professional development for teachers, which
encompasses both pedagogical strategies and subject-specific content, is imperative. Such
an approach will empower educators to deliver a more meaningful and applicable learning
experience, thereby fostering students’ ability to engage with and apply computational
thinking skills in real-world scenarios [49,50]. For this reason, understanding the relation-
ship between the variables is considered essential in terms of the characteristics of the
person to be raised by the teacher candidates who will build the future. The creativity
variable can be key for individuals to acquire computational thinking skills and collab-
orative learning within the context of sustainable education. Thus, it can be proposed
that the person’s ability to acquire knowledge will also affect their creativity. The change
variable can be a crucial factor for individuals to acquire computational thinking skills and
collaborative learning. Therefore, the ability of a person to acquire knowledge is also an
important factor in the domain of innovation.

The examination of the relationship among science teachers’ computational thinking
skills, collaborative learning, and their creativity within the context of sustainable education
reveals that pre-service science teachers lacked computational thinking skills. As a result
of the interviews, it was revealed that the teachers had no opinions about algorithmic
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thinking. This finding is consistent with studies indicating that pre-service teachers lack
the necessary knowledge and skills to teach computational thinking skills [51,52]. How-
ever, it has been revealed that when computational thinking skills, positive attitude, and
collaborative learning are supported, creativity has an effect. It has also been found that
teachers have superficial perspectives on computational thinking skills and teaching. It
is seen that program developers have carried out a number of studies in order to provide
these skills to pre-service teachers who can build the future [52]. It is recommended that
program developers in our country carry out studies that will help acquire these skills.
Science teachers, both in pre-service and in-service training, should be taught computer
programming and coding language. In addition, the effective use of technology both during
and after classes (virtual assignments, etc.) can help increase students’ achievements in
science and foster their interest and positive attitudes towards the lesson.

7. Limitations

In future studies, the extent to which collaborative learning and creativity training
improve individuals’ computational thinking skills in different sample groups should be ex-
amined in detail. Computational thinking skills encompasses multifaceted cognitive skills
such as system thinking, modeling, abstraction, data analysis, and pattern creation [53].
Identifying which of these skills creativity predicts better can contribute to the effective
development of creativity-based educational programs to be planned in this direction. In
addition, implementing these programs in sustainable education processes and investigat-
ing their effectiveness is suggested as an important research topic. In recent years, it has
been stated that the relationship between collaborative learning, creativity, and computa-
tional thinking skills for sustainable education has been intensively researched, especially
in the United States, and the number of studies on this subject has increased rapidly [19].
However, ref. [54] examined the relevant literature in Turkey, and although there has been
an increase in the number of studies on coding and robotic coding education, no studies
were found that addressed the relationship between collaborative learning, creativity, and
computational thinking skills. This situation reveals that new and comprehensive studies
are needed to investigate the interaction between collaborative learning, creativity, and
computational thinking skills in Turkey. It is seen that there is a limited number of studies
conducted with teachers in the literature. However, although collaborative learning, cre-
ativity, and computational thinking skills are considered critical competencies in the digital
age, it is stated that the relationship between these concepts is still not fully understood [30].
The current study was limited to science teachers only. In this context, in order to obtain
more comprehensive scientific findings, it is recommended that studies using various
research methods be conducted on different samples. Such studies can further investigate
the relationship between collaborative learning, creativity, and computational thinking
skills and contribute to the development of more effective educational strategies to foster
these skills.

8. Suggestions

Teaching computer programming and coding languages in in-service training pro-
grams for science teachers and in the education of teacher candidates is a critical necessity.
It is suggested that effective use of technology in sustainable education processes and ex-
tracurricular activities (e.g., virtual homework) can increase students’ success in science and
support their interest and positive attitudes towards lessons. In addition, the use of algo-
rithms in decision-making processes can contribute to the development of students’ logical
thinking, problem-solving, and analytical skills, strengthening their cognitive competencies
and sustainable development. Such applications support the pedagogical integration of
technology, while at the same time preparing the ground for the development of innovative
attitudes in science teaching and strengthening sustainable development. Individuals
can determine strategic roadmaps that they can follow in solving a problem, for example,
“How can I increase my positive attitude in science class?”. They can produce solutions for
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themselves by asking questions like these. It is an important requirement to conduct studies
and research that will contribute to the development of computational thinking skills in
teacher education for sustainable education. Especially in science education, studies aimed
at developing individuals’ creativity and computational thinking skills can both increase
their education levels and contribute to sustainable development.
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