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Abstract

Coding tools that use blocks to create programs are popular among kids and play a key role in learning how to code.
The effectiveness of the coding courses that are available nowadays depends on how well the tools match the students’
needs. The aim of this study is to reveal the impact of digital game design-supported coding education with Scratch
on gifted students' Scratch academic achievement and self-efficacy. The research was conducted with a one-group
pre-test and post-test experimental design. The sample of the study consists of 40 gifted 3rd grade students studying
at a Science and Art Center in Tiirkiye. The Scratch achievement test and the Scratch self-efficacy scale were used
as pre- and post-tests before and after the training. The data from the study were analyzed with a dependent group t-
test. The post-test scores of the students obtained from the Scratch achievement and self-efficacy scale showed
statistically significant increases compared to the pre-test scores. It was revealed that digital game design-supported
education contributed positively to students' scratch achievement and self-efficacy in coding.
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Introduction

Since the beginning of the 21st century, all developed and developing countries in the world have been
implementing many practices to improve their education systems in order to benefit more from technology (Sabah,
2020). One of these practices is related to the popularization of coding education. Although coding is not a new
concept, it has started to find a place at the pre-school and primary school levels, which are considered the basic
steps of education, very quickly in recent years compared to previous periods (Saym & Seferoglu, 2016). Although
the words coding and programming differ in the curricula of countries in literature reviews, they can be used in
the same sense and are defined as performing a specified operation using computer commands (Kegeci et al.,
2016).

As technology becomes more integrated in schools, it has become important to be familiar with educational
software developed by computer technologies (Beauchamp, 2004). As we are going through a period in which
technology is combined with computers and computers are combined with software that is a necessity of the age,
coding software directs people to computerized thinking (Balanskat & Engelhardt, 2015). Hence, learning to code
has become a must-have skill for the 21st century. The applications and software needed for this have started to
be provided, and coding education is carried out with various coding tools in different age ranges (Olsson &
Granberg, 2022). Thus, coding education can be started even at an early age, such as preschool.

Although coding education can be started at a young age, some problems may arise during the education process.
The reason for this is often said to be the complexity and difficulty of the programming process and education in
young age groups (Kert & Ugras, 2009). In the literature review, coding studies have emerged in the last few years.
The literature mainly focuses on how coding education affects lesson motivation, the views on coding education,
and the analysis of documents. For example, Giiltepe (2018) interviewed eight teachers who participated in a
coding project and found that coding helped children to create ideas and gain self-confidence. Sirakaya (2018)
received opinions from 21 middle school students on coding education. As a result of the interviews, students
found block-based coding tools fun and interesting. Ozbey (2018), in his research on coding education for
preschoolers, discovered that coding can enhance children’s cognitive abilities, boost their problem-solving skills,
and help them apply it to other domains. These studies show that coding can be beneficial for children from an
early age in many ways. For this reason, it becomes important for children to have high achievement and self-
efficacy in the coding trainings they participate in.

Coding is a new topic of study, so it is misunderstood, incomplete, or unknown by parents, teachers, and students
in the education field (Tirker & Pala, 2018; Goncii, 2019). In the ongoing projects, there is a lack of equipment,
knowledge, and educators due to this situation (Giiltepe, 2018). While providing coding training, attention should
be paid to whether the programs are suitable for the age group of children and the characteristics of the period in
which they are (Resnick et al., 2009). This study used Scratch, a block-based coding program that is appropriate
for elementary school students and has a simple interface for kids. One of the reasons for choosing Scratch is that
it is understandable for students and can provide fun work opportunities (Ford, 2017). Hence, it is valuable to use
programs like Scratch in coding education.

Scratch

Scratch is a program developed by researchers at the Massachusetts Institute of Technology Media Laboratory to
teach coding (Balouktsis & Kekkeris, 2016). It is mostly designed for individuals between the ages of 8 and 16
and is now being actively used in approximately 160 countries. Users have the opportunity to share their projects
on Scratch with other individuals. By coding with Scratch, children learn important strategies for problem solving,
project design, and reasoning (https://Scratch.mit.edu/about). By sharing their Scratch projects interactively,
students improve their problem-solving and creativity skills in an enjoyable way (Balouktsis & Kekkeris, 2016).
The Scratch program, which is a block-based coding tool, has code blocks that can be moved with drag-and-drop
logic, making coding easier for children. Besides being appropriate for elementary school students (Ford, 2017),
the Scratch program can also be used by teachers and other adults without difficulty. Students can turn their work
into a project and save it in a file so that they can work on it again later. The program can be used online on the
internet as well as offline by installing it on computers. Each of the code blocks in the program means a command
(Kiigtikkurt et al., 2016). By dragging and dropping the code blocks one after the other, the desired algorithm is
created, and the designed project is made operational.

In order to develop coding skills in Tiirkiye, the Ministry of National Education shares educational content on
http://scratch.eba.gov.tr and encourages the use of the Scratch program. In the literature (Brown et al., 2013), it is
stated that lessons using coding and game design programs such as Scratch as a tool contribute to students' effective
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learning of coding. At this point, it may be effective to utilize game design in coding education with Scratch to
improve students' coding skills (Shute et al., 2011). Therefore, coding education within the scope of this study was
supported by digital game design.

Digital Game Design

Digital games are computer programs that became more popular with the rise of desktop computers in the 1990s
and are now part of life (Oblinger, 2004). Digital games are fun, challenging, goal- and performance-oriented,
competitive, and require skills such as strategy development and decision-making. Therefore, they are attractive
to students (Kiili, 2005; Koster, 2005).

Games have the potential to be used in the educational process with all previously stated features (Prensky, 2001).
Educators can use students' passion for games to teach programming. In this context, digital games can be
considered teaching material (Gee, 2005). Kafai (2006) states that one of the aims of using digital games in
education is to enable learners to create digital games in the learning-teaching process. Because students learn the
content while designing, they build their own games to achieve educational goals, and learning takes place during
the construction of these games (Kafai, 2006). Game design is a process where the learner is active and in charge
of his or her own learning process, which engages learners’ interest rather than a passive experience (Smeets,
2005). According to Resnick (2007), meaningful learning can only take place when there is full participation and
full creation. For this reason, he proposed the process of creative game design. According to Brennan (2011), game
design develops computational thinking skills such as mathematics, programming, and algorithmic thinking, as
well as skills such as creativity and problem solving.

Educators emphasize that game design activities should be carried out in programming courses in order to adapt
to the process, especially for beginners (Gee, 2005; Moreno, 2012; Rajaravivarma, 2005). In this way, it is aimed
at increasing the motivation of beginners by designing games and fostering a positive attitude towards
programming. With game design, coding lessons, which are generally seen as difficult and boring, can become
more enjoyable and fun. By designing games with tools such as Scratch, students can improve their coding skills
in a fun way by interacting with their friends (Resnick et al., 2009).

The necessity of actively using coding and game design tools such as Scratch in the education of gifted individuals
has recently become more prominent (Kim et al., 2013). This is because gifted individuals' visual intelligence,
motivation, and creativity should be supported along with their intellectual abilities (Callahan, 2000). In Tiirkiye,
gifted students’ education is provided in Science and Art Centers (SAC). Students who are identified as gifted
attend SACs in the evening or at weekends to receive education in addition to their regular schools. Students
receive at least four hours of education per week in these institutions. They have the opportunity to receive
education in the fields of science, social sciences, mathematics, visual arts, music, and coding.

One of the fields that gifted students are most interested in is coding (Shin et al., 2013). Using the Scratch program
and digital game design in coding education for these students can produce important results. In the literature,
there is not enough research about coding education via Scratch and digital game design with gifted students. For
this reason, it is important to reveal the effect of coding education via Scratch and digital game design on gifted
students’ coding achievement and coding self-efficacy beliefs.

Purpose of the Study

In this study, it was aimed at revealing the effect of digital game design-supported coding training with Scratch on
the achievement and self-efficacy of gifted 3rd grade students. In line with this goal, students received coding and
digital game design education using the Scratch program. They improved their coding skills by designing various
games. Accordingly, the problems of the research are as follows:

1. What is the effect of digital game design-supported coding training on gifted students’ Scratch
achievements?

2. What is the effect of digital game design-supported coding training on gifted students' Scratch self-
efficacy levels?
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Methodology

The study was conducted in line with the one-group pre-test post-test design, which is a weak experimental design.
In this design, the effect of the experimental procedure is tested with a single-group study. The measurements of
the subjects regarding the dependent variable are obtained as a pre-test before the application and a post-test after
the application using the same subjects and the same measurement tools (Biiyiikoztiirk, 2016). The application
was completed in a three-week period. The effects of the training on gifted students' Scratch success and self-
efficacy were analyzed.

Population and Sample

The sample of the study consists of 40 gifted primary school students studying in the 3rd grade at one SAC in
Antalya province in Tiirkiye. The participants were determined as a sample for convenience. There are five SACs
in the same city, and hence the accessible population is 148 students studying at the same grade level in five SACs.
The target population is all 3rd grade gifted learners in the country. The number of students in the sample is
approximately 27% of the accessible population. When the gender frequencies of the students in the sample were
analyzed, 15 (37.5%) students were female and 25 (62.5%) were male.

Data Collection Tools

Two data collection tools were used in the study. These are the Scratch Achievement Test and the Scratch Self-
Efficacy Scale. Information about the data collection tools is given below.

Scratch Achievement Test

With the application in the research, it was aimed that the students would be able to code and design digital games
with Scratch. Towards this goal, the Scratch Achievement Test (SAT) was used to determine to what extent the
given training affected students' coding success. The SAT was developed by Biiyiikkarci (2019) and consists of
20 multiple-choice items. The KR-20 reliability coefficient of the test was reported as .89 by the researcher. It was
calculated as .71 in the post-test application of the current study. The SAT was used as a pre-test and post-test in
the study.

Scratch Self-Efficacy Scale

The other scale used in the study was the Scratch Self-Efficacy Scale (SSES). Through this scale, the impact of
the training on students' Scratch self-efficacy was determined. The SSES was taken from Biiyiikkarci's (2019)
research and has a five-point Likert structure. There are 12 items on the scale. The Cronbach Alpha reliability
coefficient of the scale was reported as .95. It was found to be .89 according to the post-test application of the
current study. The scale was used before and after the implementation, and data were collected.

Course Materials

A computer was provided for each student during the coding process. A smart board was used so that the students
could see what the teacher explained through his or her computer. 14 pages of coding papers were prepared for
students to use as a resource for coding through Scratch. The papers prepared by the researchers were given to the
students before the Scratch training. The coding papers primarily included the Scratch interface. The features and
usage of the stage, adding decor, adding puppets, costumes, and sound sections were explained with pictures.
Then, the tasks of the block package in nine categories in the Scratch program were included. The block groups
are movement, appearance, sound, events, control, perception, operators, variables, and my blocks, respectively.
The purpose for which the code blocks under each block group will be used is expressed in pictures.

Training Process

Before starting the coding and digital game design training, the SAT and SSES were administered to the students
as pre-tests. After the application of the tests, the training started. The training was completed in a total of 18 hours
over three weeks, consisting of six hours per week. The researcher and an expert information technology teacher
took part in the implementation. In the classroom where the training was held, computers used by the students
were also available, along with equipment such as smart boards, desktop computers, printers, internet connections,
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etc. At the beginning of the training, 14-page coding papers were given to the students. It was ensured that the
students could follow the training. The researcher was also present in all lessons and took the necessary precautions
to prevent technical problems, student requests, etc.

During the training process, the interface of the Scratch program was explained, and students were provided with
the menus and code blocks they would use while coding. The features and usage of the stage, adding decor, adding
puppets, costumes, and sound sections were explained with pictures on the coding sheets. Movement blocks, view
blocks, sound blocks, event blocks, control blocks, detection blocks, operator blocks, and variable blocks in the
block menu were introduced to the students. Students were shown the variables and codes that they can use while
designing games. Students made sample coding applications and game designs on Scratch based on what they
learned during the education process. They were also able to follow the properties of all menus and code blocks
shown by the teacher during the application process on the coding sheets. After the training, the SAT and SSES
were administered to the students as post-tests, and the process was completed by collecting the data.

Data Analysis

Descriptive and inferential statistics were applied to test the problems of the research. Descriptively, the mean,
standard deviation, skewness, and kurtosis values of the pre-test and post-test scores of the SAT and SSES
applications were calculated. The values found for the pre-test and post-tests were compared. A dependent group
t-test was used as inferential statistics to find out whether the difference between the pre-test and post-test scores
of the students regarding SAT and SSES was significant or not.

Results
Descriptive Statistics Results

The descriptive analysis results of the SAT and SSES are shown in Table 1. According to Table 1, the mean pre-
test score of the students on the SAT is 9.70, and the mean post-test score is 17.10. When the scores obtained from
the SSES are analyzed, the mean pre-test score of the students is 27.95, and the mean post-test score is 52.50. It is
seen that students’ average means of the SAT and SSES scores increased by 7.4 and 24.55 points, respectively,
from pre- to post-tests.

Table 1. Descriptive Statistics Results of the SAT and SSES

Skewness Kurtosis
N Mean Sd. Dev. Skewness Stand. Error Kurtosis  Stand. Error
SAT Pre-test 40 9,70 3,86 -,24 37 -1,11 73
Post-test 40 17,10 2,60 -1,43 37 1,48 73
SSES Pre-test 40 27,95 9,26 37 37 -,10 73
Post-test 40 52,50 6,72 -,85 37 -,05 73

According to the post-test data obtained from the Scratch achievement and self-efficacy tests, the skewness and
kurtosis values are between -1.5 and +1.5. According to these values, the data are almost normally distributed
(Tabachnick & Fidell, 2013).

Inferential Statistics Results

A dependent group t-test was used to reveal the effect of digital game design-supported Scratch education on
students' code success. The data were analyzed to check the statistical significance of the difference between the
pre-test and post-test scores of the students regarding the measurement tools. Assumptions regarding the analysis
were tested, and no problems were encountered. The values for the dependent group t-test are shown in Table 2.

Table 2. Dependent Groups t-test Results for the SAT

Mean S. Dev. t sd p d
Pre-test -7.40 3.48 -13.43 39 .000 2.12
Post-test
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According to Table 2, a statistically significant difference was found in favor of the post-test scores as a result of
the dependent group t-test conducted on the pre-test and post-test data of the SAT (p=.000). The post-test scores
obtained by the SAT were significantly higher than the pre-test scores. Considering the calculated effect size
(d=2,12), the value is at a high level (Green & Salkind, 2005). These results reveal that the training had a significant
effect on students' coding success.

Likewise, a dependent group t-test was applied to reveal the effect of digital game design-supported coding
education on students' self-efficacy. Assumptions regarding the analysis were checked, and no problems were
encountered. The values for the dependent group t-test are given in Table 3.

Table 3. Dependent Groups t-test Results for the SSES

Mean S. Dev. t sd d d
Pre-test -24.55 8.71 -17.81 39 .000 2.81
Post-test

According to Table 3, a statistically significant difference was found in favor of the post-test scores as a result of
the dependent group t-test conducted on the pre-test and post-test data of the students’' SSES (p=.000). The post-
test scores obtained by the students from the SSES are significantly higher than the pre-test scores. The calculated
effect size (d=2.81) shows that this difference is at a high level (Green & Salkind, 2005). These results reveal that
the training had a significant effect on students' self-efficacy levels.

The results obtained by the students from the SAT and the SSES reveal that the coding training was successful
and that the training was completed as targeted. Thus, it can be said that the students received an effective education
in terms of coding and digital game design with the Scratch program.

Conclusion and Discussion

The results of the study revealed that the coding achievement of gifted 3rd grade students increased descriptively
from pre- to post-tests. It was also supported that the increase in the average means was statistically significant
based on the result of the dependent group t-test. Accordingly, it can be stated that digital game design-supported
coding training was effective in increasing the scratch achievement of the participants. This result overlaps with
those of the previous research (Biiytikkarci & Taslidere, 2021; Cagiltay, 2007; Rizvi et al., 2011; Westcott, 2008).
In their study, Biiyiikkarct and Taglidere (2021) report that scratch education increased 4th grade primary school
students’ coding achievement. Likewise, Rizvi et al. (2011) announced that game design activities with Scratch in
the programming course were effective on the coding achievement of first-year university students. In addition,
Westcott (2008) stated that game design training with Scratch had an effect on programming achievement. The
research conducted by Cagiltay (2007) reports that students who played games with Scratch had higher coding
achievement than the students who did not. In addition, the results of the current study are also similar to the
previous ones (Bishorp-Clark et al., 2007; Cooper et al., 2003; Howland & Good, 2015), who report that digital
game design trainings using visualization tools such as Alice and Flip increase coding achievement.

Another result obtained in the current study is that students' Scratch self-efficacy scores increased significantly.
This finding supports various research results in the literature (Armoni et al., 2015; Nikou & Economides, 2014;
Rizvi et al., 2011; Serim, 2019). In the study of Armoni et al. (2015), the use of Scratch in coding increased
students' self-efficacy levels. Nikou & Economides (2014) reported that Scratch was effective in learning
programming in K-12 educational environments and that students' self-efficacy increased. Rizvi et al. (2011)
found that students who used Scratch in programming courses had high self-efficacy. In Serim's (2019) study,
coding education with a gamification approach positively affected students' self-efficacy perceptions towards
coding. These studies show that the use of Scratch contributes to students' self-efficacy.

Scratch is a block-based coding tool with colorful content that students can easily use (Sirakaya, 2018). In the
implementation process, the realization of digital game design-supported education in a fun way increased
students' motivation. Students' high motivation may have positively affected their self-efficacy (Bandura, 1977).
According to the study conducted by Saez-Lopez et al. (2016), the fact that 5th grade students had high motivation
ensured their desire and commitment to the lesson. However, according to the results obtained in Korkmaz’s
(2016) research, the fact that students have positive results about Scratch is due to the features of Scratch. Korkmaz
(2016) conducted his study with university students, in which he stated that the negativities experienced in coding
education are a decrease in motivation, attention, and perception. The current study was conducted with gifted
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students in the 3rd grade of primary school. The difference between these results may be due to the fact that the
students in the studies were in different educational and age groups. In addition, the gifted students in the current
study participated in coding and digital game design training for the first time without any previous experience in
coding, which may have led to positive results.

Recommendations

In this study, coding and digital game design training with Scratch were given to gifted 3rd grade students in
primary school. As a result of this training, it was determined that students' academic achievement and self-efficacy
in coding increased. Therefore, it may be recommended to conduct scratch-based training with student groups at
different levels. Since coding and digital game design activities with Scratch can attract students' interest, they can
be integrated into teaching models and used in teaching content in different fields. Qualitative research can be
conducted on the reasons for the increase in students' success in coding education. In future studies, students' views
on the use of digital game design in coding education can be examined. In addition, students' perspectives on the
effectiveness of the Scratch program can be examined. It was concluded that the method used in the study improved
students' self-efficacy. The effect of this method on different variables such as attitude, motivation, and creativity
can be investigated. In order to be able to use coding education supported by digital game design at all times,
classes supported by information technologies can be created in SACs and all kinds of state-owned schools. Similar
future studies would be conducted with gifted or non-gifted students, and their results should be compared with
those of the current research.

Limitations

This research was conducted in a science and art center in the province of Tiirkiye. The study was conducted with
40 gifted students, and two measurement tools, the SAT and SSES, were administered. Therefore, all the results
in the study are based on the data collected from these students and the tests.

Author (s) Contribution Rate
Both researchers contributed at every stage of the research.

Ethical Approval
Ethical Approval (15/10/2020-79673485-302.08.01-E.45707) was obtained from Burdur Mehmet Akif Ersoy
University for this research.
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