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Abstract: This study was carried out to determine the effect of 

Scratch-based coding applications integrated into the 5E learning 
model used in science teaching on students’ computational thinking 

skills and self-efficacy towards block-based programming. In addi-
tion, students’ perceptions of the activity were measured after each 

Scratch activity, which was applied at different stages of the course 

and with different difficulty. The study employed the pretest-posttest 
control group less design, one of the quasi-experimental methods. 

The study sample consist of 22 6
th

 grade students attending a public 

school in Turkey located in a district center in the Eastern Black 

Sea region. The study was carried out in a five-week period in the 

2022-2023 academic years. Computational thinking scale and ro-
botics attitude scale, self-efficacy perception scale related to block-

based programming and activity perception scale were used as data 

collection tools. The data were analyzed using the dependent sam-
ples t-test. The findings suggest that computational thinking skills 

level of students and their self-efficacy perception related to block-
based programming increased significantly with the Scratch-based 

activities integrated into 5E learning model applied in science sub-

jects. In addition, students have positive attitudes towards these 
activities. Thus, it is recommended to apply Scratch-based coding 

applications in teaching science subjects. 
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Introduction 

OR science education to be more effective, it is a very common ap-

proach to create teaching environments that allow students to learn by 

doing and experiencing. Constructivist approach that focuses on active 

learning and the creation of knowledge by connecting prior knowledge with 

newly encountered knowledge (Appleton, 1997; Cakir, 2008; Copley, 1992; 

Hand & Treagust, 1991) becomes an essential tool used in science education. 

It also helps to facilitate the learning process by using learning cycle models. 

One such model is the 5E learning model. Based on the relevant literature, 

the 5E learning model can be described as one of the most useful models of 

constructivist learning theory in the teaching process (Çoruhlu, 2013). The 

5E model, developed by Bybee et al. (2006), is named after the English ini-

tials of the model (Engage, Explore, Explain, Elaborate, and Evaluate). In 

these stages, all the steps of a learning-teaching process that is based on re-

search and inquiry are covered, and the roles of teacher and student are ex-

pressed in a rich way structurally and pedagogically throughout the process. 

When the relevant literature is examined, it is seen that there are very few 

studies in which science education is designed by integrating technology into 

the 5E learning model. However, there are studies in which technologies 

such as augmented reality (Abdusselam et al., 2018), robotics (Cakir & Gu-

ven, 2019), interactive simulation (Lye et al., 2014) and mobile learning (Ce-

lik et al., 2020; Lai et al., 2015) are adapted to the science teaching process 

through the 5E learning model. 

Technology and Education 

Technology can take many forms in science education, from online simula-

tions to interactive whiteboards, or from virtual labs to educational software 

(Fraser, 2023; Özbek & Uslu, 2021). The most important reason for the 

widespread use of technology in science education is that it can make ab-

stract or complex concepts more concrete and understandable for students. 

For example, simulations and visualizations can be used to explore scientific 

phenomena that may be difficult to observe in the real world or to model 

complex systems and processes that are difficult to replicate in a classroom 

setting (Oliveira et al., 2019). Students can design and conduct experiments, 

collect and analyze data using technology. Thus, they experience applied, 

inquiry-based learning environments using digital tools (Unlu & Dokme, 

2020). Using technology, students not only learn more deeply about science-

related topics, but also develop skills such as scientific inquiry, problem 

solving and critical thinking (Kim & Hannafin, 2011). 

Although the use of technology in educational processes has a certain 

cost and there are difficulties such as the educational needs of the educators 

F 
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who will use it, it can be said that technology is one of the most powerful 

tools students must benefit for life. (Hew & Brush, 2007; Hsu, 2016). The 

use of technology in science education has become increasingly prevalent in 

recent years, with computers being one of the most widely used tools. Com-

puters have become an important tool in modern science education, consid-

ering their easily accessible and increasing usage areas (Jong et al., 2013). 

As a result, educators are increasingly using computers to enhance their 

teaching and students’ learning experiences in science. 

Coding and Education 

In recent years, there has been a movement led by Code.org, a non-profit or-

ganization aimed at promoting the teaching of programming in schools 

around the world. This movement primarily focuses on filling the shortage of 

IT professionals that exist today and is expected to increase in the coming 

years (Moreno-León & Robles, 2016). Academics from both education and 

science circles state that data on the potential benefits of children learning to 

code is important, regardless of their future professional field. It aims not 

only to teach coding itself, but also to serve as a tool to develop other skills, 

improve learning outcomes, and enhances student motivation (Resnick, 

2013). The idea of coding for learning was first introduced by Seymour Pa-

pert in the 1970s. Logo programming language has been developed for chil-

dren to create games, music, and repetitive drawings on computers (Papert & 

Solomon, 1971). While programming was taught in many schools in the 

1980s, it vanished from the educational landscape in the 1990s because it 

was not integrated into subjects beyond mathematics and physics, and class-

room activities didn’t appeal to students’ interests (Kafai & Bruke, 2013).   

Another theory that supports teaching programming by integrating it 

into other courses is related to computational thinking. Computational 

Thinking (CT) refers to the thought processes involved in formulating prob-

lems so their solutions can be represented as computational steps and algo-

rithms (Aho, 2012). Although the concept of computational thinking dates to 

the 1950s (Tedre & Denning, 2016), it was introduced to education world by 

Jeannette Wing’s article published in Communications of the ACM in 2006 

(Wing, 2006; Grover & Pea, 2013). The article suggested that computational 

thinking is a fundamental skill for everyone, not just computer scientists, and 

argued for the importance of integrating computational ideas into other sub-

jects in school. The trial also said that by learning to think computationally, 

children would do better at many everyday tasks. 

Visually Based Programming Languages and Scratch 
Although it is a very effective process for students to learn a subject by cod-

ing, it requires students and branch teachers to have coding knowledge to be 
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applied in the classroom environment. Learning text-based programming 

languages is a very challenging process. Block coding, on the other hand, is 

a visual programming language that uses pre-written blocks or stacks of code 

that can be dragged and dropped to create programs. It is an excellent tool 

for coding beginners as it offers several advantages over traditional text-

based scripting languages (Resnick et al., 2009). 

In recent years, visual-based programming languages such as Alice, 

Code, and Scratch have rekindled interest in programming among educators. 

Scratch permits the creation of many different types of projects, so learners 

with varying interests and learning styles can express themselves through 

programming. As a result, teaching children and teens extracurricular activi-

ties, summer camps, and classroom programming has become more common. 

However, for this interest in coding in schools to continue, evidence of the 

educational impact of programming is needed (Kafai & Bruke, 2013). 

One of the most widely used block-based programming languages is 

Scratch. Scratch is a free block-based programming language developed by 

MIT Media Lab that allows users to create interactive stories, animations, 

and games. In educational processes, it is widely used in teaching computer 

science and computational thinking concepts to students of all ages (Resnick 

et al., 2009). In recent years, Scratch has been recognized as an effective tool 

for teaching science concepts as it allows students to model scientific phe-

nomena, simulate experiments, and explore complex systems in an interac-

tive and engaging way. By using Scratch to create interactive simulations, 

students can develop a deeper understanding of scientific concepts and proc-

esses, and gain valuable experience in experimental design, data analysis, 

and scientific reasoning (Blikstein et al., 2013). There are many resources 

available for educators who are interested in using Scratch in science educa-

tion, including online tutorials, lesson plans, and project ideas. One great 

place to start is the ScratchEd website, which offers a variety of resources 

and support for educators who are using Scratch in their teaching practice 

(Ogegbo & Ramnarain, 2022). 

Using Scratch in Education 

There have been many studies reporting both positive and non-significant 

results regarding the use of Scratch in education (Talan, 2020). Shamir, Ko-

cherovsky and Chung (2019) used Scratch applications in mathematics and 

computer teaching in their study with 7th grade students. According to the 

results of the study, the mathematics and computer ability of the students in 

the group using Scratch applications improved significantly compared to 

those who do not. Another result obtained from this study, which was ap-

plied in STEM classrooms, shows that students’ interest in STEM increased 

sfter using this application. In another study on STEM education, which 
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aims to gather science, technology, engineering, and mathematics applica-

tions under one roof, it has been suggested that Scrath can be an alternative 

to very expensive robot sets (Yamamori, 2019). The researcher suggested 

that the time spent on assembling the small parts of the robot can be used 

more efficiently with Scratch for the same purpose, especially when the les-

son hours are limited. Aiming to investigate the effectiveness of scratch pro-

gramming in teaching science to 5th grade students, Lai and Lai (2012) 

asked students to program while teaching the “Observation of the Sun” and 

“The Weather has Changed” units. The outcomes of this research revealed 

that students’ performance in logical thinking and problem-solving improved 

after using Scratch Programming. 

In some studies where Scratch is used in the teaching process, there 

are also cases where significant differences do not occur. For example, 

Momcilovic (2020) used Scratch applications to teach geometry subjects in 

mathematics class and obtained positive results. The results of the study 

show that the academic performance of the students, who use both three-

dimensional modules and scratch applications, has increased. There was no 

statistically significant difference between the two groups. In another study 

Jiang and Li (2021) aimed to analyze the effects of Scratch language learn-

ing on the computational thinking skills (creativity, algorithmic thinking, 

cooperativity, critical thinking, and problem solving) of primary school stu-

dents. While the research findings show that there is a significant difference 

in creativity, collaboration, and critical thinking skills, it is seen that learning 

with Scratch does not cause a significant difference in the problem solving 

and algorithmic thinking skills of primary school students. 

With the inclusion of block-based programming (BBP) education in 

the curriculum in Turkey simultaneously with many countries, studies are 

still being carried out to make programming education more effective. When 

the relevant literature is examined, studies that emphasize the relationship 

between individuals’ self-efficacy perception and programming performance 

draw attention (Aşkar & Davenport, 2009; Yükseltürk & Altıok, 2016; Akar 

& Altun, 2017). Albert Bandura (1977) defined self-efficacy perceptions as 

individuals’ judgments about how well they could perform the actions neces-

sary to cope with possible situations. Self-efficacy perceptions related to 

BBP refer to students’ confidence in their ability to move the Scratch’s pup-

pets with code, and this perception is important in teaching programming 

(Altun & Kasalak, 2018).  

As a result, when the studies in the field are examined, the use of 

both the 5E teaching model and Scratch in the education process has positive 

effects in general. However, there are few studies where both (5E teaching 

model and Scratch) are used together. In addition, the related literature lacks 

data on the reactions of students to coding applications with different diffi-

culties during these applications. Thus, the aim of this study is to examine 
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the effects of Scratch applications with different difficulties on students by 

applying them to different steps of the 5E teaching model. The effect of 

Scratch-based activities integrated into the 5E teaching model in science 

teaching on students’ computational thinking skills and self-efficacy percep-

tion regarding block-based programming was examined. In addition, stu-

dents’ perceptions of the activity were measured after each Scratch activity, 

which was applied at different stages of the course and with different diffi-

culty. 

Accordingly, the following research questions were examined. 

1. What is the effect of Scratch-based activities on students’ computational 

thinking skills levels? 

2. What is the effect of Scratch-based activities on students’ levels of self-

efficacy perception regarding block-based programming? 

3. What is the experience of students regarding Scratch-based activities? 

Method 

Experimental research method, one of the quantitative research methods, 

was employed in the study. The pretest-posttest control groupless design, a 

quasi-experimental research method, was utilized. Experimental studies aim 

to test the effect of the independent variables on the dependent variable. The 

main purpose of these studies is to reveal the cause-and-effect relationship 

between the variables. For this purpose, the independent variable is manipu-

lated and the variables that may affect the dependent variable are controlled 

(Büyüköztürk et al., 2018; Fraenkel et al., 2012). In the study, the independ-

ent variable whose effect on the dependent variables of “computational 

thinking skills” and “self-efficacy perception related to block-based pro-

gramming” was examined is the “Scratch-based activities integrated into the 

5E teaching model”. The design of the research was given in Table 1. 

Study Group 

The study was carried out with 6
th

 grade students who were attending a pub-

lic school in Turkey located in a district center in the Eastern Black Sea re-

gion in the 2022-2023 academic years. Two classrooms were included in the 

study. The reason for choosing the study group students is that the relevant 

school has a computer laboratory and before the application, the students get 

basic coding and Scratch training in the “Information technologies and soft-

ware” course. In this direction, the study group was determined by purposive 

sampling method and the study was carried out with the participation of 22 

6th grade students (12 females and 10 males). 
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Table 1. Standard Notation of Study Design. 

Pretest 
 APS (After Each Activity)  

Application 
Posttest 

CTS1 

SPSRBP 1 
X1 

CTS2 

SPSRBP 2 

X1: Scratch-based activity applications.  

CTS: Computational Thinking Scale 

SPSRBP: Self-Efficacy Perception Scale Related to Block-Based Programming  

APS: Activity Perception Scale 

 

 

 

 

Data collection Tools 

Computational Thinking Scale (CTS) 

The “Computational Thinking Scale”, which was developed by Korkmaz, 

Çakır, and Özden (2015) first for university students and then adapted to the 

secondary school level, was used to measure students’ computational think-

ing skills. The scale is a five-point Likert type scale consisting of 22 items 

with 5 factors: creativity (4 items), problem solving (6 items), algorithmic 

thinking (4 items), collaboration (4item) and critical thinking (4 items). As a 

result of the confirmatory factor analysis of the scale using the maximum 

likelihood technique, the regression values of the items varied between 0.507 

and 0.872. Item test correlation coefficients ranged from 0.655 to 0.862. To 

calculate the reliability of CTS, internal reliability analyzes were performed 

on the data and the Cronbach Alpha reliability coefficient of the scale was 

determined as 0.809. 

Self-Efficacy Perception Scale Related to Block-Based 

Programming (SPSRBP) 

The “Self-Efficacy Perception Scale Related to Block-Based Programming” 

(SPSRBP) developed by (Altun & Kasalak, 2018) was utilised to measure 

the students’ self-efficacy perceptions related to Block-Based Programming. 

The scale consists of 12 items and 5-point Likert type. The scale has two 

sub-dimensions: “simple block-based programming tasks” (5 items) and 

“complex block-based programming tasks” (7 items). The overall Cron-

bach’s Alpha reliability coefficient of the scale was calculated as 0.893. 

 

 



Koray & Bilgin. (Turkey). Block Coding into the 5E Model in Science Teaching. 

SIEF, Vol.18, No.1, 2023 2833 

Activity Perception Scale (APS) 

The original version of the Activity Perception Scale, which was used to de-

termine student experiences regarding coding activities, was developed by 

Deci et al. (1994) for uninteresting (boring) computer tasks. The adaptation 

of the perception of effectiveness scale into Turkish was carried out by Ka-

salak (2017). As a result of the evaluations, it was predicted that the transla-

tion of only 11 items of the 25-item scale would be understood correctly by 

the students in Turkey due to the differences in cultures and education sys-

tems, and the scale was finalized. Student experiences are evaluated in terms 

of finding activities enjoyable, contribution of activities to personal devel-

opment, willingness to do activities and finding activities interesting. 

Research Process 

Before the application, the students were given basic Scratch training within 

the scope of the “Program Solving and Programming” unit of the “Informa-

tion Technologies and Software” course. Before starting the applications in 

the science course, the Computational Thinking Scale (CTS) and Self-

Efficacy Perception Scale Related to Block-Based Programming (SPSRBP) 

were administered to the students as a pre-test. 

In the present study, the unit “Force and Motion” was selected as it 

was compatible with the Scratch activities to be done. Before starting the 

applications for the learning objectives, teacher instructions and student 

worksheets were developed. At one stage of the lesson plans developed in 

accordance with the 5E learning model (Engage, Explore, Explain, Elaborate 

or Evaluate), the Scratch activity was included. The developed Scratch ac-

tivities were related to the learning objectives of the 6th grade science lesson 

“Force and Motion” unit. 

In the five-week practice, the Scratch activities according to the top-

ics and the phase of the lesson to be used in these activities are as follows. 

Week 1 (Engage stage): The first Scratch activity was used in the in-

troduction to the topic “Force and its properties”. Students, who used the 

Scratch application only in the “Information Technologies and Software” 

class before, used it for the first time in the science class. The students were 

introduced to the concepts of “application point”, “direction”, “direction and 

magnitude” of the force by running the previously prepared program. In the 

interactive Scratch application, firstly, the scenes with rotating or moving 

objects with the effect of the applied force were shown to the students. Af-

terwards, they were asked to predict the direction of motion of these objects 

under force (Figure 1). The answers given are discussed and explained in 

the exploration and explain stages of the course. 
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Figure 1. First Week Scratch App. 

 

 

 

 

Figure 2. Second Week Scratch App. 

 

 

 

 

Figure 3. Third Week Scratch App. 

 



Koray & Bilgin. (Turkey). Block Coding into the 5E Model in Science Teaching. 

SIEF, Vol.18, No.1, 2023 2835 

 

Figure 4. Fourth Week Scratch App. 

 

 

 

 

Figure 5. Fifth Week Scratch App. 

 

 

 

Week 2 (Explore phase): The second Scratch activity was used in the explore 

phase of the “Result force” topic. The interactive Scratch activity was im-

plemented in two stages. In the first stage, two forces acting on an object 

were given in opposite directions, and students were asked to enter magni-

tude values for both forces and estimate the resultant force. In the second 

stage, the number of forces was increased to three, and similarly, students 

were asked to enter force values and estimate the resultant force (Figure 2). 

The answers given were discussed in the explain phase of the lesson. 
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Week 3 (Explain stage): The third Scratch activity was used in the 

explain stage of the “Balanced and unbalanced forces” topic, which is a spe-

cial case of the “Result force” topic. In the engage phase of the third week, 

students were given a rope planting activity to make them realize the balance 

of forces. In the Explore step, the balance of forces is explained, and in the 

explain step, the concepts of “balanced and unbalanced force” are defined by 

adapting them to some examples around us by using the Scratch activity. In 

the Scratch application, first some examples were given, such as an apple 

standing on a tree and falling, and then students were asked to adapt the con-

cept to daily life (for example, a painting hanging on the wall) (Figure 3). 

Week 4 (Elaborate stage): The fourth Scratch activity was used in the 

elaborate stage of “Constant velocity movement”. In the first three stages of 

the fourth week, students were taught the concept of speed. In the elaborate 

step, students were asked to investigate how speed depends on the distance 

travelled and time. For this purpose, students were asked to use the motion 

commands of the Scratch platform. The selected sprite was asked to travel a 

specified path at different times, and then at the same time, different paths 

(Figure 4). For both cases, students were asked to record their observations 

with different values. 

Week 5 (Evaluate phase): The fifth Scratch activity was used in the 

evaluate phase of “Path-time and velocity-time graphs of constant velocity 

motion”. In the first four phases of the fifth week, students were taught how 

to draw and interpret graphs of constant velocity motion. In the Evaluate 

stage, the students were given a part of the path-time and velocity-time table 

values of a motion and were asked to complete the missing data and draw 

graphs with the Scratch program, which were prepared before, if the motion 

would continue with a constant velocity (Figure 5). In the prepared program, 

it was requested to enter the path-time and speed-time data pairs to be used 

for drawing. For the graphs to be created with a total of 5 data pairs, the first 

data pair was given completely, while one of the next data pairs was given 

incomplete and the students were asked to guess. After each data pair is en-

tered, the relevant point is marked in the graphic area and finally the graph is 

completed. 

The applications designed for the unit learning objectives continued 

for five weeks (a total of 20 periods, four periods a week, as stipulated by the 

curriculum. One of the researchers was the class teacher and carried out the 

application, while the other researcher participated as an observer. In the 

week following the completion of the activities, the CTS and the SPSRBP 

were administered to students as a posttest. APS was applied to the students 

after each activity for five weeks. The study continued for a total of seven 

weeks, with the administration of the pretest and posttest (excluding the ba-

sic Scartch training). 
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Data Analysis 

A statistical software program SPSS 20 was used in the analysis of the data. 

Appropriate statistical methods were tried to be determined by investigating 

the suitability of the data to the normal distribution. Since the number of par-

ticipants in each group was less than 50, Shapiro-Wilk test was used for the 

assumption of normality (Mishra et al., 2019). As a result of the analysis, it 

was decided to use parametric tests because the data sets had a normal distri-

bution (p > 0.05). In this context, to test whether there was a significant dif-

ference between the variables, the collected data were analyzed using the t-

test for dependent groups. For interpretation, the significance level for the 

hypothesis tests was set to 0.05. 

Findings 

In this section, the findings are presented, and the data are explained in ta-

bles. Findings, interpretations, and tables are organized in order of the study 

research questions. 

The results of the dependent samples t-test analysis regarding the first 

research question are given in Table 2. 

When Table 2 is examined, it is seen that the students’ scores from 

the Computational Thinking scale in Creativity, Algorithmic thinking, Col-

laboration, Critical thinking and Problem solving dimensions and Computa-

tional Thinking total scores increased after they practiced Scratch supported 

activities: 

                      

                          

                         

                            

                            

                     ) 

While this increase is statistically significant for Creativity (t(21) = -

2.83, p < 0.05) and Collaboration (t(21) = -3.04, p < 0.05) dimensions, it is 

not significant for Algorithmic thinking (t(21) = -1.88, p > 0.05), Critical 

thinking (t(21) = -1.63, p > 0.05) and Problem solving (t(21) = -1.39, p > 

0.05). However, the increase in Computational Thinking total scores is sta-

tistically significant (t(21) = -4.16, p < 0.05). The Cohen d effect sizes of 

these determined significant differences were found to be medium for Crea-

tivity (d = 0.60) and Collaboration (d = 0.65) and large for total Computa-

tional Thinking (d = 0.89). 

The results of the dependent samples t-test analysis regarding the 

second research question are given in Table 3. 
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Table 2. Dependent Samples T-Test Results Related to Computational Think-
ing Scale (CTS). 

Dimensions of CTS N    SD df t p 

Creativity (Pre) 
Creativity (Post) 

22 
14.14 
15.05 

2.10 
2.06 

21 -2.83 0.010 

Algorithmic thinking (Pre) 
Algorithmic thinking (Post) 

22 
11.36 
12.05 

2.11 
2.08 

21 -1.88 0.074 

Collaboration (Pre) 
Collaboration (Post) 

22 
14.86 
15.64 

3.26 
2.63 

21 -3.04 0.006 

Critical thinking (Pre) 
Critical thinking (Post) 

22 
12.05 
12.59 

2.48 
2.21 

21 -1.63 0.117 

Problem solving (Pre) 
Problem solving (Post) 

22 
16.55 
17.46 

2.43 
2.44 

21 -1.39 0.179 

Computational Thinking (Pre) 
Computational Thinking (Post) 
 (Total score of the scale)  

22 
68.96 
72.77 

7.25 
6.00 

21 -4.16 0.000 

p < 0.05. 

 

 

 

Table 3. Dependent Samples T-Test Results Related to Self-Efficacy Percep-
tion Scale Related to Block-Based Programming (SPSRBP). 

Dimensions of SPSRBP N    SD df t p 

Simple tasks (Pre) 
Simple tasks (Post) 

22 
15.36 
16.73 

1.84 
2.05 

21 -8.80 0.000 

Complex tasks (Pre) 
Complex tasks (Post) 

22 
15.36 
16.73 

2.38 
2.96 

21 -4.57 0.000 

SPSRBP (Pre) 
SPSRBP (Post) 
 (Total score of the scale)  

22 
30.73 
33.45 

3.93 
4.89 

21 -7.09 0.000 

p < 0.05 

 

 

 

When Table 3 is examined, the scores of the students in the simple 

and complex tasks dimensions from SPSRBP and the total scores of the scale 

are higher after the Scratch-supported activity applications than before, and 

they are statistically significant (t(21)(Simple tasks) = -8.80, t(21)(Complex tasks) = -

4.57, t(21)(Total SPSRBP) = -7.09, p < 0.05). The Cohen d effect sizes of these 

determined differences were found to be large for Complex tasks (d = 0.97) 

and very large for Simple tasks (d = 1.88) and total SPSRBP (d = 1.51). 

The results of the analysis regarding the tirtd research question are 

given in Table 4. 

When the average values for the 1st and 3rd items related to “Finding 

activities is enjoyable” in Table 4 are examined, it is seen that the average 

scores given are the lowest 4.00 and the highest 4.76. The average scores 

given to item 6, which contains a negative statement, ranged from 1.18 to 

1.59. These values show that student perception levels of finding Scratch  
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Table 4. Average Values of Students' Activity Perception Scores Related to 
Scratch Activities. 

  Act. 1 Act. 2 Act. 3 Act. 4 Act. 5 

Finding  
activities  
enjoyable 

It was fun doing this activity. (Item 1) 4.23 4.56 4.64 4.46 4.59 

I had a lot of fun doing this activity. 
(Item 3) 

4.00 4.18 4.76 4.27 4.59 

I think it was such a boring activity. 
(Item 6) 

1.46 1.46 1.27 1.59 1.18 

Contribution of  
activities to  
personal  
development 

I believe this activity is important for my 
development. (Item 2) 

3.73 4.14 4.09 4.05 4.14 

I think this was a really important activity. 
(Item 4) 

4.00 3.91 4.41 3.86 4.09 

I would like to do this activity again 
Because I think it is useful. (Item 7) 

4.05 4.23 4.09 3.77 3.91 

I believe that doing this activity can be 
beneficial for me. (Item 8) 

4.18 4.18 4.46 4.05 4.09 

I believe this activity can help me get 
better at school. (Item 9) 

3.46 4.05 4.09 3.96 3.86 

I would like to do it again because there 
are some things that this event 
contributed to me. (Item 11) 

3.73 4.10 4.27 4.09 4.05 

Willingness 
to do  
activities and  
finding 
activities 
interesting 

I did this activity because I wanted to do 
it. (Item 5) 

3.41 3.64 3.50 3.50 3.96 

I thought this was a very interesting 
event. (Item 10) 

3.68 3.68 4.00 3.91 4.00 

 Total 43.02 45.22 46.99 44.19 46.10 

 

 

 

 

activities fun are quite high, and their perception levels of finding them bor-

ing are quite low. In the same table, it is seen that the average score given by 

the Scratch activities to the items related to the activity perceptions of the 

students regarding their personal development is between 3.73 and 4.46. Fi-

nally, when the table values are examined, it is seen that the average score 

given by the students to the item prepared to determine their perceptions of 

doing activities willingly varies between 4.41 and 4.00. From this, it is un-

derstood that the students do not have a perception that they do the activities 

because they want to do it, or that they must do the activity even if they do 

not want to. 

Results and Discussion 

The first result of the research is that Scratch-based activities increase com-

putational thinking skills of students. The increase in the total score of the 

scale and the increase in the creativity and cooperation factors are statisti-

cally significant. Even though the scores on algorithmic thinking, critical 
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thinking and problem-solving factors increased, it was not statistically sig-

nificant. When we look at the literature, it is possible to come across studies 

that use Scratch activities as course material. Rodríguez-Martínez, González-

Calero and Sáez-López (2020) examined the effect of Scratch activities used 

in mathematics lessons on gaining mathematical concepts and developing 

computational thinking skills. Their results were in line with Scratch’s de-

velopment of both. The adaptation of Scratch applications to the mathemat-

ics lesson was applied not only at the k12 level (Benton et al., 2018; Foerster, 

2016; Shamir et al., 2019; Vinayakumar et al., 2018) but also at the higher 

education level (Molina-Ayuso et al., 2022), and generally positive results 

were obtained. Adaptation studies of Scratch applications to the science cur-

riculum are much less than that in mathematics (Hacıoğlu & Dönmez Usta, 

2020; Silva et al., 2020; Yamamori, 2019). 

In a study conducted with 5th grade students, Jiang and Li (2021) 

taught Scratch within the scope of “Basics of Information Technologies” 

course and its effect on computational thinking skills was examined. The re-

search findings indicate that there was a significant difference in the skills of 

creativity, cooperatives, and critical thinking. However, in this study, Scratch 

learning did not cause any significant differences in the problem-solving and 

algorithmic thinking skills of students. These results are quite consistent with 

our findings. In both studies, while Scratch applications were effective on 

students’ creativity and cooperation skills, they did not have a significant 

effect on problem-solving and algorithmic thinking skills. 

The second result of the research is that Scratch-based activities in-

crease self-efficacy perception of students related to block-based program-

ming. The increase in all sub-dimensions (simple and complex tasks) to-

gether with the increase in the scale total score is statistically significant. 

Looking at the literature, no research has been found that examines the effect 

of Scratch activities adapted to science lessons on students’ self-efficacy 

perception towards Block-based programming. However, there are studies 

examining the effect of Scratch or Scratch-based robotic coding training on 

self-efficacy perception towards block-based programming (Buyukkarci & 

Taslidere, 2021; Durak et al., 2019; Güleryüz, 2022). The related literature 

suggests that training increased the perception of self-efficacy towards 

block-based programming. Coşkunserçe (2023), in his study with sixth grade 

students, compared Scratch and Scratch-based robotic coding (mBlock) 

trainings in terms of increasing self-efficacy perception towards block-based 

programming. According to the findings, Scratch-based robotic coding 

(mBlock) training is more effective. Another study examining how the size 

of the study groups affects self-efficacy versus coding was conducted by 

Arslan and İşbulan (2021). According to the results of this research, in which 

the Scratch programming platform was used, there is no effect on self-
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efficacy related to block-based programming if the studies are done indi-

vidually or as a group. 

The findings of the study suggest that students have positive attitudes 

towards these activities. When total scores for each activity in the data in 

Table 4 are examined, it is seen that the scores gradually increase in the first 

three activities, and there is a decrease after the fourth activity. In the fourth 

activity, instead of using a previously prepared program, students were asked 

to write the codes themselves. This situation caused the students to have dif-

ficulties. Thus, this may have negatively affected their perceptions of the ac-

tivities. After the fifth activity, an increase was detected in the total scores 

again. Although challenging tasks negatively affect perceptions of students 

for a short time, they are thought to have positive effects in the long run. 

As a result, it is known that block-based programming education is a 

very effective method for primary and secondary school students who have 

no previous programming experience (Resnick et al., 2009). As mentioned in 

the introduction, considering the contributions of coding education to stu-

dents, it has been included in educational environments since the 1970s, but 

the desired success could not be achieved because it did not attract the atten-

tion of students. It is thought that coding education can be more successful 

by integrating it into courses such as mathematics and science. Considering 

the results of this study we conducted, the use of coding activities in science 

lessons can be a very effective method for overcoming the problems encoun-

tered in the 1970s. 

Recommendations 

Assuming that basic education about block-based programming is given in 

courses such as information technologies, it is thought that it would be ap-

propriate to use coding activities in science classes to reinforce and improve 

students’ coding skills. For this purpose, the 5E teaching model, which is 

used effectively by many teachers, can be used. Since the 5E teaching model 

allows Scratch activities to be used in different ways, it offers a variety of 

usage. First, we recommend that students use ready-made Scratch activities 

in their science lessons. It will be beneficial to complicate the activities by 

encouraging students to intervene in the codes over time in accordance with 

the level of students’ programming skills. In case of positive results, it will 

be appropriate for students to code their own programs. 

In this study, data on computational thinking and self-efficacy were 

collected. It would be useful to examine the effect of including coding activi-

ties in science lessons on different skills and achievements. In addition, this 

adaptation can be tried with different teaching models such as problem-based, 

project-based, or cooperative learning. 
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Limitations 

This study is limited to the “Force and Motion” unit and was carried out over 

a five-week period excluding the pre-test and post-test applications. The 

study was carried out with 22 students and the students encountered Scratch-

based applications for the first time in the science lesson. 
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