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Abstract

The study seeks to identify the effect of the Scratch program used in the teaching pro-
gramming language to 6"-grade students on student performance, problem-solving
skills, and their attitude towards the course on information technologies and to compile
student opinions on its implementation. 22 students took part in the study. The study
used pre and post-test single-group experimental design. It took 8 weeks. The first five
weeks were allocated activities related to behavior in information and concept building.
The last three weeks were for behavior related to practice. Students were asked to de-
velop a project that covers objectives mentioned and of interest to them. Achievement
test, problem-solving scale, scale on student attitude towards information technologies
course were data collection tools used and an interview form was used to take the opin-
ions of students. At the end of the study, it was observed that the post-test achievement
scores of students were higher. It was found that the Scratch program had no statisti-
cally significant effect on students’ problem-solving skills while there is an increase in
post-test scores related to attitude towards the course. It can be said that student opin-

ions on the use of Scratch in a teaching programming language are in general positive.
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Introduction

Each citizen needs education in computer science to grasp and effectively use the
relevant technology and to produce what is intended. This education should not intend
to accord individuals such professional titles as “computer scientist” or “software eX-
pert”. The idea is to provide opportunities to people, including younger age groups in
the first place, to use a computer to develop new ideas and to produce. To this end, there
are now many countries adding computer science as a course to their curricula (Sayn,
2017).

In recent years there is mention of programming skills as a distinguishing and desired
competence in many areas (Kalelioglu & Giilbahar, 2014; Yikseltiirk & Altiok, 2015).
There are now various types of software developed and activities carried out to intro-
duce programming particularly to younger age groups and build relevant skills. Pro-
gramming is a difficult and long process of education.

The teaching program in the course Information Technologies was updated in 2012
and the name of the course was changed to ‘Information Technologies and Software”.
Also, a unit on programming was added (MoNE, 2012). The teaching program was up-
dated once more in 2018 with the addition of the unit “Problem Solving and Program-
ming”. This unit envisages information and skill-building in the following: algorithm
design (searching, sequencing, vb.); verbal and visual expression, assigning variables
for problem-solving, sequential logic, decision structure, use of circuit and function
structure, selection of appropriate programming approach in problem solving and skills
in practice (MoNE, 2018).

Examining related studies we find that when they take courses in programming stu-
dents may have higher motivation for their schools and courses and their problem solv-
ing and analytic thinking skills may improve (Akpinar & Altun, 2014). In a study inves-
tigating the effect of using a robot in coding education on secondary school students’
problem-solving skills Ozer (2019) statistically significant difference was found in
scores of experimental group students in problem-solving inventory. Another study

states that programming skills, independent of the programming language used, may
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build skills in problem-solving and analytical thinking in different fields such as logical
thinking and algorithm setting (Ersoy, Madran & Giilbahar, 2011). Cam (2019) says
robot-supported programming education creates a significant difference in motivation
levels of students in the experimental group.

One issue to consider is the ages at which this education is to be given. Utting,
Cooper, Kolling, Maloney, and Resnick (2010), for example, present different age
groups for different software and suggest the age interval 8-16 for Scratch. They also
add that the level of cognitive development of children will be influential in selecting
software to be used in programming education.

There are many factors affecting achievement in programming language courses. Ex-
amples include motivation, attitude towards programming, complex nature of program-
ming language, and teaching method and design. In programming education, if the stu-
dent is not motivated enough he or she may get frustrated as the course is in progress
and this may lead to lesser and lesser studying. Students who think there has to be a lot
of computer work in developing a program may find this boring (Ersoy et. al., 2011).

One situation troubling new beginners in programming is misspelling made while
writing codes. In this process which closely resembles learning a new language mis-
spelled words and missed signs trouble students quite a bit. It is essential to grasp basic
concepts in programming education. Otherwise, programs developed to turn into per-
formances in rote fashion. Here, the first step must be teaching the logic of the algo-
rithm as the basis, and then the learning basic concepts must follow. The course must
proceed with tools to facilitate the process and make it more fun.

Taking a look at relevant studies we see that various types of software are used for
beginners to make the education process more fun and to ease the learning of basic con-
cepts. (Cosar, 2013; Geng & Karakus, 2011; Yiikseltirk & Altiok, 2016). Scratch, Mi-
crosoft Small Basic, Alice, and MIT Applnventor can be mentioned as programs mak-
ing the process more interactive and easier. In a study examining the opinions of candi-
date teachers in information technologies who received programming education through
Scratch, Yiikseltiirk and Altiok (2016) found that the perception of candidate teachers
related to the Scratch program was positive.

Education in Programming
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Taking a look at studies on programming education around the world it can be ob-
served that countries recently attach importance to this education. It can be said that this
education is often included in secondary education curricula with recent insertion into
primary school curricula as well. According to the European Schoolnet study report,
there are European Union countries adding programming as a course to their school
curricula. Further, some countries introduce programming to their students through ex-
tracurricular activities (Simsek, 2018).

Recently various activities are organized throughout the world to introduce pro-
gramming education to children at younger ages. Studies conducted so far suggest that
there is consensus on the possibility of building such 21%-century skills as problem-
solving, creativity, algorithmic thinking, and information processing in individuals
through the teaching of programming and computer sciences (Catlak, Tekdal & Baz,
2015).

The site code.org site as a voluntary initiative is active with the motto “Anybody can
learn”. Activities On the site under the title “Coding Hour” aim to introduce coding to
students. There is language support in activities that can be accessed online and activi-
ties make use of various films, animations, and characters that children and youth find
interesting.

The EU CodeWeek organization is carried out by the European Schoolnet whose
members include the Ministry of National Education (MoNE). The activity taking place
in October covers schools in Europe who want to participate. The EU CodeWeek ex-
plains the objective of its activities as a grassroots movement that encourages creativity,
problem-solving, and cooperation through programming and other technological activi-
ties. The objective here is to make programming more visible and demonstrate to youth,
adults, and the elderly how ideas can be translated into life by coding. The organization
also seeks to uncover these skills and bring motivated persons together for learning
(https://codeweek.eu/about/).

We observe different countries adding courses in computer and coding to curricula of
their primary and secondary education schools. England, for example, changed the
name of the course which used to be Information and Communication Technologies to

“Computing” in 2013. This computing course is built upon three pillars as computer

66



Bala & Alacapinar (2021). Scratch in teaching programming: effect on problem solving skill and

attitude, International Journal of Quality in Education

science, information technologies, and digital literacy. England is the first G20 country
that made computer science courses compulsory in primary education (Sayin, 2017).

In Turkey, programming education is delivered at the secondary education level, un-
der information technologies in vocational high schools and various engineering de-
partments of universities. There are also special courses for those who want to advance
in this area. Mostly in laboratories, courses are delivered through the demonstration
technique. The assessment is done by written exams, practice tests, or graduation pro-
jects. At the primary education level, the objective of programming education is not
professional software development but to help students learn by applying their algo-
rithmic thinking skills in concrete ways. There are many instruments like Scratch, Alice,
and Kodu that are designed to change students’ attitudes to programming in a positive
way (Avci & Ersoy, 2018: 74).

Programming Tools for Children

Given the specific words and rules and abstract concepts of programming languages
children may face difficulties at early stages. There are many block-based programming
tools developed to make the process easier for beginners.

Instead of the syntax used in block-based programs, there are blocks expressed by
visuals that work with a drag-and-drop basis. These are for avoiding misspellings and
memorizing rules that are valid for text-based languages. The puzzle-like design of
blocks allows only for bringing correct pieces together. Studies show block-based in-
struments contribute to students’ learning of programming. In a study examining the
effect of programming education with a scratch on the motivation and achievement of
students, Erol (2015) finds a significant difference in programming achievement scores
in favor of participants in the experimental group. Students working with Scratch say
activities are easy and fun and functional in building programming logic and enhancing
motivation. There are various programs developed for children in programming educa-

tion.

Scratch Programme
The Scratch program announced with the slogan “Imagine Code Share” was devel-
oped in the media laboratories of MIT (Massachusetts Institute of Technology). The

program is now used with more than 40 languages in some 150 countries. With Scratch,
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students develop programs by dragging and dropping code blocks instead of writing
codes. With this program that can be used not only by children but all who have just
started coding you can develop your stories, plays, or animations and share them with
others on the site. Scratch is a visual programming environment (firstly for the age
group 8-16) that helps its users learn programming while working on their projects like
animated stories and games (Maloney et. al., 2010). It is a black-based programming
tool that is free and usable by people of all ages.

Developing projects by bringing code blocks together with the Scratch program is
much easier than in text-based programming languages (Gen¢ & Karakus, 2011).
Minimizing possible spelling mistakes in writing the program, the Scratch program is an
appropriate program for children in this respect. Alp (2019) finds that the Scratch pro-
gram improves secondary education students’ attitude to computer and problem-solving
skills. This program also offers opportunities to children for developing projects in dif-
ferent fields. The Scratch facilitates teachers’ work to teach programming concepts at
all levels and to develop products that also provide them opportunities to motivate their
students (Yiikseltiirk & Altiok, 2016).

It is stated that while programming and sharing interactive projects Scratch users can
think about and learn ways of creative, systematic, and collaborative thinking which are
considered essential skills of the 21% century (Resnick et. al., 2009). The reason for
using the Scratch program in this study is that it has its Turkish language support, avail-
ability of many source documents, beings without any fee, and that the method of drag-
and-drop is more suitable to the level of new beginners in programming.

Problem Solving Skill and Information Technologies and Software Course

The following are some points stressed under the heading “specific objectives” in the
updated teaching program of the course Information Technologies and Software
(MoNE, 2018):

. Ensure students’ building of an overall understanding and technical back-
ground in computer science,

. Ensure students’ acquisition and development of problem-solving and in-
formation processing skills,

. Ensure that students can follow and evaluate reasoning processes.
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With these, students are expected to seek and question information, use information
technologies by complying with relevant ethic rules, solve problems they face in the
process, and enter into effective communication. It is targeted, with courses in Informa-
tion Technologies or Computer Sciences to be delivered in primary and secondary
schools and high schools to train students as individuals capable of keeping track of
innovations, understanding, and questioning the world they live in. In this context, dif-
ferent institutions set various standards to determine competencies that students are ex-
pected to have. The International Society for Technology in Education (ISTE) set some
standards for students, teachers, teachers, and managers information technologies on the
use of education technologies. The standards set for students are as follows (ISTE,
2016): Empowered Learner, Digital Citizen, Knowledge Constructor, Innovative De-
signer, Computational Thinker, Creative Communicator, and Global Collaborator. Un-
der the heading “Computational Thinker” students are expected to develop and employ
strategies for understanding and solving problems in ways that leverage the power of
technological methods to develop and test solutions.

In Turkey, students are offered Computer Science courses in high schools and Infor-
mation Technologies and Software courses in secondary schools. It is desired that stu-
dents can use information and communication technologies effectively, efficiently, and
in line with ethical rules. As stated in the renewed teaching program of the course the
objective is to train students who are capable of using technology effectively, suggest-
ing solutions to problems, and developing their software to produce information. In sec-
ondary schools, the course comprises five units (MoNE, 2018): Information Technolo-
gies, Ethics and Safety, Communication Research and Cooperation, Product develop-
ment, Problem Solving, and Programming.

The present study investigates the use of Scratch software in secondary education to
make programming education more effective at that level and to teach programming.
Another objective is to build awareness in students related to this field. In younger age
groups students may be oriented to this field by finding out about their interest or skills
in programming. Paths can be opened for students who want to advance further in the
field. It can be said the programmers well trained in information and communication
technologies will contribute to the national economy.

Problem Sentence
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Does the scratch program used in the teaching programming language to secondary
school 6™-grade students have any significant effect on student scores in achievement,
problem-solving skills, and their attitude towards the course? What are the opinions of
students on teaching programming through scratch?

Hypotheses

1) There is a significant difference between pre and post-test scores of the group to
which the scratch program was applied.

2) There is a significant difference between pre and post-test scores of the group to
which the scratch program was applied concerning the problem-solving skills
scale.

3) There is a significant difference between pre and post-test scores of the group to
which the scratch program was applied concerning attitude towards the course.

4)

Sub-problem

What are the opinions of students about teaching programming with Scratch?
Research Design

The study investigates the effect of the Scratch program used in courses on students’
scores in achievement, problem-solving skills, and attitude towards the Information
Technologies course by using the methods of pre and post-test, experimental group de-
sign, and qualitative survey. The “descriptive approach” was adopted. Students’ opin-
ions on programming education through Scratch were also solicited. Tests were applied
to the student after the completion of experimental work.

Study Group

An appropriate working group was used in the study instead of determining any uni-
verse and sample. The working group of the study consists of 6"-grade students who
were taking an Information Technologies course in a state school in Seydisehir District
of Konya Province. 22 students took part in the study.

Measurement Tools

Achievement Test: The test used in determining the achievement level of students
was prepared by the researcher. The achievement test contained questions of different
types which were formulated upon the review of textbooks, relevant sites, and various

academic studies. 30 such questions were formulated. Opinions of three experts were
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taken to check the relevance of these questions. The reliability of the study was found as
79% by using Miles-Huberman's (1994) coder reliability percentage. The reliability
coefficient in the study was calculated as 0.814.

Problem Solving Scale: The Problem Solving Scale used in the study was borrowed
from the following source: Kardas et. al. (2014), “Adapting Problem Solving Inventory
to Primary Education Students: Outcomes of Confirmatory Factor Analysis.” The study
mentioned the adaptation to 5™-grade students of PSS as a psychometric tool for meas-
uring the problem-solving skills of adults as translated into Turkish by Sahin, Sahin, and
Heppner (1993). The Cronbach Alfa reliability of the scale was calculated and the coef-
ficient was found as 0.608.

Scale for Attitude towards Information Technologies Course: The “Scale for At-
titude towards Information Technologies Course” was used at the beginning and end of
the study to see whether there is any significant change in student attitude to the course.
This scale used in the study is the attitude scale developed by Isik (2010) in a doctoral
dissertation. The Cronbach Alfa reliability of the scale was calculated and the coeffi-
cient was found as 0.945.

In the qualitative part of the study opinions of students in the working group on im-
plementation were taken. Descriptive analysis was applied to these opinions followed
by explanations and comments. Descriptive analysis is the simplest form of analysis
used in analyzing qualitative data. In this method, the researcher must gather questions
under some headings and categories in reporting instead of just writing them down as
they are (S6nmez & Alacapinar, 2014). The semi-structured questionnaire consists of
open-ended questions formulated by the researcher.

The study lasted for eight weeks in total with two class sessions in a week each tak-
ing 40 minutes. Class session plans were developed and implemented in line with tar-
geted behaviors set for the study. During the first five weeks work concentrated on be-
havior related to information and comprehension levels. Students were informed about
basic concepts in programming, linear logic, cycle logic, and decision. Relevant case
studies were demonstrated to students. Students were then asked to launch their model
practices. Students were guided during their practices. Activities carried out were as
follows:

e Direction Keys
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e Aquarium
e Hunter Shark

e Ball Game

The last three weeks were devoted to behavior at the practice level. Students were
asked to develop a project that is of interest to them and covers the targets mentioned.
Semi-structured interview forms were used at the end to solicit students’ opinions. Then
post-tests were applied to the working group in achievement, problem-solving scale,

and attitude scale.

Data Analyses

In the achievement test applied, 1 and O were scores assigned to correct and incorrect
answers, respectively. In the test the 1. question has eight and the 2. question has seven
sub-items. The maximum score that can be obtained is 43. In order to determine
whether there is a significant difference between pre and post-test scores of students in
achievement, problem-solving scale and attitude towards Information Technologies
course paired samples t-test was applied. To assess the opinions of students, descriptive

analysis was applied to data obtained by using a semi-structured interview form.

Findings

1. Findings Related to the First Hypothesis: Findings related to whether there is a
significant difference between students' pre and post-test scores in achievement are ex-

amined and shown in Table 1.
Table 1. Achievement Test Pre And Post-Test Related Samples t-Test Results

N X SS T P
Pre-test 22 11.14 4.357 -9,893 0,00*
Post-test 22 23.82 7.248

*p<0.05
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Paired samples t-test was applied to see if there is a significant difference between
pre and post-test scores of students in achievement. The difference between pre-test
scores (Xentest = 11.14) and post-test scores (Xsontest= 23.82) was calculated as -9.893 at
21 degrees of freedom [tz = -9.893, p= 0.00 < 0.05]. Looking at the P-value we see a
significant difference at a level of 0.05. This indicates there is a significant difference
between pre and post-test scores of students.

2. Findings Related to the Second Hypothesis: Outcomes of the sample t-test ap-
plied to see whether there is a significant difference between students' pre and post-test

scores in problem-solving skills test are given in Table 2.
Table 2. Problem Solving Scale Pre and Post-Test Related Samples t-Test Results

N X SS T P
Pre-test 22 54.5 6.54 -.840 0.410*
Post-test 22 55.9 6.60

*p<0.05
Examining the averages of pre and post-test scores of the working group in the prob-

lem-solving scale in Table 2 we see that the average of post-test scores (X= 55.9,
SS=6.60) is higher than the average of pre-test scores (X= 54.5, S5=6.54). According to
paired samples t-test, the t value in scores obtained from problem solving scale was cal-
culated as - .840 at 21 degrees of freedom (t22) = -,840, p= 0,410 <0,05). Looking at the
P-value we don’t see any significant difference at the level of 0.05 which suggests that
the scratch program used in programming education has no statistically significant ef-

fect on the problem-solving skills of students.

3. Findings Related to the Third Hypothesis: To determine the effect of the
Scratch program used in programming education on the attitude of students towards the
Information Technologies course, an attitude scale was distributed before and after im-
plementation. The outcomes of paired samples t-test applied to see whether there is a

significant difference between average scores are given in Table 3.

Table 3. Attitude Scale to Information Technologies Course Pre and Post-Test Related Samples t-Test

Results

N X SS T P
Pre-test 22 70.0 3.28 -5.002 0.000*
Post-test 22 89.5 185
*p<0.05
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Examining averages of pre and post-test scores of the working group in attitude to-
wards Information Technologies course scale in Table 3 we see that the average of post-
test scores (X= 89.5, SS=18.5) is higher than the average of pre-test scores (X= 70,
SS=3.28). Also, according to paired samples t-test, the t value in scores obtained from
the attitude towards the course scale was calculated as 5.002 (tp2) = -5.002, p= 0,00
<0.05) at 21 degrees of freedom. Looking at the p-value we see a significant difference
at the level of 0.05 which suggests that the Scratch program used in programming edu-
cation contributes positively to student attitude towards Information Technologies

course.

4. Findings Related to the Sub-problem

It can be said that students have a positive opinion about the Scratch program. They
say they had fun and a nice time while using the program. Some comments made by
students are “We can create fine games”, “I liked it, it must be in all classes”, “It con-
tributed to my problem solving, I participated more in my class.”
4.1 Opinions of Students on Cases They Found Interesting in their Work with
Scratch Programme in Problem Solving and Programming Unit

Students say they found their work with the Scratch program interesting. One student
says, “I can change the scene and characters as I wish, I can do anything I want...”
Comments by some other students include: “What catches my interest is that we can do
animation and cartoon films”, “It does what I tell it to do”... Two students were differ-
ent from others and they found nothing interesting for them in the program.
4.2 Opinions of Students on Cases They Disliked in their Work with Scratch Pro-
gramme in Problem Solving and Programming Unit

Students say they had no dislike or trouble point in their work with the Scratch pro-
gram. One student says “There was nothing posing difficulty” and another “There was
nothing that I disliked”. Still, some students say it is annoying to have difficulty in find-
ing the mistake they have done. One student says, “There were times I got confused”
and another: “It was a problem when what I did turned out to be incorrect and | could
not find where the mistake was.”

4.3 Opinions of Students on Benefits of Problem Solving and Programming Unit
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In general, students say they liked the course more, learned new things, and could
use the computer more effectively. One student said, “I realized I could use the com-
puter in a more useful way.” Another said the following about the work done: “I learned
how to make games to help in problem-solving.” A student: “It was useful for the
course, now we can use computers more effectively.” Other comments by students are
as follows: “We can earn some money by developing our software”; “It added to our
knowledge and helped us in having fun at the same time”; “I learned how to use the

computer”; “We’ve learned programming; “It made the course more enjoyable.”

Discussion

Outcomes of the study show that work conducted had positive effects on students’
academic achievement. These outcomes are in line with the findings of the study by
Ozoran, Cagiltay, and Topall1 (2012) in the same field. They found that after the use of
Scratch programming environment in the course “Introduction to Programming” the
number of failing students reduced compared to the previous year. Korkmaz (2016)
investigated the effects of Scratch-based game activities on students’ attitudes towards
learning computer programming, perception of self-efficacy, and academic achieve-
ment. It is stated that the achievement of the group that taught C++ courses with Scratch
is higher than the group taught by using conventional methods. Dinger (2018) examined
the effect of programming education with Scratch and Kodu Game Lab on the academic
performance of secondary education 6th-grade students, their attitude, and their percep-
tion of self-efficacy. Dinger concluded that the achievement of students learning to
program with Scratch is significantly higher than others learning it by Kodu Game Lab.
Studies conducted so far suggest that applied teaching significantly affects student
achievement since they learn the program by doing it in practice. Also, examining the
qualitative findings of the study we see that students mentioned their enjoyment of the
course. This enjoyment is one of the factors affecting students’ performance in a course.
Students say they can earn money with what they have learned. Students may be much
more willing to learn when they feel what they are learning will have some use in their

lives. This can be taken as another factor affecting performance.
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Another point examined in the study was the effect on problem-solving skills. Here,
no significant difference could be found between pre and post-test scores of students.
This outcome is in line with the findings of Geng¢ and Tinmaz (2010) and Kalelioglu and
Giilbahar 1n (2014) in their studies. Korkmaz (2018) too found game activities per-
formed with Scratch had no significant contribution to problem-solving skills. However,
there are also some other studies reaching just the opposite conclusions. Nam, Kim, and
Lee (2010) arranged a process to facilitate teaching in programming with Scratch that
was in line with the scaffold approach and examined its effect on students’ problem-
solving skills. They found significant improvement in problem-solving skills in both
groups. Cetin (2012) concludes that programming education enhances problem-solving
skills in children. However, students could not use skills they have gained in practice in
some new situations. This may be due to limited time and the weight accorded to
achievements in practice during class sessions. Another reason can be not solving some
practical problems fully.

The study examined the effect of Scratch on student attitude towards the course.
Here there was a significant difference between pre and post-test scores of students on
the attitude scale. Cosar (2013) found positive effects on student attitude towards the
computer. Ouahbi et. al. (2015) investigated the effect of the Scratch program they use
in teaching the basics of programming on student motivation for programming. They
found there is a significant increase in the achievement and motivation of students in the
group using the Scratch program relative to students in the other group. Qualitative
findings of the study also support this as seen in relevant comments made by students.
Students supported the affective domain by stating their enjoyment of the course, the
usefulness of what they learned, and possibilities of earning money with these skills.

In conclusion, there is improvement in the academic achievement of students receiv-
ing programming education with scratch while there is no significant effect on problem-
solving skills. Also, there is a positive change in their attitude towards the course In-
formation Technologies.

In the light of the findings of the study, the following suggestions can be made: In
programming education, different programming tools can be used to detect their impact
on students’ achievement, problem-solving skills, and attitude towards the course. The

effectiveness of the Scratch program in programming education can also be tested with
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different age groups. Another investigation may be whether the Scratch program has its
effect in imparting different skills in thinking (in information processing). It is consid-
ered that work repeated as a result of extending the working period could make a statis-

tically significant difference in building program solving skills.
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