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With the development of information and communication technologies, access to information is
becoming easier every day. Consequently, individuals' abilities to interpret information that especially
exists in the learning processes, to produce new knowledge and to use the information produced have
gained more importance day by day. The aim of this study is to determine the effect of digital story
design made by students working on project in groups using Scratch program on their reflective
thinking skills towards problem solving. The sample of the study consisted of 82 students who
attended Basic Computer Sciences (Social) course and studied in the verbal departments such as
History, Archaeology and Philosophy of Faculty of Arts and Sciences of Kocaeli University in the
2018-2019 academic year. In this study, single-group pretest-posttest experimental design was used

and data were collected by “Reflective Thinking Skill Towards Problem Solving Scale”. According
to the findings, it was determined that teaching of Scratch programming has a positive effect on
reflective thinking skills of the students studying in the departments of Archelogy, Philosophy and
History and is mostly effective in sub-dimension of questioning. In future studies, students' reflective
thinking skills towards problem solving can be measured through project-based, observational
applications and achievement tests.

INTRODUCTION

With the advancing technology, access to information gets increasingly easier. This may decrease the ability of individuals to
interpret information, to produce new knowledge and to use the information produced in their educational lives (Karabulut, 2015;
ITU Rehberlik , 2012; Karar and Vatan Newspapers, 2018). Employers state that learning ability, problem solving skills and
teamwork are important (OECD, 2001). Problem-solving ability is a prerequisite for success in most professions and in everyday
life. In the 21st century, new approaches have differently proposed that instead of only learning the information in their lives,
individuals should rather be able to use and question it, produce new information, transfer it and find solutions to the problems they
face (Lai & Land, 2009). Reflective thinking skills play an important role in the development of problem solving skills of the
students (Kapranos, 2007).

The concept of reflective thinking can be defined as individuals’ thinking about what and how they have learned by looking at what
they experienced during and after learning process in order to gain new knowledge, and thinking internally to decide for new
knowledge to learn by evaluating themselves (Strampel & Oliver, 2007; Uygun & Cetin, 2014). The purpose of reflective thinking
is to understand a case or a problem, to involve solving the problem better, and to enable increase of the learning experience by
maintaining the students' interests (Epstein, 2003; Kizilkaya and Askar, 2009; Bas, 2013).

Phan (2009) and Al-Tarawneh (2015) stated that reflective thinking can be considered as one of the most important style of thinking
that has contributed to solve future problem and at data analysis, it helps students experience too much information needed for
problems and situations, so student success increases. Hsieh and Chen (2012) demonstrated that, in the process of software design,
reflective thinking strategy has a positive impact on the improvement of learning performance of the students especially who are
less successful. There are many studies focusing on the relationship between programming processes, problem solving and reflective
thinking (Fessakis, Gouli, & Mavroudi, 2013; Liao & Bright, 1991).

Some research studies regarding that reflective thinking skills are used in the programming process and affect the success are
available in the literature. In one of these studies, Havenga, De Villiers and Mentz (2011) reported that high-performing
programmers used various mental activities and supportive strategies by applying various cognitive, reflective and psychological
processes and activities while writing their programs. According to Mohd Rum and Ismail (2017), development of metacognitive
skills, including the conceptual framework provided by socio-cognitive theories that provide reflective thinking, such as active
monitoring, evaluation and regulation of a thought, is important for the new learners of programming. Deng and friends stated that
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in the sense that block-based programming tools had positive effects on students' programming attitude and that they could also
promote the cultivation of computational thinking, reflective thinking and problem-solving ability.

Steps for the solution of the problem in the programming process for learners are as follows: understanding the problem, analysing
the problem, developing solutions, implementing the way of solution by coding and evaluation (Polya, 1985; Brown and Kusiak,
2002). In order to carry out these steps easier, it will be quite helpful to include practical processes and concrete examples in which
the eyesight and sense of touch are at forefront in teaching programming languages. Digital story design is important in solving the
problems via visualizing step by step while giving concrete examples.

Digital stories can be described as an artistic activity created by combining traditional storytelling composed by individual or
collaborative group work with multi-media components such as text, visual, audio narration, music and video (Saritepeci, 2017).
According to Robin (2016), digital story design allows students to reflect what they have learnt creatively and critically. Individuals
develop communication skills by learning to organize ideas, asking questions, expressing their ideas and developing narratives while
creating a digital story; when they share their work with their peers, they can also increase their emotional intelligence, collaboration
and social learning gains because they criticize their own work and the work of other students. In addition, Ohler (2005) proposed
that digital stories should be used to strengthen students' critical thinking, report writing and media literacy.

Scratch program which is one of the visual programming languages and addresses every age group is based on digital story design.
Programs such as Scratch, StarLogo TNG, which also allow for collaborative work, contribute to the success of the students in
creating self-efficacy for developing their problem-solving skills, increasing their meaningful expression repertoire creatively and
personally, and helping to eliminate the limitations in their language skills (Deveci Topal, Coban Budak and Kolburan Geger , 2017;
Millner, Huang and Corbett, 2013).

Based on this information, it is thought that the programming course learned by digital story design and cooperative learning method
can contribute positively to reflective thinking. According to Durak, Yilmaz and Yilmaz (2019) there was a positive and moderate
relationship between computational thinking, programming self-efficacy and reflective thinking aimed at problem solving. The
related literature has studies examining the effect of Scratch programming tool on programming teaching (Federici, 2011; Su et al.,
2015). However, it is seen that studies which investigate whether reflective thinking which provides understanding of a situation or
a problem and solving the problem better develops by using Scratch program are very limited in the literature.

Taylor, Harlow and Forret (2010) emphasized that programming education is effective on the teaching of mathematical subjects,
development of problem solving strategies, collaborative, systematic and creative thinking, and Kert and Ugras (2009) stated that
algorithm and programming skills have contributed a lot to one’s thinking and problem solving skills. It is also important for students
studying in such departments as philosophy, history, archaeology of universities to develop their reflective thinking skills, to know
how to extract information from resources, how to question objects and works, to be informed about history and historical processes,
and to build knowledge. Therefore, reflective thinking skill is necessary for individuals to keep up with the current age regardless
of their professions. This sample group (history and archaeology departments) has not taken any programming lessons before.
Scratch, which is a visual programming language, was used in order to learn simply, in this study.

In this study, it is aimed to determine the effect of digital story design implemented by project work in groups and with Scratch
program during programming course on reflective thinking skills towards problem solving with students in the verbal departments
of Faculty of Arts and Sciences. The sub-problems of the study are as follows:

1. Does Scratch program have any effect on their reflective thinking skills towards problem solving?

2. Based on the final test scores, what is the perception level of students' reflective thinking skills towards problem solving?
3. Do students show significant difference in developing reflective thinking skills towards problem solving according to
the demographic characteristics (such as gender, department and duration of computer use)?

METHOD
In this part of the study, research model, study group, data collection tools and data analysis have been included.
Research Model

In this study, pre-test / post-test single-group semi-experimental research model was used. Measurements of quantitative and
qualitative variables of the participants are obtained by using pre-test before study and post-test after study using the same
participants and measurement tools.

Sample of The Study

The sample of the study consisted of 82 students who attended Basic Computer Sciences (Social) course and studied in the first
grade of History and Archaeology departments and in the second grade of Philosophy department of Faculty of Arts and Sciences
at Kocaeli University in the 2018-2019 academic year. The demographic characteristics of the students participating in the study
are given in Table 1.
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Table 1. Demographic characteristics of the students participated in the research

Gender N %
Female 55 67
Male 27 33
Department N %
Archaeology 25 30,5
Philosophy 20 24,4
History 37 45,1
Computer ownership N %
Yes 60 73,2
No 22 26,8
Duration of daily computer use N %
Less than 1 hour 40 48,8
More than 1 hour 42 51,2
Knowledge of programming N %
Those having attended a programming course before 8 10
Those having tried to write a program before 5 6
Those not having programming knowledge 69 84

Data Collection Tools

The “Reflective Thinking Skill towards Problem Solving Scale “which was developed by Kizilkaya and Askar (2009), used in this
study consists of 5 likert type 14 items and includes three sub-dimensions which are questioning (5 items), causation (4 items) and
evaluation (5 items). The KMO value of the scale was calculated as 0.872 and Bartlett's Test of Sphericity value was 1084.329 (p
<0.01) and the reliability coefficient for all of the scale items was calculated as Cronbach's Alpha = 0.83. Cronbach alpha values
have been examined for the reliability estimates of the dimensions. According to the analysis result, for the “questioning” dimension
it has been found as 0.73, for the “reasoning” dimension it has been found as 0.71, and for the “evaluation” dimension it has been
found as 0.69.

Action frequencies that items include are arranged at levels of Always (5), Most of the time (4), Sometimes (3) Rarely (2), Never
(1). Total score of the scale was formed as the sum of the answers given to 14 items in terms of these scores. The height degree of
the total score is interpreted as the degree of having reflective thinking skills.

Experimental Process

In programming, visualizing narration of algorithm steps written in verbal language with digital story designs eases understanding
of the problem concretely. In Basic Computer Science (Social) course, which is instructed to students who study in verbal
departments, students are taught the steps of problem solving and gain the necessary skills to perform simple practices that can be
used in daily life and to detect and correct errors in program codes. Learning coding logic in programming is facilitated by use of
user-friendly and visual programming tools (e.g. Scratch, Code.org, Code monkey, Applnventor) (Gezgin, Ozcan, Ergiin, Kse and
Emir, 2017). In order to explain the programming logic by visualization, programming with Scratch was taught, the students were
asked to prepare project work in groups of four, so they first designed the digital story on paper and coded it in scratch program.
The students presented the story part of the project they prepared to the instructors and their classmates in the midst of the study and
they presented the coding part in the last week of the study. The study lasted for 12 weeks, four hours per week. In this study, it is
aimed to determine how the teaching of Scratch programming affects reflective thinking skills of students towards problem solving.
The distribution of the subjects on a weekly basis is given in Table 2.

Table 2. Distribution of subjects by weeks

Week Subject
Identifying the problem and developing solutions. Definition and types of the algorithm. Operators and

1 examples used in algorithms and examples. Definition and examples of flow diagrams.

2 Process Structure in Algorithms: Definition and types of variable. Concepts of assignment-transfer of
variable, increase-decrease. Visualisation of algorithm and flow diagrams with digital story telling.
Introduction of Scratch program interface. Transfer of digital story designs (algorithms) into Scratch

3 program. Presentation of "Clicked" command “Start” and "Stop" command for “Finish” in order to run

the program in algorithm. Recognition of the code blocks and presentation of the result of the output
of the algorithm steps as a screen output.

4 The importance of user interface design in programming. Description of the interface design principles
of Jakop Nielsen. Organizing individual or groups for project work. Creation of digital story designs.
Explanation of commands in objects (decor / stage), character (sprite) in programming. Adding or
designing decor /character in Scratch program. Displaying definition of variable in Scratch code block.
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Examples of Verbal / Quantitative Problems with Algorithmic Design and Scratch (Examples such as
loop concept by moving of character with commands of repeat until/ forever , deceleration /
acceleration by adding seconds, stage / character change, character speech)
Transfer of project works, of which digital story designs have been prepared, into Scratch program.
6 Designing of stage (decor) and character (sprite) in their works by project groups, change and motion
of the stage / character. Control of project designs.
Description of condition commands (IF / Option - Case) in the program. Display of algorithm and flow

! diagram examples of verbal / numerical problems that should be solved logically via Scratch program.
Stage change according to conditions / character’s asking question via using variable, moving with the
8 keyboard arrow keys, adding / dropping points. When any key on the keyboard (such as space) is

pressed, character (sprite), that is, when the object is clicked and the decor is ready, presentation of the
commands with examples. Example of labyrinth with points.

9 Drawing geometric drawings with loop commands. Logic of sub-programs with commands of
“broadcast” and “when I receive” in the programming. Drawing shapes with commands of “when
clicked” and “broadcast/when I receive”. Making calculation applications such as four operations,
average, maximum with examples.

10 Control of project work. Detection of algorithm / flow diagram errors towards problem solving and
troubleshooting with feedback.

11 Doing examples with general application questions for revising.

12 Last control of individual/group project work.

In order to ensure that the algorithm steps, which are the basis of programming, can be written accurately and clearly by verbal
expressions, lecturing is supported by sample algorithms which include Scratch program codes. Some examples done in computer
laboratory are given below. Firstly, the students were given to expression of problem verbally and then how to write algorithm steps
by verbal language and drawing of the flow diagram are shown so as to solve the problem via programming (Figure 1). The
commands written in Scratch Program were executed and the results (outputs) were displayed on the screen.

Ornek Problem1

— —
Girilen iki sayimin toplamim alan programi yapiniz. :/ BEISDJ /1 \‘
N N
Bu programi yapmak igin éncelikle programin plarimi, r 1
yani algoritmasini veya akis semasini gizmek veya islem ikinci derisk EE sor ve bekla
adimlarini yapmak gerekir. Birinci / tnel Sﬂﬁl}i’;ﬁ]‘(!gw ene i yamit yapn
aktar.
/ saywmal say12=yanit sor ve bekle
Birlikte programin algoritmasinin islem adimlarim / / Sayle=ya L
yazalim. ‘ ‘ _sswi i yanit yapm
. oo R S0
iki sayiyi toplayan algoritmamin islem adimlar Birinci sayiy Deg1'$ken]eri top]a. &I Ry it
dcgi$kcncakrar. Toplam = sayl 1+say12 Soyle: toplam siire: a saniye
1. Adim: Bagla say11=yanit
2. Adim: Birinci Sayiyr Al 3 $
3. Adim: Birinci sayiy bir degiskene aktar.(sayi1=yanit) ikinci Yazdir Toplam
; / sayiyial

4. Adim: ikinci Saywy Al / iy / P |
5. Adim: ikinci sayiy1 bir degiskene aktar.(sayi2=yanit) B A ) hd

I ) / ur )
6. Adim: Degiskenleri topla. (toplam= sayil+sayi2) 1 J /’

N/ —
_ -

7. Adim: Sonucu ekrana yazdir.

8. Adim: Dur

Figure 1. Algorithm of addition, flow diagram drawing and Scratch program codes

In order to improve programming logic of the students by using problem solving method, the algorithm steps of the problem or the
command statements in Scratch program were left blank in some sample applications (Figure 2). With similar logic, places of
algorithm steps were written in wrong order, and the students were asked to put them in correct order.
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Soru: Scratch programinda kare ve (iggen sekilleri ¢cizdirmek igin programda bos birakilan yerlere

gelecek olan komutlari yaziniz?

W sckil_cizma
' W | (2:0,¥:180)

O,

=
(x:-240,¥:0) (%:0,¥:0)
»

{2:0,¥:-180)

Figure 2. Writing of Commands in Square and Triangle Drawings
Data Analysis

SPSS 18.0 program was used for data analysis. Descriptive statistics, frequency analysis, mean, standard deviation, matched sample
t test and independent sample t test were applied. The significance level was accepted as 0.05. Assuming that the degree range is
equal in responses to scale items, the highest value was subtracted from the lowest value and divided into the number of degrees.
The value of this range is 4/5 = 0.8 and is given in Table 3.

Table 3. Limits of Score Distribution Related to Research Scale

Options Limits

Always (5) 4.20-5.00

Most of the time (4) 3.40-4.19

Sometimes (3) 2.60-3.39

Rarely (2) 1.80-2.59

Never (1) 1.00-1.79
FINDINGS

Does teaching students in the verbal departments of Faculty of Arts and Sciences Scratch program have any effect on their reflective
thinking skills towards problem solving?

The matched group t-test was applied to determine the difference between perception levels of students' reflective thinking skills
towards problem solving before and after teaching of algorithm and programming with Scratch software and the results are given
in Table 4. The results of the matched group t-test showed that when the students' reflective thinking skills towards problem solving
before and after instruction of programming with Scratch was examined, a significant difference in favor of the post-test was found
in the overall score (t(81)=2,015; p<.05) and in sub-dimension of questioning (t(81)=2,094; p<.05). While average of the pre-test
scores of the students was x =52,46, the average of the post-test scores was x =54,09, and average of pre-test scores in the sub-
dimension of questioning was x =19,01 whereas the average of post-test scores was x =19,65. There was no significant difference
in sub-dimensions of evaluation (t (81) = 1,183; p> .05) and causation (t (81) = 1,891; p> .05). This finding provided that 12-week
instruction of programming with Scratch positively affected the students’ levels of reflective thinking skills towards problem
solving.
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Table 4. T-test results of pre-test and post-test average scores of students’ reflective thinking skills towards problem solving

Reflective  thinking  skill

towards problem solving N S t df P

Total Pre-test 52,46 82 9,09 2,015 81 0,047
Post-test 54,09 82 10,00

Questioning Pre-test 19,01 82 3,34 2,094 81 0,039
Post-test 19,65 82 3,62

Causation Pre-test 14,88 82 2,99 1,891 81 0,062
Post-test 15,45 82 3,01

Evaluation Pre-test 18,57 82 3,63 1,183 81 0,240
Post-test 18,99 82 3,80

Based on the final test scores, what is the perception level of students' reflective thinking skills towards problem solving?

The descriptive statistics of the items in the scale applied to the students in order to determine their perception levels of reflective
thinking skills towards problem solving were calculated, and the findings are given in Table 5. According to this table, the students
think that they most of the time perform the skills required by reflective thinking towards problem solving in both total and all
dimensions.

Table 5. Perception levels of reflective thinking skills of students towards problem solving

Reflective thinking skill towards Item

problem solving number S
Total 82 14 3,86 0,71
Questioning 82 5 3,93 0,72
Causation 82 4 3,86 0,75
Evaluation 82 5 3,80 0,76

Do students in the verbal department of Faculty of Arts and Sciences show significant difference in developing reflective thinking
skills towards problem solving according to the demographic characteristics (such as gender, department, duration of computer
use)?

Table 6 shows the pre-test and post-test average scores of the students' reflective thinking skills towards problem solving based on
frequency of daily computer use. According to this table, it was determined that in the whole pre-test results, those who used the
computer for more than 1 hour had higher reflective thinking skills towards problem solving than those using the computer less than
1 hour. According to the results of the post-test, a significant difference was found in favor of those who used computer more than
1 hour only in the sub-dimension of evaluation. This case, except for sub-dimension of evaluation, was interpreted as the students'
skills started to be close to each other after 12-week Scratch instruction, regardless of daily computer use duration. It can be said
that teaching programming with Scratch contributes positively to reflective thinking skills.
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Table 6. T-test results of pre-test and post-test average scores of reflective thinking skills towards problem solving according to
frequency of daily computer use

Reflective thinking Duration of daily

zg\lli//?r:gsproblem computer use N X s.s t p
R s
Questioning II\_/Iesfeﬂt]s:nllh:(;JLrlr :2 ;222 gij 23310022

. Lessthan 1 h 40 14,05 3,06

% Causation Mecj:etr?:nlr?;:r 36 1594 2,72 293¢ 000

o Lestwimr 805 g
T e
oty b 803 g

ot Lm0 00 o

[ Lo 8 g, g,

The pre-test and post-test scores of the students were analysed according to gender, department, ownership of computer, having
attended programming course and having written program before, but no significant difference was found according to these
variables.

CONCLUSION AND DISCUSSION

In this research, teaching of algorithm which constitutes working logic of the computer was carried out using method of working in
groups and teaching of Scratch programming was performed by digital story design, and it was aimed to find out how this instruction
affected the students’ reflective thinking skills towards problem solving. For this purpose, a 12-week study was planned and
“Reflective Thinking Skill Towards Problem Solving Scale” was applied to the students before and after the study.

According to the results of the study, it was determined that at the end of the study, the students who study in Archaeology,
Philosophy and History had a positive effect on their reflective thinking skills towards problem solving after instruction of
programming with Scratch and the instruction was effective especially in the sub-dimension of questioning. At the end of the study,
it was found that the students generally performed the skills required for reflective thinking towards problem solving. In a similar
study, Yildiz Durak (2018) stated that programming with scratch positively affected the reflective thinking skills of 5th grade
students. Also, Eriimit (2019) stated that the mathematical and game preparation activities with Scratch had positive effects on
algorithmic thinking and reflective thinking skills for problem solving. Norris and Jackson (1992) suggested that teaching of
programming improves problem solving skills, and it will be useful to teach programming for all students at university level,
especially when critical thinking and developing skills of problem solving are an objective. In their study, Fessakis, Gouli and
Mavroudi (2013) demonstrated that five and six-year-old preschool children enjoyed attractive learning activities and had the
opportunity to improve their mathematical concepts, problem solving and social skills as a consequence of computer programming
study. Clements and Gullo (1984) determined that the group who had education with programming got higher scores than computer
assisted education group had according to the criteria of reflectivity and different thinking, metacognitive abilities and ability of
describing directions. Saritepeci (2017) has determined that use of digital storytelling activities has an impact on development of
students' reflective thinking skills. On the other hand, Kalelioglu (2015) did not find any significant difference in the end of the
study carried out during an experimental research examining the effect of code.org program, similar to Scratch, on the reflective
thinking skills of secondary school students, but the students were understood to have developed a positive attitude towards
programming. As a result of the study, it was determined that students' skills started to be close to each other regardless of daily
computer use duration after 12-week course of Scratch.

Finally, it can be said that after teaching of programming language with Scratch, students' reflective thinking skills towards problem
solving get more positive. Based on the research findings, it may be suggested that reflective assessment and computational thinking
skills related to problem solving should be included in the training programs as part of the programming courses applied at different
levels. The results obtained here indicate the students' own perceptions. It would be more accurate to apply project-based,
observational and reliable-valid success tests in order to measure students' reflective thinking skills towards problem solving in a
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proper and accurate way. Also, the relationship between the scores obtained from reflective thinking skills scale towards problem
solving and the academic achievement of the students can be researched.
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