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Abstract

This study aims to explore the influences of the CS-unplugged activities in developing problem solving skills of
preschool children. The participants were 11 children (4-5 aged) enrolled in a public preschool and Code.org
activities were used as an instructional package. Activity evaluation form and interviews were used to understand
children’s problem solving processes. In order to determine the problem solving performances, the tasks were
divided into the meaningful sub-tasks with regard to problem steps of Nance’ problem solving model. The results
indicated that CS-unplugged activities positively influenced students’ understanding and planning performances
more than doing and evaluation skills. Preschool children developmental characteristics and the nature of the
problems somewhat hampered the development of their performances in doing and evaluation steps. It is hoped
that the study may provide insights for the efforts on enhancing preschool children’s problem solving processes.
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1. Introduction

Over the past decade, computational thinking (CT) has become a very hot topic in educational research and
practice. After Wing’s (2006) declaration, a common idea for CT definition entails at least thinking in a way that
formulating problems and their solutions are represented in a form that can be effectively carried out with an
information-processing agent (Wing, 2011). It leaded researchers to study on supporting young children to acquire
thinking skills that are transferable to problem solving in computing related subjects (Bransford et al., 2000,
Brackmann et al., 2017).

Wing (2006) argued that CT is a fundamental skill for everyone, not just for computer scientists. Researchers also
highlighted that CT is an important skill that should be taught to the next generation (Barr et al., 2011; Brown et
al., 2013; Grgurina et al., 2014; Grover & Pea, 2013; Hodhod et al., 2016; Kafai & Burke, 2013; Voogt et al.,
2015; Wing, 2006). Thus, many countries have updated their computer science (CS) curriculum to teach children
starting from young ages (Bargury et al., 2012; Bers et al., 2014; Grgurina et al., 2014; Grout & Houlden, 2014;
Kalelioglu et al., 2014; Lee, Martin, & Apone, 2014; Repenning, Webb, & loannidou, 2010). In an attempt to
increase interest in CS, much effort has gone into developing some preliminary learning materials, activities,
methods or tools for teaching CT for young children. In these studies, programming (Dann, Cooper, & Pausch,
2009; Resnick et al., 2009), educational robotics and CS-unplugged activities (Bell, Witten, & Fellows, 2005,
Wohl et al., 2015) are frequently used considering the educational levels.

Since it is difficult to teach CT to young children via programming or robotics, CS-unplugged activities are
suggested as an introduction strategy (Battal, Adanir & Giilbahar, 2021). Additionally, not all children are lucky
enough to access to powerful tools and toys and CS-unplugged activities yield equal opportunity across all learners
as individuals that do not require so many technological tools. Unplugged activities also have potentials to learn
the concepts without the need for technological devices or computers (Kalelioglu & Keskinkilig, 2017).
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Previous research has demonstrated beneficial effects of CS-unplugged initiative as a way of teaching CT in early
ages. For example, Del Olmo-Munoz ~ et al. (2020) found that in the early stages of primary education, it is more
suitable to perform CT through unplugged programming activities before plugged-in activities. Bell and
Vahrenhold (2018) found through a literature review that unplugged programming activities can help students and
teachers stimulate motivation to explore CS in a meaningful and attractive way and can also help students to carry
out subsequent ‘plugged-in’ learning. Wohl et al. (2015) compared Scratch, Cubelets, and unplugged activities in
teaching CS to 5-7 aged children and found that unplugged activities are more powerful in teaching concept of
algorithm than others. On the other hand, Caelien and Yadav (2020) pointed out that unplugged programming
activities can support students’ participation in plugged-in programming activities in the future. Some other
researchers also emphasized the role of CS-unplugged activities as a priming step to help students understand
algorithmic steps before they write code (Gardeli & Vosinakis, 2017; Uchida et al., 2015). Following conclusions
from the previous studies we aim at gaining an insight into the relationships between the nature of CS-unplugged
activities and the problem-solving process of preschool students.

1.1. CS-unplugged Activities for Developing Problem Solving Skills

According to Wing (2008) CS-unplugged activities are various kinds of problems that do not directly involve
coding tasks. CS-unplugged is defined as a widely used collection of activities and ideas to engage a variety of
audiences with great ideas from CS, without having to learn programming or even use a digital device (Bell &
Vahrenhold, 2018, p. 497). Research have shown that CS-unplugged activities contribute to the acquisition of
basic CS concepts (Hermans & Aivaloglou 2017; Wohl et al. 2015; Taub et al., 2009), support improvement of
CT (Leifheit et al., 2018; Jagust et al., 2018; Rodriguez, 2015), provide entertainment for the lesson (Bell &
Vahrenhold 2018; Curzon, 2014) and help to overcome misconceptions or negative attitudes towards programming
(Bell & Vahrenhold 2018). Researchers argued that using CS-unplugged activities would break the wall between
CS and using computers in real life problem solving for children of young ages (Nishida et al., 2008; Lambert and
Guiffre, 2009; Bell & Vahrenhold, 2018). Ahn, Sung, and Black (2021) also reported that CS-unplugged activities
enhance younger students’ problem-solving skills, debugging, and confidence, and to reduce the obstacles that
programming can present for novice learners. Besides, unplugged approaches may be less intimidating to teachers
without a background in CS or programming and avoid the high costs of teaching coding or dealing with hardware
(Huang & Looi, 2021). Taking their advantages in learning with games, trial-and-error with real objects and
learning within groups have made CS-unplugged popular in problem solving activities (Nishida et al., 2008).

There is a significant research effort invested on discussing the effects of CS-unplugged activities on problem
solving skills to convey fundamental CS concepts to children without any computer skills in the schools (Bell et
al., 2009; Prottsman, 2014; Wohl et al., 2015). According to Dwyer et al. (2014), while acting in CS-unplugged
activities young children can describe problems, identify the requisites to solve the problem, break the problem
into small logical steps, use these steps to meaningful problem-solving process, and then evaluate this process. In
this sense, Alamer et al. (2015) used CS-unplugged in a camp to introduce programming concepts. In another
study, Dwyer et al. (2014) implemented CS-unplugged to measure students’ ability to work with systematic
instructions in algorithms. In secondary education, Thies and Vahrenhold (2012) used CS-unplugged activities
and addressed positive results in CT skills of students. There have been some projects undertaken to propose the
potentials of CS-unplugged. For instance, Bebras is a test of computational problem solving that does not require
the use of a programming language (Dagiené, et al., 2016; Gujberova & Kalas, 2013). In addition,
(csunplugged.org) by CS Education Research Group in New Zealand introduces CT principles without using a
computer (Bell, Witten, & Fellows, 2015). Another popular CS-unplugged project is Code.org. It introduces a
blocky coding platform for preschool students through the 8th grade and older. It also covers a variety of
algorithmic concepts that are connected to everyday life dedicated for children from the 4th year.

In order to improve problem-solving skills of young children, researchers suggested preparing activities focusing
on children’s developmental characteristics (Cetin, 2016). Although an increasing number of nations have plans
for introducing CS-unplugged activities in early childhood, problem solving activities within CS-unplugged
activities are not formally integrated into the preschool curriculum. Thus, a need exists to present models to guide
the educators. Following the idea that CS-unplugged activities can promote young children to engage better in
problem solving activities; this study seeks to examine the influences of CS-unplugged activities on their problem-
solving skills.

1.2. Research Problem

The aim of this research is exploring the development of problem-solving skills of preschool children with CS-
unplugged activities. More specifically, the research question is “To what extent do the CS activities-unplugged
develop young children’s problem-solving skills?”” was investigated.
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2. Method

In this study, an instructional package including CS-unplugged activities was used for developing problem solving
skills was implemented. A sequential explanatory mixed method was implemented in this research. This study
undertakes the sequential approach where the quantitative phase is followed by the qualitative phase and the
qualitative findings are used to contextualize the quantitative ones (Creswell, et al., 2003). Activity evaluation
forms were used for evaluating the problem-solving skills quantitatively and interview data were used to explain
the reasons of developments in problem solving skills through the students’ experiences.

During implementation, one of the researchers was observed the students’ behaviors in their learning environment
as a participant researcher and tried to understand the atmosphere, language or views of the group. At the same
time, observation data were also used in the analysis of qualitative data by observing the group in depth through
this participated researcher.

2.1. Participants

This study was carried out with 11 children (aged 48-60 months) enrolled in a preschool. They did not take similar
activities focusing directly problem-solving skills. They normally show the basic developmental characteristics
behaviors of their young age during implementations which took place in the class environment.

2.2. Process

The study lasted 5 weeks, 2 class hours per week with Code.org unplugged activities. Children at the age of 48-72
months can perform activities such as matching, establishing cause-effect relations, reading object graph and
creating graphics with regard to their developmental characteristics (Piaget, 1976). Accordingly, the activities in
Code.org were selected considering the motor, linguistics, cognitive and social development of young children
characteristics. The activities covered direction, rhythm and classification skills including loops, conditionals or
patterns. The children can provide different decisions, learn to carry out the iterative process to achieve tasks and
produce tangible artifacts. The acquisitions covered in the activities are presented in Appendix1. Three experts (2
preschool and 1 IT experts) reviewed the activities for content validity regarding the covered skills. Activities were
selected based on in the 2013 preschool education program of the MoNE for 36-72 months old children considering
the grouping and thinking skills on Code.org (Table 1). All activities in the Code.org have developmental
foundations and evaluation worksheets, as well as various daily life problems appropriate for all age groups.

Code.org worksheet assessment forms were followed to develop a detailed lesson plan that would be applied in a
30-min. class period. The teacher introduced materials and basic problem-solving activities by following the lesson
plans. The children worked on the tasks around common tables and followed the worksheets to complete the
activity individually. The researcher only guided the children when they did not understand the tasks but did not
explain how to solve the problem. The researcher as an observer took notes by observing the children’s behaviors
and filled the evaluation form regarding their problem-solving performances. The research process is summarized
in Figure 1.

Finding a model for Selecting appropriate
defining young children activities from
problem solving process Code.org

A

Y

Validity for problem solving tasks and the model in terms of
developmental characteristics of young children

Y

Developing data gathering tools: Activity evaluation form and
clinical interviews

Y

Implementing the activities through lesson plans with regard
to Code.org worksheets

Figurel. Research Procedure
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2.3. Selected CS-unplugged Activities for this Research

The “36-48 and 48-60-month-old Preschool Students' Developmental Characteristics Guide” was guied us to test
the compatibility of the activities with the developmental characteristics of the children (Ministry of Education
(MoNE), 2013). Tablel presents students’ developmental characteristics and the activities. The tasks in the

activities are assigned into four steps (understanding, planning, implementation, and evaluation).

Tablel. Activities Associated with Students’ Characteristics

Code.org Unplugged Pre- Language Cognitive Social Motor
Activities School Development Development Development  Development
Level
1- Happy Maps 36-48 Expresses Creates one-to- Participates in ~ Cuts the given
u omemremseameey  Months  their feelings  one matching. group games.  simple shapes.
g m—— Old verbally.
o Groups Follows the Performs the
e s rules under printing paste
— adult operation.
© © supervision.
?:3 %e 48-60 Answers Answers Adapts to Bounces the
Months  questions questions about adult/peer ball on the
L4 £ 0ld such as Why?  the leadership. ground three
——=  Groups = How? Who?  object/person/pict times.
; ' me ure that he/she has
E— seen a short while
ago.
4ot et ot ot et Answers Completes the
,,,,,,,,,,,,,,,, questions missing parts in
ttt1t1 ¢t about shortly  the pictures by
< o simple looking at the
33333 stories. example.
The activity involves Answers questions
constructing an algorithm involving cause-
that takes the character to effect relationship.
the desired goal by
cutting out simple shapes
about instructions.
CT Skill:
Logical thinking,
Algorithmic thinking,
Problem solving
2-Real Life Algorithms  36-48 Expresses Creates one-to- Participates in ~ Cuts the given
Months  their feelings  one matching. group games.  simple shapes.
Old verbally.
Groups
Describes two Identifies the Follows the Performs the
events in the  object whose rules under printing paste
order in picture she sees. adult operation.
which they supervision.
occurred. Continues the
pattern consisting
Answers of two objects by
questions
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about him/her  looking at the
daily routine.  model.
48-60 Answers Sorts an event in Adapts to
Months  questions the order in which  adult/peer
Old such as Why? it occurred. leadership.
Groups  How? Who?
Answers Answers
questions questions about
In this activity, the about shortly the. )
algorithm flow of daily 51mp1e object/person/pict
life examples is given in a stories. ure that he/she has
mixed order and must be seen a short while
ordered correctly. ago.
CT Skill: Algorithmic Creates a story
thinking, Efficiency, fr.om the shown
Problem solving pictures.
Answers
questions
involving cause-
effect relationship.
3-Getting Loopy 36-48 Expresses Shows the parts of Participates in  Cuts the given
Months their feelings  their body which ~ group games. simple shapes.
The Zeeration Old verbally. are said to
(MW . her/him.
| = e = Describes two Follows the Performs the
L Lﬁ} ] events in the rules under printing paste
<L IR order in adult operation.
u‘ ] [‘;\ ] which they supervision.
H‘} occurred.
Tendo s ,,% 48-60 Performs two  Groups 1-5 Adapts to Makes simple
= Months  or three objects according  adult/peer dance steps.
This activity includes Old consecutive to their common  leadership.
recognizing  repetitive Groups  instructions.  properties.
steps and performing Efforts to go
loops in order of flow Answers on the work
with body movements questions about he/she started.
including the language, the
self-care, cognition and object/person/pict
motor development skills ure that he/she has
of children. seen a short while
ago.
CT Skill: Algorithmic
thinking, Innovative Completes the
thinking missing parts in
the pictures by
looking at the
example.
Answers
questions

involving cause-
effect relationship.
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4-My Robotic Friends 36-48 Expresses Sorts an event in Participates in ~ Cuts the given
_ Months their feelings  the order in which  group games. simple shapes.
My Robotic Friends C .
o ey Couse Bg Old verbally. it occurred.
Groups
Describes two Follows the Performs the
' ‘ events in the rules under printing paste
o oo order in adult operation.
which they supervision.
occurred.
Fulfills simple  Builds a tower
StepForward StepSackvard responsibilities by 8 cubes.
Answers
€ -ﬁ questions
about him/her.
48-60 Performs two  Groups 1-5 Adapts to Builds a tower
Months  or three objects according  adult/peer by 10 cubes.
-- Old consecutive to their common leadership.
-- [ | Groups  instructions.  properties.
- Performs Answers
tasks related ~ questions about
This activity includes to objects out  the
making the different of own sight.  object/person/pict
shapes of towers with ure that he/she has
plastic cups by following seen a short while
the given instructions. ago.
CT Skill: Algorithmic Completes the
thinking, Innovative missing parts in
thinking the pictures by
looking at the
example.
Answers
questions
involving cause-
effect relationship.
5-The Big Event 36-48 Expresses Creates one-to- Participates in ~ Draws the
+ Project e Event Contoleronio your casseomser [V omiths  their feelings  one matching. group games.  model shown
Old verbally. by looking at

. ‘ o

Performs two

Identifies the Follows the

or three object whose rules under
consecutive picture she sees. adult
instructions. supervision.
Continues the
pattern consisting
of two objects by
S looking at the
Tk Buton Sy Woamoor e model.
 Purpe Dis» Boom™
' 48-60 It tells what Sorts an event in Adapts to
Months  the source of  the order in which  adult/peer
Old the sound is. it occurred. leadership.
Groups
Answers Groups 1-5
questions objects according

the example.
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ST such as Why?  to their common
The Big Event .
S How? Who?  properties.

Performs two ~ Completes the

[*’ o H-’l [.‘] E or three missing parts in
consecutive the pictures by
L. 8 6 ¢ instructions.  looking at the
“ AW £ example.
OHA o B Answers
Y Y | o 3 questions
involving cause-
In this activity, the effect relationship.
teacher asks the students -
when the teacher touches Compares objects
different shapes to make according to their
different sounds to get the various properties.

meaning of the shapes.
Then, with the same
logic, the students are
expected to match the
shapes' representative
animal characters.

CT Skills: Algorithmic
thinking, Innovative
thinking, Problem
solving, Critical thinking

2.4. Data Collection Tools
In this study, activity evaluation form and interviews were two main data collection tools.
2.4.1. Activity Evaluation Form (AEF)

AEF was developed for evaluating the problem-solving skills by monitoring the children’s behaviors in the
problem-solving tasks and considering their perspectives about their experiences. Nance (2016) problem solving
steps understanding, planning, doing and looking back were taken as a framework for each activity.

Understand: The researcher asked, “What does this activity ask you to do?” and achievement of the student's
ability to understand and verbally express the problem was evaluated.

Plan: The children were asked the question of “What will you do for this activity, what do you need to achieve
the result?” to determine their planning of the problem.

Do: Children were asked to perform specific tasks for each activity. For example, in Happy map activity, they
were expected to complete the task of the “Finding correct and short way arrows”.

Look Back: The questions “Do you think you got this activity right? Do you think what you did was right? Do you
have any idea how to fix it if you think you did wrong?” were asked to the children to reveal how they check their
solutions.

Considering Nance (2016) framework, each activity was divided into sub-tasks and indicators were defined for
each of the tasks. The problem-solving performances were evaluated through these indicators. Students’ answers
were scored as “satisfactory”, “partially-satisfactory” and “unsatisfactory” for each activity. The behaviors of the
children in the activity were observed and confirmed with the interview data. Two researchers scored the students’
answers in the AEF individually. Then, they discussed the scores together until they came to an agreement about
the scores. The scores were also confirmed via the teachers’ opinions. So, a triangulation is done with the

quantitative and qualitative data handled to reveal the problem-solving skill development of the students.
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For instance, in “Understanding” step, AEF was filled for the Activity-1 as described below.

Satisfactory: Using a correct sense of the expected expressions of the activity. For example, using the arrows to
bring the character to the apple etc.

Partially Satisfactory: Although not emphasizing the expected concepts, short but meaningful expressions are
explained. For example, do not eat apple, do not go to the apple etc.

Unsatisfactory: Wrong representation of different expressions or failure to fully understanding about the task. For
example, independent expressions or took apples to the character (vice versa).
A view from the AEF including the “Understanding” step for the Happy map is presented in Table2.

Table2. A view from the activity evaluation form

Appropriate Tasks for the
.. event . S
Activity (Based on Nance's problem- Evaluation Criteria

solving steps)

Problem Solving Step: . Partially- .
Understanding Satisfactory Satisfactory Unsatisfactory
Question (Teacher): What will
you do in this event according to
your opinion?
What will you do in this game? "
Happy S use to "go to ?S\i;{: i ;g: o
map What does this activity ask youto  toward to apples anples or cat use to different
activity do? via using PP expressions such

" apples" use a nanple shoul
arrows" orusea .o as "apple should

) similar ioh go to character”
Task-1: To express the logical expression right

flow of the game verbally. expression

(saying something similar to
“character should go towards
apple")

In order to calculate the total scores obtained from all activities, if the “satisfactory” and “partially-satisfactory”
scores for the activity were more than “unsatisfactory” scores, the children’s performance was assigned as
“satisfactory” for that activity. If the scores obtained from all activities were “partially-satisfactory” and
“unsatisfactory”, the score is assigned as “partially-satisfactory” for the activity. If the scores assigned for almost
all activities were “unsatisfactory”, the student’s performance was defined “unsatisfactory” for the activity. The
criteria for determining the total scores are presented in Table3.

Table 3. Criteria for determining the total programming performance of the children

Evaluation Criteria Assigned Scores
Satisfactory + Partially Satisfactory score is more Satisfactory

Partially- Satisfactory + Unsatisfactory scored is more Partially- Satisfactory
Unsatisfactory scored is more Unsatisfactory

Values from evaluation criteria when analyzing data obtained from this form are scored as Satisfactory=2, Partially
Satisfactory =1, Unsatisfactory=0.
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2. 4. 2. Interviews

Interviews were conducted one by one and lasted 10-15 minutes. The details of students’ artifacts such as “Why
did you do that? Do you think you did right? How did you decide?” were asked to children to understand what the
student thought when they were doing the tasks. Qualitative data were analyzed via content analysis by transcribing
the interviews. To develop categories and codes, two coders read the children responses carefully. The codes were
put into categories depending on the programming steps to address the programming performances.

3. Results

In this section, children’s problem-solving skills were discussed regarding their performances and their behaviors.

3.1. Problem solving performances in CS unplugged activities

The children’s total problem-solving performances by taking into account the evaluation criteria (unsatisfactory,
partially satisfactory, and satisfactory) in the AEF were shown in Figure 2.

Problem Solving Performances of the Children

10

M unsatisfactory

M partially-satisfactory

Number of Students

® satisfactory

© B N w & 0 &

1. Happy Maps 2. Real-Life 3. Getting Loopy 4. My Robotic 5. The Big Event
Algorithms Friends

Activities

Figure 2. Problem solving performances of the children

Figure2 shows that the lowest average problem solving performance that was observed in Activity 2, and the
highest score as 2. The average scores regarding the steps of programming performances are normalized and
presented as percentages is shown in Figure 3.

Al A2 A3 A4 A5

B Understanding ®Plan = Do ™ Look Back

100

8

o

6

o

4

o

2

o

Percentages of Average Scores
(]
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Figure 3. Average achievement scores in the problem-solving steps

Figure 3 shows the percentages of students’ average problem-solving performances in all the four sub-steps scores
(understanding, plan, do, and look back). For example, for the Al activity, average score from 11 students was
calculated as 2.54, and then this score converted to the percentage of 84.8% for representing Al activity
understanding sub-level. It is seen that, while the average problem-solving performances are high at A1 and A4,
and those are relatively low in A2 and A5 which includes mostly ordering and matching activities.

The total problem-solving scores for all activities is shown in Figure 4.

S11
S10
S9

Students
L n nm N n n NN n
=N WS U1 Oy @
[y
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=
I
—
N
—_
N

10 15 20 25 30 35 40 45 50 55 60
Total problem solving scores in the activities

o
63}

Al mA2 mA3 mA4 mAS

Figure 4. Total problem solving scores in the activities

Figure 4 indicates that the scores from the activities vary for each child. For instance, while S2 got 10 from Al,
she got low scores from other activities.

3.2. Students’ Experiences in Problem Solving Tasks
In this section, the problem solving performances in the activities are explained with regard to their experiences.

3.2.1. Activity 1. Happy Maps: The performances in the implementation and evaluation steps were slightly lower.
In this activity, while determining the correct move within the relevant column for each step, some children focused
on only one column and chose all their moves from that column.

In planning step: The majority of the children were able to express their actions in a specific order. However, in
doing step, instead of completing the tasks as they planned, they moved away from their planned solution ways;
namely, they did not follow their plans. Some of them attempted to continue with the cross moves. In this sense,
S4 expressed that “/ used the short way because I thought that the character was hungry, and it was tired and
needed to eat”. This may be related to the imaginations about using an object for different purposes. This kind of
imagination is frequently seen in young that they sometimes focus on other objects rather than the goal
(Yesilyaprak, 2018). Some of them also within their imaginations assigned some new meanings for the tasks and
acted in the activities like playing games. In this sense, S7 expressed that “I need to stick the arrows in the right
direction and take this character to dinner by following the path (showing with his finger) ”. Although he expressed
his plan by identifying correct steps, during the activity he tried many wrong ways. He explained this case with
this statement “...J know the right way for the solution, but I wanted him (character) to get confused so I didn’t
show it’. Similarly, S3 explained the reasons why he did not apply his plan in the activity as “I didn't want the
beast to eat that food, because it always eats all food and is going to be very fat”. In looking back step, S6 stated
that “/ wanted it to go this way” and he did not follow the directives and he did not look back to the situation. In
general, although the children worked in the tasks as expected in this activity, the labyrinths, which were gradually
getting difficult, made it difficult to apply the plans.

3.2.2. Activity2. Real Life: In this activity, children were asked to arrange activities such as tying their shoes,
brushing teeth and planting seed in a sequential manner. The tasks include ordering the pictures presented in a
mixed order to form an integrity in accordance with the related games. In the Activity 2, the children performed
high in understanding and planning steps, but the average scores taken from the tasks given in the doing and
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looking back steps were low. In the tooth brushing activity the children experienced the tasks in their daily lives.
Similarly, in the shoe-tying activity as they previously experienced, children got high scores in understanding and
planning tasks. Regarding this activity, some of the children when answered the questions like “Why did you put
a picture of clean-toothed cat at the end when sorting pictures in this event?”, “Do you think you did this activity
right?” An example answer is “... because our teeth are clean when we brush our teeth, so I put it in the end
(showing picture of a clean tooth cat).”

In the seed planting activity, the performance of the children was relatively low especially during the doing step.
In this activity, it was seen that some of the children copied other children’s behaviors while performing the tasks.
In addition, the symbols of the seeds used in planting seed and potted seedlings were not clear. It is thought that it
is difficult to establish the relations among the pieces of a whole.

It is observed that children’s experiences in the tasks significantly influenced their performance particularly in
doing step. In fact, children who did not know the symbols in planting seed activity found it difficult to solve the
problem. Considering the average scores of the three activities, the lower scores of the children can be thought as
a reflection of the lower scores of the doing step. In addition, the fact that the planting seed (6 stages) activity was
completed in more stages than shoe-tying (3 stages), tooth brushing (4 stages) activities may have influenced the
low performance in implementing their plans.

3.2.3. Activity3. Getting Loopy: In this Activity, performances related to the tasks given for the understanding and
doing steps were high but low at the looking back step. It was observed that all of the children in their plans
provided repeated some actions (loop). However, the majority of the children could not determine the number of
repetitions in this process, and they could not show the number of loops in the plans correctly. In this sense, S5
addressed that “...I will repeat clapping, clapping, clapping as my teacher doing” while repeating processes.
Another student S3 stated, “...I'll repeat the same picture, but I don't know how many times”.

On the other hand, the tasks in the doing step were done by following the teacher’s presentation. The presentations
helped children to get high scores even though the children had deficiencies in their plans. At the looking back
step, some of the children could not perform the tasks by assigning the number of repetitions correctly.

3.2.4. Activity4. My Robotic Friends: In this activity, the children were asked to put the cups in order as in the
pattern given on the worksheet. A view from students’ actions is seen in Figure 5.

Figure 5. A view from My Robotic Activity

In this activity, almost all of the children showed high performance in understanding and planning, and all of the
children were successful in doing and looking back. For instance, S4 expressed that “... [ will put the cups in order
as shown in picture”, “We were like robots in this activity”. Also, a number of children were able to decide the
number of cups for the correct solution in the planning step. In addition, it is seen that in all of the tasks in the
doing step, the children were able to put the cups in order as expected pattern. Using concrete object such as plastic
cups may be considered as one of the reasons of high performance in this step. Using daily-recognized objects
and allowing these objects to create the patterns by heuristic approach might have been contributed to this
achievement. Accordingly, S1 identified that “sometimes /'m confused while I'm putting the cups in order, but
then I just lined up like a tower.” One other reason for the high performance of the children at the looking back
step may be related to the developing a concrete product. In this sense, the children could review the paths they

needed to follow when they could not do it correctly.
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3.2.5. Activity5. Big Event: In this activity, the children were asked to match the geometric shapes with the
appropriate animal figures.

Figure 3 shows that the majority of the children performed high in understanding and planning steps in Activity5.
The performances in the doing and looking back steps were quite low. The average scores in the doing and looking
back steps were lower than the other steps. Children’s perspectives reflect that one reason for the low scores may
be the fact that the children cannot remember more than one pattern. For instance, S5 expressed that ... When [
forgot the pattern, I looked up again and I waited to put my finger on it to not forget” S4 also explained his action
as “...I've confused which shape corresponds to which animal”. As in other activities, it can be thought that the
decrease in the performance of the problem solving is regarded to the complexity of cognitive tasks such as keeping
the one more pattern in mind and creating multiple patterns. In addition, in this activity it is expected that while
matching, first; understand the hint box given in the introduction, and then keep this information in mind, then
adapt the following question according to the situation, and lastly, use this information to reach the desired result.
Since this activity requires sequential follow-up and mental processes, it is not easy to perform the expected tasks
in this age group sequentially.

Figure 3 indicates that in Activity 1, Activity 2 and Activity 5, the understanding steps were completed more
successfully than the other steps, whereas the doing step were more successful than the other steps in the Activity
3 and Activity 4. It is seen that the planning step is constructed accordingly depending on how well the student
completes the understanding step. It is noteworthy that children performed lower in the looking back steps except
for Activity 2 and Activity 4 than other steps. At this point, the result may be about the nature of the activities
Activity 2 and Activity 4. Because Activity 2 is more directly related to the daily life than others and Activity 4
(My robotic friends) addressed more motor skills.

4. Discussion

This study attempted to determine the effect of CS-unplugged activities on problem solving skills of preschool
children. The results indicated that the significant increase in problem solving skills may be due to the activities
designed in accordance with the learning objectives. In this study, in all of the activities the children performed
high in understanding and planning steps compared to the other steps. The doing step, which is usually used to cut,
paste, match, sort, etc. resulted in lower scores due to cognitive skills as well as hand skills. It is surprising that
although the scores during the looking back steps were low, the children began to perform the tasks correctly in
this step.

The current study confirmed that CS-unplugged activities can support the young children to establish a relationship
between activity and real life. Namely, the activities including concrete events such as putting the cups in order
together activity can provide high performance rates at the looking back steps. In Activity 2, although the children
did not experience a problem before, they could understand the task, but mostly they could not perform high scores
in doing step. In this context, one can infer that the activities that the children experienced before can support
children’ performances in doing step as in the understanding step. For instance, in Activity 1 (Happy Maps) and
Activity 5 (Big Event), children's understanding and planning performances were high, but they could not perform
the similar performance in the doing and looking back steps. In these two activities, keeping multiple moves in
mind, matching multiple images and performing sequential operations are some examples requiring the advanced
cognitive skills in which the children could understand the problem but not perform high in the doing step.

The findings showed that study concluded that the design of the activities and the roles attained to the children
influenced the development of their problem-solving skills. Similarly, another study suggested that the activities
in CS-unplugged activities should be explicitly linked to central concepts in CS (Taub, Armoni, & Ben-Ari, 2012).
In accord to this study, Faber et al. (2017) found that the unplugged materials seem to elicit positive reactions from
children. Another reason for the achievement in activities is the nature of the activities that preschool students are
generally considered to have high performance due to their similarity to cut-and-paste activities. In accord to this
finding; a comparative experiment by Montes-Leon et al. (2020) found that the introduction of unplugged
programming activities could help students improve their CT skills and have a positive effect on their follow-up
programming learning.

It is important for children to engage in the tasks of problem-solving activities. Actually, it is also known that the
attention of the young children can be distracted quickly, and it is difficult to engage them in different tasks during
the activities (Radesky & Christakis, 2016; Rodriguez et al, 2016). In the current study, attractive potentials of the
tasks in CS-unplugged can be seen as engaging children in the activities and being active in problem solving. As
suggested in prior studies, we ensured that all children had a role to act in the activities (any amount of down time
potentially results in bored, disengaged children and lower assessment results).

12



International Journal of Computer Science Education in Schools, April 2022, Vol. 5, No. 3
ISSN 2513-8359

Research has shown that unplugged programming activities can effectively develop 5—7-year-old children CT
skills and help them transfer CT skills to other problem-solving scenarios (Conde et al., 2017; Wohl et al., 2015).
Unplugged debugging activities without the use of programming tools provide more content-focused learning
experiences for younger students by reducing the cognitive demands for using technological tools (Kotsopoulos
etal., 2017). This study also confirmed that CS-unplugged activities including objects or concepts that the children
have experienced before positively influence on their planning and doing performances. The results also indicated
that, the activities should also be designed considering the “imaginary world” of the children. Namely, something
in the activity may remind them of some different events in their mind. Hence, the activities including tangible
and basic materials may eliminate this and may provide better problem-solving outcomes.

This study highlights that CS-unplugged activities may provide successful outcomes for problem solving of
preschool students. The preschool children can engage cognitively, socially, and creatively in the CS-unplugged
activities. In this study we separated the problems into the tasks by associating them with the substages of problem
solving. In this way, we could evaluate the problem-solving processes regarding their achievements in the tasks in
the understanding, planning, doing and looking back steps. With both findings provide potential avenues for future
problem solving, this study moves us one step closer to uncovering a way to evaluate the young children’s problem-
solving process.

This research is not exempt from limitations. The most important of which is its exploratory nature. It is difficult
to provide quantitative data about the young children’s problem-solving processes. It should be noted that this
study focused on only 5 activities to evaluate the problem-solving performances in CS-unplugged activities.
Implementing activities by taking objectives in the preschool curriculum and students’ developmental
characteristics into consideration played a positive role about the implementation process. This study used only
students’ answers and observations assess the problem-solving processes. In future studies, data from the video
records including the interactions among children would support evaluating the problem-solving processes more
accurately. Moreover, Taub, Armoni and Ben-Ari (2012) pointed out that it is difficult to demonstrate that CS-
unplugged activities actually achieve long-term goals about directing young children’s interest in CS concepts.
Hence, further longitudinal studies may be helpful in clarifying the effect of CS-unplugged activities to the
achievements in CS. One other limitation was the small sample size; thus, a larger sample size would increase the
sensitivity of the analysis.

5. Conclusion

This study considered the cognitive development of the young children by directing the roles of children to problem
solving and evaluated developments in their problem-solving skills. The results indicate that even if the children's
plans about the tasks is correct, sometimes the problem-solving process cannot be fully completed as expected in
the doing and looking back steps. The tasks in the activities were also found influential on achieving problem
solving steps. Preschool children’s developmental and working memory characteristics and their previous
experiences about the objects and the tasks in the activities also influenced their problem-solving process.

Overall, the contribution of the findings of this study is in two folds. One is about the design attributes of the
problem-solving activities for preschool children. The second is about the evaluation process of CS-unplugged
activities in terms of problem solving. It is recommended to design worksheets that are both engaging for the
children and directing them to problem solving process. Incorporating worksheets or assessment techniques into
lesson plans of preschools is also crucial to take the advantage of problem solving in the early ages. Instructional
designers should take care when deciding to design certain types of learning activities considering children’s
developmental characteristics. Educators can adapt CS-unplugged activities to their lessons are to build and
maintain a collaborative classroom environment and refer them when teaching abstract concepts and solving daily
problems in preschool classrooms. We hope that the findings of this study would assist in future design and
implementation of CS- unplugged activities for young children.
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Appendix1
Completes puzzle with 10-25 pieces.
Creates new shapes by combining geometric shapes
Groups the objects
Performs addition and subtraction operations of at least 1-10 numbers.
Explains how to do match, associate and group Establish cause-effect relationships

Uses comparison statements
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