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Examining the Experiences of Preschoolers on Programming
via Tablet Computers

Okul Oncesi Cocuklarimin Tabletlerle Programlama Deneyimleri
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Abstract: The purpose of this study was twofold. Firstly, the reactions of children aged 5-6 were analyzed in
their efforts to use an application aimed at teaching the basics of programming concepts (i.e., sequencing,
loops, conditions) on tablet computers. Secondly, the researchers reported on the implications of the
approaches during the delivery of programming education to preschool children. A four-week, design-based
study was conducted with 20 preschool children. During this study, as the children used a tablet application
their reactions were observed and they were also asked to share their views and experiences. There were times
when the children met with difficulties and needed adult assistance. If they felt a sense of failure or inadequacy
during their engagement with advanced parts of the program, they displayed signs of boredom. Those children
who had difficulty asked for help from others who had succeeded. The researchers also monitored the phases
which other children had reached and who perceived the implementation as a competition. The boys seemed to
be more confident in the application phases. The results of the study indicate that for young children to
successfully use tablets for programming, initial training in the use of tablets that incorporate concrete activities
and basic programming instruction under non-distracting conditions are needed.

Keywords: Early Childhood, Coding, Mobile Applications, Tablet Computers, Computer Education

Oz: Bu galismanin amac1 5-6 yas ¢ocuklarmin programlama ile ilgili deneyimlerini incelemek ve programlama
egitimi uygulanmasindaki giicliikleri belirleyerek, dikkat edilmesi gereken hususlari ortaya koymaktir. Bu
amagla, tasarim tabanli arastirma yontemi kullanilan bu aragtirmada 20 kisiden olugan bir anasinifinda hazirlik
asamasi dahil olmak tizere dort haftalik bir uygulama yiiriitiilmiistiir. Uygulamada, ¢ocuklarin programlamanin
temel kavramlari olan siralama, dongii ve sart konularini igeren bir tablet uygulamasi ile zaman gegirmeleri
saglanmig ve bu program ve gevreleri ile olan etkilesimleri gézlemlenmistir. Kaydedilen uygulama stirecleri,
cocuklara uygulama sonunda sorulan sorular ve gozlem notlart temel veri kaynaklaridir. Uygulama siirecinde
cocuklarn biiyiik dlgiide heyecanli ve mutlu olduklart goriilmiistiir. Ancak, ¢ocuklar basarisizlik duygusunu
hissettiklerinde, zorlandiklar1 boliimlerde ya da benzer bir hedefin tekrarmin ¢ok oldugu béliimlerde sikilma
ifadeleri gostermislerdir. Cocuklarm bir kismi yardima ihtiyag duyduklarinda arkadaglari ile iletisime
gecmisler, yalniz ¢aligsmaktansa iletisim halinde ¢aligmaya devam etmisler, yetigkinlerden yardim alamadiklari
durumlarda akranlart ile iletisim kurmuslar ve yardim talebine bulunmuslardir. Erkek ¢ocuklar kiz ¢ocuklarina
gore kendilerinden daha emin gériinmiislerdir. Caligmanin sonuglari tabletle programlama egitimi siirecinde,
somut etkinliklerle yiiriitiilen 6n ¢aligmalarin dnemini vurgulamaktadir.

Anahtar Sozcikler: Okul Oncesi Egitimi, Kodlama, Mobil Uygulamalar, Tablet Bilgisayarlar, Kodlama,
Bilgisayar Egitimi
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Introduction

Starting from an early age the integration of computing education into curricula has recently
been an overarching effort in many countries (e.g., England, Finland, France, USA etc.). The
advocates of these efforts mainly support the idea that the introduction of computing education
at an early age can change the role of children from consumers to future producers of
information technologies, which should enable countries to remain competitive (Furber 2012;
Akpmnar & Altun 2014; Manches & Plowman 2017). There is also hesitation concerning
introducing computing education, especially programming, at an early age, that may not be
developmentally appropriate; and the lack of teacher preparedness and evidence based
approaches would hinder its potential positive effects (Bayhan, Olgun & Yelland 2002;
Manches & Plowman 2017). Although the potential advantages of the introduction of
information and communication technologies (ICT) to children at an early age have received
agreement among policy makers, practitioners, academics, and parents (Plowman & Stephan
2005), little is known about the related pedagogy and the approaches for computing education
(Cooper, Bookey & GruenBaum 2014).

Computer programming, defined as the basis of digital technologies, is regarded as an
important skill for children to acquire, as it is thought to be a skill that likely will be needed in
their future careers (Rushkoff 2010; The Partnership for 21* Century Skills 2009). However, the
appropriate age for the introduction of programming or computing education is still vague
(Manches & Plowman 2017). Studies show that children around the age of 4 can understand the
basic computer programming concepts and produce simple robot projects (Bers et al. 2002).
Sequencing, an essential skill for programming, (Kazakoff, Sullivan & Bers 2013) is among the
abilities that this age group has. Children of this age not only accumulate the alternate actions to
repeat afterwards, but they also have the ability to make use of them to create different
sequencing in other situations and generalize them to other contexts (Morgado, Kruz & Kahn
2010). According to Papert (1980), rather than memorizing the facts or practicing the skills,
what really matters is to support them to discover the facts and generalize them as they do in
their daily activities. The study by Mattoon, Bates, Shifflet, Latham, and Ennis (2015) showed
that both digital and traditional manipulatives helped improve preschoolers’ computational skills.

Most studies on programming education discuss systems like Logo, which was initially
designed as a floor-turtle and later as an on-screen geometrical drawing of a frog (Harvey,
1997). These studies assert that programming has a positive effect on children’s development of
cognitive skills. As a pedagogical activity, computer programming supports the development of
cognitive skills, such as problem solving (Fessakis, Gouli & Mavroudi 2013). In addition,
programming positively affects such children’s skills as reflection and creative thinking, and
also higher cognitive skills and their ability to provide directions (Clements & Gullo 1984).
Several other studies stress the positive effects of programming on certain mathematical skills.
According to Kazakoff and Bers (2012), in-class programming activities improved children’s
sequencing skills significantly. In another study of children involved in programming-based
robot construction, the researchers found that programming activities significantly improved the
children’s sequencing performance (Kazakoff, Sullivian & Bers 2013). In a study by Reimer
(1985), Logo was found to have strengthened the children’s visual motor skills, visual memory,
and visual identification skills (Clements 1999). While supporting all of these developmental
areas, programming also positively influences children’s social skills. While working with
Logo, children mostly prefer peer interactions rather than seeking adult assistance (Miller &
Emilhovic 1986), but teachers need to scaffold and encourage their students (Clements, Nastasi
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& Swaminathan 1993). Computers also entail content that can attract children’s attention and
increase their motivation (Bergin, Ford & Hess 1993; McCarrick & Lee 2007). Since the
attention span of preschoolers is much shorter compared to other age groups, as much rich
content as possible is needed to attract the attention of children to the target content.

Programming education typically has been provided in a computer environment. More
recently, mobile platforms with advanced features have been used as well. For example, there
are applications for diverse age groups in K12 and available for tablet computers and
smartphones such as Kodable, Scratch & Scratch Jr, MS Kodu, Logo, Alice, and Betie, some of
which are also available on computers. These applications aim to teach children basic concepts
and skills of programming via game-like and graphic platforms. Applications with specific
features (such as visualization in animations and games, concretization, narration, etc.) help
children to effectively build programming skills. In particular, features such as a simplified
syntax, instruction symbols, instant applicability of instructions, and the utility of adapting
programming paradigms to metaphors make these applications appropriate for children’s skills
development (Fessakis et al. 2013). When animated characters and similar elements are employed,
the abstract concept of programming becomes more concrete for children. These kinds of
applications are also useful for translating complex programming language to a child’s level in
an entertaining way (Stolee & Fristoe 2011).

As the employment of emerging mobile technologies in preschool education is relatively
new, few studies have been conducted on tablet computers in this context (Sahin et al. 2014).
Existing studies focused on the use of computers and robotics in preschool education. A need
exists for studies that examine children’s reactions to using tablet computers for learning
programming concepts and investigate the approaches for designing programming education to
preschoolers. This study was designed to analyze the programming experiences of preschool
children and to identify issues that were encountered during these experiences. The process of
their programming education involving tablet computers was also examined. Two research
questions guided this investigation:

1. What social, emotional, and physiological reactions emerge among preschoolers while
they are programming on tablet computers?

2. What are the aspects of designing and delivering programming education to preschoolers
via tablet computers?

Method

To examine preschooler’s experiences related to programming education, a design-based approach
was adopted in the study (Collins, Joseph & Bielaczyc 2004; Reeves 2006) in an attempt to
understand the design and implementation steps of the process. Data was collected using
qualitative methods to provide in-depth knowledge about the design-based implementation
process.

Programming Application and Content

In this study, the researchers used a mobile application named Kodable on students’ iPads.
Kodable is a mobile application for children aged 5 and up and aims to offer an introduction to
programming concepts via drag and drop instructions. Little round characters as the members of
fuzzfamily are in the planet Smeeborg and require students’ help to navigate in the mazes. This
application was selected for participants due to its appeal, easy use, and basic curriculum that
introduce fundamental programming concepts of sequence, conditions, loops, and functions. It
is regarded as having a child-friendly interface (Garcia-Penalvo, Reers, Jormanainen &
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Vermeersch 2016). Considering the curriculum of the participants and after negotiating with the
classroom teacher, sequence, conditions, and loops were included within the scope of the study.

Participants

The participants in the study were 20 children from a private school’s preschool class in a large
province of Turkey. The preschoolers were around 5-6 years old, and their class contained 11
girls and 9 boys. Before conducting the study, the necessary permissions were obtained from
their parents, and all of the research activities were observed by their classroom teacher. To
identify the participants’ prior interactions with technology, their parents’ perceptions were
queried. According to information from the parents, 16 students watched TV every day, while
four students watched TV only a few times in any given week. A majority of parents indicated
that their children used computers, mobile phones, and computer tablets from time to time and a
few only stated that their children had never used these technologies before.

Data Collection Tools

Data were collected during the 2014 Spring. Before the study, unstructured interviews were held
with the classroom teachers at the school, and structured observations were made in the
classrooms. The aim of these interviews and observations was to determine the school and
classroom environment, and to obtain detailed information about the teaching and learning
processes.

During the implementation, data was mainly collected from observation notes and video
recordings. The data from the video recordings was analyzed to determine both the children’s
reactions during the implementation periods and the processes of the implementation phases.
Additionally, the children were asked to share their thoughts and experiences after each activity
via video recordings.

Procedure

Before the implementation, a preliminary study was performed, intended to help the children
understand the tablet application. As suggested in the curriculum document of Kodable website
for teachers, a tangible platform was created in the classroom. Imitating the maze in the
application, this platform included cue cards, rewards on the route, the target at the end of the
route, a toy dog following the route, and an operator leading the dog. With the help of this
platform, the children could make clear and easy inferences about routes and targets. The
sequences, loops, and conditions were all introduced in the platform. The children observed the
operator and gave directions to proceed and to reach target. The main reason for this is that
preschoolers are at the concrete operational stage, and so they can accomplish these kinds of
cognitive activities. However, due to the small classroom environment and large class size, the
children could not interact with the platform individually.

The implementation phase in total lasted three weeks. Activities were conducted for three
hours per week by the researchers and the ICT teacher at the school. During this process, the
children were taken to another class in groups, and they were asked to start using the
programming application on iPad tablets, beginning from the first level. During the
implementation, the children were allowed to spend time using the programming application
while their reactions to it and interactions within their environment were observed and recorded.
The process took about 30 minutes for each student. Throughout the implementation, the
children were followed; they were guided whenever they needed assistance; and observation
notes were taken. Additionally, the children were asked to share their thoughts and experiences.
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The Data Analysis

All the observation notes and implementation recordings were analyzed using the content
analysis method of the qualitative data analysis approach. The recordings of each process were
reviewed and analyzed in relation to the research questions, and they were interpreted with
reference to the observation notes. They were analyzed using the thematic analysis process of
the content analysis method. For this aim, all data were grouped under themes (e.g., children’s
reactions) and sub-themes (e.qg., social-emotional reactions). Each researcher coded the data and
interpreted the results via consensus. Original quotes from the children were extracted, and the
students’ names were given pseudonyms for the sake of their privacy.

Findings
The results of the content analysis were grouped into two categories: the children’s reactions

(emotional and physiological reactions) during the implementation, and the processes in the
implementation phases.

Children’s Reactions Observed During the Study

Social-Emotional Reactions

During the three-week study, the researchers observed the children’s emotional reactions while
they were using the programming-based application. Their reactions are characterized as
excitement, happiness, curiosity, joy, signs of boredom, and desperation.

Throughout the study, the children generally appeared excited and happy. During the first
phases, they were impatient and willing to start the activity on the computer tablets. The teacher
tried to attract their attention to describe and explain the activity; however, it was a difficult task
to manage. The children frequently tried to use their computer tablets before listening to the
instructions, and they had difficulty following them.

When children felt a sense of failure in certain phases, they displayed signs of boredom.
They usually expressed their feelings of desperation and boredom with sentences like, “I cannot
do this, you see; | cannot pass this level — ugh, it is too difficult!”.

In the course of the implementation, there was one child (Burcu) who had never used a
computer tablet before. Therefore, she struggled in each phase of the implementation. Since she
was much more interested in the computer tablet itself, rather than the directions, she had
difficulty performing certain actions properly. This situation caused her to feel inefficient and
made her complain tearfully: “Teacher, | cannot do this. How will | manage this? | cannot pass
this level”.

The girls were more anxious about using the tablet computers than the boys. The boys
seemed more confident during the application phases. While the boys had shown more desire to
advance the levels, the girls were more inclined to finish a level quickly and then leave the
application.

Although the effects of technological devices on social skills were beyond the scope of this
study, the social interactions between some of the children during the research process were
notable. Specifically, those children who had difficulty in some phases asked for help from
others who had moved to the next level. However, the children usually helped others by doing
the required procedures for the student in need rather than by providing advice and guiding. To
illustrate:

Ali: Teacher, can I help my friend?
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Teacher: Of course, you can.

Ali: Ok, now, you will put it there. Purple one on it. Then go down there.
[Doing all these tasks himself] Stick up through the pink one. Here you
go!

Though rarely seen, some children did try to help their friends by making them find the
mistakes by themselves. To illustrate:

Ayse: I did it wrong again. I cannot understand what to do.

Ipek: What is wrong? What did you do? No, show it with your hand first.
Ayse: I put that there, then this, this... Is it ok? [When it was correct, she
joyfully hugged her friend].

At the end of the activities, the children were asked to share their thoughts. Some of their
responses were:

Ali: The game was fun, but if | could have dragged them [the characters]
without the boxes, it would have been more fun.

Mehmet: The game is fun and not boring. In this game, the monster
wants to collect all the money and take it home. He can go without
collecting it, but as | want him to collect it, | take him to every single road.
Zeynep: | loved the fluffy monster the most.

Arda: The game is not fun, it is boring. The stages are a bit hard.

Ayse: The game is nice but tiring. It was better at the beginning.

As seen from the responses of the children, when they felt challenged especially in the several
levels of loops and conditions, their opinions about the application were generally negative.
They were very much interested in elements of the application including the characters,
interface, and flow of levels.

Physiological Reactions

During the use of the application, the children mostly expressed themselves physically. Their
reactions occurred throughout the process and simultaneously with their emotional reactions.
The most common reactions were applauding, standing up and cheering, hugging someone,
crying, hitting one’s own head, and tapping on the computer tablet harshly.

As an example of a physical reaction, when the children were successful, they tended to
applaud; this is a basic rejoicing reflex. Burcu, who had felt intensely unsuccessful, displayed
physical reactions such as crying and hitting herself slowly. We also observed that some
children were standing up during the difficult stages, and checking their friend’s computer tablet
frequently. Some only placed their heads between their hands or scratched their heads.

Processes in Implementation Phases

The children had problems with physical directions during the preliminary study. As they could
not make an exact distinction between right and left, they struggled to understand directions
(e.g., going left for 5 steps and jumping and then turning right and going up 3 steps).
Additionally, the insufficient classroom size was another problem which hindered individual
interaction with the platform. Therefore, it can be assumed that the effort aiming to concretize
the programming concepts was unsuccessful to help children get a concrete sense of loops, and
conditions subject.

During the implementation, those children who previously knew how to use tablets were
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able to understand what to do with the application without any instructions. As the classroom
teacher indicated, concrete activities focusing on sequencing and pattern forming which had
been conducted throughout the term now became useful. However, when knowledge of “loops”
and “conditions” (which was not included in the preschool education program) was required in
certain stages of the application, the children became lost and did not know what to do. They
needed help or instructions. Apparently, the demonstration stage that did not allow individual
participation for finding paths was inadequate for the children to concretely understand these
issues. This indicates the critical role of preliminary studies and individualized instructions prior
to such types of programming activities. Providing an adequate number of informative activities
can decrease the problems that will face the children. In addition to the preliminary information,
working with each child individually is also important as the application in the tablet
environment provides only two dimensional (2D) visuals rather than 3D ones — which are more
concrete and help children to understand more easily.

Another important find is the importance of an optimal number of students per teacher. The
study was carried out with different numbers of children in groups, which met at the same time;
this helped to identify an optimal student-teacher ratio. A group of six students and three
teachers provided the most productive study environment, compared to other groups (e.g., ten
children to three teachers). When the number of students per teacher increased, the teachers
struggled to care for each student personally, and sometimes were unable to provide feedback or
to help them when the child was in need of assistance.

Discussion

During the problem solving and strategic planning development processes, the children
maintained their learning interests. Simultaneously, they displayed social interactions including
competence and cooperation, which contribute to their learning process as is suggested by
Fessakis et al. (2013). According to Sehridan and Williams (2006), preschoolers tend to
compete and race in physical activities and in computer games. In the current study, there were
children who tried to follow which phase in the computer game the other children had reached.
Parallel to the literature, this shows that these children perceived the use of game-based
applications as a being a form of competition.

For several children, it was their first encounter with technological devices such as computer
tablets in an educational institution. These kinds of technological devices are not used
frequently in preschool education, and so the children’s interest and sense of wonder may be
aroused. This can yield both positive and negative consequences for the effectiveness of their
first-time usage.

Similar to the study of Fessakis et al. (2013), we observed that in addition to competition,
children engaged in social interactions with each other, including peer-to-peer communication
and cooperation. The children asked for help from their peers and supported each other, as
Freeman and Smrindayke (2001) suggested. In addition to reinforcing cooperation skills, these
social interactions affect children’s memory skills. Children engage in social interactions with
their friends while working on computers, and their concentration is directed to both the
computers and to each other (King & Alloway 1992). Similarly, the results of this study also
indicate that when they needed assistance, the children engaged initially in peer-to-peer
communication, and then seek adult assistance.

According to the experimental study of Perlmutter, Behrend, Kuo, and Muller (1989), the
free recall and cued recall skills of children working with their peers in a group were rated at a
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higher level than those of students who studied alone on computers. Similarly, the help of peers
made all children complete stages in this study.

In a study carried out by Bergin, Ford, and Hess (1993), 95 preschoolers were video
recorded while they were playing computer games. They reported positive physical reactions,
such as excited behaviors, singing, pointing to the screen, and laughing. In another study
performed with 12 preschoolers using computers, the children’s gestures and verbal statements
were recorded (Liu 1996). Their results demonstrated that 75% of the children continually
laughed and smiled during their interactions with computers. Likewise, in the present study,
similar positive physical reactions were found (applauding, standing up and cheering, and
hugging someone). But unlike the other studies, the results of this study also showed that the
children displayed negative physical reactions, such as crying, hitting one’s own head, and
tapping on the tablet harshly. These negative reactions may be a result of the feeling of failure
that the children experienced in some phases of the tablet application (e.g., when working on
loops and conditions). The main reason can be the use of a result-oriented application rather
than a process-driven one in this study.

The results supported previous literature with Logo in that the teacher must encourage and
support the children, and also manage the teaching (Clements et al. 1993; Fessakis et al. 2013).
Moreover, the appropriate provision of environmental stimuli by someone who knows the
children’s needs, interests, and skills enables the students to relate their experiences to daily life,
so that they will be more willing to search for new information (Klein, Nir-Gal & Darom 2000).
Providing diverse activities to support problem solving skills can also be suggested to promote
programming skills (Kalelioglu & Giilbahar 2014). Finally, finding an optimum children-to-
teacher ratio is highly important for the success of an implementation, as was observed in the
current study.

Conclusion and Recommendations

This study showed preliminary studies that concretize the basic concepts of programming have
a vital importance for preschoolers as they significantly enhance the effectiveness of their
learning processes. Depicting the programming concept for the tablet’s use in a concrete way
for preschoolers was an aspect that was not fully realized, indicating the basic limitation of the
study. It is believed that due to the wide space given to patterning and sequencing concepts in
the curriculum of students, they were comfortable in passing easily through the phases that
require sequencing skills. However, they generally experienced difficulty in the phases that
include loops and conditions, with these phases not given much space in the curriculum of
traditional classroom hours. The result was that they became bored from time to time. This
situation may have been caused by the limited time span of the study (not enough time to train
the children adequately) and/or insufficient concrete activities. The suitability of these topics
within the mental horizon of preschoolers also needs to be examined. Obviously, children
struggled to learn within the 2D environment provided by the application. Hence, in light of the
results of this study, we recommend that more time should be allocated for future research
studies on this topic and that more concrete instructional activities should be incorporated.

Due to the insufficient time period allocated for this study, only one preliminary study for
the concretization of the concepts had been conducted and this clearly was insufficient to attract
the children’s attention. Preliminary studies which include a route and target are very important
in constituting concrete learning activities. Thus, the number of preliminary studies should be
increased, and the use of concrete activities should be emphasized to introduce children more
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tangibly to the basic steps of programming skills. In order to enable each child to experience the
procedure first-hand, spacious places such as a garden, playroom, or sports hall should be used,
and the activities should be performed with a high teacher to student ratio in smaller groups, if
possible. At the very beginning of the implementation process, after directions for their use have
been fully explained, tablets can be given to the children, to prevent the children from focusing
on the tablets rather than following the instructions. Lastly, the instructions should be provided
to the children as a group; but if this is not possible, they can be taught to the children
individually.

This study contains some limitations. Firstly, the duration of the study was insufficient to
explain whether or not their interest was derived (and to what degree) from the novelty effect,
that can be caused by the presence of computer tablets for the first time in the classroom. The
novelty effect may be more limited in longer-term studies. Secondly, during the procedure, the
children were taken to a different classroom from their own, in small groups. Consequently, the
study was limited by the small classroom setting and the group sizes. The classroom teacher
could not be included during the implementation process, which was also a limitation. Finally,
the design features of the tablet application (graphical design, content design, etc.) imposed
another limitation on the study.

Note

The first draft of this study was presented in 2014 International Conference on Instructional
Technologies Symposium (ICITS).
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