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Digital technologies are increasingly present in the daily lives of adults and children, which increases the need 

to better understand this digital world. Given today's society, the premises of the key competencies that early 

childhood education must provide future students based on the Curriculum for Early Childhood Education and 

supported by constructivist theory (of Vygotsky's zone of proximal development), this study aims to investigate 

the development of computational thinking for the child in preschool education. Using as a method for the case 

study, the observation of children's behavior during nine weeks in which we carried out specific activities, we 

tested three hypotheses regarding the development of computational thinking, using both connected and non-

connected tools, the levels of communication and collaboration between the participating children. The results 

show that the use of educational robots in different stages of teaching, learning and evaluation helps in the 

development process of children by understanding the cause-effect relationship, acquiring spatial and temporal 

orientation skills, developing communication skills and supporting socio-emotional interactions with children 

of the same age. Decomposition, abstraction, pattern recognition and algorithms were the four components of 

computational thinking analyzed and all obtained a score above the mean of the Likert scale used. Future 

research is needed to study the more in-depth effects of STEAM activities on children's cognitive acquisitions 

and social-emotional skills. 

 

1. Introduction  

The actual society is increasingly dependent on the 

digital technologies and children are more and more 

exposed to this dependency too. Terms like digital 

native (Prensky, 2001) and digital childhood (Orben, 

2022) are nowadays usual terms to describe how 

present is technology in the lives of children starting 

with an early age. Therefore, a multitude of questions 

appeared related to what, how much, how, by whom 

and from what age we teach children to use digital 

technologies so that they are digitally competent. In 

the Romanian educational system, the early childhood 

education should provide to the children the pre-

elementary level of the eight key-competences. The 

digital competence is one of these eight key-

competences, but the Romanian Curriculum for Early 

Childhood Education from 2019 mentions that “digital 

competences are not directly addressed in the early 

childhood education curriculum, but it is 

recommended that, as far as available resources allow, 

they are addressed through the way activities are 

carried out” (M.E., 2019). The digital competence 

model of Ilomäki et al. (2016) contains four sections: 

(1) technical skills and practices, (2) abilities to use 

and apply digital technologies, (3) abilities to 

understand and evaluate the digital technologies, (4) 

motivation to participate and engage in the digital 

culture. The third element of this model “consists of 

wide-ranging and multidisciplinary aspects such as the 

consideration and observation of the ethical issues, 

computational thinking, and basics of robotics” 

(Kontkanen et al., 2023). In 2006, Wing considered 

that “computational thinking is a fundamental skill for 

everyone, not just for computer scientists. To reading, 

writing, and arithmetic, we should add computational 

thinking to every child’s analytical ability” (Wing, 

2006). Since then, more studies were related to 

computational thinking referring to definitions (Selby 

et al., 2014), activities plugged/ unplugged, gender, 

age related to it (Bati, 2022), content knowledge, tools, 

pedagogical design, assessment methods, and learning 

outcomes (Su & Yang, 2023), just to mention a few of 

them. In this study, we will relate to the definition of 

the computational thinking through its four main 

elements: decomposition, abstraction, pattern 

recognition, algorithms (Güneş et al., 2020). Further 

research is still needed in order to have more accurate 

insights about computational thinking applied in early 

childhood education. 

Our research questions refer to the computational 

thinking skills developed by the children, and the 

impact of these specific activities on increasing levels 

of communication and collaboration. 
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2. Theoretical foundation 

The development of the child was the object of 

many educational theories and the first one that 

represents the background for this study is the 

constructivist theory. Vygotsky defined the zone of 

proximal development as “the distance between the 

actual development level as determined by 

independent problem solving and the level of potential 

development as determined through problem solving 

under adult guidance or in collaboration with more 

capable peers” (Vygotsky, 1978). Another key-

concept from the cognitive theory is the Spiral 

Curriculum of Bruner who mentioned that “we begin 

with the hypothesis that any subject can be taught 

effectively in some intellectually honest form to any 

child at any stage of development” (Bruner, 1960, 

p.33).  

These two concepts allow us to teach the basic 

elements of computational thinking to small children.  

Our approach is also based on the Papert`s 

constructionist theory where he associated technology 

and education in “a grander vision of education system 

in which technology is not used in the forms of 

machines for processing children but as something the 

child himself will learn to manipulate, to extend, to 

apply to projects, thereby gaining a greater and more 

articulate mastery of the world, a sense of the power 

of applied knowledge” (Papert, 1971, p3).         

 Finally, in the TPCK (Technological Pedagogical 

Content Knowledge) framework of Mishra and 

Koehler, it is essential “the understanding that the use 

of technology in the classroom depends greatly on 

three interacting factors: teachers’ familiarity with the 

chosen technology, with the particular content 

knowledge, and with the pedagogical knowledge” 

(Bers et al., 2013) technology in this case is 

represented by the educational robot, the pedagogical 

knowledge refers to the activities with the educational 

robot in order to develop specific content 

(computational thinking skills through communication 

and collaboration). 

3. Research methodology 

Through this study, we aimed to investigate the 

development of computational thinking of preschool 

children using educational robot and the increase of 

the levels of communication and collaboration 

between children. To this scope, in our research we 

formulated three hypotheses:  

 H1. The development of computational 

thinking of preschool children is achieved through 

specific activities using both educational robots 

(without screen) and unconnected robotics tools, 

children acquiring certain knowledge measured by 

manifesting specific behaviours. 

 H2. The participation in specific activities to 

develop computational thinking, using educational 

robot and unconnected robotics tools, increases the 

level of communication between participating 

children. 

 H3. The participation in specific activities to 

develop computational thinking, using educational 

robot and unconnected robotics tools, increases the 

level of collaboration between participating children. 

As research methods, we used the case study and 

the observation. The research instrument used in this 

study is the observation grid which has three sections 

corresponding to the behaviours manifested by each 

child during each activity. For the development of the 

computational thinking, each activity had specific 

behaviours related to each computational thinking 

element (decomposition, abstraction, pattern 

recognition, algorithms as already mentioned) to be 

developed and it was used an 1-3 Likert scale 

corresponding to the behaviour manifested by the 

child when completing the task assigned: 1=needs 

support, 2=developing behaviour, 3=achieved 

behaviour. The communication section contained two 

items: says out loud what he does, interacts with other 

children (discuss, propose actions to solve tasks) and 

each was evaluated on a 1-5 Likert scale, 1=never, 

5=always. The collaboration section contained four 

items: the child interacts with work materials (robot, 

arrows etc.), waits for his turn, respects the division of 

tasks in the team, helps each other when needed and 

each was evaluated on a 1-5 Likert scale, 1=never, 

5=always. 

We organized 18 specific activities for 14 children 

aged 3-4 years old, during nine weeks, with an average 

of two activities per week. For the activities with 

connected robotics tools, we used the educational 

robot Bee-Bot, recommended for children aged at least 

3 years old. The parents were informed about aspects 

regarding the objectives of the research. The well-

being of the children during our research was a 

priority. Also, aspects related to the confidentiality of 

data collected were taken into account. The research 

was organized in a public kindergarten with extended 

program, from urban environment, in Cluj County, 

Romania, during the 2022-2023 school year. 
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4. Results  

The data from all observation grids was reported at 

different levels. Each computational thinking element, 

as a total mean or means by activity type (with or 

without educational robot) recorded values above the 

mean of the1-3 Likert scale used (Table 1). The 

abstraction had the lowest value as at the age of 3-4 

years, children still learn to isolate and to focus only 

on the essential information. For each element, the 

activities with educational robot scored better that the 

activities without educational robot.     

Table 1. 

Mean score for the computational thinking elements and by activity type 

Computational thinking 

element 

Total Bee-Bot Non Bee-

Bot 

1. Decomposition  2.48   2.52   2.40  

2. Abstraction  2.42   2.49   2.38  

3. Pattern recognition  2.56   2.93   2.50  

4. Algorithms  2.50   2.53   2.47  

Regarding the communication, data was reported 

as a total mean and means for each of two items (Table 

2). The total mean scored a higher value than the mean 

of the 1-5 Likert scale used. The children learned to 

say out loud what they were doing in time, the first 

activities had lower mean values. The second item, the 

interaction between children was needed only in a few 

activities, the mean for this item is far below the 

average of the 1-5- Likert scale used. The values for 

the communication increased in the second half of the 

intervention compared to the first half of the activities 

by 27.7%. 

Table 2. 

Communication. Mean score, total by items 

Activity date  Total   Says out 

loud what he 

does  

 Interacts with 

other children  

2/24/2023 1.00 1.00  

3/2/2023 2.33 2.33  

3/3/2023 1.79 2.57 1.00 

3/6/2023 2.71 3.00 2.43 

3/8/2023 1.94 2.88 1.00 

3/10/2023 3.88 3.88  

3/15/2023 3.67 3.67  

3/17/2023 4.38 4.38  

3/20/2023 3.00 3.00  

3/24/2023 1.00  1.00 

3/30/2023 4.00 4.00  

3/31/2023 4.60 4.60  

4/4/2023 1.75  1.75 

4/6/2023 4.08 4.08  

4/19/2023 4.63 4.63  

4/20/2023 3.11 3.11  

4/26/2023 3.86 3.86  

4/27/2023 4.50 4.50  

Total 3.01 3.54 1.46 

The collaboration was the third aspect of this 

study. Data was reported as a total mean and means for 

each four items (Table 3). The first two items were 

recorded for each activity, and the last two only for the 

activities that requested a team work, 6 out of 18 as at 

the age of 3-4 years children still play side by side and 

not together. The total mean scored a value 

significantly higher than mean of the 1-5 Likert scale 

used. The increase of the mean of the second half of 

the activities compared to the first half is only 5%, 

which is very low. The means for the first two items 

were very high, close to the upper limit of the 1-5 

Likert scale used; the increase of the means in the 

second half of the activities compared to the first half 

is -1%, respectively 1%. These two facts indicate that 

the children`s behaviours were almost achieved before 

the intervention. Indeed, children were daily 

encouraged to manipulate objects and were also taught 

to be patient and respect each other since the beginning 

of the school year. Regarding the last item, the values 

show that children were able to collaborate by helping 

each other very little. As there were only 6 activities it 

was not relevant to calculate the evolution of the 

values in time. 

Table 3. 

Collaboration. Mean score, total and by items 

Activity 

date 

Total Interacts 

with 

work 

materials 

Waits 

for 

his 

turn 

Respects 

the 

division 

of tasks 

in the 

team 

Helps 

each 

other 

when 

needed 

2/24/2023 4.50 4.60 4.40   

3/2/2023 4.83 5.00 4.67   

3/3/2023 4.11 4.57 5.00 5.00 1.86 

3/6/2023 3.79 5.00 5.00 3.14 2.00 

3/8/2023 3.00 5.00 5.00 1.00 1.00 

3/10/2023 5.00 5.00 5.00   

3/15/2023 5.00 5.00 5.00   

3/17/2023 5.00 5.00 5.00   

3/20/2023 5.00 5.00 5.00   

3/24/2023 3.43 4.00 5.00 3.71 1.00 

3/30/2023 5.00 5.00 5.00   

3/31/2023 5.00 5.00 5.00   

4/4/2023 3.79 4.58 4.58 5.00 1.00 

4/6/2023 5.00 5.00 5.00   

4/19/2023 5.00 5.00 5.00   

4/20/2023 5.00 5.00 5.00   

4/26/2023 5.00 5.00 5.00   

4/27/2023 5.00 5.00 5.00   

Total 4.36 4.88 4.93 3.68 1.32 

Beside the behaviours recorded in the observation 

grid, it is necessary to make some additional notes. 

The children were enthusiastic about using the 

educational robot and were often asking when are we 

going to play with it again. The appearance of the 
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educational robot, shape, colour, its movements, lights 

and sounds have attracted children to activities every 

time. Children were also interested in the activities 

with nonconnected robotic tools. For example, one 

child of 4 years old when the study started, was usually 

reluctant to drawing and colouring activities, doing 

most of the time doodles. But when we had the 

nonconnected activity called ”Colour the ladybug by 

the colour code”, he was paying a lot of attention to 

the colouring task as that ladybug was one of the Bee-

Bot 's friends! Furthermore, a few days later after the 

date of the activity, that child asked for another 

ladybug colouring page. 

5. Discussions 

This study outlines possible ways to start 

developing computational thinking, using connected 

and nonconnected robotic tools, and also increase the 

levels of communication between children. The 

collaboration items would have scored differently in 

another distribution of children in teams. Similar 

studies conducted in other countries revealed closed 

results (M. Bers et al., 2019). The activities in this 

study were adapted to the annual weekly planning of 

the class and were conducted February, 24 to April 27, 

2023, when the children started to learn numeracy. 

Usually, children in preschool education are 3 years 

old at the beginning of the scholar year (September) or 

in the next 4 months, but in this kindergarten, the class 

still had children under 3 years old at the end of 

February when the study started so their behaviours 

were not included in the reports. For most of the 

children, the scholar year when the study was 

conducted was the first year when they entered in a 

community, so they were sick very often and missed 

the kindergarten activities a lot of time.  

In this regard, one limitation of this study is the 

fact that the results cannot be generalized as it included 

children from a single class/group from a public 

kindergarten. Another limit refers to the geographical 

aspect of the study as the children were all in a single 

kindergarten from an urban area from a single county. 

6. Conclusions 

Based on the results of this study, from the three 

hypotheses only the first two of them were confirmed, 

and the third one, related to the collaboration, was not 

confirmed. The behaviours of the children during the 

specific activities confirm that computational thinking 

can be developed hat a basic level starting with an early 

age and detailed in the next years with more complex 

concepts, in age-appropriate specific activities. During 

the activities in this study, children managed to 

consolidate numeracy, spatial orientation, to evaluate 

themselves and to take action to fulfil their objective, 

to understand the cause-effect relationship. Children 

were enthusiastic using the robot and this means it is 

important to learn them to use technology in an 

appropriate manner. Further studies are needed to 

bring more valuable insights about children`s 

development in early childhood education using digital 

technologies. 
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