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Abstract. In the last ten years, the topic of Computational Thinking (CT) has been 

gaining increasing attention from researchers in the education field. Starting from 
kindergarten, increasingly programming activities such as coding and educational 

robotics are proposed to enhance CT and some cognitive skills, such as problem-

solving, spatial and reasoning skills. The most commonly used tools are the so-
called tangible interfaces, such as floor-robots (e.g. Cubetto, Bee and Blue-Bot and 

others), through which children can interact with the object and learn playfully. 

Investigating the effects of CT activities on children's cognitive abilities is important 
to understand the impact in kindergarten and to comprehend in which developmental 

periods these activities might be most successful. The aim of the present study is 

that of evaluating the effect of a coding intervention, based on CT, through the use 
of the Cubetto robot, on the cognitive skills of 4-years-old children. The coding 

intervention included three sessions and required the manipulation of physical 

objects to plan and conduct a Cubetto journey. Results showed that children of the 
experimental group performed better than those of the control group in 

programming the Cubetto path after the intervention. 
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1. Introduction 

In the last ten years, the topic of Computational Thinking (CT), such as a thought 

process that uses analytic and algorithmic approaches to formulate, analyze and solve 

problems [1; 2; 3], has been gaining increasing attention from researchers in the 

education field. In particular, several studies implementing coding and educational 

robotics activities in kindergarten found significant influence between CT and some 

cognitive skills, such as problem-solving, spatial and reasoning skills and short-term 

memory [4; 5, 6; 7; 8; 9; 10].  

Thus, starting from kindergarten programming activities such as coding and 

educational robotics can allow children to become code-literate, that is to be able to read, 

write and think through the computer language and to be able to think in a computational 

way [11]. The most commonly used tools to sustain CT are the so-called tangible 

interfaces, such as floor robots (e.g. Cubetto, Bee and Blue-Bot and others), through 

which children can manipulate the object with which they are interacting and understand 

the activity they are performing step by step [9; 12]. Specifically, children are required 

to program 
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the correct sequence of actions to achieve a specific goal, thus enhancing sequential 

skills that are recognized as very important for cognitive development since the early 

stages of kindergarten [8].  

Moreover, in addition to the most current reflection on the use of digital media in 

education, literature has highlighted how the use of story-telling tasks promotes the 

development of narrative thinking and other relevant skills such as Theory of Mind and 

perspective-taking skills [13]. Story-telling tasks, based on a sequential logic similar to 

the programming language, can be used to support and integrate robotic programming 

learning in education.  

Generally, in the field of computer technology, educational robotics activities are 

structured according to a playful approach and appropriate to the child's developmental 

phase [14; 15], thus sustaining independent learning and discovery [16]. Coding 

activities and educational robotics can be seen as real constructivist programming 

environments, in which children are encouraged to reflect on their thinking processes 

through activities in which abstract ideas are concretely and precisely conceived [17; 18; 

8]. 

Moreover, in addition to stimulating the cognitive abilities of the single child, such 

as problem-solving, spatial skills, reasoning skills and short-term memory, the use of 

robotics in kindergarten promotes different types of learning, such as new ways of social 

interaction with peers and opportunities for social and cognitive development [15]. 

Furthermore, the use of educational robots can stimulate the potential development level 

that the child can reach through social support from more expert peers, teachers and 

educators, that play the role of real scaffolders [15]. 

Exploring the effects of CT activities on children’s cognitive skills is important to 

evaluate the impact of their introduction at infancy school. This paper aims to contribute 

to this reflection, by exploring how instructional activities that teach the initial elements 

of CT by guided exposure to coding can boost the development of cognitive skills of 4-

years-old children. The coding intervention included three sessions and required the 

manipulation of physical objects with symbolic meaning to plan and conduct a robot 

journey, thus stimulating the children visual spatial and story-telling ability. 

2. Methods 

2.1 Participants 

 

The experimental study involved a sample of 40 children aged 4, attending three 

different kindergartens in the province of Milan, The children's parents received a 

detailed description of the study and expressed their written consent for their child 

participation to the research. All tasks selected were deemed appropriate for age of 

subjects participating in this experimental study and approved by the Ethics Committee 

of the Department of Psychology of Università Cattolica del Sacro Cuore of Milan.  

  

2.2 Apparatus and Material  

 

The children were divided into two groups: 1) an experimental group (N=20, 11 

females) that followed the coding intervention and whose children were evaluated 

individually before and after the intervention; 2) a waiting list group (N=20, 10 females) 

whose children were evaluated at the same time but followed the intervention after the 

experimental group. The coding intervention lasted four weeks and consisted of three 

60-minute laboratory sessions scheduled during the regular kindergarten day. It involved 

the use of Cubetto, an innovative tangible coding technology that facilitates young 

children’s engagement with basics of coding, founded on the principle of visual 

programming (i.e. the child can design a route directly with his/her own hands without 

the use of a computer, yet it incorporates traditional play elements such as patterns, 

colour recognition and shape sorting). Specifically, children were assisted in defining 

Cubetto’s orientation and the direction needed to reach a specific target throughout 

subsequent path episodes. 
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The assessment phase lasted about 20-25 minutes per child both pre (T0) and post 

(T1) intervention. Each child was invited to actively participate to the assessment 

sessions and was instructed to carefully listen to the instructions, ask questions when in 

doubt and perform the test according to his/her own skills. Specifically, the assessment 

included: an adapted version of Understanding of pictures stories test [19], used to assess 

the child's ability to reorder images with a predetermined sequence; the Children’s 

Mental Transformation Task [20] used to evaluate the children visual-spatial abilities 

according to their cognitive development; an ad hoc task that involved the use of Cubetto, 

to observe what specific methods of achieving a target were used by the child during the 

task. Children involved in the test were asked to program Cubetto's path over the map 

using a keyboard in which they could insert coloured cards, where the different colours 

(green to go forward, red to turn right and yellow to turn left) represented the useful 

commands to move Cubetto on the map. Drawings were shown on the map that could be 

used to create educational stories or, as in this case, to construct coding paths to move 

Cubetto. The task involved the programming, by the children, three Cubetto paths for 

achieving a precise target on the Cubetto’s map, previously indicated by the researcher 

through the description of a story divided into three parts. Following the preliminary 

instructions to perform the task, Cubetto was placed on a precise starting point on the 

map, equal for all, and the following three paths were narrated one by one to enable the 

child to focus on a single path. Each path started from the previously achieved end point . 

The final score of the Cubetto task ranged from 0 to 3: 1 point was allocated when the 

child was able to reach the target of the path. The total score is given by the sum of the 

three paths' points. 

 

2.3 Results  

 

To test the effect of coding intervention on children understanding of stories and 

visual-spatial abilities, we ran a 2 (groups) x 2 (pre- vs. post) repeated-measures ANOVA. 

The primary purpose of two-way repeated measures ANOVA is to understand whether 

there is an interaction between these two factors on the dependent variable. In this case, 

results did not show significant interaction effects both related to children ability to 

reorder images with a predetermined sequence [F (1, 41) = 1.246, p = .27] and to children 

visual-spatial ability [F (1, 41) = .008, p = .93]. Thus, after the coding intervention 

children did not significantly improve these abilities.  

Furthermore, to test the effect of coding intervention on children abilities to program 

Cubetto to achieve a target on the map, we ran a 2x2 repeated-measures ANOVA with 

Cubetto task score as dependent variable. In this case, we found both a significant time 

effect [F (1, 41) = 30.022, p = .001] in both groups and a significant time x group 

interaction effect [F (1, 41) = 9.825, p = .003]. This means that both the experimental 

and control groups increase their abilities in programming Cubetto to achieve the goal, 

but children of experimental group performed better than those of control group. 

3. Discussion 

In this study we analyzed the effects of a coding intervention, through the use of the 

floor robot Cubetto, on some cognitive skills, such as the sequential ability to reconstruct 

stories and visual-spatial abilities, in children of 4-years-old. No differences existed 

between the two groups at T0. The statistical analysis showed both a significant main 

effect of time (pre vs post) and interaction effect (time x group) on the sequential 

programming abilities measured by the ad hoc Cubetto task. Thus, the experimental 

group performed better than the control group in programming the Cubetto path after the 

intervention. Nevertheless, no significant interaction effects were found related to the 

children understanding of pictures stories and visuo-spatial skills.  

A plausible explanation of the result obtained with the Cubetto task could be linked 

to the learning effect of a specific task. Various cognitive competences related to that 

specific type of learning are probably involved but we did not find a generalization effect. 

Unfortunately, the research focusing on the age considered by this study (4 years-old) is 

still too limited to draw conclusions on the beneficial effects of coding for these younger 

learners, whose cognitive skills are still largely immature. Furthermore, other studies 
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[21] involving 5-6 years children proposed a longer intervention (8 sessions over four 

weeks) and found significant improvements in two executive functions: planning and 

response inhibition. Thus, future studies are encouraged in testing the effects of a coding 

intervention whose duration and articulation is greater in sustaining the interconnections 

between specific programming skills and children cognitive abilities. 
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