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ABSTRACT

Computational thinking (CT) is a skill that enables individuals to formulate

problems in a way that can be solved by computers. Interest in CT spans both

academia, which annually produces a growing body of research on the topic,

and educational settings that are integrating CT into curricula worldwide.

While most educational initiatives focus on primary and secondary education,

CT can also be effectively introduced at the preschool level, such as through

the use of educational robots. This thesis compiles a series of studies that ex-

plore various aspects of teaching computational thinking at kindergarten level.

We examine the current state of the art by investigating tools, activities, and

CT evaluation methods, and then narrow our focus to the concept of condition-

als—a programming concept that goes beyond simple sequencing and enables

the construction of more complex algorithms. We evaluate current approaches

to teaching conditionals, expand the programming language of Robotito, an

educational robot developed in Uruguay, to include support for conditionals,

and conduct a field study using the robot. Our findings not only highlight the

potential of child-robot interaction in fostering early CT skills but also offer

concrete developments, as well as design and evaluation methods, for future

educational robotics initiatives aimed at preschoolers.

Keywords:

Educational Robotics, Computational Thinking, Preschoolers.
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Chapter 1

Introduction

Computational thinking (CT) was first introduced by Jeannette Wing in

2006 as a skill that “involves solving problems, designing systems, and under-

standing human behavior, by drawing on the concepts fundamental to com-

puter science.” [29] Since then, the academic community has not reached a

consensus on a single definition of CT or a unique list of abilities that it re-

quires. A comprehensive review of CT definitions by Bocconi [23] showed that

existing definitions fall into two main categories: those associating CT with

generic problem solving concepts (e.g., abstraction, decomposition, generaliza-

tion) and those linking CT to programming and computing (e.g., algorithmic

thinking, data types, conditionals). Core concepts identified across both cat-

egories include abstraction, algorithmic thinking, automation, decomposition,

debugging, and generalization [9, 23]. Our work is guided by a broader defini-

tion, which describes computational thinking as a skill that enables individuals

to approach and solve problems in a manner that can be implemented by a

computer [28]. We found this definition more illustrative than a list of con-

cepts, yet broad enough to encompass all core skills.

CT has gained increasing attention from policymakers due to the grow-

ing importance of digital literacy in the modern world [23]. As technology

continues to permeate every aspect of our lives, from basic communication to

complex scientific research, the ability to think computationally is becoming

essential. Teaching CT at an early age, including at the preschool level, is cru-

cial because it lays the groundwork for these essential skills early in a child’s

cognitive development. Early exposure could help children develop abilities

that embrace sequencing, problem-solving or debugging [8]. By integrating

1



Figure 1.1: Left: Robotito and the color cards. The robot moves forward with red,
left with blue, backward with green and right with yellow. Purple makes it spin.
Right: An example of children solving a programming task.

CT into early childhood education, we can ensure that the next generation

is not only proficient in using technology but also capable of innovating and

creating new technological solutions.

Educational robotics (ER) provides hands-on, interactive way for young

children to learn. Robots have proven to be effective tools for introducing

abstract concepts at the preschool level, with empirical studies reporting their

successful use in stimulating CT development in young children [1, 7, 11, 12,

15, 16, 18, 19, 22, 24, 26].

This favorable context motivated the development of Robotito, an educa-

tional robot aimed as a research platform and a tool to stimulate the devel-

opment of CT in young children [27]. Designed and created at Universidad

de la República in Uruguay, Robotito can be programmed by modifying its

environment. It utilizes a color sensor located underneath the robot to detect

color cards placed on the floor and moves accordingly based on the detected

colors (see Figure 1.1). This setup allows children to program sequences of

movements by arranging color patches on the floor. Robotito has proven to be

a valuable tool for fostering CT development in young children [13].

Recognizing the importance of introducing CT concepts at an early age and

the benefits of using educational robots for this purpose, this thesis explores

various aspects of stimulating CT in preschoolers using robots. It presents

findings from both literature reviews and empirical studies with commercial

robots and Robotito.

2



Figure 1.2: Objectives of this work on the left side, articles related to each objective
in the middle, and contributions of the articles on the right.

1.1. Objectives

The common purpose of the works compiled in this thesis is to contribute

to the design, development and evaluation of child-robot interaction, aimed at

enhancing the development of computational thinking in preschool children.

That main purpose is further decomposed into three specific objectives. These

are outlined as follows:

Understand the state of the art: Provide a better understanding of expe-

riences for prompting the development of CT in young children through

systematic literature reviews and empirical studies of existing technolo-

gies. This includes analyzing activities, CT evaluation methods, and

available tools.

Characterize and implement conditionals: Explore the implementation

of conditionals in technology designed for preschoolers, integrate condi-

tionals into Robotito, and assess whether young children can effectively

use them.

Evaluate existing CT tests and develop Robotito Test: Evaluate ex-

isting CT tests and develop an evaluation to measure the impact of

activities with Robotito.

3



1.2. Contribution

This thesis contributes to design, development and evaluation of child-robot

interaction, aimed at enhancing the development of computational thinking in

preschool children. Its contributions can be outlined as follows (see Figure 1.2

to visualize articles that led to the creation of each contribution):

Design

Identification of opportunities for new interfaces.

Design recommendations for building robots intended for group use.

A rubric outlining practical, pedagogical, and motivational aspects of

robots that are most important for classroom use, according to teachers.

A compilation of general design considerations for developing robots for

kindergarten.

Development

Design and implementation of conditionals in Robotito.

Design and implementation of Robotito’s simulator.

Evaluation

Characterization of existing tools to foster CT.

Categories for classifying the implementation of control structures in

tools designed for preschoolers.

A rubric to report ER activities.

Development of Robotito Test that evaluates childrens’ knowledge about

how to program Robotito.

A comparison of results of two validated CT tests and Robotito Test.

4



1.3. Structure of Document

Besides the articles compiled in this thesis, this document lays out an intro-

ductory text to frame the work presented in them. Chapter 2 summarizes and

places in context four published articles and a technical report composing this

thesis. Finally, Chapter 3 provides global concluding remarks and discusses

future work.
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Chapter 2

Articles Supporting this Ph.D.

Thesis

This chapter presents a collection of articles and a technical report that

emerged from exploring robot-mediated stimulation of computational thinking

in young children. The included works encompass systematic literature reviews

and empirical studies involving both teachers and children (see Appendix 1

for details about institutions, teachers, and students who participated in the

studies).

2.1. Articles Compiled in this Ph.D. Thesis

We used the acronyms of the journals and conferences from Figure 1.2 to

label the subsections to make it easier to visualize the objectives and contri-

butions of each article.

2.1.1. IJCCI2021

[6] Ewelina Bakala et al. ((Preschool children, robots, and computational think-

ing: A systematic review)). In: International Journal of Child-Computer In-

teraction 29 (2021), p. 100337

The first article is a systematic literature review of peer-reviewed publica-

tions that present educational robotics interventions aimed at promoting CT

during early childhood (this article is included in Appendix 2). The purpose

of this work is to provide an overview of the field by characterizing the robots

6



used in the studies, the activities developed, and the evaluation methods ap-

plied to measure CT. Additionally, it analyzes the research contexts and the

motivations behind conducting these studies.

This review identifies and characterizes robots with a measurable impact on

CT development and highlights opportunities for new child-robot interfaces. It

also points out reporting gaps and proposes a rubric to facilitate uniform and

detailed reporting of ER activities. The study further acknowledges a lack of

empirical research employing experimental or quasi-experimental designs and

validated instruments to measure CT development, which motivated the work

presented in the technical report that concludes this thesis.

2.1.2. IDC2021

[5] Ewelina Bakala et al. ((Design Factors Affecting the Social Use of Pro-

grammable Robots to Learn Computational Thinking in Kindergarten)). In:

Proceedings of the 21st annual acm interaction design and children conference.

2022, pp. 422–429

This article further explores robots developed for stimulating CT in young

children, this time focusing on their application in classroom settings (this ar-

ticle is included in Appendix 3). This study presents findings from evaluations

involving children and three robots, each with a distinct user interface, during

group activities.

The research identifies key design factors affecting social use of these robots

and provides design recommendations for designing programmable robots for

classroom environments.

2.1.3. Frontiers2022

[4] Ewelina Bakala et al. ((A Systematic Review of Technologies to Teach Con-

trol Structures in Preschool Education)). In: Frontiers in Psychology 13 (2022),

p. 911057

This systematic review initiates our exploration of control structures, and spe-

cially conditionals, in technology for young children (this article is included

in Appendix 4). We consider conditionals an essential concept that enables

7



children to progress beyond simple sequencing and develop more complex algo-

rithms. They are critical component of many CT frameworks and definitions

[10, 14, 25] and validated CT tests [21, 30].

The article is part of the Research Topic “Stem, Steam, Computational

Thinking and Coding: Evidence-based Research and Practice in Children’s

Development” and presents the current state of the art of teaching control

structures to kindergarten level children using electronic tools.

This work identifies 110 tools designed to teach CT to young children and

analyzes the characteristics of those appropriate for our target age group. Ad-

ditionally, it presents empirical evidence on the effectiveness of these tools

in teaching control structures. The study also proposes categories to assess

the tools’ ability to express control structures and provides examples for each

category.

The research highlights a scarcity of studies that assess the use or under-

standing of control structures. It also identifies a knowledge gap regarding how

children develop early notions of control structures and which tools are most

effective in introducing these concepts.

2.1.4. GoodIT2023

[3] Ewelina Bakala et al. ((“It will surely fall”: Exploring Teachers’ Perspectives

on Commercial Robots for Preschoolers)). In: Proceedings of the 2023 ACM

Conference on Information Technology for Social Good. 2023, pp. 477–486

To further understand the available tools and their suitability for classroom

use, this article focuses on four commercial robots that support working with

control structures (this article is included in Appendix 5). It explores teachers’

perspectives on the advantages, challenges, and opportunities of implementing

these tools in a preschool classroom.

The study provides a detailed evaluation of the robots and contributes

with a rubric with practical, pedagogical and motivational aspects that should

be taken into account while designing and evaluating robots. Additionally, it

identifies general design considerations for developing robotic environments for

kindergarten classrooms.

8



2.1.5. TechReport2024

[2] Ewelina Bakala, Gonzalo Tejera, and Juan Pablo Hourcade. An Iterative

Design and Empirical Evaluation of Conditionals for Robotito. Tech. rep. Ude-

lar. FI., 2024. url: https://hdl.handle.net/20.500.12008/45833

The final work included in this thesis is a technical report describing the it-

erative design process conducted to develop conditionals for Robotito and the

results of an ER intervention with Robotito (this article is included in Ap-

pendix 6). It responds to the lack of empirical studies with quasi-experimental

design involving validated tools for CT evaluation reported in [6] and a scarcity

of studies that asses the understanding of control structures pointed out in [4].

It outlines the evaluation process of various conditionals prototypes, culmi-

nating in the implementation of the most suitable option in the physical robot.

Additionally, it introduces Robotito’s simulator, which proved to be not only

valuable in the evaluation process but also beneficial during classroom activi-

ties. The study also presents the Robotito Test, developed to asses children’s

knowledge about Robotito, as well as a unique comparison of the results of

validated CT tests.

2.2. Statement of Authorship

The author of this thesis is the main author of the works presented in this

chapter. A detailed description of the author’s contribution to each piece can

be found in the corresponding appendices.

None of the works in this compendium were included in other compendium-

thesis documents, nor will they be included in such type of thesis in the future

(see Appendix 7 for authorship statements of the co-authors).
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Chapter 3

Conclusions and Future Works

The primary goal of this thesis was to contribute to the design, develop-

ment, and evaluation of child-robot interaction aimed at stimulating the devel-

opment of CT in preschoolers. The contributions of this work are grounded in

literature reviews and empirical studies involving both teachers and children.

3.1. Concluding remarks

3.1.1. Design

Designing robotic platforms for classroom use remains an underexplored

area that requires further research. While numerous robots have been devel-

oped to stimulate CT in young children (see [4, 6]), most existing tools appear

to be designed for individual, at-home use rather than school settings. Our

field study [5] identified problematic issues that raised when using commercial

robots in group settings. Additionally, as we remarked in [6], the interfaces of

robots used in the empirical studies we reviewed often seemed unsuitable for

young children, particularly because their button-based interfaces are cogni-

tively demanding and require high working memory load.

In [6], we identified several unexplored interfaces that should be tested in

empirical studies. Furthermore, we contributed to the future design of robots

for preschoolers and classroom context by offering design recommendations

driven from field studies with children [5] and focus groups with teachers [3].

Although the results of these studies are based on work with a limited number

of teachers and children, we hope they still offer valuable guidelines for future

research to build upon. Additionally, we provided designers with a list of rele-

10



vant practical, pedagogical and motivational aspects that should be considered

when designing robots for preschoolers [3].

As emphasized in [6], there is a need for low-cost, open-source robots to

provide a flexible platform for both teaching and research. We hope that our

insights will help in the design of robots suitable for early childhood education

and classroom use.

3.1.2. Development

This thesis also contributes concrete developments. To enable Robotito to

support more complex programming concepts, we designed three different pro-

totypes of conditionals, evaluated them with teachers, and implemented the

most appropriate option in the physical robot [2]. The classroom implementa-

tion of activities involving conditionals, along with the results of CT tests and

the Robotito Test, allowed us to conclude that conditionals can be successfully

introduced at the preschool level.

The Robotito simulator, originally developed as a tool to evaluate new

ideas for the robot, proved to be not only a valuable evaluation instrument

but also a useful support for in-class activities [2].

Our developments led to an extension of Robotito’s curriculum in two ways:

first, by incorporating a new CT concept—conditionals; second, by providing

a tablet-based application that allows children to experience more instances of

programming the robot.

3.1.3. Evaluation

This work contributes to a better understanding of existing tools for stimu-

lating CT development. In [4], we provided a comprehensive overview of tools

reported in the literature. We categorized them and analyzed in detail those

relevant to our study—electronic tools targeting our age group that do not

require reading skills and allow for the construction of an explicit program.

Our work helped to identify how these tools incorporate control structures

into code and their effectiveness in teaching control structures, measured by

empirical studies. Our findings indicated that only one study provides evi-

dence of kindergarten children mastering conditionals, highlighting evaluation

opportunities focused on control structures that should be explored in future

research.

11



We also analyzed empirical studies to characterize robots that have demon-

strated a positive impact on CT development [6]. We examined and discussed

robots’ input and output interfaces and identified opportunities for further

research.

[5] extended our understanding of existing robots through in-field observa-

tions, while [3] helped to further characterize them, taking into account the

perspective of experienced teachers. Both studies helped to identify aspects

relevant to classroom use based on group work.

To further contribute to the evaluation and comparison of existing tools,

in [4] we proposed novel categories to classify control structures, and in [3]

we introduced a rubric addressing practical, pedagogical, and motivational

aspects of robots, relevant to teachers, which enables the assessment of robots’

suitability for classroom environments.

Our evaluation addressed not only tools, but also activities and demon-

strated many reporting gaps that we addressed by proposing a rubric to report

and evaluate CT activities [6]. This rubric was used to report a field study

detailed in [2].

Another evaluation instrument developed during this Ph.D is the Robotito

Test. It was used to assess children’s understanding of Robotito programming

after a series of ER activities with the robot [2]. Although it provided valuable

data on children’s understanding of conditionals, we identified issues related

to its paper-based nature that should be addressed in future research.

Finally, this work offers a unique comparison of the results of two validated

CT tests. The comparison revealed surprising differences in test scores that

warrant further investigation in future studies.

3.2. Open Research Lines and Future Work

Although the compiled articles discuss unexplored areas and concrete di-

rections for future works, we would like to conclude this thesis with a broader

reflection on the most remarkable future works related to the design, develop-

ment, and evaluation of child-robot interaction.

Regarding design and development, there is a need to create tools that

better support group work. Classroom activities often require shared use of

robots, not only for financial reasons (such as cost) and logistical considera-

tions (like storage and maintenance), but also for pedagogical reasons (such

12



as fostering collaboration). Therefore, it is essential to design robots that

facilitate group work. Some initial studies have focused on collaborative inter-

faces for preschoolers [17, 20], but these efforts should be expanded in future

research. The recommendations for developing technology suitable for class-

room settings that we presented in [3, 5] can serve as a staring point, but

they should be aligned to specific contexts through participative, iterative,

and interdisciplinary research.

Additionally, the diversity of children should be carefully considered when

designing collaborative environments, ensuring they are engaging and accessi-

ble for everyone involved. While Robotito demonstrated positive performance

when children collaborated in small groups [5], several accessibility aspects

still need attention. For example, the robot’s programming is based on color

cards with no tactile cues, the color-direction relationship is represented only

visually, the robot cannot be easily lifted with one hand, and sound cues are

used for the musical mode rather than as multimodal feedback. Addressing

these aspects is essential to making Robotito a more versatile tool for inclusive

classrooms.

We also observed that classroom settings often involve minimal adult su-

pervision of a working group, highlighting the need for robots that can support

and guide activities autonomously. Among the 24 robots with tangible user

interfaces identified in [4], only Qobo, has the capability to guide activities.

In its “game mode,” Qobo senses the cards beneath it and executes the corre-

sponding actions, providing audio feedback that helps children correctly orient

the robot and initiate programming on the “Start” card. Teachers positively

evaluated the robot’s ability to offer feedback on children’s performance [3],

suggesting that this feature should be considered valuable in future designs.

In terms of evaluating child-robot interaction, our systematic literature re-

view [6] highlighted the need for more empirical studies with experimental

designs that utilize validated CT tests to assess the impact of educational

robotics activities. Although our recommendation was based on data from

articles searched in 2020, as of 2024, only five studies (discussed in [2]) have

used validated CT tests for preschoolers. Moreover, four of these studies were

conducted by the test authors, indicating a need for the broader research com-

munity to adopt these valuable evaluation tools in their practice.

The surprising and contradictory results of two validated CT tests in our

field study [2] suggest the need for more comparative studies to explain these

13



discrepancies. The lack of correlation between the tests, even when assessing

similar CT concepts, raises questions about what aspects or levels of difficulty

of each concept each test measures and in what context each test is most

appropriate. Future research should address these questions to clarify the

particularities, strengths and limitations of each assessment tool.

14
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[18] Ana Garćıa Valcárcel Muñoz-Repiso and Yen Air Caballero-González.
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Appendix 1

Information about institutions,

teachers and students that

participated in the empirical

studies

Institution Children Article id

Jard́ın 238 15 children aged 5 to 6 IDC2021
Jard́ın 216 56 children aged 5 to 6 TechReport2024

Table 1.1: Educational institutions and children who participated in the empirical
studies.

.

Teacher’s id Description Reference Institution Article id

Teacher 1 Teacher who teaches at both pub-
lic and private institutions at the
preschool and primary school levels

The Anglo School GoodIT2023 (T1)
TechReport2024 (P2)

Teacher 2 Computing teacher who works with
preschoolers and early primary
school students

The Anglo School GoodIT2023 (T2)
TechReport2024 (P1)

Teacher 3 Preschool teacher from a public in-
stitution

Jard́ın 345 TechReport2024 (P3)

Table 1.2: Teachers who participated in the empirical studies. The identifiers
referenced in the articles are provided in brackets for clarity.

.
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1. Introduction

In recent decades, technological developments related to com-
puting, informatics, and digitization have generated radical
changes in our lives. Most of us interact with digital technology
daily and rely upon it to perform most of our tasks.

The term ‘‘computational thinking" (CT) has reemerged in
recent literature as a way to describe several skills required
to formulate, model, and solve problems using strategies and
ideas from computer science (Barr, Harrison, & Conery, 2011;
Cuny, Snyder, & Wing, 2010). Despite it still being a term under
construction, many authors include algorithmic thinking, abstrac-
tion, decomposition, sequencing, generalization, and debugging
as part of CT skills (Grover & Pea, 2013). While CT has sometimes
been equated to programming, several authors emphasize CT as
a broader cognitive skill set rather than the specific action of
coding (Shute, Sun, & Asbell-Clarke, 2017), a trend started by
Wing in her influential 2006 article (Wing, 2006) in which she
proposed 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’’.

CT has sparked educators, practitioners, and policy-makers’
interest and has been included in curricula worldwide (Bocconi
et al., 2016; So, Jong, & Liu, 2020; Uscanga, Bottamedi, & Brizuela,
2019). Despite much interest, many questions regarding the in-
tegration of CT in education and the best practices for teaching
and learning remain unanswered. For example, stimulating CT
development at an early age continues to be an academic chal-
lenge whose approach requires research, interdisciplinary work,
and innovation.

During early childhood, the development of abilities such as
self-regulation, working memory, and inhibitory control increases
exponentially, thus establishing this stage as a window of op-
portunities for interventions aimed at promoting child develop-
ment (Tsujimoto, 2008). Several authors have pointed out early
childhood education programs (Campbell et al., 2014; Doyle, Har-
mon, Heckman, & Tremblay, 2009; Heckman & Carneiro, 2003)
yield high return rates for government and society through a
long-term impact on participants’ health and overall quality of
life. Recent work (Bers, 2018, 2020; Botički, Kovačević, Pivalica,
& Seow, 2018) indicates promoting CT at an early age enhances
children’s analytical capacities and introduces them to new men-
tal tools that are useful for collaborative problem solving and
expression. Moreover, Bers considers the early learning of CT as

part of the positive technological development framework, which
is grounded on the notion of promoting the use of technology to
support positive interpersonal behaviors in children growing up
in the digital age (Bers, 2010).

Our research is also motivated by Uruguay’s particular con-
text: since 2007 Plan Ceibal (Plan Ceibal) (started as a Uruguayan
adaptation of the One Laptop per Child project (One Laptop Per
Child, n.d.)) has promoted children’s access to Information and
Communication Technologies (ICTs) as a state policy. Its objective
is to support educational goals through the use of ICTs while
promoting equity and inclusion. Plan Ceibal has provided every
public primary school student with a laptop and set up high-
speed Internet access in every public primary school to achieve
this objective. Recently, it began to include CT courses for primary
school children. To support this initiative and explore the possi-
bility of teaching CT using robots, our research team developed
a robot called Robotito that defines its behavior according to the
physical disposition of the elements in its environment (Tejera
et al., 2019). Robotito was used in a controlled intervention
with primary school children using an experimental design and
preliminary results were promising for children who presented
a high level of engagement with these tasks (Gerosa, Koleszar,
Gómez-Sena, Tejera, & Carboni, 2019). This review is an initial
step in the adaptation of Robotito’s design and capabilities to a
preschool context to provide teachers with a developmentally
appropriate tool to promote the development of CT among the
youngest students.

1.1. Related works

Previous evidence (Bers, Flannery, Kazakoff, & Sullivan, 2014;
Toh, Causo, Tzuo, Chen, & Yeo, 2016) suggests CT could be in-
tegrated in developmentally appropriate ways early on through
robots, which provide an attractive and motivating way for chil-
dren to access technology and promote CT through playful learn-
ing. There is also evidence that having tangible, physical outputs
in CT activities could be advantageous. For example, Almjally,
Howland, and Good (2020) found that young children who use
body gestures during programming activities learned more pro-
gramming concepts. The authors reported that the children fre-
quently used pointing gestures to simulate the robot’s actions.
It is possible that movement in a robot could make it easier for
children to perform such gestures. Physical outputs can also lead
to greater class engagement (Zhu, Ma, Wong, & Huen, 2016) and
may thus be better suited for school-based activities than CT ac-
tivities with visual outputs. However, there is no systematization
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of the information about research that used robotic platforms to
stimulate preschoolers’ CT development.

While systematic reviews have been conducted to explore ex-
isting computational kits (Hamilton, Clarke-Midura, Shumway, &
Lee, 2020; Yu & Roque, 2019), the use of robots in education (An-
war, Bascou, Menekse, & Kardgar, 2019; Benitti, 2012; Jung &
Won, 2018a; Kubilinskiene, Zilinskiene, Dagiene, & Sinkevičius,
2017) or learning CT through robotics (Ioannou & Makridou,
2018; Shute et al., 2017), there have been fewer works (Isnaini &
Budiyanto, 2018; Umam, Budiyanto, & Rahmawati, 2019) which
encompass both of these subjects simultaneously while target-
ing specifically the early childhood period. Additionally, existing
works do not present an in-depth analysis of the current state of
the art in this field. Isnaini and Budiyanto’s (Isnaini & Budiyanto,
2018) results are based on the analysis of a wide age range of par-
ticipants and do not provide specific conclusions or recommen-
dations for early childhood education. Umam et al. (2019) focus
on evaluating commercially available robotics devices and do not
provide information about the activities they were involved in or
metrics used to evaluate the robots’ impact on CT development.
We aim to provide a systematic review of peer-reviewed publi-
cations that present educational robotics (ER) interventions and
experiences that promote CT during early childhood. Our work is
motivated by the following research questions:

• RQ1: What kind of robots were used in the studies, and how
can they be classified?

• RQ2: What are the characteristics of the activities that aim
to stimulate the development of computational thinking?

• RQ3: How was computational thinking evaluated?
• RQ4: Which individuals and countries are most active and

influential in research on computational thinking develop-
ment for preschool children mediated by robots, and what
have been their motivations for conducting research in this
area?

2. Methodology

We carried out a systematic literature review (SLR) because
this method makes the review procedures as objective, analytical,
and repeatable as possible (Kitchenham, Budgen, & Brereton,
2015). We conducted a particular type of systematic review called
mapping study (Kitchenham et al., 2010) (or mapping review
according to Grand and Booth’s classification (Grant & Booth,
2009)). Mapping studies are used to survey the available knowl-
edge about a specific topic, contrary to conventional SLRs that
try to answer a specific research question (Kitchenham et al.,
2010). They use the same methods for searching and data ex-
traction as conventional SLRs, but the quality assessment is more
relaxed and research questions more coarse-grained as they tend
to explore available information about the topic. Four reviewers
participated in the review process. Two reviewers selected the
studies and extracted the data. The other two were supervisors
who validated papers considered marginal or about which the
first two reviewers were uncertain and provided data extraction
and analysis guidelines.

2.1. Search strategy

We used an automated search (Kitchenham et al., 2015) to find
all articles related to the topic and carried out a manual review of
the articles obtained. The first author defined the search criteria
and conducted the search process.

To build the search term, we defined three keywords relevant
for the review: robot, computational thinking, and preschool edu-
cation, and identified their synonyms. The search terms identified

were: robot*, computational thinking, preschool*, young chil-
dren, early age*, kindergarten, lower education, childhood, early
years, elementary education, young learner*. We reviewed terms
used in titles and abstracts of the papers obtained in previous
exploratory searches to ensure that they were included in our list.

We restricted our search to journals and conference papers.
We did not specify the time period for the search because com-
putational thinking is quite a new term, coined by Jeannette Wing
in 2006 (Wing, 2006), and the time restriction was not necessary.
We used Scopus, IEEE XPLORE, ScienceDirect, SpringerLink, and
ACM search engines. The search term, search parameters, the date
of the search, and the number of items found are presented in
Table C.6 in Appendix C.

A set of three predefined articles (Bers et al., 2014; González
& Muñoz Repiso, 2018; Isnaini & Budiyanto, 2018) was used to
validate the search result’s completeness. The predefined articles
were obtained through an informal manual search, including the
articles by well-known researchers in the area, and using personal
knowledge. We achieved a recall of 100% (3 of 3 predefined
articles were found).

2.2. Study selection

We defined the following inclusion criteria for the studies’
selection:

• Publications including an empirical study
• Publications involving teaching and learning skills related to

computational thinking1 using robots.
• Publications reporting studies that include children between

three and five years old, including six years old, if attending
pre-primary school educational level.

• Articles published in journals and conferences.

Exclusion criteria were:

• Irrelevant nature of articles.
• Studies that focus on children outside of the target age

range.
• Studies that do not use robots.
• Studies with no computational thinking evaluation.2
• Publications written in a language other than English.
• Papers that report experiences with children with neurode-

velopmental disorders.
• Additional reports on the same study (only the most com-

prehensive was included).

Two reviewers applied the selection criteria independently to
the articles and, based on their title and abstract, classified them
as ‘‘relevant" or ‘‘irrelevant’’. The results were compared, and the
articles that were classified differently among reviewers were
discussed. If the consensus was not met or both reviewers agreed
that the article needed a detailed analysis, a full-text revision of
the article was conducted to decide the inclusion. After full-text
revision, both reviewers analyzed the questionable items again. If
they could not decide if the article should be included, the other
two reviewers were asked to review the item and express their
opinion.

1 There is no unique definition of CT (Grover & Pea, 2013; Ioannou &
Makridou, 2018; Shute et al., 2017), so we decided not to restrict the inclusion
criteria to concepts or skills related to one particular definition and accepted all
the definitions presented by the authors.
2 The form of the CT evaluation was not restricted and we consider as valid

all evaluation forms applied by the authors. For more details of the types of
assessments used in the reviewed studies see Section 3.4.1.
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2.3. Data extraction

For data extraction, we used a spreadsheet that included the
publication details (Authors, Title, Year, Source title, DOI, and
Abstract) for each paper and the information needed to answer
the research questions. Our approach was a thematic synthesis,
where data is tabulated in a way that is consistent with the
research questions.

During data extraction, based on the concrete information
provided in the publications, important trends and categories
emerged. This fact led to the extraction form’s adjustment to
facilitate data collection (see Appendix A for the fields used in
the final extraction spreadsheet). Independent data extraction by
two reviewers was followed by reconciliation through discussion
or moderation.

In some cases, the data provided in the article was insufficient
to respond to the research questions. In those cases, additional
procedures were implemented. These included: emails to authors
or searching for additional information on the web (e.g., searching
for robot characteristics, such as input interface and feedback
given to the user).

3. Findings and implications

In this section, we present both results related to the selection
process and research questions. As we examine each research
question, we provide recommendations based on our findings.

3.1. Selection process result

We obtained 256 articles (62 from SCOPUS, nine from IEEE
XPLORE, seven from ScienceDirect, 172 from SpringerLink, and six
from ACM) through automated search. In the first step, repeated
articles were excluded. We analyzed a total of 221 unique articles
during the selection process. After the selection process (see
Fig. 1), we identified 15 studies as relevant for this review (see
Table C.7 in Appendix C for the publications included). Cohen’s
kappa coefficient (Cohen, 1960) was used to measure the level
of inter-rater agreement in the screening step, the first selec-
tion step in which only titles and abstracts were analyzed. We
achieved a coefficient of 0.96, indicating a high level of agreement
between reviewers (Kitchenham et al., 2015). The final step of the
selection was an iterative process based on full-text analysis, ad-
ditional information provided by authors of some of the articles,
and group discussion between the authors, hence the inter-rater
reliability was not assessed.

3.2. RQ1: What kind of robots were used in the studies, and how can
they be classified?

Table 1 presents an overview of the robots used in the studies.
The most commonly used robot was the Bee-Bot. Next in popu-
larity, used in four studies, were the following LEGO kits: LEGO
WeDo, Mindstorm RIS, and Mindstorm NXT. In the case of one
publication, the LEGO kit name was not specified. Two studies
used KIBO, and one study used KIBO’s predecessor KIWI. Two
studies used Colby mouse. TurtleBot and Ozobot Bit were each
used in one study.

3.2.1. Child–robot input interface
We identified three groups of user interfaces:

• Physical buttons on the top of the robot. Interfaces where
each button is associated with a single movement of the
robot, such as move forward, turn left, and so forth. They
only allow for the definition and execution of a sequence of
movements. They were used with the Colby mouse, Bee-Bot,
and LEGO.

Fig. 1. Steps of the selection process..
Source: Adopted and adapted
from Moher, Liberati, Tetzlaff,
and Altman (2009).

• Tangibles. Interfaces where commands are codified by col-
ored materials (Ozobot and TurtleBot) or blocks scanned by
the robot (KIBO and KIWI). Tangible material can be asso-
ciated with a robot’s action (Ozobot, TurtleBot, KIBO, KIWI)
or with the program’s flow (KIBO and KIWI; for example, a
block represents the beginning of a loop).

• Hybrid. Tangible and graphical interfaces that allow chil-
dren to create programs to control their robots using tan-
gible wooden blocks and/or graphical on-screen icons.

Recommendation for future research: We observed that in
half of the studies, the children program the robots using physical
buttons. Physical buttons do not generate the structured code
needed for debugging and iterations over the code. This kind of
user interface makes programming cognitively demanding due
to the high load on working memory, in which the child has
to remember the entire sequence of commands that should be
introduced. This type of interface also limits the activities to se-
quencing tasks, making it difficult to work on other skills related
to CT. Some of these characteristics might seem counterintuitive
for this age range, so further studies should be conducted to
define this user interface’s appropriateness in early childhood
education.

All of the described user interfaces present a very low level of
embodiment during programming. Motor skills are fundamental
in early childhood, as they contribute to children’s autonomy
and exploration capacities. Motor development, particularly fine
motor skills, is closely related to cognitive development (Ahnert,
Schneider, & Bös, 2010; Oberer, Gashaj, & Roebers, 2017; Rhem-
tulla & Tucker-Drob, 2011; van der Fels et al., 2015). Furthermore,
evidence suggests learning is facilitated through embodied expe-
riences (Lozada & Carro, 2016; Macedonia, Müller, & Friederici,
2011), and relations between early exploratory motor compe-
tence and later academic achievement have been reported (Born-
stein, Hahn, & Suwalsky, 2013). It has been proposed that higher
levels of embodiment within a group task might promote recall
during learning (Sullivan, 2018), and young children’s use of body
gestures during programming is correlated with better CT learn-
ing outcomes (Almjally et al., 2020). Thus, it was surprising that
almost all robots, except for Ozobot, which can be programmed
by drawing colorful lines on the floor, are programmed in a
reduced physical space. Although Ozobot offers the possibility to
engage in more spatially distributed programming, the research
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Table 1
Summary of the applied robots.
Name Online information Cost (USD)a Input interface Available actionsb Reference

Bee-Bot https://www.terrapinlogo.com/bee-bot-family.html 90 Physical buttons sound, light, movement Angeli and Valanides (2020),
Georgiou and Angeli (2019), González
and Muñoz Repiso (2018),
Muñoz-Repiso and
Caballero-González (2019), Saxena,
Lo, Hew, and Wong (2020)

Colby mouse https://www.learningresources.com/stem-robot-
mouse

30 Physical buttons sound, light, movement Khoo (2020), Roussou and Rangoussi
(2019)

Ozobot Bit https://files.ozobot.com/stem-education/educator-
botcamp.pdf

116 Tangibles (color) light, movement Khoo (2020)

TurtleBot http://robomation.net/?page_id=1576 99 Tangibles sound, light, movement Nam, Kim, and Lee (2019)
KIBO https://kinderlabrobotics.com/kibo/ 220 – 590 Tangibles sound, light, movement Bers, González-González, and

Armas-Torres (2019), Pugnali,
Sullivan, and Bers (2017)

LEGO No information about the LEGO kit – Hybrid light, movement Bers et al. (2014)
KIWI https://ase.tufts.edu/devtech/readyforrobotics/

research.html
– Tangibles sound, light, movement Sullivan and Bers (2016)

LEGO wedo https://education.lego.com/en-gb/product/wedo-2 215 Hybrid light, movement Kazakoff, Sullivan, and Bers (2013)
LEGO
Mindstorms RIS

https://www.lego.com/cdn/product-
assets/product.bi.core.pdf/4129439.pdf

195 Hybrid movement Sullivan and Bers (2013)

LEGO
Mindstorms NXT

https://www.lego.com/cdn/product-
assets/product.bi.core.pdf/4589647.pdf

470 Physical buttons movement Cho and Lee (2017)

aThe cost was defined based on Amazon prices if there was no information on the official website.
bThe actions were determined based on available online information.
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that used Ozobot only included activities where the robot was
programmed in a worksheet that does not offer the possibility
of a high level of embodiment. We consider that more activi-
ties and robot programming interfaces that favor bodily activity,
displacement, and spatially distributed programming should be
developed and evaluated with preschoolers. Initial steps have
already been taken in this direction (Bakała et al., 2019; Gerosa
et al., 2019; Tejera et al., 2019).

There are many user interfaces not yet evaluated when pro-
gramming robots in a preschool context, for example, program-
ming by demonstration (Frei, Su, Mikhak, & Ishii, 2000; Raffle,
Parkes, & Ishii, 2004), gesture-based user interfaces (Merkouris
& Chorianopoulos, 2019; Pons & Jaen, 2019), and voice user
interfaces (Poncela & Gallardo-Estrella, 2015). Currently available
computational kits use mostly tangibles or graphical interfaces
to support programming and alternatives like gestures and body
movements are not provided (Yu & Roque, 2019). We do not
know if they are considered not appropriate to the context of
interest because they do not generate structured code that can be
analyzed and improved, or there was no research made to analyze
their potential. There should be more exploration in this area to
evaluate this aspect, especially for children aged three for whom
only two types of user interfaces (physical buttons (González &
Muñoz Repiso, 2018; Muñoz-Repiso & Caballero-González, 2019;
Saxena et al., 2020) and tangibles (Bers et al., 2019)) were re-
ported (see Table C.7 in Appendix C to consult the age range of the
children that participated in each study). There is evidence that
voice user interfaces can promote peer interactions at the age of
three to four (Superti Pantoja, Diederich, Crawford, & Hourcade,
2019) and bringing them into activities aimed at promoting CT
could help combine social interaction with cognitive stimulation.
As interface design shapes ‘‘what users are able to do and how
they are able to do it’’ (Weintrop & Wilensky, 2018), the explo-
ration of new forms of programming seems to be an important
task that could help to provide preschoolers with appropriate
tools for their initial steps in CT education.

3.2.2. Available robot actions
We identified three types of feedback provided by the robots:

sound, light, and movement. Available robot actions were de-
termined based on the publications’ information and additional
online research in official websites and user manuals.

The feedback explicitly reported in all the studies is the dis-
placement of the robot. Only one study (Sullivan & Bers, 2016)
reports sound reproduction (robot ‘‘sings") as a part of a program-
ming challenge. Three studies (Bers et al., 2014, 2019; Sullivan &
Bers, 2016) stated that the children learned to turn the robot’s
light on during the activities.

Recommendation for future research: In the reviewed stud-
ies, programming robots is mainly restricted to defining their
movements. In many cases, children are expected to understand
concepts related to directions, such as ‘‘turn left" or ‘‘turn right’’.
Saxena et al. (2020) report that children aged three to four had
difficulties using directional language when programming robots.
Silvis, Lee, Clarke-Midura, Shumway, and Kozlowski (2020) ob-
served that arrows that usually code the robots’ act of turning
were misinterpreted by the kindergartners and turning without
advancing (robot turns in place and does not advance to ad-
jacent cell) was counterintuitive for them even after multiple
experiences coding robots. Yu and Roque (2019) pointed out that
most programming commands used in computational kits involve
motion and that it would be interesting to explore computational
concepts through, for example, visual, auditory, or tactile pro-
grammable objects. We consider that programming other forms
of robots’ expressivity (e.g., light and sound) could be not only
interesting but also beneficial, especially for the youngest pro-
grammers struggling with distinguishing left versus right and
understanding the robots’ way of turning.

3.2.3. Cost and availability
All the robots used were commercial robots. Their cost lies

between 30 and 470 USD. The least expensive ones (ColbyMouse,
Bee-bot, and TurtleBot) offer only a predefined, fixed way of pro-
gramming, meaning that they come with a set of rules that cannot
be changed. The only robot’s action that the user can control
is the movement’s direction, and only predefined sequences of
movements can be executed. They do not allow users to control
the execution flow with control structures or loops. Although
these robots provide light and sound feedback, this feedback
cannot be controlled by the user. More expensive robots allow
more sophisticated actions and control over output parameters,
such as sound and light. Although they are less flexible and more
cognitively demanding when programming, the least expensive
robots were used in half of the studies. This fact raises the
question of whether the robots were selected based on their
appropriateness or their cost.

Recommendation for scientific community: To our knowl-
edge, there is no low-cost, open-source, and open hardware plat-
form that could be easily used by early childhood teachers or
researchers. We consider that more effort should be employed
to build a scientific community that could design, deliver, and
maintain stable robotic platforms appropriate for early childhood
education and research.

3.3. RQ2: What are the characteristics of the activities that aim to
stimulate the development of computational thinking?

An overview of the data extracted to respond to RQ2 is pre-
sented in Table 2. Observations and recommendations that
emerged during the analysis of the activities were grouped into
the following themes: context, modality of work, type of activ-
ities, duration, adults’ role, scaffolding, unplugged CT activities,
explicit debugging, communication and sharing, and teaching
contents from other domains.

3.3.1. Context
Through our analysis of the activities proposed for the ER

interventions, we found that most studies were conducted in
formal school settings. Only two studies took place in an informal
setting: a summer program (Pugnali et al., 2017) and a summer
enrichment course (Saxena et al., 2020).

Recommendation for scientific community: Formal contexts
seem to be the most frequent scenario for activities focused
on CT stimulation, not only in studies with robot-mediated ac-
tivities (Ioannou & Makridou, 2018), but also in broader con-
texts (Hsu, Chang, & Hung, 2018). It is essential to acknowledge
that it would have been impossible to get to the current state
of research without the support given by schools and related
government entities to implement research activities in formal
contexts. We should contribute to a constant dialog between
policy-makers and scientists to communicate the importance of
the given support and provide evidence of the benefits of the
collaboration for children and society.

3.3.2. Modality of work
Most studies were carried out as group-based robotics activ-

ities, with just a few reporting only individual activities. Two
studies did not include information about whether the activities
were proposed to children in groups or individually.

Recommendation for reporting and future research: We
consider that the information about group configuration during
the activities is a fundamental datum that should be reported in
all the studies. In some cases, the authors had to infer whether
children participated in the activities individually or in groups
based on pictures or scarce information like mentions of ‘‘large
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Table 2
Summary of the activities.
Authors Context Modality of Type Includes Total Scaffolding Unplugged Explicit Sharing

work free-play duration activities debugging moments

Narrative Objects Embodied
activities

Angeli and Valanides (2020) Formal Individual Mixed Yes 1h 20 min Yes Yes
Roussou and Rangoussi (2019) Formal Group-based Mixed Yes – Yes Yes Yes Yes
Khoo (2020) Formal Mixed Goal-oriented – Yes Yes
Nam et al. (2019) Formal Group-based Goal-oriented – Yes Yes
Bers et al. (2019) Formal Mixed Mixed Yes 12 h Yes Yes Yes
Georgiou and Angeli (2019) Formal Individual Goal-oriented Variable Yes
Muñoz-Repiso and Caballero-González (2019) Formal Group-based Goal-oriented 1 h Yes Yes Yes
González and Muñoz Repiso (2018) Formal Group-based Goal-oriented 28 h Yes
Pugnali et al. (2017) Informal Individual Mixed 8 h Yes Yes Yes
Bers et al. (2014) Formal Mixed Mixed Yes 15 h Yes Yes Yes
Saxena et al. (2020) Informal Group-based Goal-oriented 20 h Yes Yes Yes
Sullivan and Bers (2016) Formal Group-based Mixed 10 h
Kazakoff et al. (2013) Formal – Goal-oriented 8 h
Sullivan and Bers (2013) Formal Group-based Mixed 16 h Yes
Cho and Lee (2017) Formal – Goal-oriented 20 h Yes Yes Yes
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group and individual activities’’ (Pugnali et al., 2017) without
specifying which type of activities used the robot. To decide if the
activities can be successfully adapted into real classroom contexts
or to correctly replicate studies, the information about group size
is essential.

Another interesting aspect related to group size that needs
further research is the definition of the ideal number of children
per group for a given activity. The identification of this number is
not a trivial task as it requires a balance between viability in the
school context and the participation of all group members.

3.3.3. Type of activity (goal-oriented, open-ended, free play)
All the activities were guided by teachers or researchers who

defined their structure and goal (labeled in Table 2 as ‘‘goal-
oriented’’). Some studies also included open-ended activities and/
or free play (‘‘mixed’’).

No studies evaluated if the presentation of the educational
content impacts children’s learning process. We observed fre-
quent usage of narrative, presence of free-play, open-ended and
problem-based activities, and art-related projects, but it is not
clear how to present the activities to ensure that they are suitable
and engaging for children’s context.

Recommendation for future research: The studies presented
in this review are empirical studies that attempt to measure the
impact of robot-mediated activities in CT development. Given the
nature of the studies, it is expected that most of them include
goal-oriented activities designed to prompt CT. Additionally, CT
seems to be taught mainly using problem-based and project-
based learning strategies (Hsu et al., 2018). However, if our goal is
to define activities appropriate for use in a school context during a
sustained period of time, aspects such as motivation, engagement,
and empowerment should also be considered. Providing students
with opportunities to express themselves in a creative way by
integrating diverse disciplines, such as, science, art, engineering,
and design is considered an important challenge (Resnick & Rusk,
2020; Yu & Roque, 2019). Many computational toys and kits
support storytelling and some of them can be decorated with arts
and crafts (Yu & Roque, 2019). Taking into account these existing
possibilities, we consider that more work should be conducted
to determine how activities’ presentation and adjustment to chil-
dren’s gender, abilities, socioeconomic, cultural context, and even
generational differences can influence learning and define guide-
lines that will help to present the educational content. Previous
work has called for more research on the way these factors could
impact learning through educational robotics activities (Jung &
Won, 2018b). Some initial efforts have been made to clarify these
points at the Kindergarten level (Lee et al., 2020; Nicholson, 2019)
and valuable insights can be extracted from previous experiences
with older children, which could be adapted and validated for this
particular age group (Komis, Romero, & Misirli, 2016; McLean &
Harlow, 2017).

3.3.4. Duration
All of the reported activities took less than 30 h of total time of

intervention. The total time ranged between 1 h and 28 h. Many
activities took less than 10 h, and two studies reported results
after less than 2 h of intervention.

It was not always possible to determine how the activities
were distributed in time, for example, the duration of each ses-
sion, how many sessions per week were conducted, how they
were spaced in time (i.e., how much time passed between one
session and the following).

Recommendation for reporting and future research:We ob-
served the same problem with reporting pointed out by Ioannou
and Makridou (2018)- the lack of information about the duration
of activities in relation to learning goals, which makes follow-up

studies and replication impossible. The variability in the activities’
total duration indicates that there is no agreement on the amount
of time children need to participate in activities in order to have
a significant learning outcome. It would be useful to know the
minimum amount of total time, the ideal duration of individual
sessions, and their frequency for an intervention required to
obtain specific CT results taking into account the developmental
characteristics of this specific age range. We consider clarifying
these aspects as an essential point for further research as it would
have direct implications on any possible implementation in for-
mal educational settings. Although some studies indicate that the
average attention span for preschoolers is 22 min (DiCarlo, Pierce,
Baumgartner, Harris, & Ota, 2012), this number was estimated
only for the whole group dynamic and was not measured for
robot-mediated activities.

We also observed that in both studies with less than 2 h of
intervention, the children worked individually with the robot. It
is possible that working individually with children takes more
time and effort and, therefore, makes the interventions shorter
and not so frequent. Another research question is to learn about
differences in the acquisition of CT when working individually or
in groups. This insight could help to optimize the use of time and
human resources in future research.

3.3.5. Adults’ role
We were interested in learning about adults’ level of partic-

ipation in the activities. It is crucial to understand how adults
provide scaffolding to understand current practices (Lindeman,
Jabot, & Berkley, 2014; Wang, Choi, Benson, Eggleston, & Weber,
2020), their possible impact on learning outcomes, the practical-
ity of application in formal settings, and facilitate the execution
of study replications. We faced problems to determine what the
role of the adults (researchers or teachers) was during the activ-
ities, adult–child ratios, or how adults provided scaffolding, for
example—whether there was a demonstration at the beginning of
each activity or whether the adults asked questions to help guide
the children. This gap in activities’ reports was also observed by
Angeli and Valanides (2020) that state, ‘‘they [reported efforts]
do not [...] describe how teachers scaffolded young students’
computational thinking’’.

Recommendation for reporting research: It is essential to
have detailed information about how adults participated in the
studies to facilitate comparisons between studies and provide
scaffolding guidelines. We strongly recommend including this
information in the methodology section when reporting. More-
over, it would be of interest for studies to explicitly include their
rationale behind adults’ roles during the activities. A previously
conducted review study on the use of robotics to promote CT by
Ioannou and Makridou (2018) mentions most of their examined
studies promoted student-centered, constructivist learning; how-
ever, the authors also highlight the existence of reporting gaps
and point out some aspects were not adequately presented in this
area. Overall, our findings support their call for more accurate and
specific reporting of educational practices.

3.3.6. Scaffolding
We categorized scaffolding into three categories: narrative,

auxiliary objects, and embodied examples, assuming that teach-
ers’ support was always present and should not be a separate
category. If a story motivated the programming task, we assigned
it to the narrative category. If the study reported using objects,
such as coding cards that represent commands or worksheets
where the problem is solved before programming the robot,
we associated the study with the auxiliary objects category. We
marked the study as using embodied examples if children played
games in which they imitated robots and their movements were
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‘‘programmed" by their peers. However, these were not used as
exclusive categories, as one study could include several types of
scaffolding elements or strategies.

Regarding scaffolding strategies, the use of narratives to ac-
company the robotics activities was the most prevalent, followed
by introducing auxiliary objects. The auxiliary objects included
were coding cards, worksheets, symbolic annotations of com-
mands, and mat models. All the studies with robots programmed
with physical buttons used coding cards or symbolic commands’
annotation as auxiliary objects.

Recommendation for future research: Future studies that
use button-based programming interfaces should be aware that
auxiliary objects, such as coding cards or commands’ annotations,
seem valuable resources that help preschool children while pro-
gramming robots through physical buttons. As we pointed out
in Section 3.2.1, physical button user interfaces do not provide
visible code needed for debugging and iterations, so auxiliary
materials should be included to mitigate this deficiency. In the
case of button-based robots analyzed in this study, the Colby
mouse robot includes coding cards (Code & Go Robot Mouse, n.d.)
and in the case of Bee-Bot, coding cards are sold separately by the
manufacturer (Command Card Set for Bee-Bot, n.d.).

3.3.7. Unplugged CT activities
We analyzed the activities’ content to evaluate if they in-

cluded unplugged activities aimed at engaging children in differ-
ent modes of understanding CT concepts without using the robot.
For example, using games that use arrow cards and worksheets
where a trajectory is defined in paper or games in which one
child plays a programmer role and uses a limited set of verbal
commands to give directions to another child playing the robot.
Six studies combined robot-mediated and unplugged activities
to stimulate the development of CT. Only one study (Saxena
et al., 2020) provided preliminary evidence that the unplugged
activities could positively impact students’ accomplishment in the
plugged activities.

Recommendation for future research: In the studies where
both robot-mediated and unplugged activities are present, it is
difficult to state if CT improvement is associated only with robot-
mediated activities or is also the result of unplugged activi-
ties. There should be more comparative studies to clarify this
point as the ‘‘research to explore using both unplugged and
plugged activities together for cultivating CT remains limited and
undertheorized’’ (Saxena et al., 2020).

3.3.8. Explicit debugging
Debugging is widely considered as one of the principal com-

ponents of CT (Shute et al., 2017), but the vast majority of the
studies did not target this skill explicitly. Only two studies pro-
posed activities to work on error detection and correction explic-
itly. Bers et al. (2014) worked with a curriculum that explicitly
addressed debugging and Muñoz-Repiso and Caballero-González
(2019) included activities in which children had to detect and
correct programming errors.

Recommendation for CT curricula: We suppose that it is
assumed that developing the code implies debugging. Although
this might be true, evidence suggests debugging can be explicitly
taught through strategies such as flowcharts or exercises with
erroneous programs. A recent study with children found that
including activities which specifically target this skill could have
beneficial effects on learning. Wong and Jiang (2018) showed
a Scratch based intervention was able to improve elementary
school childrens’ debugging skills through the presentation of
pre-made errors in order to ensure sufficient opportunities to
practice this skill. A literature review on debugging skills by
Rich, Strickland, Binkowski, and Franklin (2019) suggests children

as young as five years old are able to debug through trial and
error practices but could achieve more sophisticated debugging
strategies if provided with the necessary scaffolding and learning
opportunities. As such, including explicit (pre-fixed) debugging
opportunities in the curricula could prove more beneficial than
the implicit debugging that naturally emerges from programming
practices.

3.3.9. Communication and sharing
Three studies included activities aimed at communicating,

sharing, and creating community. They were based on group
discussions aimed at sharing ideas, strategies, and doubts.

Recommendation for future research: Activities that encour-
age children to relate their advances, share their experiences,
and see others’ works can help children reflect on their actions,
see other approaches to solve the same problems, and advance
in their knowledge building. In this sense, enabling sharing in-
stances might contribute to advance in their zone of proximal de-
velopment (Vygotsky, 1980) and enable them to learn new skills.
The process of sharing ideas within a community allows children
to compare their work to other projects (thus providing feedback)
and build upon previous work (also known as remixing) (Kot-
sopoulos et al., 2017). In older users, this process is perhaps
better visualized within the existing online Scratch programming
communities. For example, Dasgupta, Hale, Monroy-Hernández,
and Hill (2016) examined data from 1 million Scratch online users
and found that those who practiced remixing more were exposed
to a broader set of commands and were more likely to use
them. Data from students’ participation has also been explored.
For example, a study by Fields, Giang, and Kafai (2014) used a
random sample of 5 thousand users and found no significant
association between community participation and sophistication
in programming, with the exception of those who presented high
levels of engagement. Roque, Rusk, and Resnick (2016) propose
several ways in which creative and collaborative sharing can take
place within these environments, such as organizing contests,
focusing on niche user interests, or suggesting specific prompts.
Altogether, these previous experiences with older users might
provide researchers and practitioners with valuable hints to adapt
these strategies for a younger audience. None of the studies
evaluated the impact of social interactions aimed at sharing in
knowledge acquisition. We consider that comparative studies
that clarify this point would help to better design future CT
curricula.

3.3.10. Teaching knowledge from other domains
Many studies included teaching knowledge from other do-

mains through CT activities with robots. Proposed activities tar-
geted self-expression through art and the development of imagi-
nation and creativity (Roussou & Rangoussi, 2019), music, dance,
culture, language, mathematics and art (Bers et al., 2019), art, mu-
sic and dance, facts about animals and safari environments (Pug-
nali et al., 2017), and recycling and household chores (Kazakoff
et al., 2013). Art was a subject explored in almost all studies that
integrated knowledge from domains other than programming
and robotics.

Recommendation for future research: Although many differ-
ent subjects were taught through activities that aimed to support
CT development, we still do not know if there are areas more
or less appropriate to be combined with CT activities. The only
measured learning progress was the one related to CT, and it
is not clear if the activities had an influence on the acquisition
of knowledge in other domains and if there were domains that
benefited more than the others. If there is a positive impact on
learning, it should be analyzed in detail to provide guidelines that
will help to integrate CT activities with other types of knowl-
edge and concrete examples of activities that have demonstrated
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Table 3
Types of assessments used in the reviewed studies.
Assessment Description of categories Reference

Portfolio Evaluation of student’s products during robotics activities
through the use of rubrics or checklists

Angeli and Valanides (2020), Bers et al. (2014, 2019), Georgiou
and Angeli (2019), González and Muñoz Repiso (2018), Khoo
(2020), Muñoz-Repiso and Caballero-González (2019), Pugnali
et al. (2017), Saxena et al. (2020), Sullivan and Bers (2013,
2016)

Traditional Multiple choice and/or open ended tests evaluated by
correctness and completeness and designed for summative
purposes

Bers et al. (2019), Kazakoff et al. (2013), Nam et al. (2019),
Roussou and Rangoussi (2019)

Interview Structured conversation for qualitative data extraction Bers et al. (2014), Sullivan and Bers (2013)

Survey Self-reporting of skill level and/or confidence when
performing tasks

Cho and Lee (2017)

positive results. We fully support Anwar et al.’s proposal that
‘‘more fine-grained studies are needed to understand the role of
ER across contexts, activities, and disciplines for which they are
best suited, and for what kind of students" and Yu and Roque’s
call for more support for teaching knowledge from other domains
in future computational kits.

3.4. RQ3: How was computational thinking evaluated?

Most of the reviewed studies implemented ad-hoc evaluations
or adaptations of ad-hoc evaluations created for previous stud-
ies (Angeli & Valanides, 2020; Bers et al., 2014, 2019; Cho &
Lee, 2017; González & Muñoz Repiso, 2018; Khoo, 2020; Muñoz-
Repiso & Caballero-González, 2019; Pugnali et al., 2017; Rous-
sou & Rangoussi, 2019; Saxena et al., 2020; Sullivan & Bers,
2013, 2016), two of the studies implemented modified versions
of Baron Cohen’s picture sequencing test (Kazakoff et al., 2013;
Nam et al., 2019).

Recommendation for future studies: The overwhelming use
of ad-hoc evaluations and the lack of use of standard and vali-
dated assessments of CT hinders comparisons between approa-
ches. We are aware of only two very recent CT assessments tar-
geted towards preschool children, which report validity and reli-
ability (Relkin, de Ruiter, & Bers, 2020; Zapata-Cáceres, Martín-
Barroso, & Román-González, 2020). As valid and reliable tests
begin to appear in the recent literature, further studies should
implement these metrics.

3.4.1. Classification of assessments
We classified the assessments implemented into categories

extracted from Tang and collaborators (Tang, Yin, Lin, Hadad,
& Zhai, 2020), summarized in Table 3. Studies with multiple
assessments were included more than once.

A majority of the reviewed studies use portfolio analysis to
assess children’s CT through the implementation of observational
rubrics or checklists. This assessment method is probably pre-
ferred due to constraints given by participants’ young age, in
which reading and writing are in the process of being acquired
skills, thus hindering the implementation of traditional tests that
often rely on these skills for administration. This limitation could
also apply to assessments based on surveys, which are heavily
underrepresented in the selected studies (see Table 4).

Portfolio based-assessments for robotics activities, especially
with robots that do not generate structured code, are costly
regarding time and human resources, as each child needs to
be individually assessed by a previously trained observer. Fur-
thermore, training in scoring guidelines should be extensive to
increase inter-observer reliability, which is underreported.

Finally, interviews appeared as an additional assessment op-
tion for portfolio analysis. However, how much the interviews
influenced the evaluation was often unclear.

Recommendation for reporting research: Portfolio analysis
appears as an easily accessible developmentally appropriate as-
sessment; however, scoring guidelines need to be transparent
and based on objective achievements to facilitate replication.
We suggest supplementary information should include detailed
descriptions of the implemented metrics, as sometimes the as-
sessed elements are not sufficiently described (e.g., scoring based
on how much help from adults the child needed to achieve a
given task should include a description of how the different levels
of help from adults were categorized). Similarly, less-structured
elements within assessments, such as interviews used to obtain
supplementary information, should be thoroughly described to
replicate them. For several years, studies have been calling for
further research on CT assessment (Lockwood & Mooney, 2017;
Román-González, Moreno-León, & Robles, 2017a; Zhong, Wang,
Chen, & Li, 2016). Recently, studies have reported growth in this
area (Li et al., 2020; Tang et al., 2020), as assessment is an integral
part of not only academic research but also CT’s integration to
educational settings. However, our results show CT assessments
in preschoolers appear heterogeneous and so far no assessment
tool has been adopted by a majority of studies.

3.4.2. Assessed concepts
Our examination of the reported concepts behind the assess-

ments showed that sequencing ability was one of the central
components of CT evaluations in 87% of the reviewed stud-
ies. Sequencing was measured by assessing children’s robot-
programming portfolios and traditional assessments such as pic-
ture sequencing tasks (Kazakoff et al., 2013; Roussou & Rangoussi,
2019). Debugging skills were reportedly assessed in 47% of pub-
lications, while algorithm design and pattern recognition were
overwhelmingly less frequently assessed, appearing in just 15%
of publications. Abstraction and decomposition were abilities
mentioned in just 1 publication (8% of our sample) along with
other practices such as hypothesis formulation and understand-
ing cause and effect relations. Finally, 38% of the studies focused
their assessment on learned programming concepts such as loops,
conditionals, and 15% on sensor or numeric parameters.

Recommendation for future research: Perhaps due to the
lack of theoretical consensus in the field in regards to CT (Angeli &
Giannakos, 2020; Grover & Pea, 2013; Ioannou & Makridou, 2018;
Shute et al., 2017), there is great variability in which concepts
researchers targeted to assess their interventions. Existing trends
in choosing to evaluate certain variables over others might be
constrained by the availability of testing materials or develop-
mental appropriateness to this particular age-range. As CT is an
umbrella term, certain aspects of it might be more challenging to
assess in young children. Further research on CT should expand
on the concept’s operationalization, as having a grasp on devel-
opmental trajectories for these concepts will allow researchers
to create targeted interventions. Taking into account our findings
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Table 4
Concept frequency in the reviewed publications.
Concept Frequency Percent Reference

Sequencing 13 87% Angeli and Valanides (2020), Bers et al. (2014, 2019), Georgiou
and Angeli (2019), González and Muñoz Repiso (2018),
Kazakoff et al. (2013), Muñoz-Repiso and Caballero-González
(2019), Nam et al. (2019), Pugnali et al. (2017), Roussou and
Rangoussi (2019), Saxena et al. (2020), Sullivan and Bers
(2013, 2016)

Debugging 7 47% Angeli and Valanides (2020), Bers et al. (2014, 2019), Khoo
(2020), Muñoz-Repiso and Caballero-González (2019), Pugnali
et al. (2017), Sullivan and Bers (2013)

Loops 5 38% Bers et al. (2014, 2019), Pugnali et al. (2017), Sullivan and
Bers (2013, 2016)

Conditionals 5 38% Bers et al. (2014, 2019), Pugnali et al. (2017), Sullivan and
Bers (2013, 2016)

Problem solving 2 15% Nam et al. (2019), Roussou and Rangoussi (2019)
Numeric parameters 2 15% Nam et al. (2019), Roussou and Rangoussi (2019)
Sensor parameters 2 15% Nam et al. (2019), Roussou and Rangoussi (2019)
Action-instruction correspondence 2 15% González and Muñoz Repiso (2018), Muñoz-Repiso and

Caballero-González (2019)
Pattern recognition 2 15% Khoo (2020), Saxena et al. (2020)
Algorithm design 2 15% Khoo (2020), Saxena et al. (2020)
Coding/Programming 2 15% Cho and Lee (2017), Khoo (2020)
Hypothesis formulation 1 8% Roussou and Rangoussi (2019)
Cause and effect relations 1 8% Roussou and Rangoussi (2019)
Efficiency 1 8% Khoo (2020)
Decomposition 1 8% Khoo (2020)
Abstraction 1 8% Khoo (2020)

regarding both type of assessment and explored constructs, our
overall results align with Tran’s conclusion in regards to the
current conflation between CT and programming concepts within
assessments. This is evidenced by the prevalence of portfolio
analysis based tests which evaluate performance on program-
ming tasks (Lockwood &Mooney, 2017). Calls for the construction
of valid and reliable assessments have been previously voiced by
several researchers (Grover & Pea, 2013; Román-González et al.,
2017a; Shute et al., 2017). While efforts have targeted mainly
teenagers and adults (Kılıç, Gökoğlu, & Öztürk, 2020; Korkmaz,
Çakir, & Özden, 2017; Kukul & Karatas, 2019; Román-González,
Pérez-González, & Jiménez-Fernández, 2017b; Tsai, Liang, & Hsu,
2020), their contributions are relevant to the exploration of CT’s
possible factor structures and shed light on the contribution
of different components towards our understanding of the CT
concept.

3.4.3. Research designs
The research designs implemented were varied. A total of

four studies (Kazakoff et al., 2013; Muñoz-Repiso & Caballero-
González, 2019; Nam et al., 2019; Roussou & Rangoussi, 2019)
used a control group and a pre-test and post-test design in order
to test the effects of their robotics interventions. Eleven studies
did not implement a control group. Of the latter, five studies (Bers
et al., 2019; Cho & Lee, 2017; Pugnali et al., 2017; Saxena et al.,
2020; Sullivan & Bers, 2016) implemented only a post-test evalu-
ation, and six of them assessed their studies continuously or after
each robotics session (Angeli & Valanides, 2020; Bers et al., 2014;
Georgiou & Angeli, 2019; González & Muñoz Repiso, 2018; Khoo,
2020; Sullivan & Bers, 2013).

Recommendation for future studies: Further studies should
continue to use experimental or quasi-experimental designs to
test the effects of their interventions controlling for variables such
as children’s developmental outcomes (Steiner, Wroblewski, &
Cook, 2009). This recommendation is especially relevant for stud-
ies that include a considerable sample size, as favorable results
could point to effective and scalable evidence-based education
practices. It is noteworthy that only one of the four reviewed
studies, which included a larger sample size (over 100 children),
included a control group in their design. Finally, longitudinal

Fig. 2. Venn diagram of thematic overlap in the selected publications’ research
motivations.

designs are recommended to test the permanence of any positive
effects on children’s outcomes and understand any novelty ef-
fects (Gustafsson, 2010). In this sense, our results are aligned with
previous findings by Ioannou and Makridou (2018) on educa-
tional robotics for CT development, in which the authors provide
a general overview of the variability found in their reviewed
studies in regards to both research design and methodological
approaches.

3.5. RQ4: Which individuals and countries are most active and in-
fluential in research on computational thinking development for
preschool children mediated by robots, and what have been their
motivations for conducting research in this area?

Analyzing author’s motivations and rationale for studying CT
and educational robotics in preschool children presented a chal-
lenging task. Authors did not always express their attitude to-
wards statements, ideas, and visions they explicitly mentioned in
the text. For this analysis, we assumed these explicit mentions
included in their articles indicated agreement from its authors,
and thus categorized the motivations based on this assumption.

3.5.1. Research motivation
Firstly, we categorized motivations based on Bocconi et al.’s

article (Bocconi et al., 2016) on different rationales for including
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Table 5
Research motivations presented by the authors.
Authors Economic Equity Literacies Citizenship Education Fulfillment

Angeli and Valanides (2020) Yes Yes
Roussou and Rangoussi (2019) Yes Yes
Khoo (2020) Yes
Nam et al. (2019) Yes Yes
Bers et al. (2019) Yes Yes Yes
Georgiou and Angeli (2019)
Muñoz-Repiso and Caballero-González (2019) Yes Yes Yes
González and Muñoz Repiso (2018) Yes Yes Yes
Pugnali et al. (2017) Yes
Bers et al. (2014) Yes Yes Yes
Saxena et al. (2020) Yes
Sullivan and Bers (2016) Yes Yes Yes Yes
Kazakoff et al. (2013) Yes Yes Yes Yes Yes
Sullivan and Bers (2013) Yes
Cho and Lee (2017) Yes Yes

CT in European curricula. Their first category was considering
CT as a way to develop computer-related skills that are trans-
ferable to other domains, thus contributing to personal growth.
These life skills should enable new ways of thinking and express-
ing and help individuals manage real-world situations and solve
problems. The second category was based on boosting economic
growth, filling job vacancies in ICT, and preparing the children
for future job markets. Although these categories were defined
based on the rationale for including CT in compulsory education,
and not based on the motivations presented in research projects,
they were the only resource focused on CT that we found that
provides categories that can be applied in motivation analysis.

The most common motivation (see Fig. 2) in our context
was the one related to life skills and it was mentioned in 13
publications (Angeli & Valanides, 2020; Bers et al., 2014, 2019;
Cho & Lee, 2017; González & Muñoz Repiso, 2018; Kazakoff et al.,
2013; Khoo, 2020; Muñoz-Repiso & Caballero-González, 2019;
Nam et al., 2019; Pugnali et al., 2017; Roussou & Rangoussi, 2019;
Saxena et al., 2020; Sullivan & Bers, 2016). This motivation was
three times combined with arguments focused on economic pol-
icy (Bers et al., 2019; Kazakoff et al., 2013; Roussou & Rangoussi,
2019).

We were unable to classify two publications (Georgiou & An-
geli, 2019; Sullivan & Bers, 2013) as the position of the authors
to some statements lacked specificity (i.e., ‘‘The development of
computational thinking is as important as writing, reading and
arithmetic, and, it should start as early as kindergarten (Wing,
2008).’’ Georgiou and Angeli (2019)) or the work was motivated
by gender disparity in STEM (science, technology, engineering,
mathematics) fields (Sullivan & Bers, 2013), and this type of
motivation was not included in the predetermined categories.

Secondly, to conduct a more detailed analysis of the rationale
behind the conducted research, we classified our findings based
on seven categories proposed by Vogel, Santo, and Ching (2017).
They define the areas of impact present in arguments for univer-
sal computer science (CS) education: (1) economic and workforce
development, (2) equity and social justice, (3) competencies and
literacies, (4) citizenship and civic life, (5) scientific, technological
and social innovation, (6) school improvement and reform and (7)
fun, fulfillment and personal agency. Despite CT being considered
a broader term than CS as it is not limited to computers and
includes skills related to everyday activities and general problem
solving (Shute et al., 2017), we considered that ‘‘competencies
and literacies’’ category was able to encompass this ‘‘life skill’’
aspect of CT as it stresses the importance of a certain type of
knowledge in supporting other important competencies. More-
over, this classification allowed us to provide a more nuanced
perspective on authors’ motivations.

Categories3 found in each publication are presented in Table 5.
The most common motivation was CT’s applicability to real-
life challenges and to support the development of knowledge
from other domains reflected by the category ‘‘competencies and
literacies’’. Authors stressed that ‘‘computational thinking skills
are not skills that only computer scientists value, but, also skills
that can be transferred to any domain, such as literacy, art,
journalism, biology, engineering, mathematics, science, and many
more’’ (Angeli & Valanides, 2020) and that robotics supports
‘‘transformation of abstract concepts of science, engineering, and
technology into concrete real-world understanding’’ (Nam et al.,
2019).

Motivations aimed towards school improvement were re-
lated to promoting students’ engagement and introducing teach-
ers to new tools and practices that enhance students’ learning.
Naturally, this type of motivation was often paired with the
‘‘competencies and literacies’’ category, which is more focused
on student’s individual outcomes but ultimately also refers to
an aspect of the teaching–learning dyad. Authors observed the
potential of the robots as a tool to support learning (‘‘kinder-
garten educators have focused on robotics and computer pro-
gramming as methods of teaching academic skills to kinder-
garteners through hands-on experiences with new technolo-
gies’’ (Nam et al., 2019), ‘‘robotics can provide a fun and playful
way for teachers to integrate academic content with the creation
of meaningful projects’’ (Bers et al., 2014)) and that ‘‘the current
digital situation calls for the development of strategies to mod-
ernize learning processes’’ (Muñoz-Repiso & Caballero-González,
2019).

The third most frequent motivation was based on the idea of
raising conscious citizens that understand the current digitalized
world and building ‘‘a society of creators’’ (Vogel et al., 2017). This
idea was mentioned, for example, by Sullivan and Bers (2016)
who recognized that ‘‘While learning about the natural world is
important, developing children’s knowledge of the human-made
world, the world of technology and engineering, is also needed
for children to understand the environment they live in’’.

Aspects related to equity, and in our case related to gender
equity, were mentioned in four articles, all co-authored by Marina
Bers. They pointed out that children who are exposed to STEM
curricula in childhood present fewer gender-based stereotypes
regarding STEM careers (Bers et al., 2019; Kazakoff et al., 2013;
Sullivan & Bers, 2016) and that early exposure to programming

3 Economic stands for ‘‘economic and workforce development" category,
equity for ‘‘equity and social justice", literacies for ‘‘competencies and literacies",
citizenship for ‘‘citizenship and civic life", education for ‘‘school improvement
and reform" and fulfillment for ‘‘fun, fulfillment and personal agency’’. Category
‘‘scientific, technological and social innovation’’ was not included in the table as
it was not mentioned by any author.
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and robotics helps to increase girls’ interest in engineering fields
before gender stereotypes are ingrained (Sullivan & Bers, 2013).

It was surprising that different motivations did not influence
the structure or the types of activities used or the evaluation
process.

Recommendation for future research: We observed that few
studies offered a categorization and analysis of the motivations
and rationales to prioritize CT in research, government, and
economic policy. Categories that we used were either a very
broad summary of reasons to include CT in education, not in
research (Bocconi et al., 2016), or targeted CS, not CT (Vogel et al.,
2017). An in-depth analysis of the motivations behind researching
CT using robots in preschool and establishing categories for these
motivations would be a valuable resource to enable a systematic
analysis of current and future research.

3.6. Authors and geographic distribution

To better understand the collected data and provide a general
overview of the research’s geographical dimension, we analyzed
the publications’ authors and the countries in which the studies
were conducted.

Our inclusion criteria emphasized empirical studies which
explicitly target the concept of computational thinking through
robotics in young children. As such, this meant our scope ex-
cluded studies in robotics involving concepts which might relate
with CT, such as executive functions (Di Lieto et al., 2020), skills
of scientific process (Turan & Aydoğdu, 2020) or creative think-
ing (Çakır, Korkmaz, İdil, & Erdoğmuş, 2021). Additionally, our
focus on empirical studies with CT assessments may have led us
to academics who implement a particular type of research design.

The most active researcher in this analysis is Marina Bers.
She is a professor and researcher at Tufts University (USA), and
she co-authored six publications. Her most frequent co-author,
Amanda Sullivan (Tuft University, USA), participated in five of
those articles. Both co-authored three of the most influential
articles with over 200 citations (Bers et al. (2014) - 498 cita-
tions, Kazakoff et al. (2013) - 264 citations and Sullivan and Bers
(2016) - 216 citations). Authors that participated in two publi-
cations are Elizabeth R. Kazakoff (co-author of Bers and Sullivan,
USA), Charoula Angeli (Cyprus), Ana Muñoz-Repiso (Spain), and
Yen-Air Caballero-González (Spain).

The research projects were conducted in Europe (Spain (Bers
et al., 2019; González & Muñoz Repiso, 2018; Muñoz-Repiso
& Caballero-González, 2019), Cyprus (Angeli & Valanides, 2020;
Georgiou & Angeli, 2019), Greece (Roussou & Rangoussi, 2019)),
North America (USA (Bers et al., 2014; Kazakoff et al., 2013; Pug-
nali et al., 2017; Sullivan & Bers, 2013, 2016)) and Asia (Republic
of Korea (Cho & Lee, 2017; Nam et al., 2019), Hong Kong (Saxena
et al., 2020), People’s Republic of China (Khoo, 2020)). There were
no studies from South America, Africa, or Australia.

Generally, the reviewed studies were heterogeneous in their
reporting of socioeconomic and cultural characteristics of their
samples. Participants’ ethnic background was included in a few
studies (Bers et al., 2014; Kazakoff et al., 2013; Sullivan & Bers,
2013, 2016). Studies set in formal education contexts reported
school characteristics (i.e., public (Georgiou & Angeli, 2019; Kaza-
koff et al., 2013; Muñoz-Repiso & Caballero-González, 2019;
Roussou & Rangoussi, 2019; Sullivan & Bers, 2016), private (Nam
et al., 2019) or samples with both public and private schools (Bers
et al., 2014, 2019; Sullivan & Bers, 2013)). A few studies did not
report this information (Cho & Lee, 2017; González & Muñoz
Repiso, 2018; Saxena et al., 2020). Angeli and Valanides (Angeli
& Valanides, 2020) reported urban school settings, while Pugnali
et al.’s participants were enrolled in a summer programme which
required sign-up fees.

Recommendation for future research: As we mentioned in
Section 3.3.3, aspects, such as, socioeconomic and cultural context
are important factors to consider in the design of inclusive and
effective interventions. Previous research demonstrated that suc-
cessful educational programs that promote CT may need adapta-
tions when implemented in different cultural and socioeconomic
contexts (de Souza, Salgado, Leitão, & Serra, 2014) that is why we
consider it beneficial for future research to conduct studies in a
more geographically and culturally diverse context. Furthermore,
as discussed in Section 3.5.1, several studies (see Table 5) argued
learning CT might be helpful in preparing children to become
digital citizens (i.e., promoting social and cultural participation
through digital media) and foster equity (thus aiming to promote
access and opportunity to all). In order to accomplish these goals,
it stands to reason it is utterly important to be able to rely
on evidence from diverse contexts in order to create tailored,
culturally and contextually appropriate policies with effective
results.

4. Limitations

Although we followed a systematic review process to pro-
vide objective and transparent results, the current study still has
certain limitations. Our most notorious limitation is the sample
size. Although we explored various databases and used inclusive
search terms to obtain the greatest number of publications re-
lated to the subject, computational thinking is still quite a new
concept, not particularly explored in early childhood education
using robots, and there are not many empirical studies in this
area. To increase the number of articles in this analysis, we de-
cided to include marginal papers, sometimes turning a blind eye
to the publication quality. We applied a backward snowballing
approach (Kitchenham et al., 2015) and checked all publications
cited in the papers included in our review. We also comple-
mented the automated search with a manual search in Google
Scholar, but all these approaches did not extend our scope.

Our sample included six publications co-authored by Marina
Bers, which constitute 1

3 of the total number of analyzed publica-
tions. This fact makes our results biased towards her approaches.
It was impossible to overcome this bias since all the studies
passed the selection process and are a relevant part of state of
the art.

Not all of the extracted categories were explicitly reported
in the original studies. For example, it was not always detailed
if instances of free-play were part of the activities. In our re-
sults, we reported free-play only if it was clearly stated in the
text. It does not ensure that publications that did not mention
this activity actually did not have free-play instances. Our ap-
proach could drive to an incorrect interpretation of the absence
of information. To overcome this difficulty and mitigate possible
misinterpretations, we consulted additional information sources
(online documentation, publications related to the same empir-
ical study, complementary materials provided by the authors).
However, it was not always possible to ensure that the absence
of a direct report implied the absence of the variable we wanted
to observe.

5. Discussion

Our overall results suggest using educational robotics to pro-
mote CT in early childhood constitutes a budding field that
presents many opportunities for further research. The number of
studies that completely met our inclusion criteria was low. Thus,
it is reasonable to conclude that the use of ER to promote CT
in early childhood, especially through systematic and assessed
intervention, is a field that remains in its infancy and should
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continue to be explored (Khoo, 2020). Despite existing evidence
suggesting robots are a feasible tool for promoting learning in
young users (Jung & Hinds, 2018; Toh et al., 2016) and the grow-
ing interest in the inclusion of CT into the curriculum (Kakavas &
Ugolini, 2019; Shute et al., 2017) few studies have attempted to
evaluate ER interventions for CT enhancement in early childhood
systematically.

The studies analyzed provided many valuable results that con-
tribute to the necessary body of knowledge required for scalable
and impactful interventions aimed at enhancing young children’s
computational thinking, exploring the possibility for develop-
mentally appropriate interventions, and raising interesting ques-
tions regarding best practices for bringing robots and CT into
early childhood classrooms.

In this sense, our results have contributed to identifying cur-
rent trends regarding research involving robotics to promote CT
in early childhood with systematic assessments and thus could
become a helpful guideline for both practitioners and researchers
interested in this field. Furthermore, our results allowed us to
recognize existing knowledge gaps and limitations within the
field, thus contributing to the identification of further inquiry
lines for both researchers and practitioners.

5.1. Reporting gaps

Our analysis of ER activities for promoting CT identified sev-
eral reporting gaps that could impact intervention effectiveness.
Specifically, factors such as interventions’ duration and frequency,
groups’ size, and detailing the role and participation of adults
throughout the intervention, which could have a high impact
on replication and feasibility, were found to be significantly un-
derreported. It is especially relevant from a policy-making point
of view (e.g., assessing the cost-effectiveness of the interven-
tions and its requirements regarding human capital) as these
elements could significantly impact the overall effectiveness of
the experience. Previous studies have found that learning gains
could differ based on whether group-based approaches or indi-
vidual approaches are taken (Zhong & Li, 2020) and depending
on the presence of scaffolding elements and adults’ roles (Wang
et al., 2020). In addition, learning practitioners would benefit
from more detailed reporting since understanding the context
in which specific learning goals were achieved would help with
the classroom orchestration of CT activities (Ioannou & Makridou,
2018). To contribute to closing these reporting gaps, we propose
a rubric that could be used to summarize the activities developed
to stimulate CT (see Appendix B).

5.2. Improvements in CT evaluation

Our exploration of the assessments utilized in the studies
targeting preschoolers was congruent with recent literature on
CT assessments (Tang et al., 2020) regarding diversity in as-
sessed constructs and underreporting of instruments’ validity
and reliability. Recent efforts have been made to create valid,
reliable, and developmentally appropriate assessments for this
particular life-stage (Relkin et al., 2020; Zapata-Cáceres et al.,
2020). Furthermore, these assessments are advantageous because
they would allow measures independent from the devices used
for the intervention. Accompanying this, further studies should
build upon the still few but increasing efforts to include exper-
imental or quasi-experimental designs, as previous studies have
pointed out in regards to educational experiences with the use of
robots (Anwar et al., 2019).

5.3. Opportunities in robot design

Regarding the robots utilized, we observed little variabil-
ity in the studied tools, with half of the studies implementing
robotics programming through physical buttons and providing a
low level of embodiment required for the task. As different robots
might provide different learning opportunities, further compara-
tive studies should be conducted to identify the strengths and
weaknesses of the available options and best practices for the
developmentally appropriate design of ER tools for early child-
hood. Aspects like input interface, feedback provided by the robot,
and programmable robot actions should be investigated in-depth
so that future design decisions can be grounded on empiri-
cal data and theoretical knowledge. Furthermore, we identified
widespread use of commercially available robots and a lack of
low-cost open-source robots targeting early childhood education
that could be easily adopted by teachers and researchers. Existing
open projects (Open-Source Robotics Hardware Projects, n.d.) do
not provide a stable robotic platform that could be easily used in
a school context by users without programming knowledge. We
understand that using commercially available, stable platforms
can be a good starting point, but it should be noticed that we need
more research and community to support free ER platforms that
target early childhood. Open-source and open-hardware tools
would enable researchers to adapt the robot’s capabilities and
programming interface to diverse research conditions while also
providing flexibility and transparency when collecting data. It
would also ensure that the robots’ characteristics and capabili-
ties are appropriate for educational contexts and not designed
with the primary goal of entertainment. Finally, such solutions
would provide greater stability to projects that would not depend
on companies to continue producing a specific product. Such
stability could help with scaling up efforts and broader impacts.

5.4. Designing CT learning experiences

Finally, our summary of activities’ content and structure (see
Section 3.3) describes current intervention practices that could be
useful for curriculum development. Further research in this area
will contribute to establishing evidence-based curricula and class-
room orchestration guidelines that seem to be in demand (Ioan-
nou & Makridou, 2018). For example, creating a broad set of CT
activities that are incrementally challenging and examining their
learning outcomes could be a useful resource for educators and
researchers alike. Additionally, educational activities that target
early childhood are typically embedded in games and playful
scenarios connected with storytelling (Hirsh-Pasek et al., 2009).
Thus, the presentation dynamics related to motivational factors
should be a central aspect of this research area. Moreover, the
impact of gender, disabilities, socioeconomic and cultural con-
text, and generational differences should be considered when
designing and evaluating these activities.

Overall, the previously stated considerations seem particularly
important since many studies were motivated by the existing
economic and government policies that acknowledge the impor-
tance of incorporating CT into educational programs and official
curricula (Bocconi et al., 2016; Uscanga et al., 2019). These efforts
have been varied. Regardless, most have been characterized by
the imperative requirement of interdisciplinarity to incorporate
technological solutions that are developmentally appropriate and
provide meaningful learning opportunities. Our results contribute
to these objectives by encompassing both educational and tech-
nological aspects of early childhood interventions, which should
be useful when considering future large scale implementations of
ER to promote CT.
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6. Conclusion

This review conducted a systematic analysis of the ER in-
terventions and experiences to promote CT in early childhood.
We examined 15 empirical studies. We presented results that
reflect the types of robots utilized, the main characteristics of the
proposed ER activities, and the different ways CT was assessed.
Lastly, we presented the most influential research groups within
the examined literature and their stated motivations for conduct-
ing their research. Our main objective was to conduct a broad
exploration and analysis of the reported experiences with ER to
promote CT in early childhood and examine existing gaps.

The results obtained indicate that all the studies used com-
mercial robots, in most cases, with limited capacities of input
and output interfaces and aspects that could be improved upon
to increase developmental appropriateness to children’s cognitive
level. We observed a lack of consensus about how to implement
CT-related activities — there was significant variability in dura-
tion, structure, and content. The CT evaluation process was also
very heterogeneous, considering the type of metrics, assessed
concepts, and research design. The diverse approaches could not
be explained by the study’s motivation or by their geographical
location.

Together, our findings point to a nascent research area with
many opportunities to explore technologies, activities, and social
contexts. Our findings suggest a need for this area of study to
mature through more rigorous reporting of research experiences
and consistent approaches to evaluate CT. We proposed a rubric
that should enable consistent and comprehensive reporting of
activities (see Appendix B). Finally, future research should also
take into account practical aspects such as activity group sizes
in order to make it more likely that these activities could be
implemented at scale.

As the importance of CT is recognized by more and more
governments and educational agencies, there is a need to develop
concrete technological solutions that allow large scale implemen-
tation of ER activities aimed at promoting CT in early childhood
education. The scientific community should support the imple-
mentation of these activities with theoretically informed tools
and evidence-based guidelines.
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Appendix A. Extracted fields

We used the following fields in the extraction form. It was pos-
sible to select more than one option in the case of option-based
questions.

1. Publication details

• Authors (String)
• Title (String)
• Year (Number)
• Source title (String)
• DOI (String URL)

• Abstract (String)

2. Robot

• Name (String)
• Cost (Number, value in USD)
• Available input interfaces (Options: physical buttons,

tangibles, graphical, hybrid, other)
• Output interfaces (Options: light, sound, movement,

other)
• Availability (Options: opensource, commercial)

3. Activities

• Context and structure

– Context (Options: formal, informal)
– Modality of work (Options: individual, group-

based, mixed)
– Type of activity (Options: goal-oriented, open-

ended, mixed)
– Free-play (Options: yes, no)
– Activities total duration (Time in hours)
– Session duration (Time in minutes)
– Session frequency (Number per week)

• Adults participation

– Adult–child ratio (Number adult/Number child)
– Adult scaffolding (String with description of ac-

tions)

• Scaffolding

– Narrative (Options: yes, no)
– Auxiliary objects (Options: yes, no)
– Embodied examples (Options: yes, no)

• Content

– Unplugged CT (Options: yes, no)
– Explicit debugging (Options: yes, no)
– Teaching content not related to CT (String: list of

areas)
– Communicating, sharing, and creating commu-

nity (Options: yes, no)

4. Evaluation

• Metric type (Options: ad-hoc, adapted ad-hoc, vali-
dated)

• Assessment type (Options: portfolio, traditional, in-
terview, survey)

• Assessed concepts (String: list of concepts)
• Group comparison (Options: none, control group, be-

tween conditions)
• Number of evaluations (Number)
• Moment of evaluation (Options: pre, post, during)

Appendix B. Rubric to report activities

We identified the following items that we consider valuable
to report:

• Activity context (Options: formal, informal)
• Number of participants (Number)
• Modality of work (Options: individual, group-based, mixed)

– Number of participants per group (Number)

• Type of activity (Options: goal-oriented, open-ended, mixed)
• Free-play (Options: yes, no)
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Table C.6
Search engine, search term, date of the search execution, number of items found and additional information.
Engine Search term Note Date Nr of items

SCOPUS TITLE-ABS-KEY ( ( ( robot* AND ‘‘computational thinking‘‘
AND ( ( preschool* ) OR ( ‘‘young children’’ ) OR ( ‘‘early
age*‘‘ ) OR ( kindergarten* ) OR ( ‘‘lower education’’ ) OR
( childhood ) OR ( ‘‘early years‘‘ ) OR ( ‘‘elementary
education’’ ) OR ( ‘‘young learner*" ) ) ) ) )

Search in title, abstract and
keywords.

03.08.20 62

IEEE XPLORE ‘‘All Metadata’’:‘‘computational thinking’’ AND ‘‘All
Metadata‘‘:’’robot*‘‘ AND (’’All Metadata‘‘:’’preschool*‘‘ OR
‘‘All Metadata’’:‘‘young children’’ OR ‘‘All Metadata‘‘:’’early
age*‘‘ OR ‘‘All Metadata’’:‘‘kindergarten*’’ OR ‘‘All
Metadata‘‘:’’lower education‘‘ OR ‘‘All
Metadata’’:‘‘childhood’’ OR ‘‘All Metadata‘‘:’’early years‘‘
OR ‘‘All Metadata’’:‘‘elementary education’’ OR ‘‘All
Metadata‘‘:’’young learner*")

Search in all metadata. 31.07.20 9

ScienceDirect Term 1: robot AND ‘‘computational thinking‘‘ AND ( (
preschool ) OR ( ‘‘young children’’ ) OR ( ‘‘early age‘‘ ) OR
( kindergarten ) OR ( ‘‘lower education’’ ) OR ( childhood
) OR ( ‘‘early years‘‘ ) )
Term 2: robot AND ‘‘computational thinking’’ AND ( (
‘‘elementary education‘‘ ) OR ( ‘‘young learner’’ ) )

Search in title, abstract and
keywords. ScienceDirect allows
maximum 8 boolean terms in
the search term, so we split the
search term in 2 to cover all the
words identified as relevant for
the search.

03.08.20 4 and 3

SpringerLink robot* AND ‘‘computational thinking‘‘ AND ((preschool*)
OR (’’young children‘‘) OR (’’early age*‘‘) OR
(kindergarten*) OR (’’lower education‘‘) OR (childhood) OR
(’’early years‘‘) OR (’’elementary education‘‘) OR (’’young
learner*"))

SpringerLink does not allow to
restrict the search to title,
abstract and keywords so the
search was done in the whole
article.

22.07.20 172

ACM Abstract:(robot*) AND Abstract:(‘‘computational thinking’’)
AND Abstract:(‘‘preschool*’’ OR ‘‘young children‘‘ OR
‘‘early age*’’ OR ‘‘kindergarten*‘‘ OR ‘‘lower education’’ OR
‘‘childhood‘‘ OR ‘‘early years’’ OR ‘‘elementary education‘‘
OR ‘‘young learner*’’)

Search in abstract. 31.07.20 6
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Table C.7
Summary of publication details of the selected studies and information about robot used, age range and number of children at target age.
Authors Title Year Robot Nr Age

Angeli and Valanides (2020) Developing young children’s computational thinking with
educational robotics: An interaction effect between gender
and scaffolding strategy

2020 Bee-Bot 50 5 to 6

Roussou and Rangoussi
(2019)

On the use of robotics for the development of computational
thinking in kindergarten: Educational intervention and
evaluation

2020 Colby mouse 20 4.5 to 6

Khoo (2020) A case study on how children develop computational
thinking collaboratively with robotics toys

2019 Colby Mouse and
Ozobot Bit

3 5

Nam et al. (2019) Connecting Plans to Action: The Effects of a Card-Coded
Robotics Curriculum and Activities on Korean Kindergartners

2019 TurtleBot 53 5 to 6

Bers et al. (2019) Coding as a playground: Promoting positive learning
experiences in childhood classrooms

2019 KIBO 172 3 to 5

Georgiou and Angeli (2019) Developing preschool children’s computational thinking with
educational robotics: The role of cognitive differences and
scaffolding

2019 Bee-Bot 180 5 to 6

Muñoz-Repiso and
Caballero-González (2019)

Robotics to develop computational thinking in early
Childhood Education [Robótica para desarrollar el
pensamiento computacional en Educación Infantil]

2019 Bee-Bot 131 3 to 6

González and Muñoz Repiso
(2018)

A robotics-based approach to foster programming skills and
computational thinking: Pilot experience in the classroom of
early childhood education

2018 Bee-Bot 131 3 to 6

Pugnali et al. (2017) The impact of user interface on young children’s
computational thinking

2017 KIBO 11 4 to 7

Bers et al. (2014) Computational thinking and tinkering: Exploration of an
early childhood robotics curriculum

2014 LEGO 53 4.9 to 6.5

Saxena et al. (2020) Designing Unplugged and Plugged Activities to Cultivate
Computational Thinking: An Exploratory Study in Early
Childhood Education

2020 Bee-Bot 11 3 to 6

Sullivan and Bers (2016) Robotics in the early childhood classroom: learning
outcomes from an 8-week robotics curriculum in
pre-kindergarten through second grade

2016 KIWI 33 4 to 8

Kazakoff et al. (2013) The Effect of a Classroom-Based Intensive Robotics and
Programming Workshop on Sequencing Ability in Early
Childhood

2013 LEGO wedo 42 4 to 6

Sullivan and Bers (2013) Gender differences in kindergarteners’ robotics and
programming achievement

2013 LEGO mindstorm
RIS

53 5 to 6

Cho and Lee (2017) Possibility of improving computational thinking through
activity based learning strategy for young children

2017 LEGO mindstorm
NXT

12 5 to 6
17
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• Activity duration

– Number of sessions (Number)
– Session duration (Number in minutes)
– Sessions’ frequency (Number per week)

• Adults guiding the activities

– Number (Number)
– Adult–child ratio (Number)

• Scaffolding provided

– Adults’ support (String with description of the type and
degree of support)

– Narrative (String with description)
– Auxiliary objects (String with description)
– Embodied examples (String with description)
– Others (String with description)

• Unplugged activities (String with description)
• Explicit error detection (Options: yes, no)
• Relation with other domains (String with description)
• Communicating, sharing, and creating community (Options:

yes, no)

Appendix C. Complementary material

See Tables C.6 and C.7.
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ABSTRACT
Programmable robots designed for preliterate children are one of
the options being explored and put into practice for teaching com-
putational thinking skills to children in preschool and kindergarten.
Classroom use of these robots may involve use by groups of chil-
dren due to cost, logistical, and pedagogical reasons. To understand
design factors affecting the social use of these robots, we explored
the use of three programmable robots with distinctive design char-
acteristics in a kindergarten classroom. Our findings suggest that
programmable robot designs that may work well for use by indi-
vidual children may cause difficulties when shared by groups of
children if not all children in the group are able to easily perceive
the input (program), output (robot actions), or program state. Based
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on these design factors we provide recommendations for the design
of programmable robots, their evaluation for social use, and for
addressing design limitations with support by adult facilitators.
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1 INTRODUCTION
Robots have long been an attractive option for teaching computa-
tional thinking concepts [59, 60] to children, going as far back as
early efforts enabling children to control a robotic turtle through
the LOGO programming language [23]. The use of robots for com-
putational thinking education has not relented since then [4, 10,
37, 49, 61]. Authors have proposed that robots, as physical objects,
allow children to learn in an embodied way promoting their motor
skills [6]. Moreover, robots are similar to toys and other items chil-
dren encounter daily, thus easing their transition to programming
through relatable and practical hands-on experiences [37]. As schol-
ars, educators, and policy makers explore teaching computational
thinking concepts in kindergarten settings with preliterate children
[7], there is a need to consider the social aspects of programmable
robots designed for early childhood education. Not doing so could
make the use of robots for teaching computational thinking imprac-
tical in these settings, in particular in lower-income regions of the
world, as they would likely have to be shared by groups of children.

In this short paper we describe our experience exploring the
social aspects of three programmable robots designed for early
childhood, each featuring distinctive user interfaces, by conducting
the same activities with each of them in a kindergarten classroom
with preliterate 5-6-year-old children in a lower middle-income
urban setting in Uruguay. Through our analysis of video from
study sessions we identify key design factors affecting social use of
the robots. These design factors can be used to motivate the design
of new programmable robots, understand areas where groups of
children will need extra support to address design limitations, and
evaluate programmable robots for this age group.

In the remainder of the paper, we discuss related work on socially
oriented programming for young children, provide details on our
methods, present the design factors we identified together with
suggestions for addressing design limitations, and discuss research
and practical implications.

2 RELATEDWORK
Social aspects of computational thinking education are an important
consideration for preliterate children in schools, where logistics,
costs, and accepted practices would in most cases prevent a one-kit-
per-child approach. For example, in the metropolitan area where we
conducted this study, a typical kindergarten classroom has about
24 children, with the typical school having two or three kinder-
garten groups. The cost of purchasing one programmable robot
per child would be prohibitive. In addition, the logistics of storing
and maintaining (e.g., charging) one robot per child without any
extra staff, space, or infrastructure would make working with them
impractical in most schools similar to the one where we conducted
the research. There are also pedagogical reasons, with kindergarten
curricula often emphasizing social aspects of learning (e.g., [58]),
which have also been recognized by the child-computer interaction
community (see [21], Chapters 2 and 8).

Given the emphasis on social aspects of learning in early child-
hood education, it is not surprising that researchers have studied
a variety of programming environments for young children that
could support groups of children working together, including room
environments and tangible kits. For example, Montemayor et al.

studied the design of programmable rooms, where 4-6-year-old
children could program a physical environment by associating sen-
sor events (e.g., a physical button being pressed) with an action by
an actuator (e.g., a sound coming out of a speaker) using tangible
tools [31]. A more studied approach is the use of tangible blocks
for programming, which has included Horn’s work on museum
exhibits, which were designed for social aspects typical of a mu-
seum environment [19, 20]. Perhaps the closest efforts to those in
our research were those with the Tangicons system, which in its
first two versions enabled children in kindergarten to use blocks to
program digital lights [47, 48]. The researchers behind Tangicons
designed the system specifically for groups of children to work
together, negotiating how to set up instructions [47].

Other work that has studied social aspects of computational
thinking activities with this age group has focused on how activ-
ities are organized, rather than on the characteristics of kits. For
example, Lee et al. found that during a summer camp activity for
kindergarten children in which each child used their own robotic
kit, children were more likely to engage socially with peers when
using an unstructured robotics curriculum rather than a structured
one [25]. The same research group, with a similar setup, compared
learning computational thinking with a robotic kit versus a popular
app, assessing social aspects, but in a context in which each child
had their own kit or tablet [52]. In a similar manner, Fessakis et al.
focused on the impact on social aspects of a pedagogical approach
to using a programming environment with kindergarten children,
rather than on how the design of the programming environment
affected social dynamics [14]. Likewise, Caballero-Gonzalez et al.
studied collaborative aspects of kindergarten children’s computa-
tional thinking activities with a specific programmable robot [8].
Other similar examples include those of Roussou and Rangoussi
[45] and Mantzanidou [28].

To the best of our knowledge, none of these efforts studied how
different kits or kit characteristics affected the social dynamics of
computational thinking activities as they happen in kindergarten
classrooms. In fact, in recent literature reviews on computational
thinking activities for young children, Papadakis notes the lack
of support for social aspects in commonly used apps [38], while
McCormick and Hall note the importance of incorporating social
aspects [30] while pointing at only one study that discussed collab-
orative aspects between children while using one kit [32].

3 RESEARCH SETUP
Our research objective was to identify design factors in programmable
robot kits that affect their social use by groups of children in kinder-
garten. More specifically, we were interested in social aspects as
children are using the robots, rather than social aspects that may
occur afterward, such as sharing outcomes with peers.

3.1 Participants
15 preschoolers (8 girls and 7 boys between the ages of 5 and 6)
participated in the study (see Section 8 for recruitment details).
Children attended level 5 (kindergarten) at a public school in Mon-
tevideo, Uruguay and belonged to the same classroom within the
school. Convenience sampling was implemented. Socioeconomic
levels for the participating institution have been characterized as
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low-middle according to the country’s public education authorities.
14 of the participating children presented neurotypical develop-
ment, according to the children’s teacher. Informed consent was
obtained from each participant’s parent or caregiver.

3.2 Materials and Procedure
We selected three robots for our activities (see Figure 1), Blue-Bot
[55], Botley [41], and Robotito [5, 53], because these robots feature
three different programming interfaces. All three share basic capa-
bilities involving motion on a flat surface while not incorporating
features such as programmable arms, legs, sounds, and so forth.
The three robots’ capabilities are typical for programmable robots
designed for this age group.

Blue-Bot (15 cm x 15 cm x 8.2 cm) [55] is a bee-shaped robot with
buttons integrated on its back. The buttons are used to introduce
a sequence of robot actions (available options are move forward,
move backward, turn right, turn left and pause), to clear the stored
program, or to start the execution of the stored sequence. Similar
programming interfaces can be found in educational robots that
target young learners, such as, Bee-Bot [54] and Pro-Bot [56] (robots
from the same company that manufactures Blue-Bot), Code & Go
Robot Mouse [42], Robot Mind Designer [11], and VEX 123 [57]. Bee-
Bot has been featured in many studies of computational thinking
activities with preliterate children in preschool or kindergarten
[3, 8, 16, 33, 46].

Botley (20.6 cm x 15.7 cm x 15.7 cm) [41] is a robot controlled via
remote control that allows users to store and execute a sequence of
movements similar to those of Blue-Bot: move forward, backward,
turn right, and turn left. It also provides buttons to clear and execute
the stored program. It has additional buttons for programming
behaviors related to obstacle detection, loops, and volume control
that were not used in our activities. We selected Botley to see if
having the controls separate from the robot in a handheld device
made a difference in group dynamics. Other robots, such as VEX 123
[57], also have the option of inputting programs from a handheld
device separate from the robot, such as a smartphone.

In the case of Robotito (16.5 cm of diameter x 7.2 cm) [5, 53],
children can program it by placing color patches on the floor. Each
color is associated with one direction (left, right, forward, or back-
ward), displayed on the corresponding side of the top of the robot
with lights. A given light briefly shines brighter if Robotito just
read an instruction corresponding to that light, color, and direction.
The idea of sensing cards placed below the robot is present in edu-
cational robots such as Sphero Indi [51], KUBO [24], and Qobo [43].
We selected Robotito because programming is separate from the
robot and distributed across the floor, presenting a different way
of programming from the button-based interfaces in Blue-Bot and
Botley.

To conduct activities with the robots, children worked in groups
of five, with each group working with a different robot. Groups of
five children have previously been identified as optimal by preschool
teachers for collaborative activities [58]. We conducted the activ-
ities in a separate classroom within the school grounds. Each of
the activities lasted approximately 25 minutes and were held in
succession. The same member of the research team worked with
each of the groups to coordinate the activities.

Children worked on mats of approximately 1 x 1 meters. Due
to the different step lengths of Blue-Bot and Botley we used two
different mats. We used flags that came with Botley (see Figure 3)
to indicate the start and end position of the robot on the mat. The
activities for each of the robots were analogous. One facilitator in-
troduced children to how to program each robot and asked children
to perform simple tasks. The tasks were borrowed from Di Lieto
et al.’s work, from which we included tasks 1 (move forward), 2
(move backward), and 3 (L-shape to the left) [12] while adding tasks
asking the children to make the robot go two spaces to the left and
two spaces to the right between tasks 2 and 3. At the end of each
activity, a facilitator asked children which aspects of the robot they
enjoyed, whether they would add any features to it, whether they
had found activities to be too hard or too easy, and what they liked
the least about the experience. Lastly, a facilitator asked children
to explain how the robot worked and how could they programmed
it to grasp their overall understanding of it.

3.3 Data collection and analysis
We filmed each group using two digital video cameras, one located
on the side of the mat to capture children’s expressions from the
front, and one located such that it could capture activities from
above and get an overall view of the entire mat and children’s
distribution. A total of four researchers were present during the
activities, with one coordinating the activities with the children
and three conducting observations and taking notes throughout
the process.

We conducted a conventional content analysis [22] of the video
recordings to identify themes related to social aspects of the pro-
grammable robots. All four researchers involved in the sessions
watched all video recordings and wrote open-ended observations
using Google Jamboard’s virtual sticky notes [17]. We then tran-
scribed the 134 sticky notes into Lucidchart [26], due to its greater
ease of manipulation, where three researchers, one of whom did not
participate in the sessions, organized the sticky notes into themes
and subthemes over several meetings.

4 RESULTS AND RECOMMENDATIONS
The theme that most consistently appeared as we organized ob-
servations was a socially oriented version of Norman’s concept of
visibility [34, 35]. Norman called for designers to make visible the
state and available actions of devices. In other words, when per-
ceiving a device, users should know what it is doing and what they
can do with it [34, 35]. While Norman’s focus was mainly on the
personal use of devices, in our case what mattered was the use of a
device (a programmable robot), by a group of children. The types
of group perception that mattered in our case were: perceiving the
input (i.e., the program), perceiving the output (i.e., seeing the robot
execute a program), and perceiving the program state (knowing
what instruction was being executed). Two related design issues
were those of positional perspective and sensory distractors. We
expand on all these below and include recommendations related to
each theme.
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4.1 Perception of Input
We found that enabling the entire group of children to perceive the
commands entered during programming promoted collaboration
between children through pointing and verbalizations. During the
activities, one child typically programmed the sequences and others
took on the role of observers and overseers of the task. Children who
were able to see their classmate’s actions or the created program
were able to provide helpful feedback and suggest corrections to
the program, thus improving the group’s overall performance and
learning. They contributed to program design by adding comments
like “put it here!” (Robotito), “press this button now” (Botley) or by
pointing to a button and saying: “you missed this” (Blue-Bot).

We observed that it was often difficult for children to see what
commands their classmates entered when using Blue-Bot or Botley,
as their buttons are small. Moreover, children tended to enter several
commands quickly, requiring children to use their working memory
to retain the program, thus causing them to commit errors which
would not occur otherwise, while making it very difficult for their
group mates to provide feedback. In other words, programmable
robot designs that do not enable groups of children to perceive a
program get in the way of groups of children discussing options,
thinking about alternatives, and learning together. Botley worked
better than Blue-Bot though because its remote-control made it
easier for children to take turns while Blue-Bot activities tended
to be more chaotic, with multiple children attempting to operate it
simultaneously (see Figure 2).

Figure 2: Three children gathering around Blue-Bot, pre-
venting two others from clearly seeing the commands being
entered.

On the other hand, Robotito’s interface and its use of colored
cards allowed all children to easily perceive the program they were
creating, as it was laid out on the floor mat where the robot moved
(see Figure 4). As a consequence, this setup enabled all children to
suggest any necessary adjustments and communicate with each
other about them. For example, while seeing a program, a girl said
to the group “I have an idea!” and proceeded to move a colored
patch to a different location to correct the program.

4.1.1 Recommendation: Ensure Program Instructions are Easy to
Perceive by All Children. Some approaches may make it easier for

Figure 3: One child entering commands for Botley, with in-
put from another child, with three other children unable to
see what commands are being entered.

groups of children to perceive program instructions. Robotito’s in-
structions, for example, are color patches laid on the surface where
the robot operates, which Robotito reads as it moves around. Other
approaches include the use of tangible elements like cards, tiles, or
blocks [1, 9, 27, 29, 36, 40]. All of these could involve problems with
accessibility for at least some children with vision impairments.
Designers should add additional supports to ensure accessibility,
such as adding sound or tactile components to instructions. Hav-
ing input controls on the robot itself could cause problems with
perceiving input, although these could possibly be alleviated by
making the program being entered accessible in other ways (e.g.,
instructions read out loud, instructions displayed on a screen). If
the design of a programmable robot makes it difficult for groups of
children to perceive program instructions, facilitators should struc-
ture activities such that they enable a discussion of programming
options before entering instructions. Some researchers, for example,
have used cards that represent instructions to enable children to
carefully consider programs before inputting them into a robot
[3, 8, 16, 33, 45, 46], and such an approach would also help address
group perception of the program.

4.2 Perception of Output
The ability for groups of children to perceive the output of their
programs has a direct impact on how well they can discuss whether,
how, and why the program worked. Using a physical programming
robot could therefore be advantageous for group learning experi-
ences when compared to programming virtual robots on a screen,
which depending on its size, may not enable as many children to
perceive the execution of a program.

All the robots we used had the potential to have visible output
to all participating children. However, we identified issues with
Blue-Bot, due to having its controls incorporated on its back. This
design resulted in some cases in children following the robot while
it was moving to touch the programming buttons or stretching their
arms around the robot to protect it from the other group members
and prevent them from interacting with it. These behaviors made it
such that some children in the group could not see what the robot
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was doing (see Figure 2). The other two robots, with their control
separate from the robot itself, did not have this problem.

4.2.1 Recommendation: Ensure Robot Behavior as It Executes Pro-
grams is Easy to Perceive by All Children. From a robot-design per-
spective the first component of this recommendation would involve
the robot being large enough to be seen by the group of children
working with it. While such an approach is likely to accommodate
many children with vision impairments, additional supports should
be used to ensure that blind children would be able to perceive
output [2, 39, 44]. Likewise, design features that could attract chil-
dren to gather on top of the robot, such as having inviting inputs
on their back, should be avoided. If using a robot that does not
naturally enable perception of output by all participating children,
facilitators should plan to add scaffolds to the activity to enable it.

Figure 4: An example of an activitywithRobotito, with color
patches used to program it.

4.3 Perception of Program State
What we mean by perception of program state is enabling children
to perceive what instruction the robot is currently executing. The
concept of program state perception is related to another classic
human-computer interaction concept brought up by Norman, that
of feedback [34, 35]. Good feedback entails users seeing the conse-
quence of an action, in other words, understanding how an action
affects the state of a device, enabling them to make a connection
between selecting an action and its effect on a system [34, 35]. In
the context of programming, understanding the effect of individual
instructions is a common debugging approach (i.e., going through
instructions step-by-step). Out of the robots we used, Blue-Bot
did not have any features that would enable children to perceive
its program state, Botley had a set of lights corresponding to in-
structions on its back that briefly lit up as it executed instructions,
while Robotito, by reading instructions on the surface on which it
moved and turning lights corresponding to instructions, made it
very transparent as to what instructions it had already executed,
what instruction it was currently executing, and which instructions
were left to execute. In our observations, children did not appear to
make a connection between Botley’s lights and instructions being
executed. We also did not tell them why the lights lit up. With

Robotito, seeing the program being executed in the context of prior,
current, and future instructions enabled children to discuss and
correct programs as they were running and understand where a
program failed in case it did not work as intended.

4.3.1 Recommendation: Enable Perception of Current Program State
in the Context of Prior and Future Instructions. Designers of pro-
grammable robots should include features that enable children to
perceive what instruction is currently being executed, in the con-
text of knowing which instructions have already been executed,
and which ones are coming up. Ideally, these features should be
combined with either a speed of execution that is slow enough
for children to keep track of instructions and their effect, as with
Robotito, or having a way of controlling when the next instruction
should be executed (e.g., [50]). As with other features, accessibil-
ity should be incorporated into the system’s design. When using
systems without these features, facilitators could accomplish a sim-
ilar outcome by laying out an entire program using cards or other
tangible materials corresponding to instructions, and then having
children enter and run one instruction at a time.

Figure 5: A child realizing that Botley turned in the wrong
direction (due to children entering commands from a per-
spective opposite to that of the robot), gesticulating toward
the correct direction.

4.4 Positional Perspective
Children experience an exponential development in their mental
rotation skills during preschool years [15] and effective training of
these skills has been carried out for children in this age group [13].
Children’s initial spatial and mental rotation skills might mediate
their ability to successfully implement programs which require
the robot’s rotation to be completed. During our observations, we
found that a robot which did not require children to mentally rotate
their perspective such as Robotito was more intuitive and allowed
children to complete the tasks more easily. We found that children
committed more orientation mistakes for robots which required ro-
tation such as Blue-Bot and Botley and were more successful in the
tasks when their own orientation coincided with that of the robot.
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For example, during our session with Botley, we asked children to
complete an L shaped sequence which required the robot to move
forward twice and then twice to the right. The programming child
(A), who was sitting in front of the robot made a rotation mistake
in his program with the aid of a classmate (B) who was sitting next
to him in the same position with respect to the robot (the mistake
made was pressing the left button instead of right). During the
execution of the program, child B realized their mistake, pointing
towards the right direction (see Figure 5) and verbally exclaiming
for the robot to move in the opposite direction. Afterwards, he
corrected the robot’s position by manually rotating it to face the
objective. With Blue-Bot, we found that children often did not make
rotation mistakes in the first few instructions, since they would
tend to position themselves in the same position as the robot to
program the sequences.

4.4.1 Recommendation: Consider Visual Perspective for Robot Tasks
Requiring Rotation. It may be helpful for children who are begin-
ners in programming tasks involving rotation to always take a
perspective which coincides with the robot’s and for teachers and
facilitators to introduce rotation gradually as children develop these
spatial skills. In these beginner stages, having children take multi-
ple perspectives could potentially cause confusion, frustration, or
“cheating” (e.g., children manually rotating the robot). If learning
mental rotation skills is not a goal for the activities, a programmable
robot like Robotito, in which perspective does not matter, may be
preferrable.

4.5 Sensory Distractors
We noticed that some auxiliary materials, such as flags, were a
source of distraction for children. Even though children enjoyed
having access to these objects, they tended to hinder the group’s
ability to fulfil their objectives, as children would often move them
before completing the program. They were also seen as another
object to play with and attracted children’s attention when they
were supposed to be focused on programming or on the researcher
who led the activities. Similarly, children seemed to find the buttons
on Blue-Bot very inviting to press, getting a thrill out of pressing
them without thinking of whether or how the button presses would
impact the robot’s behavior.

4.5.1 Recommendation: Avoid Adding Features to Kits or Activi-
ties that Can Distract Children. Designers should be careful not to
introduce features that could distract children from activity goals.

4.6 Individual Initiative and Group Learning
Individual initiative was beneficial for group learning, as children
observed peers try instructions, and made their own suggestions to
help peers as they considered what to do next. On other occasions,
the more curious children explored robot parts trying to understand
how they worked and so, made other group members discover
things they probably wouldn’t have discovered on their own. For
example, when two children found Robotito’s color sensor, another
group member that was observing from a distance, came closer to
look at it. In our observations, these individual initiatives helped
with group learning, benefiting shy children.

4.6.1 Recommendation: Encourage Individual Initiative and Explo-
ration Combined with Feedback and Sharing with the Rest of the
Group. Designs should invite exploration and enable quick recog-
nition and recovery from mistakes. In addition, facilitators should
encourage children’s exploration and sharing with peers.

5 DISCUSSION
Our findings suggest that programmable robot designs that may
work well for use by individual children may cause difficulties when
shared by groups of children if not all children in the group are able
to easily perceive the input (program), output (robot actions), or
program state. In addition, extra sensory features that may support
activities with individual children could lead to distractions in a
group setting. Many of the commercially available programmable
robots for early childhood appear to have been designed for indi-
vidual use, mainly in homes, rather than for use in classrooms, with
groups of children. While usability at the individual level is still
very important, for robots that will be used in groups, the additional
design factors we identified also matter.

Researchers designing programmable robots for use in early
childhood classrooms should consider the design factors we identi-
fied to lower barriers to adoption in schools that would want to use
them with groups of children. From a practitioner’s perspective,
those interested in implementing computational thinking activities
in kindergarten with groups of children using programmable robots
can use the design factors we identified to evaluate programmable
robot kits for their suitability. At the same time, we identified, in
our recommendations, additional support that could be provided by
adult facilitators to address design shortcomings and enable group
perception of input, output, and program state.

6 LIMITATIONS
The first limitation of our work is that we could have included more
robotic kits. For example, many projects have used kits that include
the use of physical blocks for programming, but we did not have
access to one of these programmable robot kits. However, we are
confident that the factors we identified in our results would still be
relevant to these other kits. The second limitation is that children
interacted with these programmable robots for a limited amount of
time. It is possible that social patterns of use could change over time,
but the basic advantages and limitations with respect to the design
of the robots and their impact on social awareness of input, system
state, and output, are unlikely to change. Finally, we conducted
the study with a small group of children. However, issues of group
perception, for example, are unlikely to change with other groups.

7 CONCLUSION
In a kindergarten setting, computational thinking activities with
programmable robots may often involve groups of children working
together with one robot due to logistical, financial, and pedagog-
ical reasons. To better understand design factors that affect the
social use of programmable robots in a kindergarten classroom
we observed children in groups of five use three programmable
robots with a variety of design characteristics. The design factors
we identified from these observations pointed at the importance of
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all children in a group being able to perceive the input (i.e., the pro-
gram), the output (i.e., robot actions), and program state (knowing
what instruction was being executed). Two related design issues
were those of positional perspective and sensory distractors. Based
on these observations, we provided recommendations for both the
design of programmable robots for group use and for facilitators
implementing additional supports to address design limitations.
We expect our contribution will help inform the design of future
programmable robots for this age group and help practitioners
better understand factors they should consider when selecting pro-
grammable robots and preparing for educational activities with
them.

8 SELECTION AND PARTICIPATION OF
CHILDREN

The study protocol used was approved by the ethics board of the
lead institution. We obtained informed consent from parents or
caregivers and were invited to conduct research by the preschool’s
Director and the children’s teacher. Children’s parents were pro-
vided with detailed information about the study in writing and
were encouraged to contact the main researcher if they had any
questions about it. We invited children to participate in our ac-
tivities, but children decided how engaged (or not) they wanted
to be. If a child did not wish to participate in the activities, they
could continue with their regular activities in the classroom as
usual. We followed all pandemic related policies by education and
health authorities. We conducted the study at a time of very low
COVID19 infection rates. All methods were in accordance with the
Declaration of Helsinki [18].
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There is growing interest in teaching computational thinking (CT) to preschool children

given evidence that they are able to understand and use CT concepts. One of the

concepts that is central in CT definitions, is the concept of control structures, but it

is not clear which tools and activities are successful in teaching it to young learners.

This work aims at (1) providing a comprehensive overview of tools that enable preschool

children to build programs that include control structures, and (2) analyzing empirical

evidence of the usage of these tools to teach control structures to children between

3 and 6. It consists of three parts: systematic literature review (SLR) to identify tools to

teach CT to young children, analysis of tools characteristics and the possibilities that they

offer to express control structures, and SLR to identify empirical evidence of successful

teaching of control structures to young children using relevant tools. This work provides

an understanding of the current state of the art and identifies areas that require future

exploration.

Keywords: control structures, young children, computational thinking, technology, systematic literature review,

preschoolers

1. INTRODUCTION

In 2006, Jeanette Wing popularized the term “Computational thinking” as a universal set of
skills which could allow everyone to use computer science concepts for problem solving (Wing,
2006, 2011). Grover (2018) defined two viewpoints on CT: one is that CT is the cognitive or
“thinking” counterpart to practicing computer science in CS classrooms. This means CT is a
specific characteristic of practicing computer science and is bound to this discipline. The other
viewpoint is that CT is a skill to be integrated by other disciplines and it is a way to approach
sense-making in different subjects. Wing’s original definition of CT was broad enough that it
ignited educators and policy-makers’ interest in CT (Bocconi et al., 2016). Thus, over the past
decade there has been an increase in research around CT interventions targeted at most levels of
formal education (Grover and Pea, 2013; Hsu et al., 2018; Yadav et al., 2018; Lyon and Magana,
2020; Stamatios, 2022), its inclusion within other disciplines (Orton et al., 2016; Weintrop et al.,
2016; Hickmott et al., 2018), its association with other well-established cognitive skills (Román-
González et al., 2017; Robertson et al., 2020; Gerosa et al., 2021; Tsarava et al., 2022), and focusing on
creating reliable and valid assessment methods (Tang et al., 2020), amongst others. Moreover, both
public and privately-led initiatives have been successfully implemented to foster CT in children
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and adolescents (Brackmann et al., 2016; Williamson, 2016), as
it is regarded as a valuable twenty-first century skill (Yadav et al.,
2016).

Several of the most widely accepted and cited definitions of
CT propose the use and understanding of control structures
such as loops and conditionals as an integral part of CT. For
example, Brennan and Resnick (2012) named loops, conditionals
and events as central computational concepts in their framework;
Grover and Pea (2013) highlighted the use of conditional logic
and iteration as well as Shute et al. (2017). In some cases there
is no direct reference to control structures in CT definitions, but
algorithm design (Khoo, 2020; Saxena et al., 2020) is considered
as an essential part of CT. Control structures are basic building
components for algorithms (Perkovic, 2015), and therefore an
integral part of CT. Moreover, several of the assessments created
for evaluating students’ CT in formal education include the
evaluation of loops and conditionals, such as Román-González
(2015) and collaborators’ CTt; Relkin et al.’s (2020) TechCheck or
the CT sections that were incorporated to the PISA mathematics
testing in OECD (2019).

Authors such as Bers (2019, 2020) have argued for the
inclusion of CT skills in early childhood education, particularly
through the use of robots as an embodied, tangible tool which
would be intuitive and developmentally appropriate for young
children. Teaching young children CT related concepts prepares
them to solve real-life challenges in a logical and systematic way,
and some authors consider CT as relevant as reading, writing and
mathematics (Sanford and Naidu, 2016). The early exposure to
computing has potential to engage both boys and girls mitigating
gender-related barriers (Manches and Plowman, 2017; Martin
et al., 2017).

This work aims at presenting the current state of the art
of teaching control structures to preliterate children between 3
and 6 years of age using electronic tools (physical, virtual and
hybrid systems) that allow users to construct explicit programs.
Our work consists of three parts (see Figure 1): (1) review 1: a
systematic literature review (SLR) of reviews aimed at identifying
technology used to promote CT in young children; (2) technology
overview: an analysis of the characteristics of these tools based
on information we found in tool websites and user manuals;
(3) review 2: a SLR of empirical evidence related to the use of
the tools in teaching control structures to preliterate children
between the ages of 3 and 6.

The research questions that guide this study are the
following:

• What electronic tools exist to support the development of CT
in young children? (review 1)

• Which tools are appropriate for preliterate children between
the ages of 3 and 6? (technology overview)

• How can children introduce control structures into their
programs using electronic tools? (technology overview)

• What tools have been reported to be successful for teaching
control structures to young children? (review 2)

In the remainder of the paper we present related works that
systematize the knowledge about existing tools that support

FIGURE 1 | An overview of the research pipeline.

the development of CT, next we present the methodology and
findings of the first SLR that aims to identify existing tools for
teaching CT to young children (see Figure 1). In the following
step we analyze the tools to identify those that are electronic-
based and appropriate for preliterate children between 3 and
6 years old, and provide details related to their price and
possibilities that they offer to introduce control structures in
children’s code. The resulting list of appropriate tools is used
in the second SLR to search for empirical evidence related to
teaching control structures to young children. The limitations
and results are discussed in the final section of the article and
conclusions are laid down.

1.1. Related Work
Previous work has focused on reviewing technological and
unplugged tools to promote CT in young children. However,
most of the available reviews on this topic focus on the broad
aspects of CT and robotics without specifically analyzing the
affordances of particular technological tools for learning a
specific concept, such as control structures. For example, Silva
et al. (2021) focused on describing the available technology
for 2–8 year old children as well as curricula implemented for
these ages, while Kakavas and Ugolini (2019) focused on they
way the teaching of CT has evolved in primary education in
the last decades and was successful in identifying the context
in which the technology was implemented and in which way
CT was assessed. In a recent review (Bakala et al., 2021) we
also analyzed the characteristics of robots and activities used
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in preschool education to promote CT skills with a focus on
empirical research, however the specific ways in which each
concept encompassed by CT was targeted was not part of our
scope. Recent work by Taslibeyaz et al. (2020) shed light into
the way studies with young children considered the concept of
CT by analyzing its definitions, which skills were targeted and
which variables were assessed and included the technological
tools used to promote these skills. However, the implications
as to how a specific technology causes this improvement and
what are the nuances of using different technological tools were
not discussed. Similarly, a recent review by Toh et al. (2016)
on the use of robots for young children provided context on
the type of study conducted and on the effects of robotics on
children’s cognitive outcomes as well as parents’, educators’ and
children’s opinions regarding the use of these tools. However, the
possible benefits are discussed generally regarding robotics and
this work does not focus on the outcomes of specific tools. Yu and
Roque (2019) provide a comprehensive review of computational
toys and kits for young children (7 and under) describing their
design features, which computational concepts and practices they
target and how they relate to other domains in knowledge. In
particular, they analyzed the way conditionals were presented
in the technological tools and argued that most of the time
conditionals were implemented in an implicit way (thus not
represented using explicit if-then statements). In addition, the
authors explored the presentation of loops, pointing out many
of the available tools used repeat blocks which encapsulated a
given sequence, whether digital or concrete. In order to expand
upon these findings, this review will focus specifically on the
ways technology has implemented control structures and provide

an overview of the evidence surrounding these implementations
with young children. In this sense, our review will provide a
summary of the empirical experiences in which these control
structures have been taught to young children and analyze these
results. To our knowledge, there isn’t thus far a systematic
review of literature which focuses on the implementation of
control structures and provides a thorough analysis of how
technological tools aimed at early childhood allow its users to
learn them. In addition, we conducted a SLR on the existing
empirical evidence in which control structures have been taught
to children, shedding light into which practices and tools are
supported by evidence and thus favorable for its inclusion in the
classroom.

2. SLR OF EXISTING TOOLS (REVIEW 1)

We used a systematic literature review (Kitchenham et al., 2015)
to answer our first research question: What tools exist to support
the development of CT in young children?

2.1. Methodology
Systematic literature review (SLR) is a method that allows
identifying relevant material to a given topic using an objective,
analytical, and repeatable approach (Kitchenham et al., 2015).
We carried out our literature review following the PRISMA
guidelines (Moher et al., 2009). Four reviewers participated in
the review process. Firstly, they defined the search term, inclusion
and exclusion criteria, and data to extract from the publications.
Secondly, two reviewers analyzed the publications to identify the
relevant articles. One reviewer extracted the tools from relevant

FIGURE 2 | Steps of the selection process of the first SLR. Reported in line with the PRISMA statement (Moher et al., 2009).
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articles. A quality assessment stage was not included, as we were
not interested in filtering out low quality studies since we still
reviewed each tool or investigating changes in quality over time.

2.1.1. Search Strategy
To identify reviews of technology to support the development
of CT in young children we applied an automated search
(Kitchenham et al., 2015) in the Scopus search engine (Elsevier
Scopus, 2022). The search term was the following:

TITLE-ABS-KEY ( ( ( review AND {computational thinking}
AND ( preschool OR child OR {early age} OR kindergarten OR
{lower education} OR {early years} OR {elementary education}
OR {young learners} OR {primary school} OR {primary
education} OR k-6 OR k-8 OR childhood ) ) ) )

We used three keywords: review, computational thinking and
childhood (and synonyms) to search in the title, abstract, and
keywords.

2.1.2. Study Selection
We defined the following inclusion criteria for the studies’
selection:

• Articles that review electronic-based tools to promote the
development of CT in young children.

• Publications focused on children between 3 and 5 years
old, including 6 years old, if attending pre-primary school
educational level.

Exclusion criteria were:

• Articles written in a language other than English or Spanish.
• Publications that target children older than 6 years.
• Articles limited to unplugged tools.
• Case studies.
• Conference proceedings.

The first round of the selection was made based on the
information available in the abstract. Two researchers applied
the criteria independently and filter out publications that do not
review tools focused on promoting CT in young children. The
articles were tagged as “relevant” or “irrelevant.” If an article was
classified differently by the reviewers, the full text was reviewed. If
there were doubts about an article, they were discussed with two
other reviewers that supervised this revision step. Also the articles
that were considered relevant by both reviewers were analyzed in
detail to confirm or reject their relevance.

2.1.3. Data Extraction
We used a spreadsheet to extract tools found in the publications
and articles that mention each tool. We sorted each tool using
categories that we developed (see Section 2.4).

2.2. Findings
2.3. Relevant Articles
The search was conducted on 6th of August 2021 andwe obtained
54 articles to review (see Figure 2). In the screening phase
the reviewers tagged identically 51 of 54 articles reaching an
agreement of 0.94%. In the selection process we identified 10
articles relevant for this study. We added to our analysis 3 articles

(Kakavas and Ugolini, 2019; Papadakis, 2020; Silva et al., 2021)
that were identified by the manual search and that we considered
a valuable source of information-Kakavas and Ugolini (2019)
that was not indexed by Scopus, Papadakis (2020) that does not
contain the word “review” in title, abstract and keywords and
Silva et al. (2021) that is a preprint submitted to Elsevier.

A total of 13 articles (see Table 1) were used to elaborate the
list of relevant tools. All the articles were published between 2018
and 2021.

2.4. Categories to Classify the Tools
To classify the tools we adapted and expanded categories
proposed by Yu and Roque (2019). We obtained 4 main
categories (see Figure 3): Physical, Virtual, Hybrid and No
information. We divided Physical, Virtual and Hybrid into sub-
categories and obtained 9 categories which we used to classify
existing tools: Robots with tangible programming interface,
Construction kits with no explicit program, Unplugged, Virtual
with explicit program, Virtual with no explicit program, Robots
with virtual programming interface, Construction kits with
virtual programming interface, Virtual tools with tangible
programming interface, No information. In the Figure 3 there

TABLE 1 | 13 relevant publications that we identified in the first SLR.

References Title

Bakala et al. (2021) Preschool children, robots, and computational

thinking: A systematic review

Papadakis (2021) The Impact of Coding Apps to Support Young

Children in Computational Thinking and

Computational Fluency. A Literature Review

Fagerlund et al. (2021) Computational thinking in programming with

Scratch in primary schools: A systematic review

Yang et al. (2020) The influence of robots on students’ computational

thinking: A literature review

Pedersen et al. (2020) The effect of commercially available educational

robotics: A systematic review

Umam et al. (2019) Literature review of robotics learning devices to

facilitate the development of computational thinking

in early childhood

Isnaini et al. (2019) Robotics-based learning to support computational

thinking skills in early childhood

Yu and Roque (2019) A review of computational toys and kits for young

children

Ching et al. (2018) Developing Computational Thinking with

Educational Technologies for Young Learners

Ioannou and Makridou

(2018)

Exploring the potentials of educational robotics in

the development of computational thinking: A

summary of current research and practical proposal

for future work

Silva et al. (2021) A Systematic Review of Computational Thinking in

Early Ages

Papadakis (2020) Robots and Robotics Kits for Early Childhood and

First School Age

Kakavas and Ugolini

(2019)

Computational thinking in primary education: a

systematic literature review
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FIGURE 3 | Categories developed to classify the physical aspect of the tools.

are more than 8 categories, but only those highlighted in yellow
were used to classify the tools.

We used the category Physical for tools that are fully tangible
and do not require screen-based applications. We divided it into
Unplugged and Physical tools with electronics. The last category
was composed of Robots with tangible programming interface
and Construction kits with no explicit program. The category
Construction kits with no explicit program contains electronic
building blocks that can be connected together to cause certain
behavior of the system, but do not require the user to write an
explicit program.

Virtual contains fully screen-based tools, such as desktop,
mobile, or web apps. This category encompasses tools that do
not require the user to write an explicit program (e.g., tools like
CompThink App where the user has to solve logical problems
without writing code) and those which need an explicit program.

Hybrid tools combine physical and virtual parts. We divided
them into Virtual tools with tangible programming interface
or Physical tools with virtual programming interface. The first
category consists of applications with tangible programming
interfaces. The second category is composed of Robots with
virtual programming interface and Construction kits with virtual
programming interface. The last category contains embedded
systems like Arduino that can be programmed using a virtual
programming interface.

The “No information” category was used if there was
no information about the tool that could be used to
classify it.

2.5. Tools
From the 13 relevant publications we extracted 110 tools (106
unique tools). In the case of Code & Go Robot Mouse, we found
three different names that referred to this tool: Robot Mouse (Yu
and Roque, 2019; Pedersen et al., 2020), Colby robotic mouse
(Papadakis, 2020; Bakala et al., 2021) and Code & Go Robot
Mouse (Ching et al., 2018; Silva et al., 2021), and we analyzed
it as one single tool.

While reviewing the tools mentioned in the articles we found
in external sources 4 more tools that we considered relevant
for our work. We added Qobo (Physical and Hybrid), VEX 123
(Physical andHybrid), Sphero indi (Physical andHybrid), Scottie
Go (Virtual) and ended up with a total of 117 tools (110 unique
tools, see Table 2).

We classified 35 as Physical, 34 as Virtual, 44 as Hybrid and 4
as No information (see Figure 3).

It is important to say that seven tools were present in more
than one category (Blue-Bot, Qobo, VEX 123, Sphero indi,
VBOT, Makeblock Neuron, Tuk Tuk). For example, Blue-Bot is
a robot that can be programmed using buttons on its back and
because of that it belongs to the category Robots with tangible
programming interface, but there is also a possibility to program
it using an application, so it was also classified as a Robot
with a virtual programming interface. That is why we refer to
110 unique tools, although we analyzed 117 relevant tools that
included duplicated items.

In three cases (Ozobot, LEGO, Robotis and roboplus software)
the names that we found in publications were names of brands,
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not names of specific tools, so it was impossible to classify
them, and they were categorized as No information. One
publication mentioned Robo Cup Junior as a tool. As far as we
know RoboCup Junior (RoboCupJunior, 2022) is an educational
initiative, not one particular technology, so we categorized this
item as No information as well.

3. TECHNOLOGY OVERVIEW

The first aim of this part of our study was to identify how young,
preliterate children can introduce conditionals and iterations into
their programs using existing tools. This section is motivated by
the following research questions:

• Which tools are appropriate for preliterate children between
the ages of 3 and 6?

• How can children introduce control structures into their
programs using electronic tools?

3.1. Methodology
Four reviewers participated in the revision of existing tools. Two
of them reviewed the available online information and extracted
the information of interest. The other two participated in the
definition of the categories to classify tools’ characteristics and
helped to classify doubtful cases.

3.1.1. Tools Selection
We were interested in electronic tools that allow users to
construct explicit programs, so we did not further analyze the
tools classified as Unplugged, Construction kits with no explicit
program, Virtual with no explicit program, and No information.

We identified the relevant tools by filtering out those not
appropriate for children between 3 and 6 - tools that target
children older than 6 years old or that should be programmed
using interfaces that require reading skills (see Table 2). During
tool selection we first analyzed the target age of each tool. If the
information of the target age was expressed using educational
levels like “elementary school” or “kindergarten” we translated
this information into age using the United States educational
system as reference. If the tool was designed for children older
than 6, we tagged it as inappropriate and did not analyze its
programming interfaces. If the age was of our interest, we
proceeded with the inspection of the user interface. Inmany cases
hybrid tools offered different programming languages/interfaces
to cover a wide age spectrum of users, for example, Finch Robot
can be programmed using 8 different programming languages
and its promotional video states that it is suitable for users from
“from kindergarten to college.” In those cases we evaluated only
programming languages appropriate for preliterate children. If
there was no interface suitable for preschoolers, we marked it as
a tool that requires reading skills.

3.1.2. Data Extraction
To collect the information about the tools we reviewed the official
websites, video material provided by the manufacturer, online
manuals, as well as, youtube videos and amazon websites.

During data extraction we were interested in classifying
different types of control structures that can be used with each

tool, so we defined categories that we present in Sections 3.2.2.1,
3.2.2.2.

3.2. Findings
3.2.1. Tools Selection
We identified 46 tools (44 unique) appropriate for preliterate
children (see Table 3). Twenty Robots with tangible
programming interface, 11 Virtual with explicit program
and 15 Hybrid tools: 8 Robots with virtual programming
interface, 1 Construction kit with virtual programming interface
and 6 Virtual tools with tangible programming interface. Two
tools (Blue Bot and Sphero indi) were classified as both: Robots
with tangible programming interface and Robots with virtual
programming interface.

There were three tools that we analyzed together: KIBO, KIWI
and CHERP. KIBO is a robot currently available in the market,
formerly known as “KIWI” or Kids Invent with Imagination
(Tufts University, 2022). CHERP is a programming language that
is used to program KIBO and KIWI, so evaluating CHERP is
equivalent to evaluating KIBO and KIWI.

In the case of some tools, the programming interface
contained images which made it accessible for preliterate
children, but we had the impression that the systems were
designed for children older than our target age. They contained
text-based challenges (Scottie Go) and menus (BOTS, Neuron
App, Move the turtle, RoboZZle), design that we consider
unattractive for young children (RoboZZle, BOTS), text-based
options with no associated image (“tap” event in Roberto),
or comparisons involving high numeric values (Neuron App).
Although these tools raised some doubts, we decided to include
them in our analysis as we wanted to provide an inclusive
overview of the existing tools.

3.2.2. Categories to Classify Control Structures
We developed categories related to the use of control structures
to classify tools suitable for young children (see Table 3) that we
identified during tools selection step (see Section 3.2.1).

3.2.2.1. Conditionals
To identify how the children can introduce decision making
based on certain conditions into their programs we reviewed
the programming interfaces and classified the existing tools with
categories that we defined in an iterative process. Introducing
conditions in the code was typically based on conditional
branches (e.g., if-else structures) or based on events (e.g.,
blocking the program execution until some event occurs). From
now on we will refer to those two forms of incorporation of
conditions into the code as “conditionals.”

To classify the degree of liberty that the children have
while using and building conditionals in their programs, we
propose three levels, ordered by increasing complexity for
the user:

1. Predefined connection of condition and action: it is possible
to use a predefined programming statement that connects an
event with an action. For example, the Qobo robot detects
coding cards below it and acts according to the statement
stored in the card. It has a specific card for conditional turning
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TABLE 2 | 117 tools extracted from 13 relevant publications that we identified in the first SLR.

Tool type Name Target

age

Exclusion reason [Age, RRS

(require reading skills),

Unplugged, No info, No

program]

Source

Robots with tangible

programming interface

Bee Bot 3+ Umam et al. (2019), Yu and Roque (2019), Papadakis (2020), Pedersen

et al. (2020), Silva et al. (2021), Bakala et al. (2021), Yang et al. (2020)

Blue Bot 3–11 Yu and Roque (2019), Papadakis (2020), Pedersen et al. (2020), Silva

et al. (2021)

Botley 5+ Papadakis (2020)

Code-a-Pillar 3–6 Ching et al. (2018), Yu and Roque (2019), Papadakis (2020)

Cubetto 3–9 Isnaini et al. (2019), Ching et al. (2018), Yu and Roque (2019),

Papadakis (2020), Umam et al. (2019), Pedersen et al. (2020)

Dr. Wagon 6–12 RRS Yu and Roque (2019)

Edison robot 4–16 No program Papadakis (2020), Pedersen et al. (2020)

KIBO 4–7 Ching et al. (2018), Umam et al. (2019), Yu and Roque (2019),

Papadakis (2020), Pedersen et al. (2020), Silva et al. (2021), Bakala

et al. (2021), Yang et al. (2020);

KIWI 5–7 Bakala et al. (2021)

KUBO robot 4–10 Papadakis (2020), Pedersen et al. (2020)

Matatalab Coding

Set

4–9 Papadakis (2020)

mTiny 4+ Papadakis (2020)

Ozobot Evo 5–18 Papadakis (2020)

Ozobot Bit 6+ Papadakis (2020), Bakala et al. (2021)

Plobot 4+ Yu and Roque (2019)

Pro-bot 3+ Yu and Roque (2019), Papadakis (2020), Pedersen et al. (2020), Silva

et al. (2021)

Qobo 3–8 Manual

Roamer 4–13 No program Papadakis (2020)

Robot Mind

Designer

7+ Age Papadakis (2020)

Code and Go

Robot Mouse

4–9 Ching et al. (2018), Yu and Roque (2019), Papadakis (2020), Pedersen

et al. (2020), Silva et al. (2021), Bakala et al. (2021);

Robotito 4–6 Silva et al. (2021)

Sphero indi 4–8 Manual

TurtleBot No info Bakala et al. (2021)

VEX 123 4–9 Manual

Construction kits with

no explicit program

Cubelets 4+ No program Papadakis (2020), Pedersen et al. (2020)

Curlybot No info No program Yu and Roque (2019)

Electronic Blocks 4–6 No program Yu and Roque (2019)

LittleBits 8+ No program Kakavas and Ugolini (2019), Pedersen et al. (2020)

Makeblock Neuron 6+ No program Pedersen et al. (2020)

roBlocks 9+ No program Yu and Roque (2019)

Romibo No info No program Pedersen et al. (2020)

Unplugged Code Monkey

Island

6+ Unplugged Ching et al. (2018)

Happy Maps No info Unplugged Silva et al. (2021)

Hello Ruby 5+ Unplugged Yu and Roque (2019)

Robot Turtles 4+ Unplugged Ching et al. (2018), Yu and Roque (2019)

Virtual with explicit

program

AgentCubes 8+ Age Kakavas and Ugolini (2019)

AgentSheets 11–13 Age Kakavas and Ugolini (2019)

Alice 11+ Age Kakavas and Ugolini (2019)

(Continued)
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TABLE 2 | Continued

Tool type Name Target

Age

Exclusion reason [Age, RRS

(require reading skills),

Unplugged, No info, No

program]

Source

BOTS 5–18 Kakavas and Ugolini (2019)

Cargo-Bot 10–18 Age Ching et al. (2018), Yu and Roque (2019)

Codeable Crafts 4+ Yu and Roque (2019)

Code.org 4+ Ching et al. (2018), Silva et al. (2021)

CodyColor 0+ No program Silva et al. (2021)

CTSiM 5–18 RRS Kakavas and Ugolini (2019)

Daisy the Dinosaur 7+ Age Papadakis (2021)

FormulaT Racing 7–13 Age Kakavas and Ugolini (2019)

Hopescotch 10–16 Age Ching et al. (2018)

Kodable 4–10 Ching et al. (2018), Papadakis (2021), Silva et al. (2021)

Kodetu 9–17 Age Kakavas and Ugolini (2019)

Kodu 9+ Age Kakavas and Ugolini (2019)

Legato 4–11 No program Ching et al. (2018), Silva et al. (2021)

LightBot 9+ Age Ching et al. (2018), Yu and Roque (2019), Kakavas and Ugolini (2019),

Papadakis (2021), Silva et al. (2021)

LightBotJr 4–8 Ching et al. (2018), Silva et al. (2021)

MiniColon game 8–9 Age Kakavas and Ugolini (2019)

Move the turtle 5+ Yu and Roque (2019)

RoboZZle 6–7 Yu and Roque (2019)

Run Marco! 4+ Yu and Roque (2019)

Scratch 8–16 Age Ching et al. (2018), Isnaini et al. (2019), Kakavas and Ugolini (2019),

Fagerlund et al. (2021)

ScratchJr 5–7 Kakavas and Ugolini (2019), Yu and Roque (2019), Ching et al. (2018),

Papadakis (2021), Silva et al. (2021)

Story-Writing-

Coding

engine

5–11 RRS Kakavas and Ugolini (2019)

The Foos 5+ Yu and Roque (2019), Silva et al. (2021)

Tuk Tuk (standard) 5–14 RRS Silva et al. (2021)

Tynker: Coding for

Kids

5–14 Ching et al. (2018)

VBOT 14+ Age Ioannou and Makridou (2018), Yang et al. (2020)

ViMAP 8–10 Age Kakavas and Ugolini (2019)

Zoombinis game 8+ Age Kakavas and Ugolini (2019)

Virtual with no explicit

program

CompThink App 5–11 No program Kakavas and Ugolini (2019)

PhysGramming 6–7 No program Silva et al. (2021)

Tuk Tuk (junior) 5–6 No prgram Silva et al. (2021)

Robots with virtual

programming interface

Blue Bot 3–11 Yu and Roque (2019), Papadakis (2020), Pedersen et al. (2020), Silva

et al. (2021)

CHERP 5–6 Ioannou and Makridou (2018), Kakavas and Ugolini (2019)

Codey Rocky 5–11 RRS Pedersen et al. (2020)

COJI 6+ Yu and Roque (2019), Papadakis (2020)

Cozmo 8–11 Age Pedersen et al. (2020)

Dash and/or Dot 6+ Ching et al. (2018), Yu and Roque (2019), Papadakis (2020), Pedersen

et al. (2020)

Finch 5+ Papadakis (2020)

LEGO Boost 7–12 Age Pedersen et al. (2020)

LEGO Education

WeDo

7+ Age Kakavas and Ugolini (2019), Isnaini et al. (2019), Ching et al. (2018),

Papadakis (2020), Silva et al. (2021), Pedersen et al. (2020), Umam

et al. (2019), Bakala et al. (2021)

(Continued)
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TABLE 2 | Continued

Tool type Name Target

Age

Exclusion reason [Age, RRS

(require reading skills),

Unplugged, No info, No

program]

Source

LEGO Mindstorm 10+ Age Kakavas and Ugolini (2019), Ching et al. (2018), Ioannou and Makridou

(2018), Pedersen et al. (2020), Bakala et al. (2021)

Max Tobo coding

robot

6+ RRS Papadakis (2020)

mBot 8+ Age Pedersen et al. (2020), Silva et al. (2021)

MeeperBots 5–12 RRS Yu and Roque (2019), Papadakis (2020)

Mind designer

robot

7+ Age Papadakis (2020)

MiP 8–15 Age Pedersen et al. (2020)

MU Spacebot 8+ Age Pedersen et al. (2020)

NAO 5–18 RRS Kakavas and Ugolini (2019), Pedersen et al. (2020)

Qobo 3–8 RRS Manual

ROBOTC

Graphical

No info RRS Kakavas and Ugolini (2019)

Scribbler 14+ Age Pedersen et al. (2020)

Sphero Ollie 8–14 Age Pedersen et al. (2020)

Sphero indi 4–8 Manual

Sphero mini 8+ Age Papadakis (2020)

The Coffee

Platform

No info RRS Ioannou and Makridou (2018)

Thymio 6+ Yu and Roque (2019), Papadakis (2020), Pedersen et al. (2020)

Tinkerbots 5+ Papadakis (2020)

VEX 123 4–9 RRS Manual

VBOT 11–18 Age Ioannou and Makridou (2018), Yang et al. (2020)

Construction kits with

virtual programming

interface

An ultra-low cost

line follower

Robotic

16–18 Age Yang et al. (2020)

Arduino+scratch 7–13 Age Yang et al. (2020)

CyberPLAYce 8–12 Age Kakavas and Ugolini (2019)

GoGo Board 10–18 Age Ioannou and Makridou (2018)

Hummingbird

Robotics Kit

9–18 RRS Pedersen et al. (2020)

Makeblock Neuron 6+ Pedersen et al. (2020)

micro:bit 8–14 Age Pedersen et al. (2020)

Scratch 4 Arduino,

S4A)

8–17 Age Kakavas and Ugolini (2019)

ultimate 12+ Age Pedersen et al. (2020)

VEX IQ 11+ Age Pedersen et al. (2020)

Virtual tools with

tangible programming

interface

Puzzlets Starter

Pack

6+ Yu and Roque (2019)

Roberto 4+ Yu and Roque (2019)

Scottie Go 4–15 Manual

Coding Awbie 5–11 Ching et al. (2018), Papadakis (2020), Silva et al. (2021), Yu and Roque

(2019)

Tabletop puzzle

block system

4–5 Yu and Roque (2019)

T-Maze 5–9 Kakavas and Ugolini (2019), Silva et al. (2021)

No info LEGO No info No info Yang et al. (2020), Bakala et al. (2021)

Ozobot No info No info Kakavas and Ugolini (2019), Pedersen et al. (2020)

Robo Cup Junior no info No info Isnaini et al. (2019)

Robotis and

roboplus software

No info No info Ioannou and Makridou (2018)
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TABLE 3 | An overview of 46 relevant tools considering their price and possibilities to incorporate control structures into the code.

Classification Tool name Conditionals [Predefined

connection, Free

connection, Free

condition building]

Integration with

the main

program

[Integrated if,

Blocking event,

Interruption,

Parallel

execution]

Number of repetitions

[Fixed number of

repetitions, Configurable

number of repetitions,

Infinite loop]

Number of repeated

commands [Single

command repetition,

Multiple command

repetition]

Price (USD)

Robots with

tangible

programming

interface

Bee Bot – – – – 85

Blue Bot – – – – 104

Botley Free connection Interruption Configurable number of

repetitions

Multiple command

repetition

47

Code–a–Pillar – – Configurable number of

repetitions

Single command

repetition

148 (new version)

or 35 (old)

Cubetto – – – 225

KIBO Free connection + Free

condition building

Blocking event +

Integrated if

Configurable number of

repetitions + Infinite loop

Multiple command

repetition

230 to 610

KIWI Free connection + Free

condition building

Blocking event +

Integrated if

Configurable number of

repetitions + Infinite loop

Multiple command

repetition

Unavailable

KUBO robot – – Configurable number of

repetitions

Multiple command

repetition

310 to 396

Matatalab Coding

Set

Free connection + Free

condition building

Blocking event Configurable number of

repetitions

Multiple command

repetition

169

mTiny – – Configurable number of

repetitions

Multiple command

repetition

120

Ozobot Evo Predefined connection Integrated if – – 175

Ozobot Bit Predefined connection Integrated if – – Unavailable

Plobot Free connection Blocking event – – Unavailable

Pro–bot Free connection Interruption Configurable number of

repetitions

Multiple command

repetition

150

Qobo Predefined connection Blocking event +

Integrated if

Fixed number of repetitions Multiple command

repetition

60

Robot Mouse – – – – 60

Robotito Predefined connection Interruption – – Unavailable

Sphero indi Predefined connection Interruption – – 100

TurtleBot Predefined connection Integrated if – – 105

VEX 123 Free connection Integrated if Fixed number of repetitions

+ Configurable number of

repetitions + Infinite loop

Single command

repetition + Multiple

command repetition

119

Virtual with explicit

program

BOTS Free condition building Integrated if Configurable number of

repetitions

Multiple command

repetition

Unavailable

Codeable Crafts Free connection Parallel execution Configurable number of

repetitions + Infinite loop

Single command

repetition + Multiple

command repetition

Free

Code.org Free condition building Interruption Configurable number of

repetitions

Multiple command

repetition

Free

Kodable Free connection Interruption Configurable number of

repetitions

Multiple command

repetition

Free–2000 yearly

LightBotJr – – Configurable number of

repetitions + Infinite loop

Multiple command

repetition

2.99

Move the turtle Free condition building Integrated if Configurable number of

repetitions

Multiple command

repetition

3.99

RoboZZle Free connection Interruption Configurable number of

repetitions + Infinite loop

Multiple command

repetition

Free

Run Marco! Free condition building Integrated if Configurable number of

repetitions

Multiple command

repetition

Free

(Continued)
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TABLE 3 | Continued

Classification Tool name Conditionals [Predefined

connection, Free

connection, Free

condition building]

Integration with

the main

program

[Integrated if,

Blocking event,

Interruption,

Parallel

execution]

Number of repetitions

[Fixed number of

repetitions, Configurable

number of repetitions,

Infinite loop]

Number of repeated

commands [Single

command repetition,

Multiple command

repetition]

Price (USD)

ScratchJr Free connection Parallel execution Configurable number of

repetitions + Infinite loop

Single command

repetition + Multiple

command repetition

Free

The Foos Free condition building Integrated if Configurable number of

repetitions + Infinite loop

Multiple command

repetition

Free

Tynker: Coding for

Kids

Free connection Integrated if +

Interruption

Configurable number of

repetitions

Single command

repetition + Multiple

command repetition

Free

Robots with virtual

programming

interface

Blue Bot – – Configurable number of

repetitions

Multiple command

repetition

104

CHERP Free connection + Free

condition building

Blocking event +

Integrated if

Configurable number of

repetitions + Infinite loop

Multiple command

repetition

Unavailable

COJI Free connection Interruption – – 32

Dash and/or Dot Free connection + Free

condition building

Blocking event Infinite loop Multiple command

repetition

150

Finch Free connection Parallel execution Configurable number of

repetitions

Multiple command

repetition

139

Sphero indi Free connection Interruption – – 100

Thymio Free connection Interruption – – 160

Tinkerbots – – Configurable number of

repetitions

Single command

repetition + Multiple

command repetition

149

Construction kits

with virtual

programming

interface

Makeblock Neuron Free condition building Integrated if – – Unavailable

Virtual tools with

tangible

programming

interface

Puzzlets Starter

Pack

– – Configurable number of

repetitions

Single command

repetition

147

Roberto Free condition building Blocking event Infinite loop Multiple command

repetition

Unavailable

Scottie Go Free condition building Integrated if Configurable number of

repetitions + Infinite loop

Single command

repetition + Multiple

command repetition

45–74

Coding Awbie Free connection Integrated if Configurable number of

repetitions

Single command

repetition + Multiple

command repetition

99

Tabletop puzzle

block system

– – – – Unavailable

T–Maze Predefined connection Blocking event Configurable number of

repetitions

Multiple command

repetition

Unavailable

- if the robot passes over a card with a banana before passing
over a bifurcation card, it turns left, but if it passes over a card
with an apple, it turns right. Neither the condition nor the
resulting action can be modified by the user.

2. Free connection of predefined condition and predefined
action: it is possible to combine predefined conditions with

predefined actions to build custom conditionals. For example,
the Sphero Edu Jr application (see Table 5) allows users to
associate a color sensed by the robot (predefined condition)
with an action involving movement, light, and/or sound of
the Sphero indi robot (predefined actions). The user needs
at least two programming statements (condition and action)
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to build a conditional. In the case of Kodable and RoboZZle
these two statements are combined in one coding block: the
background color of the block defines the condition (e.g., “if
the tile is pink”) and the arrow, the action (e.g., “go right”).
The user is able to modify both: the background color and the
arrow direction (see Table 5).

3. Free condition building: there are blocks that have to be
combined with condition and action. In these cases the user
has to use at least three components (bridge-block, condition,
and action) to define a conditional. For example, theMatatalab
Coding Set contains a “wait until” block that should be
combined with a condition (e.g., dark or light) and a sequence
of actions in order to build conditionals.

We provide the description and graphical example for each
tool that supports conditionals in three tables: Table 4 gathers
tools that implement the first level, Table 5 corresponding
to the second level, and Table 6 corresponding to the
last one.

The only tools that enable the definition of conditionals using
logical operators (e.g., AND, OR) were Makeblock Neuron and
Thymio. Neuron online mode allows users to program behaviors
using Neuron App, which supports multiple conditions. In the
case of Thymio, the user has to associate events sensed by the
robot with its behavior. It is possible to combine the sensing and
internal state of the robot (e.g., if Thymio touched AND internal
state equal to 1) to program advanced robot responses.

In the case of BOTS, Move the turtle, and Makeblock Neuron
+ Neuron (app) conditionals are based on numerical variables
(e.g., a > 5) which makes them more complex than conditionals
with non-numerical conditions (e.g., “if the sensed color is red”),
as the children have to understand the concept of variable.

In the case of Coding Awbie, the Caution Block is the
only means to introduce conditionals into the code, and
is a phased out feature as the block is not included in
new kits (Getting Started with Osmo Coding Awbie Manual,
2022).

We also analyzed how the code related to a certain condition
interacts with the main program, and identified that they
occur within either event-based or procedural programming
paradigms. Within event-based programming, we identified the
following categories:

• Blocking event: the main program contains a condition that
blocks the execution until the condition is fulfilled. For
example, KIBO contains a “wait for clap” block that makes the
robot wait for a clap before executing commands stored in the
following blocks.

• Interruption: the main program is interrupted when a certain
event occurs. For example, in the case of Pro-bot the main
program is interrupted if the sound sensor is triggered and the
procedure associated with this event is executed.

• Parallel execution: It is possible for an event to lead to actions
to occur in parallel or in addition to those already occurring.
For example, an event in Scratch Jr. could generate a sound
while a sprite continues moving on the screen.

Using a procedural programming paradigm, we identified the
following category:

• Integrated if: the main program contains conditions expressed

using the “if ” structure that is evaluated during the program’s

execution. For example, KIBO allows to incorporate an if-

statement into the sequence of commands. If the condition

that is evaluated is true, the conditional code is executed and

then, the remaining statements.

3.2.2.2. Loops
Another control structure that was relevant for us to
analyze was the availability of loops enabling the iteration
of commands.

We observed two modalities of implementing the iteration of
commands:

• Single command repetition: the tool does not provide the
possibility to repeat a sequence of commands, it allows only
the repetition of a single action.

• Multiple command repetition: it is possible to repeat multiple
commands. In this category we find tools that, due to the
design of loop structure, limit the number of pieces that
can be repeated (e.g., in Kodable the user is allowed to
repeat only two commands) and tools that do not have
this restriction.

We also analyzed how the amount of repetitions can be
expressed:

• Fixed number of repetitions: the number of repetitions is fixed

and cannot be changed by the user.
• Configurable number of repetitions: the amount of repetitions

can be defined by the user.
• Infinite loop: it is possible to build infinite loops.

We provide an example for each category in the Table 7.
In most cases the amount of repetitions was expressed

by associating the number of repetitions with a sequence of
statements (similar to a for loop in more advanced programming
languages), only BOTS uses exclusively conditions to stop the
iteration process (similar to a while loop). KIBO, Finch, Run
Marco!, Tynker: Coding for Kids, Scottie Go and VEX 123 offer
both types (“repeat X times” and “repeat while”) of repetition
statements.

We found many different ways to implement infinite loops:
using repeat forever (ScratchJr) or “go to start” command
(VEX 123) at the end of the program, elements that contain
pieces of code equivalent to “repeat forever” command (Roberto,
Code.org), by building circular transitions between states
(Dash and Dot), or by calling auxiliary functions (LightbotJr,
RoboZZle).

3.3. Cost and Availability
Some tools that we analyzed are currently not available for
sale: Plobot is a Kickstarter project that finished in Kickstarter
(2022), Robotito, BOTS, Roberto, and T-Maze are academic
developments, KIWI is KIBO’s predecessor and is no longer
manufactured, Makeblock Neuron and Puzzlets Starter Pack
do not appear in online stores and CHERP is a programming
language for KIBO and is not sold separately. All these tools were
tagged as “unavailable.”
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TABLE 4 | Tools that allow building conditionals categorized as “Predefined connection of condition and action”.

Tool Description Reference image

Qobo Specific card for conditional turning - if the robot

passes over a card with a banana before passing

over a bifurcation card, it turns left, but if it passes

over a card with an apple, it turns right.

Sphero indi Color cards that the robot senses in the

environment code robots’ actions. Image provided

by Sphero (2022).

Ozobot Bit and Evo Color lines that the robot senses in the environment

code robots’ actions.

Robotito Color cards that the robot senses in the

environment code robots’ actions.

TurtleBot Color codes that the robot senses in the

environment code robots’ actions.

4. SLR OF EMPIRICAL EVIDENCE
(REVIEW 2)

We conducted a second SLR (see Figure 4) to identify
literature that reports empirical studies with tools that

we considered relevant (see Table 3), in which control
structures were taught and/or evaluated in order to
respond the following research question: What tools
have been reported to be successful for teaching control
structures?
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TABLE 5 | Tools that allow building conditionals categorized as “Free connection of predefined condition and predefined action”.

Tool Description Reference image

KIBO “Wait for clap” block stops the program execution

until the clap is sensed.

Botley Botley’s control provides an “object detection”

button that is used to store the program that is

executed when an obstacle is detected in front of

the robot.

Matatalab Coding

Set

Two robots can send messages to each other.

“Message received” block is used to define the

robot’s action when a message is received. The

block is available in Matatalab Sensor Add-on

(2022).

Plobot “Listen” card blocks the program execution until

Plobot detects a sound louder than a soft clap.

Pro-bot Procedure numbers 33 to 37 are activated with

sensors. For example, the procedure associated

with a light sensor runs when the light sensor goes

from dark to light.

VEX 123 Control cards make use of sensors to check

conditions.

ScratchJr and

Codeable Crafts

Events related to characters like “on bump” or “on

tap” can be associated with actions.

(Continued)
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TABLE 5 | Continued

Tool Description Reference image

Kodable The background color of the block defines the

condition (e.g., “if the tile is pink”) and the arrow, the

action (e.g., “go right”). Image used with permission

of Kodable (2022).

RoboZZle The background color of the block defines the

condition (e.g., “if the tile is red”) and the arrow, the

action (e.g., “turn right”).

Tynker: Coding for

Kids

Predefined condition (e.g., “if snake”) can be

combined with an action.

COJI + COJI

robot app

Predefined events can be associated with actions,

for example, if the head is touched (event that

activates procedure 1) - turn and sing (actions

defined by the user).

Dash and Dot +

Wonder for Dash

& Dot Robots

Robot’s actions are defined as states and the

transition between can be fired based on conditions

like “clap heard.”

(Continued)
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TABLE 5 | Continued

Tool Description Reference image

Finch + Finchblox Blocks attached to the “start when dark” block will

be executed when the Finch detects that it is dark.

Sphero indi +

Sphero Edu Jr

Sphero Edu Jr application allows users to associate

a color sensed by the robot with an action involving

movement, light, and/or sound.

Thymio + Thymio

VPL

The user can associate events with actions.

Coding Awbie Caution Block enables a choice between two sets

of sequences based on if there’s an obstacle. Image

can be found in Getting Started with Osmo Coding

Awbie Manual (2022).

T-maze “In a program execution, when the avatar reaches

one of these squares in the maze, the child must do

something with the sensors (e.g., cover a light

sensor) to allow the avatar to proceed” Wang et al.

(2014).

4.1. Methodology
Two reviewers reviewed abstracts and tagged them as “irrelevant”
or “relevant.” The last category was used in the cases of
publications that meet inclusion criteria or when it was
impossible to evaluate the article relevance based on the
information available in the abstract. One reviewer reviewed
studies that were classified differently among reviewers in the
previous step and tried to resolve the doubtful cases. If it was
impossible, the articles were considered as “relevant” cases. One
reviewer reviewed full-texts of relevant publications and took the
final decision about their relevance for this study.We decided not
to carry out any quality assessment of the studies as we wanted
to provide a broad view of the existing empirical evidence. Two
reviewers extracted the data.

4.1.1. Search Strategy
Weused an automated search (Kitchenham et al., 2015) in Scopus
search engine (Elsevier Scopus, 2022) to identify empirical

studies with preschoolers that were developed using tools that
we considered relevant (see Table 3). The search term was the
following:

TITLE-ABS-KEY ( ( ( {Tool name} AND ( preschool OR
child OR {early age} OR kindergarten OR {lower education} OR
{early years} OR {elementary education} OR {young learner} OR
{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

It had two keywords: tool name and young learners (and
synonyms) and was used to search in title, abstract and keywords.

In some cases we used curly brackets, that limit the search to
exact words, ignoring spelling variation or plurals, around the
name of the tool ({Tool name}) to avoid false positive results. For
example, in the case of “Coffee Platform” when we used Coffee
AND Platform instead of Coffee Platform, the results contained
irrelevant publications that did not target the robotic platform.
In some cases we excluded publications from areas related to
medicine, as some tools’ names were equal to terms used in
medicine and also brought false positive results (as in the case of
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TABLE 6 | Tools that allow building conditionals categorized as “Free condition building”.

Tool Description Reference image

KIBO “If” block provides place to add a condition

(e.g., far, near, dark, light).

Matatalab Coding

Set

“Wait until” can be connected with conditions

like: dark, light, obstacle, etc. The block is

available in Matatalab Sensor Add-on (2022).

BOTS “If” block should be associated with variable

comparison (e.g., a > 5).

Code.org The condition in “when tapped” can be

modified.

Move the turtle Condition block evaluates the value of a

variable (A > 5).

Run Marco! “If” block can be modified.

The Foos The condition is variable and can be changed

by the user. A video reference of the

implementation can be found on CodeSpark

Academy Youtube Channel (2022).

Dash and Dot +

Wonder for Dash

& Dot Robots

Robot’s actions are defined as states and the

transition between can be fired based on

conditions like “obstacle detection” that can be

customized (obstacle seen vs no obstacle,

obstacle seen close vs far).

(Continued)
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TABLE 6 | Continued

Tool Description Reference image

Makeblock Neuron

+ Neuron (app)

Users can define conditions to establish

relations between sensors and actuators.

Scottie Go “If” block should be associated with a specific

condition.

Roberto “Wait for” can be combined with “tap” event.

T-Maze). The search term used and the amount of publications
found with each tool can be consulted in appendix.

4.1.2. Study Selection
The inclusion criteria for the studies’ selection were the
following:

• Articles that report empirical studies with young children
using an electronic-based tool that enables activities with
control structures.

• Publications that report activities or evaluations focused on
control structures.

• Publications focused on children between 3 and 5 years
old, including 6 years old, if attending pre-primary school
educational level.

Exclusion criteria were:

• Publications that target children older than 6 years.
• Publications that do not report activities or evaluations

focused on control structures.
• Off topic articles.
• Articles that describe experiences with users with

neurodevelopmental disorders.
• Articles written in a language other than English or Spanish.
• Conference proceedings.

4.1.3. Data Extraction
In the data extraction step we used a spreadsheet to collect
information related to the age of participants, number of

participants, type of the study, learning outcome, activities aimed
at programming conditions, activities that incorporate iterations.
Based on the extracted data, two researchers conducted a
thematic analysis to summarize study results.

4.2. Findings
4.2.1. Scopus Search Result
The Scopus search for all tools was conducted on 13th of October
2021. In many cases the search brought no results. Only 26
tools of 44 unique tools that we identified, counted with Scopus
entries (see Appendix). A total of 205 (202 unique) publications
were analyzed. Three publications appeared as repeated because
the research that they described involved two relevant tools, for
example, Pugnali et al.’s research involved KIBO and ScratchJr,
so it was found under the search query for KIBO and ScratchJr.
We identified 24 unique publications (see Table 8) that met all
inclusion criteria. In the screening phase the reviewers identically
tagged 152 of 202 unique articles reaching an agreement of 75%.

The 24 relevant publications reported experiences with 10
different tools that we identified as relevant: ScratchJr (evaluated
in 7 articles), KIBO (8), KIWI (2), CHERP (2), Code.org (2),
BOTS (1), Kodable (1), Move the turtle (1), Strawbies (1) and
T-maze (1). Strawbies is an alternative name for Coding Awbie
that was used for the search, as the search term with “Coding
Awbie” brought no results. Daisy the Dinosaur was mentioned
in a study related to Kodable (Pila et al., 2019), but it targets older
children (see Table 2). We also found one case of a custom tool
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TABLE 7 | Examples of tools for categories developed to classify code iteration.

Category Description Reference image

Single command

repetition

ScratchJr direction blocks can be

modified to make more than one step

using single block.

Multiple command

repetition

Kodable allows to repeat two commands.

Fixed number of

repetitions

Qobo coding card with fixed number of

repetitions.

Configurable

number of

repetitions

Finchblox allows to modify the number of

repetitions.

Infinite loop KIBO allows to associate the repeat block

with an infinity symbol.

(Rose et al., 2017): a game with both ScratchJr-like and Lightbot
style programming interface.

4.2.2. Thematic Analysis

4.2.2.1. KIBO/CHERP/KIWI Articles
The only set of technologies for which control structures
have been evaluated multiple times was KIBO/CHERP/KIWI,
developed by Marina Bers’ group at Tufts University. Of the
articles we identified using this technology, five evaluated
children’s use of control structures while separating the
performance of young children from that of older children, or
only including children within our inclusion criteria. All these
evaluations used the Solve-It assessments, which were developed
by the same research group. Through these assessments, in

four of the publications, children who fit our inclusion criteria
demonstrated proficiency when programming repeat loops (with
a given number of repetitions) and “wait for clap” programs, but
were not tested on or were unable to be proficient in the use of
sensor loops or conditionals (Strawhacker and Bers, 2015; Elkin
et al., 2016; Sullivan and Bers, 2016b; Bers et al., 2019). There
was one outlying study where children in Kindergarten were
able to demonstrate proficiency across all Solve It assessment
areas, including repeat loops, sensor loops, “wait for clap”
programs, and conditionals (Sullivan and Bers, 2018). Four other
evaluations of this tool did not include specific evaluations of
control flow (Kazakoff and Bers, 2014; Sullivan et al., 2017; Bers,
2019; Jurado et al., 2020) while two others did not separate
children in our age range of interest from older children.
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TABLE 8 | 24 relevant publications that we identified in the second SLR.

References Title Tool name Type of tool Age of

participants

Number of

participants

Jurado et al. (2020) Social steam learning at an early age with robotic platforms: A case

study in four schools in Spain

KIBO Physical 4–6 65

Bers (2019) Coding as another language: a pedagogical approach for teaching

computer science in early childhood

KIBO, Scratch Jr Physical,

virtual

4–7 at least 9

Sullivan and Bers

(2019)

Investigating the use of robotics to increase girls’ interest in engineering

during early elementary school

KIBO Physical 5–7 105

Bers et al. (2019) Coding as a playground: Promoting positive learning experiences in

childhood classrooms

KIBO Physical 3–5 172

Sullivan and Bers

(2018)

Dancing robots: integrating art, music, and robotics in Singapore’s

early childhood centers

KIBO Physical 3–6 98

Sullivan et al. (2017) Imagining, playing, and coding with kibo: Using robotics to foster

computational thinking in young children

KIBO Physical 3–7 322

Pugnali et al. (2017) THE impact of user interface on young children’s computational

thinking

KIBO, Scratch Jr Physical,

virtual

4–7 28

Elkin et al. (2016) Programming with the KIBO Robotics Kit in Preschool Classrooms KIBO Physical 3–5 64

Sullivan and Bers

(2016b)

Robotics in the early childhood classroom: learning outcomes from an

8–week robotics curriculum in pre–kindergarten through second grade

KIWI Physical 4–7 60

Sullivan and Bers

(2016a)

Girls, boys, and bots: Gender differences in young children’s

performance on robotics and programming tasks

KIWI, BOTS Physical,

virtual

4–7 45

Strawhacker and Bers

(2015)

“I want my robot to look for food”: Comparing Kindergartner’s

programming comprehension using tangible, graphic, and hybrid user

interfaces

CHERP Hybrid 5–6 35

Kazakoff and Bers

(2014)

Put your robot in, put your robot out: Sequencing through

programming robots in early childhood

CHERP Hybrid 4–6 34

Arfé et al. (2020) The effects of coding on children’s planning and inhibition skills Code.org Virtual 5–6 179

Çiftci and Bildiren

(2020)

The effect of coding courses on the cognitive abilities and

problem–solving skills of preschool children

Code.org Virtual 4–5 28

Pila et al. (2019) Learning to code via tablet applications: An evaluation of Daisy the

Dinosaur and Kodable as learning tools for young children

Kodable, Daisy the

Dinosaur

Virtual 4–6 28

Jung et al. (2019) TurtleTalk: An educational programming game for children with voice

user interface

Move the turtle Virtual 6–9 8

Strawhacker and Bers

(2019)

What they learn when they learn coding: investigating cognitive

domains and computer programming knowledge in young children

ScratchJr Virtual 5–8 57

Pinto and Osório (2019) Learn to program in preschool: Analysis with the participation scale

[Aprender a programar en educación infantil: Análisis con la escala de

participación]

ScratchJr Virtual 3–6 71

Strawhacker et al.

(2018)

Teaching tools, teachers’ rules: exploring the impact of teaching styles

on young children’s programming knowledge in ScratchJr

ScratchJr Virtual 5–7 222

Rose et al. (2017) An exploration of the role of visual programming tools in the

development of young children’s computational thinking

Game with ScratchJr–

and Lightbot–like

programming interface

Virtual 6–7 40

Portelance et al. (2016) Constructing the ScratchJr programming language in the early

childhood classroom

ScratchJr Virtual 5–7 62

Papadakis et al. (2016) Developing fundamental programming concepts and computational

thinking with ScratchJr in preschool education: A case study

ScratchJr Virtual 4–6 43

Hu et al. (2015) Strawbies: Explorations in tangible programming Strawbies Hybrid 4–10 No info

Wang et al. (2014) A tangible programming tool for children to cultivate computational

thinking

T–maze Hybrid 5–9 20

4.2.2.2. Scratch Jr and Others
Most of the other evaluations involved Scratch Jr. (Papadakis
et al., 2016; Portelance et al., 2016; Strawhacker et al., 2018;
Pinto and Osório, 2019) and did not evaluate children’s
use or understanding of control structures, even though

the tool enables the use of control structures. The same
happened with evaluations of other systems (Wang et al.,
2014; Hu et al., 2015; Rose et al., 2017; Jung et al., 2019; Pila
et al., 2019; Arfé et al., 2020; Çiftci and Bildiren, 2020). The
evaluations that did include reports on the use of control
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FIGURE 4 | Steps of the selection process of the second SLR. Reported in line with the PRISMA statement (Moher et al., 2009).

structures, without an evaluation, involving Scratch Jr.,
reported either little use or difficulty with control flow blocks
(Pugnali et al., 2017; Strawhacker and Bers, 2019). Another
included children in our target age, but also older children
without separating their performance (Pugnali et al., 2017). One
evaluation of LEGO WeDo found some success with repeat
loops, but greater success with CHERP (Strawhacker and Bers,
2015).

4.2.2.3. Bottom Line
Only one study (Sullivan and Bers, 2018) provides evidence
of children in Kindergarten mastering conditionals and sensor
loops. Multiple studies provide evidence of children in our target
age groupmastering the use of simple repeat loops (repeat a given
# of times) or wait for clap programs. The caveat with all these
studies is that they are all from the same research group, use the
same system, and the same assessment.

With other tools, except for a study of Lego WeDo which
also included CHERP (Strawhacker and Bers, 2015), there are
no specific assessments of control flow, other than reports of low
use or difficulty with using control flow structures for children
in our target age range. In other words, in spite of the great
diversity of options for children in our target age range to learn
about control flow structures, in our review we found only one
technology for which there have been multiple empirical studies
to understand whether these children can learn how to use
these features.

5. LIMITATIONS

Although we tried to carry out our study in a systematic way,
document all the decisions, and report doubtful cases, the current
study still has certain limitations. To complement the tools
characteristics related to control structures and cost, we had to
appeal to online information.We firstly reviewed official websites
and online user manuals, but in some cases the information
contained in these sources was not sufficient to answer our
research questions. In those cases we reviewed unofficial sources
such as youtube videos, blogs and private web pages to complete
the missing information. We understand that these are not the
most convenient information sources, but we used them if there
was no available information through official channels. Another
limitation related to our online search is that we reported
information that we were able to find, which does not ensure that
it is the complete existing information. For example, we reported
that the application The Foos allows users to build conditionals of
“Free condition building” type based on a youtube video that we
found, but we cannot ensure that the tool does not allow building
other types of conditionals. There is no free online manual that
could provide required information, so to confirm that “Free
condition building” is the only type that the tool supports it is
necessary to pass all the levels that the game offers, and it was
impossible for our team to acquire and personally analyze all the
relevant tools. Also, our initial list of tools for young children
is limited to the tools reported in scientific publications. It is
possible that there are valuable tools that were not mentioned in
reviews that we analyzed.We tried to address this issue by adding
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3 publications that were not found by SLR and by adding four
tools that we found in external sources.

6. DISCUSSION

The present study reviewed the state of the art in the teaching

of control structures to young children, specifically preliterate

children 3 to 6 years of age. While many of the definitions

of CT for young children which gather large amounts of
consensus amongst academics describe control structures such as
conditionals and loops amongst central aspects of CT (Brennan
and Resnick, 2012; Grover and Pea, 2013), how this aspect of CT
should be developmentally adapted for young children remains
unclear. Our findings suggest there is still a large knowledge
gap regarding how children acquire early notions about control
structures and what the best tools are to introduce children to
these concepts. Despite this, these concepts are often included
in the interventions targeted at young children and assessed
through specific items in the validated CT tests available for
young children (Relkin et al., 2020; Zapata-Cáceres et al., 2020).

Our findings demonstrate that there is a wide variety of
technological tools which include robots, virtual applications and
hybrids, which aim to teach control structures and are targeted
to children of these ages. Thus, we infer it is considered relevant
that children acquire these concepts early on. Despite this,
our findings regarding the reported classroom based research
shows that the specifics of how children learn these concepts
through the available tools remains unexplored. None of the
systematic review articles we identified presented results that
were specific to control structures, instead focusing on broader
concepts such as CT (Sullivan et al., 2017), programming literacy
(Bers, 2019), or engagement (Pinto and Osório, 2019). Given
that CT is an umbrella term which encompasses a wide variety
of components such as sequencing, using control structures,
abstraction, debugging, amongst others (Shute et al., 2017) we
must focus on the specifics of each of them in order to have a
better sense of the concept as a whole. This is especially relevant
for younger children, as the learning curves for each specific
skill might differ with age. So far, we found most of the studies
focus on several concepts at once but do not further explore
learning outcomes for each activity. Thus, the assessments used
were more holistic and successful in detecting general learning
and engagement outcomes but lacked information on each of
the specific tasks and concepts encompassed. An exception to
this general approach was the study reported by Kazakoff and
Bers (2014) where they focused specifically on sequencing skills,
however we did not find any similar study for the learning of
control structures, even though our search targeted this term
specifically.

Exploring these aspects is also necessary to determine which
approaches provide the adequate affordances to enhance learning
of each aspect of CT. For example, in our technology overview
we observed several approaches to including the use of control
structures in tools, such as interrupting events, active wait,
or procedural conditions, however there are currently no
studies contrasting the strengths and weaknesses of each of

these approaches and whether they produce different results in
children’s understanding of the concepts. As a result, there is
only evidence of one tool successfully enabling children to learn
some aspects of control structures, mainly due to a lack of studies
on the use of other tools by young children that include an
assessment of control structure use or understanding.

Moreover, future studies on specific tools should focus on
the feasibility of their inclusion in the classrooms in a scalable
way. Specifically, our findings regarding the cost of several
robots suggest some of them are simply too expensive to be
available to all children in a given school or classroom. In
addition, some of these tools are more adequately design for
individual at-home use, which hinders group based-activities
thus elevates the cost of its use even more. Thus, so far the use
of robots in education at a large-scale would a entail substantial
investment for administrators and policy makers, a problem
which could be partially subsided through the design of tools with
a group-based focus.

The results of our systematic reviews therefore are
encouraging in terms of the wide range of approaches designed
for young children to learn about control structures, but also
identify a large gap in that we know very little about which of
these approaches may work better, or how to structure their use.
There is therefore a need for future research to further explore
the strengths and weaknesses of the available approaches and
understand the feasibility of their use in a variety of contexts
(e.g., individual vs. shared, home vs. school).

7. CONCLUSION

The present work demonstrates that there are many diverse
tools to support the development of CT in young children.
It seems that both academia and industry have interest in
designing approaches to enable young children to develop this
so-called twenty-first century skill, as we found through our
systematic reviews. Although many existing tools allow children
to approach advanced programming concepts such as control
structures, it is not clear which tools and activities are the most
appropriate for teaching them to the youngest programmers.
In order to lay the basis for the future research that targets
this gap, we provide a systematic overview of existing tools for
preliterate children between the ages of 3 and 6. We developed
categories that classify the type and complexity of conditionals
and iteration structures and used them to categorize each tool.
We also provided graphical examples of conditionals that the
tools provide.

The analysis of empirical evidence showed that
KIBO/CHERP/KIWI is the only tool that consistently
demonstrates positive results in teaching control structures
to young children. Other tools in our review have not gone
through similar evaluations, making it difficult to reach
conclusions about their appropriateness for introducing these
concepts. The contrast between the diversity of approaches
available and the scarcity of evaluations focused on control
structures calls for more research, ideally by groups independent
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of the tools being evaluated, to compare and contrast these
approaches in a variety of contexts (e.g., home, preschool).
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APPENDIX

TABLE A1 | Search term used with each tool to search in SCOPUS.

Tool name Search term Search

results

Relevant

results

Bee Bot TITLE-ABS-KEY ( ( ( Bee bot AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

23

Blue Bot TITLE-ABS-KEY ( ( ( Blue bot AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

3

Botley TITLE-ABS-KEY ( ( ( botley AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

1

Code-a-Pillar TITLE-ABS-KEY ( ( ( {Code-a-Pillar} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Cubetto TITLE-ABS-KEY ( ( ( {Cubetto} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

7

KIBO TITLE-ABS-KEY ( ( ( {KIBO} AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

20 8

KIWI TITLE-ABS-KEY ( ( ( kiwi AND robot AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

2 2

KUBO robot TITLE-ABS-KEY ( ( ( kubo AND robot AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Matatalab Coding Set TITLE-ABS-KEY ( ( ( Matatalab AND robot AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

mTiny TITLE-ABS-KEY ( ( ( mtiny AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Ozobot Evo TITLE-ABS-KEY ( ( ( ozobot AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

6

Ozobot Bit considered above

Plobot TITLE-ABS-KEY ( ( ( plobot AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Pro-bot TITLE-ABS-KEY ( ( ( pro-bot AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Qobo TITLE-ABS-KEY ( ( ( qobo AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Robot Mouse TITLE-ABS-KEY ( ( ( {Robot Mouse} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Robotito TITLE-ABS-KEY ( ( ( robotito AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

2

Sphero indi TITLE-ABS-KEY ( ( ( {sphero} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

15

TurtleBot TITLE-ABS-KEY ( ( ( Turtlebot AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

4

(Continued)
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TABLE A1 | Continued

Tool name Search term Search

results

Relevant

results

VEX 123 TITLE-ABS-KEY ( ( ( {vex 123} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

BOTS TITLE-ABS-KEY ( ( ( {BOTS} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) ) AND ( EXCLUDE (

SUBJAREA , "MEDI" ) )

39 1

Codeable Crafts TITLE-ABS-KEY ( ( ( {Codeable Crafts} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Code.org TITLE-ABS-KEY ( ( ( {code.org} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

19 2

Kodable TITLE-ABS-KEY ( ( ( {Kodable} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

3 1

LightBotJr TITLE-ABS-KEY ( ( ( {LightBotJr} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Move the turtle TITLE-ABS-KEY ( ( ( {move the turtle} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

1 1

RoboZZle TITLE-ABS-KEY ( ( ( {RoboZZle} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Run Marco! TITLE-ABS-KEY ( ( ( {Run Marco} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

2

ScratchJr TITLE-ABS-KEY ( ( ( {ScratchJr} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

28 7

The Foos TITLE-ABS-KEY ( ( ( {The Foos} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Tynker: Coding for Kids TITLE-ABS-KEY ( ( ( {Tynker} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

1

Blue Bot Repeated tool

CHERP TITLE-ABS-KEY ( ( ( cherp AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

4 2

COJI TITLE-ABS-KEY ( ( ( {coji} AND ( preschool OR child OR {early age} OR kindergarten OR

{lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Dash and/or Dot TITLE-ABS-KEY ( ( ( {Dash} AND robot AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

3

Finch TITLE-ABS-KEY ( ( ( {finch} AND robot AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

1

Sphero indi Repeated tool

Thymio TITLE-ABS-KEY ( ( ( {Thymio} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

13

Tinkerbots TITLE-ABS-KEY ( ( ( tinkerbots AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

(Continued)
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TABLE A1 | Continued

Tool name Search term Search

results

Relevant

results

Makeblock Neuron TITLE-ABS-KEY ( ( ( makeblock AND neuron AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Puzzlets Starter Pack TITLE-ABS-KEY ( ( ( {Puzzlets} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Roberto TITLE-ABS-KEY ( ( ( {Roberto} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) ) AND ( EXCLUDE (

SUBJAREA,"MEDI" ) OR EXCLUDE ( SUBJAREA,"NURS" ) OR EXCLUDE (

SUBJAREA,"NEUR" ) OR EXCLUDE ( SUBJAREA,"PHAR" ) OR EXCLUDE (

SUBJAREA,"IMMU" ) OR EXCLUDE ( SUBJAREA,"BIOC" ) ) AND ( EXCLUDE (

SUBJAREA,"ARTS" ) OR EXCLUDE ( SUBJAREA,"SOCI" ) )

5

Scottie Go TITLE-ABS-KEY ( ( ( {Scottie Go} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

0

Coding Awbie TITLE-ABS-KEY ( ( ( {strawbies} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

1 1

Tabletop puzzle block

system

TITLE-ABS-KEY ( ( ( {Tabletop puzzle} AND ( preschool OR child OR {early age} OR

kindergarten OR {lower education} OR {early years} OR {elementary education} OR

{young learner} OR {primary school} OR {primary education} OR k-6 OR k-8 ) ) ) )

1

T-Maze TITLE-ABS-KEY ( ( ( {t-maze} AND ( preschool OR child OR {early age} OR kindergarten

OR {lower education} OR {early years} OR {elementary education} OR {young learner} OR

{primary school} OR {primary education} OR k-6 OR k-8 ) ) ) ) AND ( EXCLUDE (

SUBJAREA , "BIOC" ) OR EXCLUDE ( SUBJAREA , "MEDI" ) OR EXCLUDE ( SUBJAREA ,

"PHAR" ) ) AND ( EXCLUDE ( SUBJAREA , "NEUR" ) )

1 1
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ABSTRACT
This paper presents a study with kindergarten teachers to assess
the advantages, challenges and opportunities of commercial robots
to teach computational thinking to young children. Recent studies
have highlighted the potential benefits of introducing CT concepts
at an early stage. Robots are an engaging and effective educational
tool for teaching CT to young children, providing hands-on and
interactive learning experiences. Entirely tangible robotic environ-
ments have successfully connected the abstract world of CT with
the concrete world of preschoolers. Children can program robots
by pressing buttons, drawing the path or using code cards. How-
ever, there is limited research on the use of commercial robots in
preschool classrooms. This research aims to address this gap by
investigating preschool teachers’ perspectives on the advantages,
challenges, and opportunities associated with using commercial
robots in the context of kindergarten classrooms. We contribute
with a list of practical, pedagogical and motivational aspects that
should be taken into account while evaluating robots and design
considerations to build robotic environments for kindergarten class-
rooms.
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1 INTRODUCTION
In today’s rapidly advancing technological landscape, computa-
tional thinking (CT) has emerged as a crucial skill for individuals
of all ages. Defined as an approach that uses computer science
concepts to solve problems [28, 29], CT plays a pivotal role in us-
ing computers as a creative tool and supporting problem-solving
in the digital age. By integrating CT into school curricula, edu-
cators can foster critical cognitive abilities, including abstraction,
algorithmic thinking, automation, decomposition, debugging, and
generalization [7]. While traditionally perceived as a domain for
older students, recent research has highlighted the potential ben-
efits of introducing CT at an early age, particularly during the
preschool years [21, 23, 26, 27].

Among the various educational tools available, robots have gar-
nered attention as effective vehicles for teaching CT to young chil-
dren. They offer a tangible and interactive learning experience
that captivates preschoolers’ imagination and engages them in the
learning process. The physical presence of robots provides a unique
advantage over traditional educational approaches by enabling
hands-on exploration and experiential learning.

Tangible user interfaces (TUIs) for programming, in particular,
have resulted as an appropriate method for introducing CT concepts
to young children. These interfaces utilize physical objects such as
tiles, blocks, or cards that children can manipulate and arrange to
create simple programs. By associating physical actions with coding
concepts, TUIs bridge the gap between the abstract world of CT and
the concrete world of preschoolers, making the learning process
more accessible and enjoyable. Empirical studies have provided
evidence that interventions with robots programmed using TUIs
were associated with preschoolers being able to improve skills
such as sequencing [1, 6, 10, 11, 16, 17, 22, 25, 26], problem solving
[17, 25], debugging [1, 6, 12, 16, 22] and even effectively employing
control structures (conditionals and loops) [6, 22] that are essential
for the construction of advanced algorithms [15].

Despite the proliferation of commercial robots on the market,
most of these devices are designed for individual use, focusing pri-
marily on entertainment. Consequently, there is a lack of research
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and development surrounding the use of robots in a preschool
classroom setting, considering use by groups of children. As we
mentioned before, many articles report the use of commercial robots
for preschoolers in empirical studies. However, evaluating the ro-
bot’s appropriateness for classroom activities is almost never the
focus of those scientific communications. In a few cases, there are
specific comments on child-robot interaction; for example, “authors
hypothesized that the use of an external memory system for keep-
ing a visual record of the commands used to program the Bee-Bot
would be necessary for effectively scaffolding children’s learning”
in [1] or “even though we had gone through this set of activities
with our K1 students (aged 3 to 4), they did not fully comprehend
those vocabularies/instructions (e.g., turn left/right) used in the
Bee-Bot activity” in [26]. The studies generally focus on one par-
ticular robot and evaluate its effectiveness in CT development. If
present, the observations related to the interaction are made by the
researchers conducting the activities. In our previous work [3], we
evaluated multiple robots in a classroom setting, but the observa-
tions were made by the authors and focused on group interaction.
To our knowledge, none of the previous studies sought the views
of teachers on multiple robots for preschoolers.

Recognizing this gap, we evaluated four commercial robots with
two preschool teachers to gather their perspectives on the use of
robots in their classrooms and their potential for effectively teach-
ing programming concepts such as sequences and control structures.
The following research question guided this work: What are the
perceived advantages, challenges, and opportunities of commercial
robots to be implemented in a preschool classroom, according to
teachers?

2 METHODOLOGY
Between March and May 2023, we conducted five focus groups
with two preschool computing teachers from a private educational
center in Montevideo. Both teachers have more than ten years of
teaching experience in public and private institutions and work at
the preschool and primary school level. The study protocol was
approved by the Ethics Board of the lead institution and all methods
were in accordance with the Declaration of Helsinki [2].

2.1 Robots
We evaluated four tangible off-the-shelf commercial robots: Qobo
[24], Ozobot [19], KIBO [13] and Botley [14]. We selected them as
they can be programmed using tangible interfaces and offer the
possibility to program with control structures.

Qobo is a snail-like robot with two acting modes: game mode
and free mode. In the game mode, children connect tangible puzzle-
shaped cards to guide the robot from the start position (game mode
card) to the destination card (gem card). The robot senses the cards
and moves according to the instruction associated with each card.
Free mode enables users to scan the cards and execute the stored
program without coding cards below the robot. The conditional
card (banana left, apple right) allows directing the robot left or right
according to the previous input (banana or apple card).

Ozobot follows a black line and responds to color codes com-
posed of three colors [18] with changes in its behavior. The color
codes can change the robot’s speed, start a special movement (like

zig-zag or spin) or define the robot’s direction in the next bifurcation
(left, straight, or right).

KIBO can be programmed by scanning barcodes printed on
wooden blocks used to build the sequence of orders. Depending
on the kit, it can include different sensors and actuators. It counts
with an if-block that can be combined with “near,” “far,” “light,” and
“dark” conditions.

Botley comes with two modes: “line” and “code.” In the “line”
mode, it follows black lines; in “code” mode, it can be programmed
using a remote control. The child can press buttons on the remote
control that define the robot’s sequence of actions (main program)
and send the program to the robot with the green “transmit” button.
Conditionals can be implemented by defining actions the robot will
execute if an obstacle is detected (conditional program).

2.2 Procedure
We evaluated one robot per session with two teachers (sessions 1-4).
Sessions started with a brief introduction of the robot, its functions,
and how to program it. Then, teachers explored it independently,
prepared simple programs, and commented on their impressions
about the robot. To further fuel the discussion, we asked teachers
to point out the advantages, challenges, and opportunities each
robot has in their opinion and how they envision using them in
their kindergarten classrooms.

The sessions were video recorded, and two researchers per-
formed a reflexive thematic analysis [8] of the videos from the
focus group with teachers. We followed a mixed coding approach,
where we designed the first codebook and inductively extended it
with observed codes. We went back to teachers to triangulate our
results and enrich our analyses. We presented the analyzed themes
to confirm our findings’ correctness, to consult items we had doubts
about, and to gather new feedback after classroom activities that
the teachers implemented with Ozobot, Qobo, and KIBO (session
5). Results from session 5 allowed us to have a more profound un-
derstanding of their opinion and identify new relevant aspects that
emerged during classroom activities.

3 RESULTS
During the thematic analysis, we identified three relevant themes:
practical (e.g., size, battery duration, fragility), pedagogical (e.g.,
concepts that can be explored, appropriateness of the programming
interface), and motivational (e.g., attractive design or children’s
interests) aspects. We used these themes to classify teachers’ com-
ments. Here, we present the results of the evaluation of each robot
(see Table 1), a summary of relevant items that can be evaluated in
robots in general (see Appendix A), and considerations related to
the use of the robots in a classroom context.

3.1 Robots’ Evaluation
Each robot was analyzed considering the comments in all five focus
groups.

3.1.1 Qobo. Many practical aspects were mentioned as Qobo’s
strengths. Both teachers, T1 and T2, considered that its size and
shape were appropriate for young users because they could lift it
with just one hand and grab it easily due to its form. Both observed
that the robot was very precise in its movements while executing
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Strenghts Weaknesses Opportunities
Qobo practical size step size

form expensive to fix and mantain
battery charging inexpected bahaviours
battery duration
movements precision

pedagocical no previous work required interaction with sensors mat for loops
program-robot distance no loop in play mode accessibility of coding cards
errors detection limited loop in free mode connection with teaching curriculum
multimodal output conditional too rigid
guidance during the activity amount of conditionals
interaction with the child confusing mat

motivational interaction with the child little innovative
Ozobot practical size movements precision simplify color codes drawing

color codes detection change color codes to icons
battery duration stickers with color codes
form
fragility
expensive to fix and mantain
color codes drawing

pedagocical color codes complexity codes with inverse reading
target age previous work with color codes
collaboration connection with teaching curriculum

motivational innovative
fun codes
design

KIBO practical coding blocks size size program uploading
coding blocks form fragility

color of the light blocks
no color relation between blocks and sensors/actuators
program uploading
program decomposition while uploading
amount of programming blocks
precision of light/dark concept
expensive to fix and mantain

pedagocical advanced programming synatx (begin-end) program-robot distance suitable for older children
interaction with sensors connection with teaching curriculum
control over diverse actuators
unique evaluation of if-statement

Botley practical size size
roboust fragility
auxilary cards - colors auxilary cards - time
program uploading auxilary cards - easy to disorder
extension of the uploaded program step size

velocity
expensive to fix and mantain

pedagocical auxilary cards - visibility of the program program-robot distance connection with teaching curriculum
no program visibility
auxiliary cards placement
loops - sintaxis
conditionals - sintaxis
conditionals - prediction of the secuence
conditionals - cognitive demand
auditive feedback

motivational design

Table 1: Relevant practical, pedagogical and motivational aspects for each robot.

the program. They also considered that charging its battery via
microUSB was very practical.

From a pedagogical point of view, T2 was enthusiastic about
the vocalization that is used to reinforce the robot’s actions (for
example, it says “forward!” when it passes over a coding card that
makes it move forward) and to guide the programming activity (it
provides audio clues indicating where to put the robot and how).
She considered it beneficial that “it reinforces the visual output with
audio [...] it (the information) enters by two senses” and, by guiding
the child, “promotes autonomy”. Coding cards in puzzle form were
considered a clear and direct programming interface. Both teachers
agreed that they helped to visualize the program; T2 mentioned that
“the sequence is visually explicit” and that the interface “is super
clear when programming an algorithm.” Many times during the
focus groups, T2 mentioned program-robot distance as an important
aspect at the preschool level, in case of Qobo she considered that the

distance is very low as the robot moves over the programming cards
and the child can easily follow the program execution. She also
considered the puzzle shape of the cards helpful while preparing the
program. The puzzle form indicates where the following command
should be attached, and so prevents programming syntax errors.
Cards that require a child’s action (jiggles or lifting the robot) were
polemic. T1 considered that they “create a motivation,” “reinforce
what a command is,” and “help children to focus on the program
execution,” as the robot does not execute the following steps if
the child does not interact with it. T2 appreciated its motivational
aspects but doubted its pedagogical use.

Although the coding puzzle cards were positively evaluated as
a programming interface, their size was considered limiting, as
they did not allow building long and complex paths with children
working at the classroom tables. Also, T2 mentioned that the cards
could have tangible clues for children with low vision or blind. The
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teachers were also not satisfied with the implementation of the
loops as the free mode has only a fixed number of repetitions (3 or
6 times), and the game mode did not support loops. T2 proposed a
mat with repeated patterns (for example, concatenated L-shaped
road units) that could support the teaching of the loop concept.
Also, the implementation of conditionals was considered not very
challenging and too rigid and the teachers expressed the desire to
be able to work with more diverse conditionals.

Although the teachers noticed some unexpected behaviors and
considered the robot expensive to fix and maintain (like all robots
in Uruguay), they saw many possibilities to connect programming
activities with other curricular contents. T1 stated that “it has many
possibilities” and “you can integrate it with a lot of things” and
named mathematics (counting, sequencing, geometry, probability,
magnitudes, sets), spatial positioning, and social bonding.

Qobo was the first robot discussed in a focus group; T2 used
it in informatics classes with children of level 4 (3 to 4 years old)
after the focus group. T1 also assisted in some of those instances,
and both shared their observations in the final focus group. They
agreed that Qobo does not require preliminary work with children,
contrary to other robots analyzed in the focus groups. They were
surprised by the battery duration (“I never charged it!” stated T2)
but disappointed with the card materials as some card tips began
to peel off. They complained about the mat because the children
were too influenced by its design (they tried to follow the painted
roads with the path they were building and avoided places where
water was drawn, see [24] to consult the mat design). T1 preferred
a clean white mat with a grid, “I do not like anything that structures
it so much,” she said and claimed that too much structure limits
the activities and makes it difficult to work with the robot over a
sustained period of time.

T1 observed that although the puzzle-shaped form had the poten-
tial to prevent errors, some children ignored that the cards should
be connected to each other and committed programming errors any-
way. They thought it could be beneficial to have both puzzles that
define the place to concatenate the following command (current
version) and cards with no obvious place to continue the program.
They proposed square-shaped cards with no inserts or cards with
multiple inserts that allow concatenating commands in incorrect
positions. They considered that they could be more challenging for
older children and allow them to learn from errors.

The opportunity to see other robots (specially KIBO) made them
notice that Qobo’s interaction with the environment using sensors
is limited and could be extended.

In general, they found Qobo very appropriate for the preschool
level. However, they admitted that it is not innovative and has a
“low ceiling” and that it would be difficult to use it over a sustained
period of time.

3.1.2 Ozobot. Its small size and transparent body which allow
children to observe its circuits inside were mentioned as aspects that
makes it curious and attractive. Before using Ozobot with children,
teachers mentioned that the size could be a practical weakness as
it seems too small and fragile “I do not see it as robust, I am afraid
that it could fall down and ‘puff’ [does not work anymore]” - T2.
However, after using it, they mentioned that the weakness was not

the size but its shape. They suggested that a more secure casing or
shape could prevent the robot from falling.

A motivational aspect, much appreciated by the teachers, was the
possibility to draw its path: “Hand tracing has a relationship with
art that I like! It’s free, it’s innovative and creative, and it connects
with other things about the child, previous experiences, and that
makes them more enthusiastic [...] I like it with markers instead
of cards. I think this can be more open, and children may be more
involved in the design” - T2. Also, some features and codes such as
“tornado” (the robot spins) and “turbo” (the robot changes its speed
to go super fast) were considered motivational factors that could
engage and motivate children to play with the Ozobot. The teachers
identified several opportunities for using it in the classroom. The
use of codes and observing Ozobot’s behavior was seen as a way
to develop logical reasoning and work on various skills such as
path recognition, serialization, directionality, and mathematical
concepts like sequences, perimeter, and amplitude. The teachers
believed that Ozobot had the potential to remain relevant and not
become deprecated in terms of its didactic aspects.

The teachers evaluated Ozobot’s weaknesses and commented on
practical and didactic aspects. Regarding the didactic aspects, T2
questioned us about the complexity of the options to program the
robot: “Why did they [the developers] choose color codes instead
of using icons?” She was negatively surprised about this limitation.
She also mentioned that so many color codes would be confusing
for children and that limiting the number of color codes to three
would be better. Also, T2 expressed concern about the difficulty
children might face in accurately painting the color code in the black
line that Ozobot follows. To address concerns about using color
codes with young children, the teachers made several suggestions,
such as using small squares or stencils for children to paint inside,
making the process more manageable, stickers with codes or paths,
including curves and straight lines, etc. T2 proposed making the
colors more similar to icons to help children focus on the symbol’s
meaning rather than memorizing abstract color associations.

T2 also mentioned the challenge of precise line drawing for the
robot “is very difficult for children. It is not the instruction per se
but the instruction format.[...] it is about how children draw and
the possible challenges for the robot as their lines and drawings are
imprecise.” In terms of practical aspects, the teachers mentioned
issues with the reading sensor and battery autonomy. After using it
with children, the teachers observed that it struggled to distinguish
between black and blue lines under certain lighting conditions
or when the robot had a low battery. This practical weakness was
further exemplified when the Ozobot, after performing several spins
during the “tornado” function, often ended up off the line and could
not continue its intended path. T1 commented: “It was very difficult
to draw the circuits - you have to explain a lot of things - the lines
could not be wide or thin, the color intensity, when the battery is
running out it makes mistakes. [But because of that] we started to
talk a lot about the mistakes. They [the children] started to realize it,
that the color sensor was failing.” Despite these practical challenges,
the teachers appreciated how these issues prompted discussions
about the robot’s limitations and encouraged students to recognize
them.

The teachers also stressed the importance of providing prior
training to children to understand robot’s responses to the codes
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and the idea of color patterns that codify actions. They suggested
creating a path on the floor and make children follow the path
and simulate robot’s responses and a pattern recognition activities
in which one child uses a secret code to send a message that the
other child should try to discover. To encourage collaboration, the
teachers suggested that drawing activities could provide children
more opportunities to work together than using separate pieces,
as seen with Qobo. They recommended using larger sheets to ac-
commodate the robot’s trajectory to allow for collaborative work:
“the collaboration comes from making the drawings. It could be
more collaboration than using pieces, as with the Qobo. Because
the robot is so small, its trajectory could be big. We could use a
big sheet so they could collaborate.”- T2. Overall, the teachers rec-
ognized the strengths of Ozobot, such as its ability to motivate
and engage children, the opportunity to draw paths, and the po-
tential for various learning activities. They also identified areas
for improvement, particularly in simplifying the color codes and
addressing practical issues with sensor reading, battery autonomy,
and fragility. The teachers envisioned strategies for collaboration
and provided suggestions for using Ozobot effectively with young
children, including prior training and incorporating more accessible
elements like icons or stickers.

3.1.3 KIBO. T2 appreciated KIBO’s design, mentioning that it
aligned well with Waldorf’s pedagogy [5]. In terms of practical
aspects, they mentioned the blocks’ size, the “begin” and “end” com-
mands, and how they fit together. They liked how the blocks fit
together easily, making them suitable for young children. T2 said,
“I like how they fit together, their size... Even kids three years olds
can do it.” She also mentioned that the “begin” and “end” blocks
allow children to easily understand where the sequence starts and
ends and also help children to get familiarized with advanced pro-
gramming syntax, similar to actual coding.

In terms of didactic aspects, T1 praised KIBO’s sensors and actu-
ators, considering them comprehensive and exciting: “I am excited;
this is so complete. And it has several actuators.” Teachers preferred
KIBO’s if-statement evaluation, which occurs only once, compared
to Botley’s continuous evaluation, which makes the robot’s behav-
ior difficult to predict.

The greatest KIBO weaknesses and threats detected were related
to practical aspects. The most mentioned negative practical aspect
was related to uploading the created programs, which was deemed
difficult and not child-friendly: “I do not like this part, it is not for
children, will not be easy for children”- T2 and T1 added: “to upload
the program we should upload the blocks one by one, which is diffi-
cult with children [...] otherwise children would upload the nearest
blocks, and it would be very confusing.[...] I really like KIBO, but if
we cannot upload the program, I cannot use it either!”- T2. When
the teachers interacted with KIBO, they struggled to upload the
program. They even made an analogy with self-checkout kiosks at
supermarkets, which are also difficult sometimes. T2 mentioned,
“I wouldn’t mind if the child did the sequence and I loaded the
sequence... But if I can’t do it either. . . I would not use this for
preschoolers because the reading instructions would generate a lot
of frustration and little self-regulation.” And T1 said: “I also got

frustrated [not only the kids].” Another negative aspect not appre-
ciated by the teachers was the design of KIBO. It was considered
too big and fragile.

After using it with children, the teacher reinforced some of their
previous expectations with KIBO. The teachers did not like KIBO’s
design inconsistencies, such as no color match between the coding
blocks and sensors and actuators. Also, the blocks related to light
control were confusing as the background color has more presence
than the color of the icon, which indicates what color the light will
be. Also, the light icon was confusing (e.g.: “the light seems like a
spider without two legs”- T1).

A negative didactic aspect was related to the program’s location
outside the robot and the need to decompose it hindered under-
standing and execution. Also, there was the need to decompose
the program (blocks fitted together) to scan one by one. So, when
grabbing each block to put on the front of the scanner, they did not
fit it again when returning the block to the table, making it hard to
understand the program and the robot’s execution.

The “if” statement was initially thought to be challenging for
children but was found to be understandable after using KIBO.
However, other negative issues emerged after using it with children,
such as the limited quantity of directional blocks. The “if dark”
statement was unclear in its operation.

The teachers detected opportunities connected to the curriculum.
Some motivational aspects were mentioned, such as that KIBO could
be integrated into the curriculum, connecting with information
technology concepts and storytelling (a motivational aspect). For
instance, if it is dark, the robot could turn the light on (use a light
sensor). Suggestions were made for additional features, such as
incorporating a pencil: T2 asked, “could we add a pencil? [after
KIBO made a path in the form of a square] and the square is visually
captured.” When we presented a little sign that can be used at the
top of KIBO, T2 said: “it would be great if it could take a message to
another child at another table,” enabling message delivery between
tables. Finally, teachers considered KIBO suitable for older children,
even in third and fourth grade.

3.1.4 Botley. The most discussed aspects of Botley were the auxil-
iary cards and the implementation of control structures. Auxiliary
cards are paper cards with color arrows that indicate Botley’s four
movement directions and are used to visualize the program before
uploading it to the robot using the remote control. T1 liked the idea
of first thinking and preparing the sequence and then uploading
the program. She also appreciated that the colors of the arrows on
the cards match the colors of the remote control buttons, making
the program upload very easy: “I really like the card with the color
because it does not give me much chance to commit errors.” Remote
control as a programming interface was considered simple and fast,
but the teachers admitted that, if using only remote control with-
out auxiliary cards, it was difficult to visualize the program. T2
previously worked with Botley and was not so enthusiastic about
the auxiliary card: “In the end, I do not use them because it takes
too much time” and that “they are not for classroom use” as it is
easy to mess them up accidentally. She also did not like that they
increase the distance between the program and the robot - the child
has to first prepare the cards, then use the remote control to up-
load the program, and then the robot executes the corresponding
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actions: “There are three steps; the child got lost [...] it has to be
more instantaneous.”

How to order the auxiliary cards on the table while preparing the
program was also an issue that underwent heavy discussion and
none of the options seemed to satisfy both teachers. For T2 putting
one next to the other, from left to right, was a convincing option.
“For me, the best thing is to put it like this, as you read a story, a
word,” but T1 was more keen to put the following arrow command
at the end of the current, simulating the robot’s movement in space.
This spatial placement did not fully represent the corresponding
robot movements as the robot rotates in place, and the arrow on
the turning card gives the impression that the robot will move to
the side.

Also, the cards’ order to represent loops was not convincing. As
the loop button is used to start the loop and repeat it (there is no
numerical parameter to indicate the number of repetitions) and
there is no end-loop command, the teachers found it difficult to
visually order the cards and explain how the commands will be
executed. T2 found that “The way in which it should be entered is
not the way in which the child can reason about it and be clear as
to what will happen” and was doubting whether it was appropriate
for kindergarten “It says it is for children aged 5; I do not think that
a 5-year-old child can do it”. T1 also noticed that due to the syntax,
it is impossible to execute one loop and immediately the second
one as Botley interprets it as loop - commands - start loop, instead
of loop - loop.

The same problem with the visual representation of the program
was present while working with conditionals. The conditionals are
associated with object detection, and the commands associated with
it can be executed at any moment of the main program and more
than once. The robot is constantly sensing the environment, and
the conditional commands can be executed at the beginning of the
programming step, in the middle, and even after the whole program
is executed. The impossibility of predicting when the object will
be detected made it difficult to visually represent the sequence of
actions the robot will take. T1 considered the program’s syntax
confusing as it did not reflect the sequence of the robot’s actions.

Both teachers complained that they can not prepare a program if
they do not know when the obstacle will be detected. T1 said, “Yes,
it is difficult to have a conditional and not know what obstacles
it detects and when; it is also difficult to see if you have executed
the entire program”. T2 tried to think of an exercise in which the
robot goes from A to B in the grid using conditionals but was not
able to combine the main program (moving forward) with object
detection as she was not sure if the obstacle in front of the robot
will be detected during the first forward step or at the beginning of
the second one: “What happens here is that it is not just ‘always
forward,’ you have to put how many times.” They were complaining
that the robot “does not do the same thing twice” (T1) and “it
prevents me from reaching my goal” (T2). T1 commented, “The
problem with this is that with all the kids working around it, all
the time, it’s going to be detecting things in front.” Both were not
able to come up with a reasonable example of a problem that could
be resolved using conditionals. T2 stated, “I do not know how to
use it with conditionals.” She also considered that it is complex and
too demanding for preschoolers to prepare and follow two parallel
programs (main and conditional program).

Botley stores the last uploaded program, and pressing directional
buttons after uploading adds new commands to the current pro-
gram. The teachers liked this possibility, although T2 said that when
working with preschoolers, she always asks them to start the pro-
gram with the trash button that removes the previously uploaded
program and then upload the program from the beginning.

With respect to its size and fragility, the teachers considered it
the correct size but did not like that children need to use two hands
to lift it. T1 considered that it “seems quite robust,” but T2 saw it as
fragile, as she had already discussed a classroom accident in which
the robot fell down and its wheel stopped working.

Both agreed that the robot moves too fast, making it difficult
for children to follow the uploaded program. They missed audio
feedback reinforcing the robot’s actions, and its steps were consid-
ered too big. T2 complained that if you want to count up to 10 (10
movements in a straight line), it will take too much space.

Like all previously evaluated robots, they considered it expensive
to fix and maintain and saw multiple opportunities to connect
programming activities with other curricular contents.

3.2 Relevant Aspects
We identified diverse practical, pedagogical, and motivational as-
pects related to the robots’ classroom use (see Table 1). We summa-
rized them to provide future research with a list of items relevant
for teachers in the classroom context. We adapted robot-specific
items (for example, “number of coding blocks” in the case of KIBO)
to more general aspects that can be evaluated in robots in general
(“number of coding elements”). Some items (for example, auxiliary
cards for Botley) were so robot-specific that they could not be gen-
eralized and were left apart. In the Appendix A, we present the
items grouped by category and a scale to evaluate them using, for
example, questionnaires.

3.2.1 General considerations. Many general aspects mentioned by
the teachers are relevant when working with robots and children.
Available time was a crucial variable to plan activities and define
the size of the group. Both teachers stated that working in very
small groups (2 to 3 children) or individually is always better. T2
stated, “With the youngest, the fewer, the better” - T2. But both
admitted that they usually work with bigger groups due to time
constraints. They considered that having more robots would not
help provide a better educational experience as the activities with
robots require constant supervision and mentioned the “rotative
tables” as a strategy they apply to work with smaller groups with
constant supervision. They separate children into groups, and each
group works at a different table. Some tables do familiar activities
that the children can do independently (draw, play with blocks, or
on tablets), and one table works with robots under the teacher’s
supervision. The children rotate so that all of them pass through
all tables. T1 mentioned that sometimes not all the children are
able to participate in activities with robots, and some groups work
with them in one session and others in the following one, and the
children are flexible and have no problems accepting the situation.
Regarding the area to work with robots, T2 highlighted that she
prefers to work on the floor, while T1 preferred to work at the
tables: “It does not work for me on the floor; they go all over the
place”.
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Figure 1: General considerations and relevant aspects
grouped by activity level. We divided the identified items
into those more relevant for teachers and researchers and
those more specific for robot designers.

Their general comments on the robots’ design indicated that
they are not designed for group work: “What fails is that it seems
to me. . . that in reality they are not meant to be used by more than a
few children” - T1. They also admitted that working with robots is
always associated with the robots falling from tables, “It will surely
fall,” stated T1 and T2 confirmed. They positively evaluated robots
that can be easily lifted with one hand due to their size and form
and imagined protecting materials that could be attached to the
robot to absorb the impact.

A common consideration was the preliminary work with chil-
dren that the robot requires. T1 mentioned that she always first
explains what the children will face and what considerations they
should have when manipulating the robot. Both agreed that it is
essential to first go through embodied experiences related to spatial
orientation, sequencing, and directionality. They also mentioned

that more complex programming interfaces would benefit from un-
plugged activities related to challenging concepts, such as working
on pattern recognition before using Ozobot’s color codes.

We grouped general considerations and relevant aspects by the
activity level and presented them in Figure 1.

4 DISCUSSION AND CONCLUSION
This paper addresses teachers’ perspectives on commercial robots
for preschoolers. By leading focus groups and lending the com-
mercial robots to teachers to use with their pupils, we sought to
understand the features the robots should have and other consider-
ations related to classroom use with young children. As teachers
play a crucial role in the successful implementation of educational
tools, assessing their perspectives and experiences can shed light
on the feasibility, usability, and pedagogical value of robots in the
preschool classroom. By considering teachers’ feedback, this study
aims to inform future research and development efforts in designing
robots better suited for educational settings. We aimed to contribute
to understanding the advantages, challenges, and opportunities as-
sociated with using robots as educational tools in the preschool
context. Earlier research has indicated that educators exhibit enthu-
siasm for educational robotics [20] and acknowledge its potential
benefits. In our study, teachers were eager to try out some commer-
cial robots they could use in their classrooms. They found that all
the robots had the potential to be combined with preschool curricu-
lar content, and as vehicles to work on mathematics, spatial abilities,
storytelling, and fun activities, such as robot races or making the
robot carry messages between groups. However, previous research
found that teachers generally hold unfavorable views regarding
using robots within educational institutions which has been associ-
ated with the technical skills teachers should have to implement
robotics curricula [20]. We believe that well-designed robotic kits
should not require previous technical knowledge and be accessible
to children and teachers, specifically in the context of kindergarten
where CT could be taught in a simplistic and intuitive way. We
consider that robots could be designed to support teachers instead
of burdening them with the responsibility of learning how to use
them, and we, as researchers, designers, and developers, should
invest our efforts in creating user-friendly robots to be used in real-
world contexts, such as educational settings. By doing so, we can
alleviate the additional pressure placed on teachers, who already
face the demands of an educational curriculum and extensive teach-
ing responsibilities. Our study contributes to understanding how
robots could seamlessly be integrated into kindergarten classrooms
by contributing a set of design considerations to develop robots for
this specific educational environment.

4.1 General Considerations for Developing
Robots for Kindergarten

From our findings, we derived general considerations for developing
robots to be used in kindergarten, useful for researchers, designers,
and developers.

Design considerations for the development and design of a robotic
kit (both robot and programming interface):

• ATTRACTIVE DESIGN AND INNOVATIVE INTERACTION.
Robotic kits should be attractive and propose new modalities
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of child-robot interaction that stimulate children’s participa-
tion and creativity.

• COLOR CONSISTENCY BETWEEN INSTRUCTIONS AND
ROBOT. It is important to maintain the same associations of
colors throughout the activity.

• NEAREST INSTRUCTIONS AND ROBOT. The children could
“get lost” if there are too many steps between the program
and the robot’s action. To easily follow program execution
and support debugging, the program should be close to the
robot.

• DIVERSITY OF INSTRUCTIONS. The robotic kit should al-
low the robot to interact with the user and environment in
a variety of ways. It should support loops and conditionals.
The instructions should be fun and interesting but also fa-
miliarize children with advanced programming syntax (“real
coding”).

• UPLOADING PROGRAMS SHOULD BE EASY AND INTU-
ITIVE. Programming the robot should not require many
steps and the programs should be easy to debug, upload and
extend.

Design Considerations for the development and design of fea-
tures specifically related to the robot:

• MULTIMODAL FEEDBACK. This feature would help rein-
force the robot’s actions and guide children in the activity.
Teachers mentioned that multisensorial cues help to better
understand the robot’s actions. They also proposed that the
robot could guide the activities by, for example, saying where
the child has to start the activity and indicating errors and
successes.

• ROBUST AND EASILY GRASPABLE WITH ONE HAND.
Young children have little hands and are more prone to drop
objects from their hands. A robot should be robust [9] be-
cause it may fall at some point in the activity. Being easy
to grab with one hand could help prevent falls and ensure
its durability. At this point, not only does the size matter,
but the robot needs to have some affordance to grab it easily
without slipping out. As the falling seems inevitable, it could
have attached materials to absorb the impact.

• EASY BATTERY CHARGING, EXCHANGE, AND EXTENDED
BATTERY DURATION. The battery should have a duration
of 30-60 minutes to enable the robot’s use in classes. Charg-
ing and exchanging batteries should be easy.

• PREDICTABLE AND PRECISE MOVEMENTS AND SHORT
STEPS. The robot should not present unexpected behaviors,
and its movements should be precise. Long steps and fast
movements are potential limitations.

• LOW-COST FIXING AND MAINTENANCE. The robots should
be easy to fix and the price of the components should be low.

Programming interface considerations are:

• ADEQUATE MATERIALITY, ACCESSIBILITY, AND AMOUNT
OF ELEMENTS: Materials should have an adequate size and
form, be made of durable materials, and be accessible for low
vision and blind children. The quantity of coding elements
should not restrict the programming of long paths.Also, ma-
terials should be easy to build and to be replaced.

• INTUITIVE INSTRUCTIONS. The teachers expect clear pro-
gramming concepts represented in an intuitive way that does
not require memorizing the instructions.

• VISIBILITY OF CODE. The instructions should enable users
to visualize the program.

• PREVENTING SYNTAX ERRORS. The affordances of the
coding elements should prevent syntax errors.

In the future, it would be crucial to incorporate some of the
design considerations identified in our study and test them in real-
world educational settings to support teachers and engage children
in learning CT and bridge the gap between theoretical research
and practical implementation. This would also be an opportunity
to incorporate children’s feedback, which is also crucial for the
success of the activities.

5 LIMITATIONS
Access to the robots was a limiting factor of this study, as there
are more robots with a tangible programming interface in the mar-
ket that allow work with control structures. In our previous study,
we identified 11 robots (see Table 3 [4]) with tangible user inter-
faces that allow working with control structures. Although we only
worked with four robots, they represent all different types of con-
ditionals and different manners of integration of conditionals with
the main program identified in [4].

Another limitation was the size of our focus group. Working with
only two teachers allowed us to maintain the same working group
over an extended period of time and enrich the evaluations with
insights about already evaluated robots that appeared in the follow-
ing sessions. The teachers that we invited work with preschoolers
and have broad experience in teaching computing, which allowed
them to better visualize the possible implementation of the robots
in classrooms and test them with children.

Another item to remark is that, as we conducted a focus group,
not all aspects were discussed for all robots. For example, there
were comments on the step size of Qobo and Botley but not on
KIBO. With the relevant aspects identified in this work, we plan
to conduct a comparative analysis of the four robots to provide a
more in-depth evaluation of each robot.
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A RELEVANT ITEMS THAT CAN BE
EVALUATED IN ROBOTS

Practical aspects identified:
• General aspects
– Size (adequate size - too big/small)
– Form (easy to lift with one hand - difficult to lift with one

hand)
– Fragility (robust - fragile)
– Cost of fixing and maintaining (cheap to fix and maintain

- expensive to fix and maintain)
• Battery
– Battery charging (battery easy to charge - difficult to

charge)
– Battery duration (lasting long battery - battery goes empty

fast)
• Movements
– Step size (adequate step size - step too big/small)
– Velocity of movements (moves with correct speed - too

slow/fast)
– Movements precision (precise - imprecise)
– Unexpected behaviors (presents unexpected behaviors -

do not resent unexpected behaviors)
• Coding elements
– Coding elements size (adequate size of coding elements -

coding elements too big/small)
– Coding elements form (adequate form of coding elements

- coding elements difficult to manipulate)
– Amount of coding elements (sufficient amount of coding

elements (blocks, cards) - limited amount of coding ele-
ments)

– Precision of programming concepts (easy to understand
commands - too abstract commands)

– Color coherence between robot and code (colors are used
to connect coding elements with the robot - there is no
color relation between coding elements and the robot)

• Program uploading
– Program uploading complexity (easy to upload the pro-

gram - difficult to upload the program)
– Uploaded program extension (easy to extend uploaded

program - difficult/impossible to extended uploaded pro-
gram)
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Pedagogical aspects were:
• Available commands
– Interaction with the user (it is possible to incorporate

interaction with the users - no interaction with users sup-
ported)

– Interaction with diverse sensors (offers possibility to work
with diverse sensors - does not allowed to work with sen-
sors)

– Control over diverse actuators (allows to control diverse
actuators - does not allowed to control actuators)

– Loops support (allows to incorporate loops easily - does
not support loops)

– Conditionals support
∗ Rigidity (flexibility in conditional statement building -

conditionals are rigid)
∗ Syntax (conditionals syntax easy to understand - com-

plex syntax of conditionals)
∗ Cognitive demand (conditional statement is evaluated

one time - conditional statement is constantly evaluated)
– Advanced programming (incorporates advanced program-

ming syntax - does not incorporate advanced program-
ming syntax)

• Coding elements
– Commands complexity (coding elements are easy to under-

stand - coding elements are abstract and must be learned)
– Accessibility of coding elements (coding elements are ac-

cessible for users with low vision and blind - coding ele-
ments are not accessible)

– Visibility of the program (programming interface makes
the program visible - programming interface offers no
visual support for the program)

– Errors detection (coding elements help to detect program-
ming errors - errors are first visible when the robot exe-
cutes the program)

• Scaffolding
– Previous work (does not require previous work - requires

previous work)
– Multimodal output (uses multimodal output (movements,

lights, sounds) to communicate its actions - does not use
multimodal output to communicate its actions)

– Guidance during activity (guides the activity - does not
guide the activity)

• General considerations
– Connection with teaching curriculum (easy to connect

with teaching curriculum - difficult to integrate with class-
room activities)

– Target age (adequate for preschoolers - targets older chil-
dren)

– Collaboration (prompts collaboration - designed for the
individual use)

– Program-robot distance (you can program the robot (al-
most) directly - programming the robot requires too many
steps)

Motivational aspects identified were:
• Interaction with the child (can interact with the child - there

is no child-robot interaction)

• Attractive design (has attractive design - is not attractive)
• Interesting commands (has fun and engaging commands -

the commands are not very engaging)
• Innovation (allows to work in a way that is not possible with

other robots - is similar to other robots)
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Appendix 6

Iterative Design and Empirical

Evaluation of Conditionals for

Robotito

Ewelina Bakala, Gonzalo Tejera, and Juan Pablo Hourcade. An Iterative De-

sign and Empirical Evaluation of Conditionals for Robotito. Tech. rep. Udelar.

FI., 2024. url: https://hdl.handle.net/20.500.12008/45833
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signed the methodology, and developed the data collection strategies. She

conducted the evaluations with teachers, co-directed educational robotics ac-
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1 Introduction

Computational thinking (CT) is the process of formulating problems and solutions in
a manner that allows a computer (whether human or machine) to effectively execute
them [11]. This skill is considered essential for an active participation in the digital
world [22], prompting its integration into educational curricula globally [22, 5].

Researchers emphasize the importance of CT learning at the early childhood stage,
and empirical studies confirm that it is viable to teach CT concepts even at preschool
level [16, 17, 9, 21]. Many of these studies use robots to teach CT, as they provide a
concrete reference system for abstract problems.

Robotito is an educational robot developed as an open-source and open-hardware
platform to introduce computational thinking to young children [27] (see Section 2 for
more details about the robot). It has shown potential in stimulating CT development
in preschoolers [8]. There is evidence that it is also well-suited to support groups of
children learning together with one robot [1].

Robotito enables children to work on sequencing tasks that include abstraction,
decomposition, route planning, and debugging. However, it consistently responds the
same way to coding cards, which prevents it from addressing advanced programming
concepts like conditionals. Conditionals are a critical component of many CT defi-
nitions [6, 10, 24], and validated CT tests for children aged 5 to 6 [18, 30] evaluate
understanding of conditionals.

Recognizing the importance of conditionals, we decided to extend Robotito’s capa-
bilities to include this concept. We developed three prototypes for integrating condi-
tionals into Robotito’s functionality and a simulator to illustrate these ideas without
needing to implement them in the physical robot. We evaluated our prototypes with
experienced teachers to identify strengths and weaknesses of each prototype, and select
the most appropriate for preschool context (see Section 3).

In the next step, we incorporated activities with conditionals and Robotito’s sim-
ulator into Robotito curricula. The second part of this work (see Section 4) presents
the results of an ER intervention with Robotito aimed to prompt the development of
CT in level 5 kindergarten children. To measure the impact of the intervention, we
adapted two validated CT tests and administered them before and after the activities.
Additionally, the children’s understanding of Robotito related concepts was assessed
using a custom assignment, the Robotito Test.

2 Robotito

Robotito is an educational robot developed at Universidad de la República (Uruguay),
designed to teach children CT concepts such as trajectory planning, sequencing, de-
composition, and debugging.

On its underside, it has a sensor that allows to detect color cards placed on the floor.
It responds to these cards by changing its movement direction according to the detected
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Figure 1: Left: A schema of Robotito’s response to color cards. The robot moves
forward with yellow, left with red, backward with blue and right with green. Purple
makes it spin. Right: An example of children solving a programming task.

color: yellow makes it move forward1, red to the left, blue makes it move backward,
green to the right, while purple makes it spin (see Figure 1). It also responds with
lights to the detected color cards. The robot indicates with four LEDs the direction it
will move after sensing a particular color (see light references indicating color-direction
relationship in Figure 1). When it detects a yellow, red, blue, or green card, additional
LEDs light up to indicate the robot’s movement direction. In the case of a purple card,
all lights illuminate in purple.

During the ER actvities it is typically used with square color cards and a white
mat divided into 4×4 units, 20cm×20cm each. The mat provides a homogeneous white
background that enhances card detection by covering any distracting floor colors.

3 Development of conditionals

We evaluated different ideas for implementing conditionals in Robotito with three
experienced teachers using prototypes with a different grade of fidelity.

3.1 Conditionals prototypes

We developed three ideas for implementing conditionals: color frame, musical mode,
and split card. Each of these allows the robot to respond differently to the same coding
card based on the evaluation of boolean expressions.

1Robotito has no front, so the relation to directions “forward”, “backward”, “left” and “right” are
used only to distinguish its four predefined directions.
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Figure 2: On the left: An example of the implementation of color frame prototype.
Depending on the state the robot responds to color cards or to rainbow color cards. In
the middle: Paper prototype of the split card. When the robot approaches the card from
the bottom, it senses blue and moves in the direction indicated by the blue arrow. When
it approaches from the right, it senses green and moves in the direction indicated by the
green arrow. Approaching from the left, it senses yellow, and from the top, it senses
red. On the right: An example of musical mode activation and deactivation. The robot
moves according to the color cards and produces activation/deactivation sound when
passing over orange card and plays note associated with the color when passing over
yellow and red card.

3.1.1 Color frame

This prototype enables Robotito to respond differently to color cards based on the it’s
current state. In addition to the standard color cards, we introduce color cards with
frames and a card that changes the robot’s state (see Figure 2). In its normal state,
Robotito detects color cards and ignores rainbow color cards2. In the rainbow state,
Robotito does the opposite: it detects rainbow color cards and ignores color cards. The
change state card is used to switch between states. Consequently, the robot behaves
differently when encountering the same event (color card detection), depending on its
state. The conditional logic expressed by this prototype is:

if mode == rainbow then
if card == rainbowCard then

move(cardColor)
end if

else
if card == colorCard then

move(cardColor)
end if

end if

2The rainbow state is an example of a state the robot could implement. In our evaluations, we
discussed other state changes, such as becoming angry or happy, to illustrate with a concrete example
the new functionality.
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3.1.2 Split card

The split card is a multicolor card containing four sections (see Figure 2). Each section
can have a different color, although it is also possible to have sections with repeated
colors. The direction in which the robot will move after detecting the card depends on
the side from which the robot approaches it. This allows a single card to encode up to
four different directions for the robot. The card can be rotated to solve a programming
task. The conditional logic expressed by this card is:

if comingFrom == bottom then
move(bottomCardColor)

else if comingFrom == right then
move(rightCardColor)

else if comingFrom == left then
move(leftCardColor)

else
move(topCardColor)

end if

3.1.3 Musical mode

This prototype incorporates two states for the robot: the normal state and the musical
state. In the musical state, the robot executes its usual direction changes in response
to color cards but also produces different sounds for each color card (see Figure 2). The
state change occurs when the robot passes over the change state card (orange card) and
is indicated by an activation or deactivation sound. This functionality allows the robot
to perform an additional action—sound reproduction—when it is in musical mode.
The conditional expressed by this prototype is:

if mode == musical then
playSound(cardColor)

end if

3.1.4 Robotito simulator

To evaluate our ideas without the need for immediate implementation in the physi-
cal robot, we developed Robotito simulator. It is a digital version of the robot that
can be deployed as a desktop or Android application. It reflects the behavior of
the robot and has been extended to incorporate additional features that we wanted
to evaluate. The simulator was developed using the Processing 3, a programming
language build on top of Java that facilitates rapid prototyping of interactive sys-
tems. The code of the musical mode and split card simulators can be found in the
following repositories: https://github.com/ewelinka/robotitoMusical, https://
github.com/ewelinka/robotitoSplitCard.

3https://processing.org/
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Id Date Participants Prototype
evaluated

Evaluation type

1 07.06.23 P1, P2 Color frame
Musical mode
Split card

Focus group with both teachers based on oral ex-
planation, paper prototype of new cards, and a re-
searcher simulating Robotito’s actions “by hand”.

2 02.08.23 P1, P2 Musical mode
Split card

Individual interview with each teacher using on
screen Robotito simulator.

3 15.08.23 P3 Musical mode Oral explanation of the new functionality and an
interactive instance with the first implementation
of musical mode in Robotito.

4 19.08.23 P3 Musical mode Asynchronous feedback on a video generated using
Robotito’s simulator.

Table 1: Summary of the evaluation sessions.
.

During evaluations, we utilized the simulator as a desktop application and also used
it to generate videos, which were later shared with teachers. Examples of simulations
of the musical mode and split card can be found on YouTube4.

3.2 Methodology

We conducted four evaluation activities involving three teachers. Each activity was
video recorded and analyzed.

3.2.1 Participants

The participants included: a computing teacher who works with preschoolers and early
primary school students at a private educational center (P1); a teacher who teaches at
both public and private institutions at the preschool and primary school levels (P2);
and a preschool teacher from a public institution (P3). P1 and P2 participated in the
first two evaluation sessions, while P3 participated in the third and fourth evaluation.
All participants work in schools in Montevideo, Uruguay and had more than 15 years
of teaching experience.

3.2.2 Evaluation activities

Before evaluating the prototypes, all teachers were familiarized with Robotito and its
responses to color cards. During the evaluations, we presented our ideas using var-
ious strategies: oral explanations, paper prototypes of new color cards, simulating
Robotito’s actions “by hand” with the robot turned off, utilizing the Robotito simula-
tor, and using Robotito itself. As we made improvements between the evaluations, each
session employed different evaluation materials. Details of each session are provided in
Table 1.

4https://www.youtube.com/playlist?list=PL575oRsFVM9qjtbGgaP6RRVXiNXM176Wu
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3.3 Results

Each evaluation provided valuable input, helping us identify the most appreciated ideas
and focus on potential improvements for subsequent evaluations.

3.3.1 Evaluation #1 (low fidelity prototypes)

We conducted a focus group with P1 and P2 to discuss all the ideas. The session
involved a verbal explanation of each prototype, paper prototypes of new cards, and a
researcher simulating Robotito’s actions “by hand”.

Color frame The idea of additional cards and an internal state that completely
alters the robot’s reaction to color cards was considered complex. P2 remarked that
“everything changes” and that “there are two parallel universes.”

To provide a concrete example that would justify the use of color frames, P2 sug-
gested an activity based on missions. In this scenario, the robot might fall or crash if it
follows a path composed of only one type of card (either directional cards or directional
rainbow cards, depending on the state). The challenge would be to change the robot’s
state at the appropriate moment to avoid these unwanted situations and achieve the
goal, although P2 admitted, “Still, it is difficult.” P1 envisioned that borders could
have textures influencing the robot’s behavior, such as a green border with a grass tex-
ture that slows the robot down. She suggested that patterns on the borders could be
more concrete and have an immediate effect that is easily understood at the preschool
level.

Split card P1 questioned the benefits and new challenges introduced by the split
card: “In the end, it does the same as if you put this (blue card) here. Why do you
divide it into four? What makes it different?” P2 suggested that “Perhaps you can
give the card with four colors to the child and the child has to decide how to rotate
it.” They noted that the robot’s starting position and orientation should be predefined
so the child can solve the task. P2 observed, “I have to consider where it starts, what
will be the first color that it senses, and which direction it will go.” Additionally, they
mentioned the need to account for the number of coding cards or obstacles to ensure
the children would use the split card. Both teachers admitted that using the split card
was not straightforward. P2 stated, “You have to think well about the tasks,” and
P1 added, “You have to consider the context.” P2 summarized these considerations by
stating, “The use of the (split) card is somehow forced.”

Despite these concerns, P2 remarked that she really liked this idea and P1 found it
attractive.

Musical mode After the researcher’s explanation, the teachers immediately focused
on the idea of creating melodies using color cards. We discussed potential issues, such
as when the robot should repeat two notes, causing it to loop between two cards, and
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then play a new note. In this scenario, the card with the new note should be placed
while the robot is moving to interrupt the loop. P1 suggested that when the robot
is in musical mode, it could maintain a fixed movement direction and only read the
notes: “Do not modify the direction variable, leave it fixed.” She was enthusiastic
about working on sequencing using popular melodies or songs, such as “Baby Shark.”
She stated, “The song guides the order,” and “the ear corrects you.”

Summary All the prototypes presented challenges that were noted by the teachers.
They proposed various ideas to overcome these challenges and considered classroom
activities that could employ each prototype.

The color frame prototype was the only one that did not receive positive feedback,
and the potential activities with it were considered difficult. Therefore, we focused
further evaluations on the split card and musical mode.

3.3.2 Evaluation #2 (simulator)

During the second evaluation, we used the simulator to provide an interactive expe-
rience with the musical mode and split card prototypes. We worked with P1 and P2
separately.

Musical mode In the digital version of the musical mode, the card used to activate
and deactivate musical mode would make a sound corresponding to on or off, with
musical mode adding a musical note to the change of direction. This implementation
of the musical mode was easily understood by both teachers. P1 remarked, “Ah! It
[the color card] converts into notes. In addition to direction, it is a note.” She also
commented on the clarity of the activation and deactivation sound: “It is understand-
able that the sound is turning on and off. It’s very clear.” She was confident that
children would understand the musical mode: “The only thing that changes is that
it incorporates sound. It is not a substantial change. [...] It doesn’t confuse, doesn’t
dazzle, this is what I’m saying.”

Both teachers agreed that activating and deactivating the musical mode with the
same card was a good idea. P1 noted, “with the same [card] it’s easier, thinking in
practice.”

P1 envisioned composing simple melodies as a sequencing exercise. Although only
four notes can be used with four colors, she did not see this as a problem: “At the initial
level we do simple things,” and “more sequence is more abstraction and more difficulty.”
She saw composing as engaging and emphasized that “when they [the children] are
motivated they will want to spend more time working with the code.”

P2 also showed interest in programming simple songs but saw working with only four
sounds as a limitation. She revisited the idea from the first evaluation session, where
the robot in musical mode does not change its direction but only reads the color cards
as notes. This way, the robot would move as usual with color cards or go in a straight
line while reproducing the sounds associated with the color cards. She considered
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combining these two modes challenging: “We are dividing [children’s] attention between
two different things, and we are working with young children.” However, she saw it as
viable for level 5 kindergarten (children aged 5 to 6) after some initial work with the
concepts. The basic version of the prototype, in which the robot moves with the colors
and in musical mode also reproduces the sound, was considered easy to understand:
“The only thing that you add is that it makes sound, the movements do not change”
(P2). An exercise where the children have to activate and deactivate the sound to
create silence or sound in specific parts of the route was considered viable: “It’s a good
proposal,” stated P2.

Split card The split card prototype was less discussed. P1 considered it accessible
for the children since they only need to apply the color-direction rule that they already
know. She imagined an introductory exercise where the normal color card is replaced
by the split card to demonstrate that “it is the same.”

P2 was more enthusiastic, stating, “It’s incredible, I love it.” She found it suitable
for preschoolers and highlighted that it allows working on problems using a trial-and-
error strategy.

Prototypes’ ranking We asked the teachers to rank the prototypes based on their
suitability for preschool-level education.

P1 found both ideas attractive for preschoolers. Regarding which prototype would
allow her to offer more engaging activities, her preference was musical mode. While
she found the split card idea attractive, she noted its limitation, stating, “It is not
more than changing the direction.”

P2 shared the same preferences, stating, “I would start with the musical one; I
really like the musical one. Then the split card; I really like that one too.”

Robotito simulator Both teachers spontaneously mentioned that the Robotito sim-
ulator could be used to introduce Robotito to children before working with the real
robot. P1 commented on the benefit of having both virtual and tangible formats: “If
I have to work on it [an activity with Robotito], I would like to explain a little bit of
theory, [...] let them see it first [on the screen], and then we do it [with the robot]. This
way, their anxiety decreases since they have already seen it and know how it works, and
the child is more self-regulated.” P2 found that “it [the simulator] is excellent to work
beforehand” and “[in the simulator] we observe what it does and then, we translate it
into [robot’s] trajectory.”

When asked if the digital version was understandable or perhaps too abstract, both
agreed that the representation of the robot and the mat were appropriate. P1 remarked,
“No, it is perfect, less is more.”

Summary Both teachers ranked musical mode as their preferred prototype for young
children due to its potential for developing playful activities involving sound and move-
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ment. It was deemed more engaging compared to solely focusing on directional changes,
as seen with the split card.

Interestingly, both teachers highlighted the benefits of using the Robotito simulator
to introduce Robotito to children before using the physical robot. They appreciated
the combined use of virtual and tangible formats to provide better learning experience.

3.3.3 Evaluation #3 (high fidelity prototype)

During the third evaluation, the researcher that led the session presented to P3 the in-
robot implementation of musical mode. The educator spontaneously began interacting
with the robot, attempting to make it play the first part of Beethoven’s composition
“Für Elise.” The challenge of composing a melody with four notes while the robot
changes direction with each color was considered complicated. “It is too much,” stated
P3. She acknowledged that “they [the children] will love it” and that it “sparks cre-
ativity,” but felt it was too complex for kindergarten.

The researcher mentioned that in previous evaluations, the idea of fixing the move-
ment direction in musical mode had been proposed so that children could focus on the
notes without needing to think about direction changes. However, this idea did not
convince P3. She found using the same cards for both directions and music confusing.
She explained that the idea could work “if these cards had a drawing of a musical note
or something to differentiate them from the others, otherwise, it’s a mess.”

P3 considered the concept of passing in silence or making sound in some parts of
the robot’s route much more viable: “[The option] to go with sound or without sound
is great.” She was undecided on whether there should be two separate cards to activate
and deactivate the musical mode, or if one card would suffice.

Summary During the third evaluation, the teacher found the musical mode engag-
ing but too complex if the objective is composing melodies while managing direction
changes. The idea of fixing the robot’s direction in musical mode to focus on notes
was not convincing. The concept of the robot passing in silence or making sound at
specific points was seen as more viable. There was uncertainty about whether one or
two cards should be used to activate and deactivate the musical mode.

3.3.4 Evaluation #4 (simulator’s video)

The video of the musical mode simulator5 presented to P3 was deemed “super clear.”
She found that it accurately reflects Robotito’s behavior that she experienced in the
previous evaluation session: “I think I was watching exactly how the robot works.”
However, she noted the absence of visual feedback to indicate whether Robotito is
in musical mode: “What caught my attention [...] is that there’s nothing visually
indicating that it’s in musical mode. I didn’t see any different light turning on; you
can only tell if you hear the sound or not.”

5https://www.youtube.com/watch?v=Ju89amk-yTs
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3.4 Discussion

3.4.1 Prototypes

All the prototypes we evaluated presented certain challenges, and exchanges with the
teachers helped us focus on the most viable ideas and incorporate improvements.

The color frame prototype was considered too demanding, as it relied on an if-
then-else condition that would require children to manage “two parallel universes,”
each with a different set of coding cards. In contrast, the other prototypes were sim-
pler, requiring only one additional coding card. Both were found attractive, but the
decisive factor in the teachers’ preferences was the potential to explore new actions in
musical mode. Sound reproduction was considered engaging, and activities involving
passing through certain parts of the robot’s route in silence or with sound were seen
as accessible for preschoolers. While the teachers were enthusiastic about composing
melodies, they were also aware of the difficulties associated with combining sound and
direction or separating the musical mode from the directional mode. The viability of
music composition should be validated in future studies.

The interaction with the teachers helped validate specific aspects of the musical
mode implementation. For example, the teachers suggested using a single card to acti-
vate and deactivate the mode. They also provided examples of activities and identified
potential improvements, such as adding visual cues to indicate whether the robot is in
musical mode.

3.4.2 Robotito simulator

The teachers saw the simulator as a valuable tool for introducing Robotito to children.
They noted that presenting the robot on a screen or projecting it onto a whiteboard
would be less distracting for the children since it cannot be touched or grabbed. They
envisioned using it to explain the color-direction relationship or introduce a specific
activity before interacting with the real robot, thereby reducing the children’s anxiety.

The enthusiastic reaction of the teachers helped researchers envision the simulator’s
use as a tool not only for introducing the robot but also for practicing programming
individually. The same code used to generate the desktop simulation can be deployed as
an Android application, allowing interaction with digital coding cards and an on-screen
Robotito by dragging them with a finger. Given that each public preschool in Uruguay
is equipped with Android tablets, we began considering incorporating programming
Robotito on the tablet as part of Robotito’s curriculum.

Although the simulator can help in practicing robot programming individually, it
is essential to combine its use with hands-on experiences with the actual robot. While
the simulated Robotito scenario is useful for practicing trajectory programming, it
lacks the ability to incorporate new elements, making it challenging to engage children
through activities like personalizing the robot or adding characters and decorations
to build a narrative. The limited flexibility of the simulated scenario also hampers
integration with preschool curricula. We consider that simulators can reinforce the
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learning experience, but they should be complemented by tangible robots that offer
concrete materials and greater flexibility for incorporating new elements.

4 Field study

Drawing from the insights gained during prototypes evaluation, we enhanced Robotito’s
capabilities by adding a musical mode. We then incorporated activities involving both
Robotito’s simulator and the new musical mode into the curriculum implemented dur-
ing the field study.

The following research questions guided the field study:

• What was the impact of activities with Robotito on children’s computational
thinking development?

• Can preschool children understand and successfully use conditionals?

• Is there a correlation between the validated PC tests and between the tests and
Robotito Test?

4.1 Methodology

We conducted a study with a quasi-experimental design to evaluate whether a cur-
riculum of eight educational robotics (ER) sessions with Robotito influenced the de-
velopment of computational thinking in the active group, compared to the control
group. The study involved an active group (AG) composed of two classes (A1, A2)
and a control group (CG) consisting of one class. The activities focused on trajecto-
ries planning, sequencing, and conditionals. We adapted two validated CT tests for
preschoolers to measure CT levels before and after the activities. We also developed
a custom assignment, the Robotito Test, to evaluate children’s understanding of the
concepts introduced in the ER sessions. This test was administered after ER sessions
and only to the AG.

4.1.1 Robotito

As discussed in Section 2, Robotito moves in response to five color cards: yellow, green,
blue, red and purple. In this study, two additional color cards were introduced: orange,
for conditional music reproduction, and pink, to familirize children with the concept
of modularization. After detecting the pink card, Robotito moves one step forward
(yellow direction), then one step right (green direction), and stops the movements.
During the execution of this “pink step,” the robot ignores all other color cards.
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4.1.2 Participants

We worked with 56 preschoolers from level 5 (5 to 6 years old) at a public kindergarten
in Montevideo, Uruguay. Two classes (A1 with 17 students and A2 with 19 students)
formed the AG, and one class (20 students) was the CG. A1 attended the kindergarten
in the morning, and A2 and CG were the afternoon groups. The assignment to the
AG and CG was decided by the kindergarten’s principal.

4.1.3 Activities

We conducted eight ER activities with Robotito between November and December of
2023 (see Table 2). The activities were designed taking into account lessons learned
from two exploratory studies [3], new capabilities of the robot, and ideas from a
preschool teacher who worked with Robotito in her classroom. A detailed descrip-
tion of all activities can be found in Appendix E.

4.1.4 Data collection and analysis

We assessed children’s CT levels at two time points: before starting the activities with
Robotito and at the end of all sessions. We also examined children’s knowledge related
to the concepts addressed in the activities with Robotito using the Robotito Test that
we developed. All the tests were administered individually to the children, and three
evaluators participated in the evaluation process. We performed statistical analysis
and data visualization using the R programming language 6.

Additionally, we video recorded all the activities and the Robotito Test adminis-
tration to enrich our analysis with qualitative data.

Evaluation Instruments We adapted two CT tests [18, 30] to measure CT before
and after the activities. We chose them because they are the only existing validated
tools for our age group. Additionally, we developed a custom test, the Robotito Test, to
evaluate children’s understanding of the concepts introduced during the ER activities.

The Beginners Computational Thinking Test (BCTt) [30] targets children aged 5
to 12 and consists of 25 items assessing Sequences (6), Simple Loops (5), Nested Loops
(7), If-then Conditional (2), If-then-else Conditional (2), and While Conditional (3).
We tailored the test by retaining items relevant to our study and reducing the number
of questions related to Loops, as they were not explicitly addressed in our curriculum.
Our adapted version comprises 13 items, covering Sequences (items 1 to 6), If-then
Conditional (items 7 and 8), Simple Loops (item 9), and Nested Loops (items 10 to
13). These items correspond to items 1, 2, 3, 4, 5, 6 (Sequences), 19, 20 (If-then
Conditional), 8 (Simple Loops), 13, 14, 15, 17 (Nested Loops) in the original BCTt.
The tailored test used in the study can be found in Appendix A.

6https://www.r-project.org/
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Activity Date, class (nr of
children)

Modality of
work

Main goal of the session

#1 06.11.23 A1 (14)
06.11.23 A2 (18)

Whole class to-
gether.

To introduce Robotito and how
it moves with yellow, red, green
and blue color cards.

#2 10.11.23 A1 (16)
10.11.23 A2 (18)

The class split-
ted in two
groups.

To reinforce how the robot re-
sponds to color cards through
an embodied experience.
To observe that the color cards
should be placed in the robot’s
trajectory.

#3 20.11.23 A1 (16)
17.11.23 A2 (18)

The class split-
ted in two
groups.

To understand that directing
the robot depends on the color
of the coding card and the
robot’s rotation.
To reinforce that the color cards
should be placed in the robot’s
trajectory.

#4 22.11.23 A1 (16)
20.11.23 A2 (19)

Whole class to-
gether.

To reinforce how the robot
responds to color cards through
more individual interaction
with Robotito’s simulator.
To practice route planning, se-
quencing and sequence decom-
position.

#5 24.11.23 A1 (15)
24.11.23 A2 (15)

The class split-
ted in two
groups.

To plan Robotito’s trajectories,
select the corresponding color
cards, and place it in space.
To introduce conditional music
reproduction using the orange
card.

#6 27.11.23 A1 (14)
24.11.23 A2 (16)

The class split-
ted into small
groups.

To practice coding Robotito’s
routes and reinforce how it re-
sponds to the orange card.

#7 29.11.23 A1 (14)
29.11.23 A2 (17)

The class split-
ted in two
groups.

To introduce a pink card that
makes the robot execute a
prerecorded sequence of move-
ments and stop.

#8 04.12.23 A1 (14)
04.12.23 A2 (18)

The class split-
ted into small
groups.

To reinforce how the robot re-
sponds to the pink card and
practice combining it with the
other coding cards.

Table 2: Summary of ER sessions.
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Figure 3: Task 3 from Robotito Test. Children have to place orange cards so that
Robotito makes sounds near the sun and is silent near the moon.

TechCheck-K [18] is a kindergarten version of TechCheck (a validated CT test that
targets children aged 6 to 9 [19]). It targets children aged 5 to 6, and evaluates 15 items
related to Hardware/software (2 items), Debugging (2), Algorithms (5), Modularity
(2), Representation (2), and Control Structures (2). We used a tailored version of the
test that contained only items relevant in our study, resulting in 9 items focusing on
Algorithms (items 1 to 5), Representation (items 6 and 7), and Control Structures
(items 8 and 9). These items correspond to items 5, 8, 9, 10, 11 (Algorithms), 12,
13 (Representation), 14, 15 (Control Structures) in the original TechCheck-K. The
tailored test used in the study can be found in Appendix B.

Robotito Test was developed to assess children’s understanding of the concepts that
we addressed in the ER activities. All the tasks represent on paper a typical activity
setting (Robotito, a 4×4 units grid, and color cards). See Appendix D to visualize the
test.

In the first task, children have to choose the colors of two coding cards to guide the
robot to the purple card. The route and cards’ locations are predetermined, requiring
only the selection of cards’ colors. This task assesses whether children understood the
color-direction relationship and can deduce it from a particular robot’s orientation to
solve a specific sequencing task.

The second task entails designing a sequence of movements for the robot to reach
the purple card while defining both the location and color of the coding cards.

In the third task, children’s comprehension of conditional music reproduction is
evaluated. Here, the U-shaped sequence of the robot’s movements is predetermined,
with corresponding cards already in place (see Figure 3). Children are tasked with
positioning orange cards to activate or deactivate Robotito’s sounds at two specific
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points along its route.
The fourth task evaluates the correct usage of the pink card. With the robot

initiating its movements on the pink card and aiming to reach the purple card, children
are asked to place the missing cards to complete the programming sequence.

We provided the children with four color cards (yellow, red, green, blue) to solve the
task 2 and 4, and with two orange cards to solve the task 3. Each task was evaluated
as correctly solved (1 point) or incorrectly solved (0 points) without decimal scores.
Administration was conducted by a single researcher, who could scaffold children with
questions like:

• “Can you show me with your finger how the robot will move?” (Task 2 and 4)

• “How does the robot move with the pink card?” (Task 4)

and explain issues that were different between the on-paper robotic task and the real
robot acting:

• “It is ok to cover the robot with a color card, it’s the same as placing it below
the robot.” (Task 2)

• “You can not cover printed color cards with the orange card.” (Task 3)

These measures aimed to enhance qualitative analysis by providing insight into
children’s reasoning and comprehension, and ensure that the children understood the
on-paper programming setting.

Statistical analysis We conducted statistical analysis to identify differences between
PRE and POST scores across the AG (comprising A1 and A2) and CG in CT tests
(tailored TechCheck-K and BCTt), correlations between CT tests, and correlations
between Robotito Test and CT tests. We used the Shapiro-Wilk test [23] to assess
the normal distribution of the samples and Bartlett’s test [4] to examine the variance
between groups. Group comparisons were performed using the two-sample t-test [7],
the Wilcoxon rank-sum test [29], and factorial ANOVA [28]. Comparisons between
PRE and POST results within the same group were made using the paired t-test [13]
and the Wilcoxon signed-rank test for paired data [29]. Wilcoxon tests were used
when the data did not follow a normal distribution. The correlation between the tests’
scores was calculated using the Pearson correlation coefficient (PCC) [12] for data that
follows a normal distribution, and the Spearman rank correlation coefficient (rho) [25]
otherwise.

4.2 Results

We analyzed whether there was a difference between the AG (composed of A1 and A2
classes) and CG in overall scores (PRE and POST scores together) and in PRE and
POST scores separately. We were also interested in determining whether there was
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Figure 4: Boxplots of PRE and POST total scores of each class.

an improvement in any specific CT concept (Sequencing, If-then Conditional, Simple
Loops, and Nested Loops in case of BCTt; Algorithms, Representation, and Control
Structures in case of TechCheck-K) and if our results were similar to those reported in
the literature. Finally, we analyzed if the tests’ results show any correlation.

The tests’ results can be consulted in Appendix G (BCTt), Appendix H (TechCheck-
K), and Appendix I (Robotito Test) or downloaded from https://drive.google.com/

drive/folders/1FrFkTNljsb23nL3QeeY-3FdFHHOhwJ_v?usp=sharing.

4.2.1 BCTt

PRE and POST scores in AG and CG All the samples that we compared had
a normal distribution, so we performed two-sample and paired t-tests, and factorial
ANOVA analyses.

Was there a significant difference in PRE or POST scores between AG and CG?
The two-sample t-test revealed a significant difference (p=0.018) between the BCTt

scores of the AG (mean=6.889) and the CG (mean=8.2). Although the AG had a
lower mean PRE score than the CG (see Table 3), this difference was not statistically
significant (p=0.058). Both groups improved their performance in the POST test;
however, the mean POST score of the AG (mean=7.417) did not manage to reach
the mean PRE score of the CG (mean=7.75). There was no statistically significant
difference between the POST scores.

We further analyzed PRE and POST scores by dividing the AG into classes (see
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PRE POST

CG 7.75 8.65
AG 6.361 7.417
A1 6.0 6.053
A2 6.684 8.211

Table 3: BCTt mean PRE and POST score of the AG, A1, A2 and CG.

Table 3 and Figure 4) to identify any differences in performance between the active
groups (A1 and A2) and between the active groups and the CG.

We found a significant difference in PRE test scores between A1 and CG (p=0.043),
but not between A2 and CG, nor between A1 and A2. Similar results were observed
when comparing POST scores: there was a significant difference only between A1 and
CG (p=0.015).

Have the groups improved their scores?
We conducted paired t-tests separately for each group to assess whether there was

a significant improvement within each group.
The paired t-test demonstrated that the AG significantly improved its BCTt score

(p=0.034, mean difference=0.9), while the CG showed no significant improvement.
Class-by-class analysis revealed that only A2 significantly improved its BCTt score
(p=0.042, mean difference=1.526), whereas A1 showed no statistically significant im-
provement.

Does the change in scores over time depend on the group variable?
Factorial ANOVA confirmed a significant difference (p=0.019) between the AG and

the CG overall scores (PRE and POST scores together), indicating that, in general, the
CG performed better than the AG. At the interaction level, which considers both time
and group, the only significant difference found was between CG:POST and AG:PRE
(p-value=0.020).

The analysis of the three classes (A1, A2, CG) showed a significant difference
(p=0.009) in scores only between A1 and CG groups. The interaction between PRE
and POST conditions and the three groups indicated a significant difference only when
comparing A1:PRE and CG:POST. The significant difference between A2:PRE and
A2:POST scores identified using the t-test was not confirmed by the ANOVA analysis.

PRE and POST concept scores in AG and CG We grouped the scores of
questions related to Sequencing, If-then Conditional, Simple Loops, and Nested Loops
(see Section 4.1.4 for questions related to each concept) and compared the scores.

Which concepts related to CT improved over time?
To determine which concept scores improved over time, we compared PRE and

POST scores of each group (AG, CG, A1, A2). In only four cases (A2 Sequencing,
A1 If-then Conditional, CG and A2 Nested Loops) did the difference between PRE
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Id in adapted BCTt
used in our study

BCTt item id Percentage of correct
answers for the first

educational stage in [30]

Percentage of
correct answers in

our study

1 1 93% 62%
2 2 93% 64%
3 3 91% 73%
4 4 89% 61%
5 5 76% 52%
6 6 87% 57%
7 19 71% 50%
8 20 41% 29%
9 8 77% 50%
10 13 76% 64%
11 14 55% 27%
12 15 27% 25%
13 17 96% 71%

Table 4: Percentage of correct answers for items evaluated in our study. Comparison
of Table 17 values from [30] and our score calculated as a mean PRE value of all groups
(A1, A2, CG).

and POST scores show a normal distribution. For these cases, we performed a paired
t-test; for the others, we used a Wilcoxon signed-rank test for paired data.

Sequences and Nested Loops scores showed no significant difference when comparing
PRE and POST scores of any group. The If-then Conditional score improved only in
the CG (p-value=0.044), and Simple Loop score in the AG (p-value=0.022).

Comparison with other studies To determine if our results align with those re-
ported in the literature, we analyzed studies that report BCTt scores. We found only
two relevant studies providing a percentage of correct answers for our age group. The
study by Zapata-Cáceres et al. [30] presents the percentage of correct answers by con-
cept (see the first column in Table 5) and by individual question (see the third column
in Table 4) for children aged 5 to 8. The second study by Zapata-Cáceres and Fan-
champs [31] presents the percentage of correct answers grouped by concept specifically
for 5-year-olds (see the second column in Table 5).

Percentage of correct answers of each item
Correlation analysis of the percentage of correct answers for each item revealed

strong (rho=0.930) correlation between Zapata-Cáceres et al. [30] results and the PRE
test results for all samples (AG and CG combined). Although the scores of [30] are
consistently higher than ours (see Table 4), this discrepancy is expected, as they report
scores for the first educational stage that includes children between 5 and 8, while our
study was conducted with younger children aged 5 to 6.

Percentage of correct answers grouped by concept
When analyzing percentage of correct answers grouped by concept (see Table 5),
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Zapata et al. [30] Zapata-Cáceres and
Fanchamps [31]

Our study

Sequences 90% 59% 62%
If-then Conditional 44% 30% 39%

Table 5: Percentage of correct answers for Sequences and If-then Conditional. Scores
reported in Figure 15 in [30], Table 3 in [31], and our score calculated as a mean PRE
value of all groups (A1, A2, CG).

we found that our PRE scores for the entire sample (AG and CG combined) were
similar to the results reported by Zapata-Cáceres et al. [30] and Zapata-Cáceres and
Fanchamps [31], except for the Sequences scores from [30], which were significantly
higher than our results.

Summary of BCTt results Our analysis showed that in general, CG performed
significantly better than AG. However, when comparing only PRE or POST scores
individually, no statistically significant difference was observed between the two groups.
Between classes comparisons showed a significant difference between A1 and CG.

Comparison of PRE and POST scores of the groups showed that AG significantly
improved its scores, and class-by-class analysis showed improvement only in the case
of A2. When analyzing CT concepts, we observed only two improvements- the If-then
Conditional score in CG and the Simple Loop score in AG.

The ANOVA interaction between time and group variables demonstrated a signifi-
cant difference only when comparing A1:PRE and CG:POST, which indicates that the
changes in scores over time (PRE, POST) do not depend on the group variable (AG,
CG, or A1, A2, CG).

The BCTt percentage of correct answers for each item showed strong correlation
between our PRE test results and those reported in [30]. When grouped by concept,
our PRE results were similar to those in [30] and [31], except for the Sequences score
reported in [30], which was higher than our result.

4.2.2 TechCheck-K

We analyzed if there was a difference between the AG and the CG in overall scores
(PRE and POST combined) and between PRE and POST scores of each group (AG,
CG, A1, A2). We were also interested if there was an improvement in any specific
concept related to CT (Algorithms, Representation, and Control Structures).

PRE and POST scores in AG and CG We analyzed the distribution of the
overall scores of the AG and the CG, and PRE and POST scores of all groups (AG,
CG, A1, A2). Only overall AG scores and AG:PRE scores did not follow a normal
distribution.
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PRE POST

CG 4.65 5.0
AG 4.639 5.278
A1 4.418 5.176
A2 4.842 5.368

Table 6: TechCheck-K mean PRE and POST score of the AG, A1, A2, and CG.

Was there a significant difference in PRE or POST test between AG and CG?
To compare the scores, we used a two-sample t-test or, if the data had a non-

normal distribution, we used the Wilcoxon rank-sum test. We observed that general
TechCheck-K scores and PRE and POST scores were similar in AG and CG (see Table
6), and a statistical analysis confirmed that there was no significant difference between
the scores.

We compared PRE and POST scores between active classes (see Table 6), and PRE
and POST scores of each class compared to CG, but these more detailed analyses did
not reveal any significant differences either.

Have the groups improved their scores?
We compared PRE and POST values of all groups to see if there were significant

changes. In the case of A1, the difference between POST and PRE scores did not have
a normal distribution, so we used the Wilcoxon signed-rank test for paired data to
compare the data, in all other cases, we used the paired t-test. None of the comparisons
showed a significant difference between the scores.

PRE and POST concept scores in AG and CG We grouped the scores of
questions related to Algorithms, Representation, and Control Structures (see Section
4.1.4 for questions related to each concept) and compared the scores.

Which concepts related to CT improved over time?
To define which concepts improved over time, we compared PRE and POST scores

of each group (AG, CG, A1, A2). We used the paired t-test, and in the cases of score
difference with non-normal distribution (A2 Algorithms, AG and A2 Representation,
and all groups in Control Structures), we used the Wilcoxon signed-rank test for paired
data. Only the AG Control Structures significantly improved over time.

Comparison with other studies We identified three publications that report scores
of individual items [18] or CT concepts [20, 14] at kindergarten level. The studies
involved 89 kindergarten students in [18], 395 in [20], and 24 in [14].

Percentage of correct answers of each item
Relkin and Bers [18] report the percentage of correct answers of each TechCheck-K

item (see the third column in Table 7). We observed a strong correlation (rho=0.782)
between the percentages of correct answers of the entire group (AG and CG combined)
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Id in adapted
TechCheck-K

used in our study

TechCheck-K
item id

Percentage of correct
answers for kindergarten

estimated from [18]

Percentage of
correct answers in

our study

1 5 58% 48%
2 8 59% 68%
3 9 60% 57%
4 10 55% 39%
5 11 33% 27%
6 12 33% 27%
7 13 31% 41%
8 14 67% 84%
9 15 56% 73%

Table 7: Percentage of correct answers for items evaluated in our study. Comparison
of values estimated from Figure 4 from [18] and our scores calculated as a mean PRE
value of all groups (A1, A2, CG).

in the PRE evaluation and those reported in their study (see Table 7).
Percentage of correct answers grouped by concept
Relkin et al.’s [20] study provides a percentage of correct answers for each CT

concept (see the first column in Table 8). Our results are similar, with our scores being
slightly higher for Algorithms and Representation and considerably higher for Control
Structures. Lin et al.’s results [14] (see the second column in Table 8) were slightly
higher than our results.

Summary of TechCheck-K results We compared the overall, PRE, and POST
scores of AG and CG and found no significant differences. There was also no difference
when we compared the scores across classes.

None of the groups significantly improved its general, PRE, or POST score. Only
AG improved the score of Control Structures over time.

As the comparisons of the PRE and POST scores showed no differences, we did not
conduct ANOVA to analyze if the change in scores over time depends on the group
variable, as we did when analyzing BCTt scores.

We observed a strong correlation between the percentage of correct answers of each
item for our entire sample and those reported in Relkin and Bers [18]. When analyzing
percentage of correct answers by concept, our results were similar to those in Relkin
et al. [20], although our score for Control Structures was considerably higher. The
scores reported by Lin et al. [14] were slightly higher than our results.

4.2.3 Robotito Test

We conducted a quantitative analysis of the scores and a qualitative analysis of the
videos from the test administration process.
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Relkin et al. [20] Lin et al. [14] Our study

Algorithms 42% 53% 48%
Representation 32% 34% 34%
Control Structures 58% 84% 79%

Table 8: Percentage of correct answers for three CT concepts. Scores from Relkin et
al.[20] were estimated from Figure 3. Scores from Lin et al. [14] were reported directly in
Table 6; for comparison, we averaged the PRE scores of the plugged and unplugged group
and converted them into percentages by dividing them by the maximum possible score
for each concept (5 for Algorithms and 2 for Representation and Control Structures).
Our scores were calculated as a mean PRE value of all groups (A1, A2, CG).

Quantitative All the children correctly solved task 1 (choosing colors of the coding
cards). Task 2, that required both choosing the color and the place, was correctly
solved by 78% of children. The third task (conditional music reproduction) was solved
by 56% of children, and the last task (the correct usage of the pink card) by 61%.

Overall, 36.1% of the children solved all tasks, 33.3% solved 3 of 4 tasks, 19.4%
solved 2 tasks, and 11.1% solved only the first task.

Qualitative We present general observations along with the task specific ones.
General observations
SIMULATION. Overall, children did not rely on simulating Robotito’s trajectory

with their finger to determine the color and placement of the coding cards. However,
in certain instances, simulating the path helped them to detect errors or determine the
appropriate placement for the next color card.

CARD POSITION IN THE GRID. During tasks 2 and 4, some children correctly
selected the colors of the cards but struggled with positioning them on the grid. For
instance, they placed the second card too closely to the first one, causing the robot to
change direction too soon. Alternatively, they positioned the card next to the robot’s
trajectory rather than directly within it.

AMOUNT OF CODING CARDS. Some children wanted to create trajectories that
required more than the four color cards initially provided. This occurred when they
aimed to create longer routes or used “redundant cards,” placing two cards of the same
color next to each other, even though the second card was unnecessary as it did not
alter the robot’s movement direction.

MOVING ROBOT IN SPACE. Some children struggled to understand how to use
the color cards to move the robot in space. Two children placed the color cards adja-
cent to each other without considering the colors’ meanings, effectively creating “a path
from color tiles” rather than using the colors to indicate directions. In some instances,
children believed the robot could move diagonally, although this movement is not sup-
ported by the robot. Additionally, when asked to demonstrate the robot’s movement
with their finger, some children indicated that the robot would change direction in
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locations where no color cards were present.
Task 2
COVERING ROBOTITO. In some cases, task 2 caused confusion among children

regarding whether it was correct to cover Robotito’s image with a color card. To com-
plete the task, children needed to select a color card to initiate the robot’s movements,
placing it where the robot was drawn. Some children noted that it was impossible to
put the color card beneath the robot and asked questions like, “It [the color card] goes
above, or what?” Covering the robot with the first color card caused that the children
had to lift it to check the color arrows on the robot and complete the task.

Task 3
This task caused different confusions and led to unexpected solutions.
COVERING COLOR CARDS. Many children tended to place the orange cards on

top of the color cards that coded the U-shaped route. In these situations, the evaluator
had to indicate that the color cards should not be covered.

IMPRECISE INSTRUCTIONS. In this task the children were asked “Where should
we place the orange color cards so that Robotito makes sounds near the sun and is
silent near the moon?” (see Figure 3 to visualize the task.) We observed that some
children were unsure about what “near the sun/moon” meant in the context of the
task. The idea behind the task was to turn on the music mode before the red card (the
card closest to the sun) and turn it off before the blue card (the card closest to the
moon). However, some children placed the orange cards after these cards, interpreting
“near to” more broadly than we intended.

ORANGE CARD FUNCTION. Not all the children understood how the orange
card changes Robotito’s behavior. Some thought it would change the robot’s movement
direction, while others believed that the robot would only reproduce sounds when it
passes over the card, using it to “make sounds” rather than to activate and deactivate
the musical mode. In these cases, children placed only one card close to the sun to
“make sounds near the sun.” One child thought that to deactivate the musical mode,
the orange card should be removed after the robot passed over it and made sounds.

INCORRECT PLACE. Some children tended to place both orange cards together
between the color cards. They placed them in the first part of the U-shaped route
(between the yellow and red card), in the bottom part (between the red and blue
card), or even in the top part of the grid (between the yellow and the purple card),
which was not part of the robot’s route.

One child placed the orange card outside the grid and used it to cover the drawing
of the sun.

Task 4
ALTERNATIVE CARDS. Some children ignored the fact that the robot should

start on the pink card and instead tried to build alternative paths. These paths were
not executed by the robot as they started with color cards placed next to the robot,
but not in its way.

MOVEMENT SIMULATION. Many children simulated the “pink step” (moving
one step in the yellow direction then one step in the green direction) to decide where to
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put the next color card. In some cases, they did not place the next card in the square
where the “pink step” ended but instead placed it in the following square.

Summary of Robotito Test results Although all the children appeared to under-
stand the rules that govern the robot’s behaviors (task 1 was completed by all of the
children), we identified several issues related to correctly positioning the color cards
on the grid and misunderstandings robot’s capabilities (e.g., moving diagonally, or
changing direction without color cards).

We also observed issues arising from the on-paper nature of the test. Children were
confused when they had to cover the robot image with the first card in task 2 or they
tried to put orange cards on top of color cards in task 3—behaviors that were not
observed during ER sessions focused on conditional music reproduction.

Some children used an extra set of color cards to build longer paths or placed
“redundant” cards next to each other.

Test results indicated that task 3 was the most challenging for the children. Diffi-
culties arose due to unclear instructions, a tendency to cover the color cards or place
both orange cards together, and a misunderstanding of the orange card’s function.

In the final task, we observed attempts to “ignore” the pink card, which was defined
as the starting point of Robotito’s route. In this task, children frequently used finger
pointing to define where the robot would stop after executing the “pink step” and
placed the following card there.

4.2.4 Correlations between tests

We analyzed the correlation between two validated CT tests to determine if overall
scores and scores related to similar CT concepts showed a correlation. Additionally,
we sought to validate whether the score of the Robotito Test correlates with the total
score of any of the tests.

We calculated the Pearson correlation coefficient (PCC) for data following a normal
distribution, and the Spearman rank correlation coefficient (rho) otherwise.

TechCheck-K and BCTt We analyzed the correlation between the general scores,
as well as the PRE and POST scores, of both the BCTt and TechCheck-K tests.

The general scores of both tests showed a moderate (almost weak) correlation
(rho=0.398). For PRE scores, the correlation was weak (rho=0.294), and the com-
parison of POST scores indicated a moderate (PCC=0.466) correlation.

Since both tests assess similar CT concepts—TechCheck-K assesses Algorithms
while BCTt evaluates Sequences, and TechCheck-K evaluates Control Structures while
BCTt evaluates If-then Conditionals—we examined whether the scores for these compa-
rable concepts were correlated. In both cases, the correlation was weak, with rho=0.268
for Sequences and Algorithms and rho=0.189 for If-then Conditional and Control Struc-
tures (see Figure 5).
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Figure 5: Correlations between CT concepts. In the top part we see Spearman’s rank
correlation coefficients; in the bottom part the p-values.

For the PRE scores, the correlations were weak (Sequences and Algorithms with
rho=0.101 and If-then Conditional and Control Structures with rho=0.175) and sta-
tistically insignificant. The POST scores showed a moderate (almost weak) correlation
(rho=0.381) in case of Sequences and Algorithms and a weak (rho=0.158), statistically
insignificant correlation between Conditional and Control Structures.

BCTt and Robotito Test We conducted a correlation analysis between BCTt
scores and Robotito Test scores. Since the Robotito Test was administered after ER
activities, we compared its scores only with POST BCTt scores. We observed a mod-
erate (rho=0.634) correlation.

We also analyzed the correlation of BCTt concepts scores with the Robotito Test.
Sequences showed significant moderate (rho=0.61) correlation with the Robotito Test
results.

We looked for patterns of similar behavior of Robotito Test scores and childrens’
responses to questions related to Sequences. We observed that children with high
Robotito Test scores (3-4 points) demonstrated improvement in their performance
across the first 4 items related to Sequences (see Figure 6, specifically columns Seq1,
Seq2, Seq3, and Seq4). These children (n=25) improved their answers in 31% of the
cases, maintained correct answers in 57% of the items, maintained wrong answers in
8%, and worsened the answer in only 4%. Specifically, 48% (12 out of 25) of these
children improved their scores on the first sequencing task, 24% on the second, 16%
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Figure 6: Robotito Test scores and POST BCTt scores in 6 items related to Sequences.
The first column presents Robotito’s normalized score, while subsequent columns reflect
POST scores coded as follows: 1 for correct answers if the child scored 0 in PRE
BCTt test (indicating improvement from incorrect to correct in POST), 0.5 for correct
answers if the child scored 1 in the PRE BCTt test (indicating maintenance of correct
response), 0 for incorrect answers if the child scored 0 in the PRE BCTt test (indicating
maintenance of incorrect response), or -1 for incorrect answers if the child scored 1 in
the PRE BCTt test (indicating a decline in score due to incorrect response).
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Figure 7: Robotito Test scores and POST BCTt scores of CG in the first 4 items
related to Sequences. The matrix scores were coded as in Figure 6.

Seq1 Seq2 Seq3 Seq4

AG-HR 100% (12/12) 67% (6/9) 67% (4/6) 67% (8/12)
CG 80% (4/5) 60% (3/5) 50% (2/4) 57% (4/7)

Table 9: Improvement index for four initial BCTt Sequencing questions. Comparison
between children with high Robotito Test scores from AG (AG-HR) and children from
CG.

on the third, and 32% on the fourth task. We hypothesize that the ER intervention
influenced these improvements, as the CG showed lower improvement rates: 25% (5
out of 20) improvement on task 1, 15% on task 2, 10% on task 3, and 20% on the
fourth task (see Figure 7).

As the possibility of improvement was lower in the CG due to its better performance
in BCTt, we calculated an improvement index for each question. This was done by
dividing the number of improved responses (correct responses in the POST-test follow-
ing incorrect responses in the PRE-test) by the total number of possible improvements
(scores of 0 in the PRE-test). This metric revealed that children with high Robotito
Test scores outperformed the CG (see Table 9).

Also, the correlation between Robotito Test scores and the sum of the scores of the
first four Sequences items showed strong (rho=0.701) correlation.
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TechCheck-K and Robotito Test We identified a moderate (rho=0.457) correla-
tion between TechCheck-K POST and Robotito Test scores.

In the case of Algorithms and Representation scores the correlations with the
Robotito Test were weak (rho=0.092 and rho=-0.099) and not statistically significant.
In contrast, Control Structures showed a significant moderate (rho=0.501) correlation.

Summary of correlations analysis Correlation analysis between TechCheck-K and
BCTt scores showed no strong correlation. Similar CT concepts exhibited weak or
moderate (almost weak) correlations.

The Robotito Test demonstrated a moderate correlation with both validated CT
tests. Upon analyzing CT concepts, moderate correlations were observed between the
Robotito Test and Sequenes (BCTt) and Control Structures (TechCheck-K) scores.
However, the correlation between Robotito Test scores and the sum of the scores of
the first four Sequences items showed strong (rho=0.701) correlation.

4.3 Discussion

The results of our analysis were surprising and left many open questions and future
works.

4.3.1 Outperformance of the CG in BCTt

The comparison between AG and CG BCTt scores revealed a significant, but also
surprising, difference in favor of the CG, which outperformed the AG, particularly the
A1 class. Factorial ANOVA results confirmed a significant difference between AG and
CG, especially between A1 and CG. However, there was no significant PRE-POST
difference nor any interaction effect between time and group, indicating that the group
variable is the sole factor explaining the score differences.

One potential explanation for the surprising difference in BCTt scores could be
the class teachers’ attitudes observed during interactions with the students. The CG
teacher, who had more experience and an established trajectory in kindergarten, main-
tained the children’s patience and focus during activities. She didn’t raise her voice to
manage inappropriate classroom behaviors. In contrast, the A1 teacher was younger
and frequently used an elevated voice and threats to manage the classroom. We specu-
late that the CG teacher’s approach could have influenced the children’s attitude during
the evaluation, helping them focus on the tasks and reflect calmly on their answers.

Given that the analysis of TechCheck-K scores did not reveal any differences be-
tween groups or classes, it is challenging to draw any definitive conclusions regarding
differences in CT levels between the AG and CG.
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Figure 8: Examples of items evaluating control structures in TechCheck-K (left) and
BCTt (right).

4.3.2 PRE-POST improvements within groups

Although we observed a generally better performance of the CG in the BCTt test, a
PRE-POST comparison did not show any significant improvement in this group. There
was no improvement in either BCTt or TechCheck-K scores, leading us to conclude
that while the CG had a higher initial level of CT according to BCTt scores, it did not
improve its performance in any test. In contrast, the AG, particularly the A2 class,
significantly improved its BCTt scores. However, this improvement was not reflected
in the TechCheck-K scores, making it difficult to determine if the AG truly improved
its CT level.

Furthermore, at the level of specific CT concepts, we found disjunctive results.
While the If-then Conditional score of BCTt improved in the CG, its corresponding
concept in TechCheck-K, the Control Structures, showed an improvement in the other
group, the AG.

The way the concept of control structures was represented in both tests (see Figure
8) could have influenced the results. Although both tests focused on if-then rules, they
were incorporated differently. In the BCTt, children had to follow a programming
sequence from top to bottom and analyze each if-then rule to determine if they could
move the baby chicken in the grid. In contrast, in the TechCheck-K, the if-then rules
were fixed and defined from the beginning of the task and had to be used to analyze the
mazes. In the case of BCTt the rules could change as the chicken progresses through
the grid. For example, in the answer A in Figure 8, standing on the cloud in the first
rule makes the chicken move right, while in the last rule, it makes the chicken move left.
This makes the task more complex than simply applying the same rule consistently.
We observed differences in the percentage of correct answers that confirm BCTt tasks
were more difficult: the If-then Conditional tasks of BCTt scored 50% (Item 7) and
29% (Item 8), while the Control Structures of TechCheck-K scored 84% (Item 8) and
73% (Item 9).

Based on this, we could explain the divergent progress results by assuming that the
AG mastered the if-then concept at a less difficult level, while the CG mastered more
complex if-then rules. This discrepancy could also account for the weak and statistically
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insignificant correlation between the two concepts revealed by the correlation analysis.

4.3.3 Comparison with other studies

Comparison with other studies showed strong correlation of our results with the correct
response rate of each item reported in [30] and [18].

Although the scores of each item reported by Zapata et al. [30] are higher than
our scores, this difference could be explained by the fact that their data encompassed
children aged 5 to 8. Despite their higher scores, there is a high correlation with our
results, confirming similar performance among the groups.

Some differences were observed when analyzing correct responses rates grouped by
concepts. Since we compared only two numbers, no statistical analysis was possible;
therefore, we could only express our subjective judgments. Regarding BCTt concept
scores, they were similar to those reported by Zapata et al. [30] and Zapata-Cáceres
and Fanchamps [31], showing particularly high similarity with the latter, which reports
data for 5-year-old children.

Relkin and Bers [18] scores of each item were of similar magnitudes as our results,
but the percentages of correct answers for each CT concept reported by Relkin et al.
[20] were slightly lower for Algorithms and Representation and considerably lower for
Control Structures compared to our results. Although our group showed a similar mean
age (6.02 vs. 5.86 in [20]), they reported that the minimum age in their kindergarten
group was 4. The inclusion of 4-year-old children in their sample could have influenced
their scores. Lin et al.’s scores [14] were slightly higher than ours and Relkin et al.’s
results, despite working with younger children who had a mean age of 5.51.

Given that the differences in scores were generally small and the correlation was
strong, we consider that the groups performed similarly.

4.3.4 Correlation between the validated PC tests

Currently, there are only two validated CT tests, with few studies reporting their use
in our age group, and no studies that report the use of both tests while analyzing
the outcomes. As previously mentioned, we observed many contradictory results (see
Table 10), raising the question of whether both tests measure the same ability.

Although we reduced the number of issues in each test, excluding concepts that the
ER activities did not address, we expected the total scores of both tests to correlate,
meaning that children performing well on one test would also perform similarly on the
other. As Na et al. [15] pointed out, both tests are effective in discriminating between
children with the same level of CT (to be precise between children with relatively
low CT level), therefore we expected similar test results. Moreover, we anticipated
that similar concepts would yield similar scores. However, statistical analyses revealed
no strong correlation between the overall test scores or between scores of similar CT
concepts (Sequences vs. Algorithms, If-then Conditional vs. Control Structures).
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Comparison BCTt TechCheck-K

AG-CG scores (two-way t-test and factorial ANOVA) X -
A1-CG scores (two-way t-test and factorial ANOVA) X -
AG PRE-POST (paired t-test) X -
A2 PRE-POST (paired t-test) X -
If-then Conditional CG PRE-POST (Wilcoxon signed-rank test
for paired data)

X -

Control Structures AG PRE-POST (Wilcoxon signed-rank test for
paired data)

- X

Table 10: Contradictory results across validated CT tests. Significant outcomes
marked with the cross.

The differences between BCTt and TechCheck-K results could be explained if our
results showed a high discrepancy with other studies, indicating that our sample might
not be representative. However, this is not the case, as our results showed a strong
correlation with the studies already published by the authors of the tests.

These observations raise questions about the differences between the tests, which
result in different scores within the same population. Further research is needed to
delineate these differences, enabling researchers to select the most appropriate test for
their specific research questions.

4.3.5 Correlations between the validated PC tests and Robotito Test

The Robotito Test results exhibit only weak to moderate correlations with the general
scores and concept scores of validated computational CT tests7. The strongest correla-
tions, though still moderate, were observed between the BCTt and the Robotito Test
scores and between the Robotito Test scores and Sequences concept scores.

We noted that children with high Robotito Test scores demonstrated improvements
in their responses to initial Sequences tasks. Statistical analysis revealed a strong
correlation between the total score of the first four Sequences items and the Robotito
Test scores. This finding suggests that the Robotito Test score may be indicative of
children’s abilities related to easy and moderate sequencing tasks.

4.3.6 ER activities impact

Validated CT tests showed contradictory results, making it challenging to draw defini-
tive conclusions about the impact of ER activities with Robotito on children’s CT
development. According to BCTt results AG significantly improved its scores, but this
finding was not confirmed by TechCheck-K results. Improvements related to Control
Structures and If-then Conditional were also inconsistent.

7Since the Robotito Test was administered after the ER activities, we conducted the correlation
analysis using the POST scores of the validated tests.
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The Robotito Test results indicated that all the children understood the color-
direction relationship essential for comprehending the robot’s behavior, with more than
half of the AG correctly solving each task. Additionally, children with high Robotito
Test scores showed improvement in initial sequencing tasks of the BCTt. Students were
able to plan trajectories for the robot, divide the route into smaller parts, and translate
it into sequences of color cards. These observations suggest that the intervention was
successful; however, the contradictory results from validated instruments prevent us
from drawing definitive conclusions.

We identified two important aspects to consider for future activities to avoid sur-
prises and confusion: study design and evaluation format. The unexpected outper-
formance of the CG and differences in performance across AG classes highlight the
importance of random assignment to AG and CG for a fair comparison. Although
random assignment was not feasible in this study due to the different class schedules,
future studies should strive to implement it to complement the existing data. While
this may be challenging in a kindergarten context, studies in informal settings could
complement current results with additional data from more controlled experiments.

We also believe that the on-paper evaluation format used to validate knowledge
about the concepts introduced in ER sessions may have caused some unnecessary con-
fusions. During the Robotito Test, some children covered the color cards to activate
or deactivate the musical mode, a behavior never observed with the real robot. Ad-
ditionally, covering Robotito with the color card in task 2 was both surprising and
problematic for the children. They were not accustomed to placing the color cards
over the robot, and after doing so, they could not see the color-direction indicators on
top of the robot. Consequently, they had to lift the first coding card to proceed with
the task, which caused further confusion. Since the evaluation was conducted individ-
ually and by a single evaluator, using the real robot should not introduce significant
differences. It may, however, result in a slightly longer evaluation time for each child.

4.3.7 Conditionals

Conditionals are present in both validated CT tests, indicating their significance in CT.
Therefore, we believe they should be specifically targeted during ER activities aimed
at developing CT.

However, there are scarce studies that report on ER activities that introduce condi-
tionals to preschoolers and measure the impact. In our previous work [2], we identified
only one empirical study [26] providing evidence of children mastering conditionals.
Through additional literature review, we were able to identify another study reporting
pre and post BCTt scores related to If-then Conditional [31]. Both studies confirm that
preschoolers can solve tasks using conditional statements, although Zapata-Cáceres and
Fanchamps [31] noted that this concept was not accessible to children younger than 5.

Given that there are only two empirical studies, with one admitting that teachers
may have provided more help and scaffolding than intended during the evaluation [26],
we believe our results contribute to the discussion on whether preschool children can
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understand and successfully use conditionals.
The results of the present study show promising findings related to the understand-

ing and correct use of conditionals. Both validated tests indicated already in the PRE
test, that children could solve tasks based on if-then statements. For BCTt items
evaluating If-then Conditional, 50% of the children correctly solved Item 7, and 29%
solved Item 8. TechCheck-K showed much higher scores for Control Structure items,
with 84% correct answers for Item 8 and 73% for Item 9. Additionally, task 3 in the
Robotito Test, which evaluates conditional music reproduction, was correctly solved
by 56% of children. We believe this score could be higher, as issues such as imprecise
instructions and problems related to the on-paper format of the evaluation caused some
confusions.

Previous studies and our results appear to confirm that conditionals are accessible
for children aged 5 to 6. We believe that ER interventions should include activities
focused on conditionals to provide children with an opportunity to master more ad-
vanced programming concepts. This foundation will enable them to build complex
algorithms in the future.

5 Conclusions

In this study, we reported two stages of developing conditionals in Robotito and im-
plementing them in Robotito’s curriculum.

In the first step, we explored various prototypes for incorporating conditionals into
Robotito’s programming. The prototypes included the color frame, musical mode, and
split card, each offering distinct implementations of conditionals. Through multiple
evaluations involving experienced teachers, we identified the strengths and weaknesses
of each prototype. The color frame prototype was deemed too complex, while the musi-
cal mode and split card were found to be more accessible for preschoolers. The musical
mode, in particular, was favored for introducing a new output modality—sound.

One of the tools used in our evaluations was Robotito’s simulator. Teachers high-
lighted the simulator’s value as a tool for introducing Robotito and working on pro-
gramming tasks in a less distracting environment before using the real robot.

Taking into account the insights from the evaluation activities, we incorporated
conditional music reproduction and Robotito’s simulator based activities into Robotito
curriculum and conducted a field study with level 5 preschoolers.

The activities were tested in two kindergarten classes, demonstrating that the chil-
dren were able to understand and apply Robotito’s rules to solve programming tasks
during the classroom activities and in the final evaluation with Robotito Test. Also,
potential improvements of Robotito Test were discussed.

The Robotito Test’s evaluation of conditionals, along with the pre-test results of
CT tests, showed that the children were capable of understanding and applying condi-
tional statements to solve the proposed tasks. This suggests that conditionals can be
introduced through ER activities already at the age of 5.
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The analysis of scores from two validated CT tests revealed a lack of correlation and
no similarities in scores between similar CT concepts. In some cases, the results were
not only diverse but also contradictory. This highlights the need for further research
to better understand the differences between the tests and the contexts in which they
are appropriate.

Our study provides a unique data source that can be used for further analysis and
comparisons with other experimental data. As our results support the accessibility of
conditionals for 5 and 6-year-old children, we hope they will encourage the inclusion
of this concept in ER curricula.
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  -Práctica 1-

¿Qué cosa se puede comer?

B TechCheck-K tailored for our study
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    -Práctica 2-

¿Cuál es un animal?
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¿Cuál es el orden correcto para cultivar una planta?

! " # $

-1-

! " # $! " # $
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El conejito solo puede saltar un cuadrado blanco a la vez.
¿Cuál es la forma más rápida para que el conejito consiga UNA zanahoria?

-2-
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El conejito solo puede saltar un cuadrado blanco a la vez.
¿Cuál es la forma más rápida para que el conejito consiga DOS zanahorias?

-3-
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¿Qué viene a continuación?
?

-4-
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¿Qué viene a continuación?
? ?

-5-
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Si un triángulo representa un gato y un círculo representa dos pájaros, ¿qué representan estas tres formas?

= =

-6-
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-7-

= =

Un círculo representa un pájaro y un gato. Un cuadrado representa un perro y un pájaro.
¿Qué representan estas figuras?
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Los ratones NO pueden atravesar paredes         o luces rojas
¿Qué ratón conseguirá el queso?

-8-
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atravesar túneles negros      .  ¿Qué ratón conseguirá el queso?

Los ratones NO pueden atravesar paredes        o luces rojas      , pero SI pueden 

-9-
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C Intervention’s rubric

• Activity context (Options: formal, informal): FORMAL

• Number of participants (Number): 56

• Modality of work (Options: individual, group-based, mixed): MIXED Number
of participants per group (Number): HALF CLASS OR 1 to 3

• Type of activity (Options: goal-oriented, open-ended, mixed): MAINLY GOAL-
ORIENTED

• Free-play (Options: yes, no): NO

• Activity duration

– Number of sessions (Number): 8

– Session duration (Number in minutes): 30 to 75 minutes

– Sessions’ frequency (Number per week): 0 to 3

• Adults guiding the activities

– Number (Number): 1 or 2

– Adult–child ratio (Number): 1-WHOLE CLASS, 1-HALF CLASS, 1-SMALL
GROUP (1 TO 3)

• Scaffolding provided

– Adults’ support (String with description of the type and degree of support):
GUIDING QUESTIONS

– Narrative (String with description): NO

– Auxiliary objects (String with description): 4X4 MAT, COLOR CARDS,
BLOCKING CARDS

– Embodied examples (String with description): PLAYING TO BE ROBOTITO

– Others (String with description): ROBOTITO SIMULATOR USED ON
TV

• Unplugged activities (String with description): DRAWING ROBOTITO, ON-
PAPER TASKS (COLORING OR DRAWING CODING CARDS)

• Explicit error detection (Options: yes, no): NO

• Relation with other domains (String with description): NO

• Communicating, sharing, and creating community (Options: yes, no): AT THE
BEGINNING OF THE FIRST THREE SESSIONS
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Tarea 1

¿Qué color (amarilla, roja, verde, azul) deben tener las tarjetas 1 y 2 para que el Robotito llegue a la
tarjeta violeta?

D Robotito Test
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Tarea 2

Poné las tarjetas para que el Robotito llegue a la tarjeta violeta. Selecciona de qué color deben ser y en
qué lugar ponerlas.
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Tarea 3

El Robotito va a dar un paseo para llegar a la tarjeta violeta. En el camino debe pasar haciendo sonido
cerca del sol y sin sonido cerca de la luna. ¿Dónde debemos colocar las tarjetas de color naranja para
que el Robotito haga sonidos cerca del sol y no los haga cerca de la luna?
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Tarea 4

El Robotito usa la tarjeta rosada para ir adelante y para el costado derecho.
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Robotito empieza en la tarjeta rosada, ¿qué tarjeta hay que agregar y dónde para que llegue a la tarjeta
violeta?
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E Activities

Activity #1 Total time: 40 minutes. We asked the children to reflect on what the
robots are and discussed with them the ideas. Each child explored Robotito (robot
turned off) and we talked about what they observed (its parts, materials). We turned
on Robotito and thought about how to control it. We explored how it moves with
yellow, red, green and blue color cards and fixed the color paper arrows on the top of
the robot to indicate the directions in which the robot moves after sensing a specific
color.

Activity #2 Total time: 60 minutes. First, we reviewed the components of Robotito
and its responses to color cards. Next, we explained that the activity would be con-
ducted in two groups: one group would draw, while the other would role-play as
Robotito, with roles switching afterward. For the drawing activity we provided three
Robotitos: two normal robots and one without the shell to observe the inner parts of
the robot.

The group that was playing to be Robotito was divided in pairs. One pair acted in
front of the rest of the children that observed from their chairs. One child from each
pair was acting as Robotito, the other as a programmer that places the color cards
on the floor to move the robot. The idea was to direct the robot without hitting the
furniture or the classmates. After a while of playing, the children switched the roles.
After one pair went through playing robot and programmer, the next pair was called
to perform in front of the others.

Figure 9: Three moments of Activity #3. From left to right: child selecting were to
place the robot with fixed orientation to reach the opposite site of the mat; child selecting
a color card that will be placed on the floor to avoid that the robot escape from the circle
formed by the children; child rotating the robot to reach the purple card.

Activity #3 Total time: 60 minutes. We discussed the drawings done in the previous
session. We splitted the group in two. Each group worked with one researcher on the
same activity—the children were divided in two teams; each team sat on the opposite
side of the mat. In the first part of the activity the children had to direct the robot to
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Figure 10: Screenshot of an Android application simulating programming activity with
Robotito.

the opposite team by choosing the color card to put the robot on, as the orientation of
the robot was defined by the researcher and could not be changed (see Figure 9).

Then we discovered a new card—a purple card that makes the robot turn all the
lights purple and spin on the spot. This card was used as a destination card in the
second part of the activity. The purple card was placed next to the opposite team and
color cards were placed in front of the team that was handling Robotito. The child
that was on task had to reach the purple card by rotating the robot and putting it in
the correct place on the mat (see Figure 9). Each child did both—chose the color card
and rotated the robot.

In the final part of the session we proposed a more open-ended activity in which
the children were sitting in a circle and one child was putting color cards in the robot’s
path to prevent it from leaving the circle (see Figure 9). After the child selected the
color of the card and put it in the robot’s trajectory, the color cards were passed to
the next child.

Activity #4 Total time: 40 minutes. In this activity the children interacted with
an Android application that was simulating Robotito, 4 x 4 mat and color cards (see
Figure 10). We first explained the app on TV to the whole group and solved together
with children some example tasks. The children worked in pairs changing the person
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Figure 11: Children observing the robot’s behavior after passing over the orange card.

that is in charge of programming on the tablet. The programmer had to choose color
cards to guide the robot to the purple card. Once reached the purple card, the child
drew a smiling face on the A4 paper sheet to mark that the task was fulfilled and
passed the tablet to its partner that proceeded with the next task.

Activity #5 Total time: 40 minutes. The class was divided into two groups. The
first group worked in pairs on on-paper tasks in which the children had to paint already
fixed coding card with the the right colors to make the robot reach the purple card, or
define the place and the color of the cards that direct the robot to the purple card and
draw them on the paper grid (see Appendix F).

The second group prepared a square-shaped path that was used to introduce the
new orange card. We imagined what the card would do, and then introduced it to
the prepared path and observed how the robot responded to it (see Figure 11). The
children were invited to reflect how to activate and deactivate the sound reproduction
and to propose routes that integrate an orange card.

Activity #6 Total time: 60 minutes (10 minutes per group). We formed small
groups (1 to 3 children) and each group worked with Robotito for about 10 minutes,
while the rest of the class performed curricular activities with the teacher. The children
in the small group were distributed around the 4 x 4 mat. Each child was invited to
code with color cards a L-shaped path from a point next to it to one of the classmates
or to the researcher. The initial orientation of the robot, the initial position, and
the end point were defined by the researcher. In some cases, to make the task more
challenging, we used white cards with an X in the middle that indicated that the robot
should not pass through that cell. In other cases we asked the child to prepare the
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path and activate the music before arriving at the end point. All the group members
participated in the final task in which they programmed a long path that incorporated
music activation and deactivation.

Activity #7 Total time: 30 minutes. The class was divided into two groups and
each group worked with one researcher on the same task. First we introduced the pink
coding card and thought how Robotito responds to it. After turning on the robot and
observing how it acts. The researcher rotated the robot and each child tried to predict
in which cell it would stop after sensing the pink card. We ended the session with
building paths suggested by the children.

Activity #8 Total time: 75 minutes (10 to 15 per group). We formed small groups
(1 to 3 children) and each group worked with Robotito for about 10 to 15 minutes,
while the rest of the class performed curricular activities with the teacher. Each child
had to solve a task based on combining the pink card (initial point) with other color
cards to reach the purple card. In those exercises the rotation of the robot was fixed
by the researcher. In the final exercise the children had to predict what happens when
we build a diagonal with three pink cards that crosses the mat and end with the purple
card.
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F On-paper tasks for activity #5
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ID TYPE GROUP P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
A2-1 PRE A2 1 1 0 0 0 0 0 0 0 1 0 1 1
A2-2 PRE A2 0 0 0 0 0 0 1 0 0 1 0 1 0
A2-3 PRE A2 1 1 0 0 0 1 1 0 0 0 1 0 1
A2-4 PRE A2 1 1 1 0 0 1 1 0 1 0 0 0 1
A2-5 PRE A2 0 1 1 1 1 1 1 0 0 1 0 0 0
A2-6 PRE A2 0 0 0 0 0 0 0 1 0 1 0 0 1
A2-7 PRE A2 0 1 1 1 0 0 1 0 1 1 1 0 1
A2-8 PRE A2 0 0 1 1 1 0 1 0 0 1 0 0 1
A2-9 PRE A2 0 0 1 0 0 1 1 1 1 0 0 0 1
A2-10 PRE A2 1 1 1 1 1 1 1 1 1 1 1 0 1
A2-11 PRE A2 0 0 1 0 0 1 1 0 1 1 0 0 0
A2-12 PRE A2 1 0 1 1 1 1 0 1 0 1 0 0 1
A2-13 PRE A2 1 1 0 1 1 0 0 0 0 1 0 0 1
A2-14 PRE A2 1 0 0 0 0 0 0 0 1 0 0 0 1
A2-15 PRE A2 0 1 0 1 0 0 0 0 0 0 0 0 0
A2-16 PRE A2 1 1 1 0 1 1 1 1 1 0 0 0 1
A2-17 PRE A2 1 1 1 1 1 1 0 1 0 1 1 1 1
A2-18 PRE A2 1 1 1 1 1 1 1 1 1 1 1 1 1
A2-19 PRE A2 1 1 1 1 1 1 0 0 1 0 0 0 0
A1-1 PRE A1 0 0 1 0 0 0 0 0 1 0 1 0 1
A1-2 PRE A1 1 0 1 0 0 1 0 0 0 1 0 1 0
A1-3 PRE A1 1 1 1 1 1 1 1 0 1 0 0 0 0
A1-4 PRE A1 1 1 1 1 1 0 0 1 0 1 0 0 1
A1-5 PRE A1 1 0 0 0 0 1 0 0 0 0 0 0 0
A1-6 PRE A1 0 1 0 0 0 1 0 0 0 0 0 0 0
A1-7 PRE A1 0 0 1 1 1 0 0 0 0 1 0 0 0
A1-8 PRE A1 1 1 1 1 1 0 1 0 0 0 0 0 1
A1-9 PRE A1 0 1 1 1 0 1 0 1 1 1 1 0 1
A1-10 PRE A1 1 0 1 1 0 0 1 0 0 1 0 0 1
A1-11 PRE A1 1 1 1 1 1 0 1 1 1 0 0 1 1
A1-12 PRE A1 1 0 1 1 1 0 1 1 1 1 0 0 1
A1-13 PRE A1 0 0 0 1 0 1 1 0 0 1 0 0 1
A1-14 PRE A1 0 1 1 0 1 0 1 0 0 1 0 0 1
A1-15 PRE A1 1 1 1 1 0 1 1 0 0 1 0 1 1
A1-16 PRE A1 0 1 1 1 1 0 0 0 0 0 1 1 0
A1-17 PRE A1 1 0 0 0 0 0 0 0 1 0 0 0 0
CG-1 PRE CG 0 1 1 1 1 1 0 0 0 0 1 0 1
CG-2 PRE CG 1 0 0 0 1 0 1 0 1 0 0 1 0
CG-3 PRE CG 0 1 1 1 0 1 0 0 0 1 0 0 1
CG-4 PRE CG 1 1 1 1 1 1 0 0 1 1 0 0 1
CG-5 PRE CG 1 0 1 0 0 0 0 1 0 1 0 0 0
CG-6 PRE CG 1 1 1 0 1 1 1 0 0 1 0 0 1
CG-7 PRE CG 1 1 1 1 0 1 1 0 1 1 0 1 1
CG-8 PRE CG 1 1 1 1 1 1 0 0 0 1 0 0 0
CG-9 PRE CG 1 1 1 1 1 1 0 0 1 1 0 0 1
CG-10 PRE CG 0 1 1 1 0 0 0 0 1 1 0 0 1
CG-11 PRE CG 0 1 0 0 1 0 1 1 1 0 0 0 1
CG-12 PRE CG 0 0 1 1 1 1 0 0 1 1 0 0 0
CG-13 PRE CG 1 0 0 0 0 0 0 0 0 0 0 1 1
CG-14 PRE CG 1 1 1 1 0 1 1 0 1 0 0 0 1
CG-15 PRE CG 1 1 0 1 1 0 1 1 1 1 1 1 1
CG-16 PRE CG 1 1 1 1 1 1 1 1 1 1 1 0 1
CG-17 PRE CG 1 1 1 0 0 1 0 1 1 1 1 1 1
CG-18 PRE CG 1 0 1 1 1 1 1 0 0 1 1 1 1
CG-19 PRE CG 0 1 1 0 0 1 1 0 1 1 1 0 1
CG-20 PRE CG 1 1 1 1 1 1 0 0 1 1 1 0 1
A2-1 POST A2 1 1 1 1 1 0 0 0 1 1 0 0 1
A2-2 POST A2 1 1 0 1 0 0 1 0 0 0 1 0 1
A2-3 POST A2 0 0 1 1 0 0 0 0 0 0 0 0 0
A2-4 POST A2 1 1 1 1 1 1 1 0 0 1 1 0 1
A2-5 POST A2 1 1 1 1 1 1 1 0 0 1 0 1 1
A2-6 POST A2 1 1 1 0 0 1 0 0 0 1 0 1 0
A2-7 POST A2 1 1 1 1 1 1 1 1 1 1 0 1 1
A2-8 POST A2 1 1 1 1 1 1 1 1 1 1 1 1 1
A2-9 POST A2 1 0 1 0 0 0 1 0 1 1 0 0 1
A2-10 POST A2 1 1 1 1 1 1 1 1 1 0 1 0 1
A2-11 POST A2 1 1 1 1 1 1 1 0 1 1 1 0 1
A2-12 POST A2 0 1 1 0 0 0 1 1 0 1 0 0 0
A2-13 POST A2 1 1 1 0 0 0 1 0 1 0 1 0 0
A2-14 POST A2 1 1 0 0 0 0 1 0 1 0 0 0 1
A2-15 POST A2 0 1 0 0 0 0 0 0 1 0 0 1 0
A2-16 POST A2 1 1 1 1 1 1 1 1 1 0 1 1 1
A2-17 POST A2 1 1 1 1 1 0 0 1 1 1 1 1 1
A2-18 POST A2 1 1 1 1 0 1 1 0 1 1 0 0 1
A2-19 POST A2 1 1 1 1 1 1 1 0 1 1 0 0 1
A1-1 POST A1 1 1 0 0 0 0 0 0 0 0 0 0 0
A1-2 POST A1 0 0 1 1 1 0 1 1 0 1 1 0 0
A1-3 POST A1 1 1 1 1 0 1 1 1 1 1 0 0 0
A1-4 POST A1 1 1 1 1 0 0 0 0 1 1 1 0 0
A1-5 POST A1 0 0 1 1 0 0 0 0 1 1 0 0 0
A1-6 POST A1 1 1 1 1 1 0 0 0 1 1 1 0 0
A1-7 POST A1 1 1 1 1 0 0 1 0 1 1 0 1 1
A1-8 POST A1 0 0 0 0 0 0 1 0 1 0 1 1 1
A1-9 POST A1 1 1 0 0 0 1 0 0 0 0 1 0 1
A1-10 POST A1 1 0 0 0 1 0 1 0 0 0 1 0 1
A1-11 POST A1 1 1 1 1 1 1 0 0 1 0 0 1 0
A1-12 POST A1 1 1 1 1 1 0 1 0 1 1 0 0 1
A1-13 POST A1 1 1 0 0 1 0 0 0 0 0 1 0 1
A1-14 POST A1 1 1 1 1 0 0 0 0 1 1 0 0 1
A1-15 POST A1 1 1 1 1 1 1 1 0 0 1 0 0 1
A1-16 POST A1 0 1 0 1 0 1 0 0 1 1 0 0 1
A1-17 POST A1 1 0 1 0 0 0 1 0 1 1 1 0 0
CG-1 POST CG 1 0 0 0 1 0 1 0 1 0 1 0 1
CG-2 POST CG 0 0 0 0 1 1 1 0 1 0 1 0 1
CG-3 POST CG 0 1 1 1 0 1 0 0 1 0 0 0 1
CG-4 POST CG 1 1 1 1 1 1 1 1 1 1 0 0 1
CG-5 POST CG 1 1 1 0 0 1 1 0 0 1 0 0 1
CG-6 POST CG 0 0 1 0 0 0 0 1 0 0 0 0 1
CG-7 POST CG 1 1 1 1 1 1 1 0 0 1 1 0 1
CG-8 POST CG 0 1 1 1 1 1 0 0 0 1 1 0 1
CG-9 POST CG 1 1 1 1 1 1 1 1 1 1 1 1 1
CG-10 POST CG 1 1 1 1 1 1 1 1 1 1 1 0 1
CG-11 POST CG 1 0 0 1 0 0 1 0 1 0 0 0 1
CG-12 POST CG 1 1 1 1 1 0 1 0 1 0 0 0 0
CG-13 POST CG 0 0 1 1 0 1 0 0 0 0 0 1 0
CG-14 POST CG 1 1 1 1 1 0 1 1 1 1 1 0 1
CG-15 POST CG 1 1 1 1 1 1 1 0 1 0 0 1 1
CG-16 POST CG 1 1 1 1 1 1 1 1 1 1 1 0 1
CG-17 POST CG 1 1 1 1 1 1 1 1 1 1 0 0 1
CG-18 POST CG 1 1 1 1 1 0 1 0 0 0 1 1 1
CG-19 POST CG 1 1 1 1 1 1 1 0 1 1 1 0 1
CG-20 POST CG 1 1 1 1 1 1 1 0 1 1 1 0 1

G BCTt results
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ID TYPE GROUP P1 P2 P3 P4 P5 P6 P7 P8 P9
A2-1 PRE A2 0 0 1 1 1 1 0 1 1
A2-2 PRE A2 1 0 0 1 0 0 0 1 1
A2-3 PRE A2 0 0 0 1 1 1 0 1 0
A2-4 PRE A2 0 1 1 0 1 0 1 1 1
A2-5 PRE A2 0 1 0 0 0 0 0 1 1
A2-6 PRE A2 1 1 1 0 0 0 0 1 1
A2-7 PRE A2 1 1 1 0 0 0 1 1 1
A2-8 PRE A2 1 0 1 1 0 0 0 1 1
A2-9 PRE A2 0 1 1 1 0 1 1 1 1
A2-10 PRE A2 1 0 0 1 0 0 1 1 1
A2-11 PRE A2 1 0 1 1 0 0 0 1 1
A2-12 PRE A2 0 0 0 1 0 0 1 1 1
A2-13 PRE A2 0 1 0 1 0 1 0 1 0
A2-14 PRE A2 0 1 1 0 1 1 0 0 1
A2-15 PRE A2 1 0 1 0 0 0 0 0 0
A2-16 PRE A2 0 1 1 1 0 0 0 1 1
A2-17 PRE A2 1 1 0 0 0 0 1 1 1
A2-18 PRE A2 1 1 1 0 0 1 0 1 0
A2-19 PRE A2 1 1 0 1 1 0 0 1 1
A1-1 PRE A1 0 1 1 0 0 0 0 0 1
A1-2 PRE A1 1 1 1 0 1 1 0 1 1
A1-3 PRE A1 0 0 0 1 0 0 0 1 1
A1-4 PRE A1 1 1 0 0 0 0 1 1 1
A1-5 PRE A1 1 1 1 0 0 1 0 1 1
A1-6 PRE A1 0 1 0 1 0 0 0 0 0
A1-7 PRE A1 1 1 0 0 1 0 0 1 1
A1-8 PRE A1 1 1 1 1 0 0 1 1 1
A1-9 PRE A1 0 1 0 0 1 0 1 1 1
A1-10 PRE A1 1 1 0 1 0 1 1 1 1
A1-11 PRE A1 0 1 1 0 1 0 0 1 1
A1-12 PRE A1 0 1 1 0 1 0 0 0 0
A1-13 PRE A1 0 0 1 0 0 0 1 0 0
A1-14 PRE A1 0 1 1 0 0 0 1 1 0
A1-15 PRE A1 0 1 1 0 0 0 1 1 1
A1-16 PRE A1 0 0 0 1 0 1 0 1 0
A1-17 PRE A1 1 1 0 0 0 1 0 0 0
CG-1 PRE CG 0 1 1 0 0 0 0 1 1
CG-2 PRE CG 1 0 0 0 1 0 0 0 1
CG-3 PRE CG 0 0 1 1 1 0 0 1 0
CG-4 PRE CG 0 1 0 0 1 0 1 1 1
CG-5 PRE CG 0 0 1 0 0 0 1 1 0
CG-6 PRE CG 0 1 0 0 0 0 1 1 1
CG-7 PRE CG 1 1 1 0 0 0 0 1 1
CG-8 PRE CG 1 1 1 1 0 0 1 1 0
CG-9 PRE CG 0 1 0 1 0 0 0 1 1
CG-10 PRE CG 1 0 0 1 0 1 0 1 1
CG-11 PRE CG 0 1 1 0 0 0 1 1 0
CG-12 PRE CG 1 1 1 0 0 0 0 1 1
CG-13 PRE CG 0 0 1 0 0 0 1 0 1
CG-14 PRE CG 1 1 1 0 1 0 1 1 0
CG-15 PRE CG 1 1 1 0 0 1 1 1 1
CG-16 PRE CG 0 1 1 0 0 0 0 1 1
CG-17 PRE CG 1 0 0 1 0 1 1 1 1
CG-18 PRE CG 1 1 1 1 0 1 1 1 1
CG-19 PRE CG 0 0 0 0 0 0 0 1 1
CG-20 PRE CG 1 1 0 0 1 0 0 1 1
A2-1 POST A2 1 1 1 0 0 1 0 1 1
A2-2 POST A2 0 0 1 1 0 0 0 1 1
A2-3 POST A2 1 0 0 0 0 0 0 1 1
A2-4 POST A2 1 1 0 1 0 0 0 1 1
A2-5 POST A2 1 1 1 1 1 1 0 1 1
A2-6 POST A2 1 1 0 0 0 0 0 1 1
A2-7 POST A2 1 0 0 1 1 0 1 1 1
A2-8 POST A2 1 1 1 0 0 1 1 1 1
A2-9 POST A2 1 0 0 0 0 1 0 1 1
A2-10 POST A2 1 1 1 1 1 0 0 1 1
A2-11 POST A2 1 0 1 0 0 0 1 1 1
A2-12 POST A2 1 1 0 0 0 1 0 1 1
A2-13 POST A2 0 1 1 0 0 0 0 1 1
A2-14 POST A2 1 1 1 0 1 0 0 1 1
A2-15 POST A2 1 0 0 0 0 1 0 0 0
A2-16 POST A2 1 1 0 1 0 0 0 1 1
A2-17 POST A2 1 1 0 1 0 0 1 1 1
A2-18 POST A2 1 1 0 1 1 1 1 1 1
A2-19 POST A2 1 1 1 1 1 0 0 1 1
A1-1 POST A1 1 0 0 0 0 0 1 1 1
A1-2 POST A1 0 0 0 0 1 1 0 1 1
A1-3 POST A1 0 1 0 1 1 1 1 1 1
A1-4 POST A1 1 1 1 0 0 1 1 1 1
A1-5 POST A1 1 1 0 0 0 1 0 1 1
A1-6 POST A1 0 1 0 0 0 1 0 1 1
A1-7 POST A1 0 1 1 0 0 0 0 1 0
A1-8 POST A1 1 1 0 1 0 0 0 1 1
A1-9 POST A1 1 1 1 0 0 0 0 0 0
A1-10 POST A1 0 1 1 1 0 0 0 1 1
A1-11 POST A1 0 0 1 1 0 1 1 1 1
A1-12 POST A1 1 1 0 1 0 0 1 1 1
A1-13 POST A1 0 1 1 0 1 0 0 1 1
A1-14 POST A1 1 1 1 0 0 0 0 1 1
A1-15 POST A1 1 1 1 1 1 1 0 1 1
A1-16 POST A1 1 1 1 0 0 0 0 1 1
A1-17 POST A1 0 1 1 1 0 1 0 1 1
CG-1 POST CG 0 0 0 0 0 0 0 1 1
CG-2 POST CG 0 0 1 0 0 0 0 1 1
CG-3 POST CG 1 0 1 0 1 1 0 1 1
CG-4 POST CG 1 1 1 1 1 1 0 1 1
CG-5 POST CG 0 0 0 0 0 0 0 1 0
CG-6 POST CG 1 1 1 0 0 0 0 1 1
CG-7 POST CG 0 0 0 1 1 0 1 1 1
CG-8 POST CG 1 1 1 1 1 0 0 1 1
CG-9 POST CG 0 1 0 1 0 1 1 1 1
CG-10 POST CG 1 0 0 1 0 0 0 1 1
CG-11 POST CG 0 1 1 0 0 0 0 1 1
CG-12 POST CG 1 1 1 0 0 0 0 1 1
CG-13 POST CG 0 1 1 0 0 1 0 1 1
CG-14 POST CG 1 1 1 1 1 1 1 1 1
CG-15 POST CG 0 1 1 1 0 1 0 0 1
CG-16 POST CG 1 0 1 1 0 0 1 1 1
CG-17 POST CG 1 0 1 1 1 0 1 1 1
CG-18 POST CG 0 0 0 1 0 0 0 1 1
CG-19 POST CG 0 0 1 0 0 1 0 1 1
CG-20 POST CG 1 1 0 0 1 0 0 1 1
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ID GROUP P1 P2 P3 P4
A2-1 A2 1 1 1 1
A2-2 A2 1 1 0 1
A2-3 A2 1 0 0 1
A2-4 A2 1 1 1 1
A2-5 A2 1 1 0 1
A2-6 A2 1 0 1 1
A2-7 A2 1 1 1 1
A2-8 A2 1 1 0 1
A2-9 A2 1 1 1 0
A2-10 A2 1 1 1 1
A2-11 A2 1 1 1 1
A2-12 A2 1 1 0 0
A2-13 A2 1 1 0 0
A2-14 A2 1 0 0 0
A2-15 A2 1 0 0 0
A2-16 A2 1 1 0 1
A2-17 A2 1 1 1 1
A2-18 A2 1 1 1 1
A2-19 A2 1 1 0 1
A1-1 A1 1 1 0 1
A1-2 A1 1 0 0 0
A1-3 A1 1 1 1 1
A1-4 A1 1 1 1 1
A1-5 A1 1 1 1 1
A1-6 A1 1 1 1 0
A1-7 A1 1 1 1 1
A1-8 A1 1 0 1 0
A1-9 A1 1 1 1 0
A1-10 A1 1 1 0 0
A1-11 A1 1 1 1 1
A1-12 A1 1 1 0 0
A1-13 A1 1 0 0 0
A1-14 A1 1 1 0 1
A1-15 A1 1 1 1 1
A1-16 A1 1 0 1 0
A1-17 A1 1 1 1 0
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