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Abstract

This article aims to characterise geometric and computational thinking of future
Early Childhood Education teachers through participating in a robotic problem-solv-
ing activity for 5-year-old pupils using MatataBot, Matatal.ab’s educational robot.
The study, carried out during academic year 2022-2023, involved 42 early child-
hood education students from a Spanish university. The methodology was divided
into three phases: in the first, the participants familiarised themselves with the robot;
in the second, they programmed the robot to represent basic geometric figures; and
in the third, they reflected on their learning and on the geometric aspects identified.
The data obtained in the last two phases (gathered from observations and videos
recorded by the authors during the implementation, from the reports the different
groups of students presented, and from the videos they recorded of the develop-
ment of their activities) were analysed qualitatively using the Didactic-Mathematical
Knowledge model from the Onto-semiotic Approach and the categories of common
errors in programming. Pre-service teachers demonstrated conceptual gaps in geo-
metric properties, leading to errors in programming representations. It is concluded
that, although educational robots can enhance the understanding of geometry, it is
essential to address the previous knowledge of teachers and prepare them in both
mathematical knowledge and in the use of technological tools, fostering compre-
hensive training that enables the improvement of teaching in Early Childhood
Education.
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1 Introduction

To respond to the demands of today’s society, such as achieving gender equality
at work, including in science and technology-related professions, several coun-
tries have incorporated computational thinking (CT) in basic education curricula
starting from an early age (Zapata-Ros, 2019). In Spain, the curriculum for the
second cycle of Early Childhood Education (ECE) (children aged 3 to 6 years)
integrates CT in the area of discovering and exploring the environment (Alsina,
2022; Ministry of Education and Vocational Training, 2022).

In order to comply with this regulation, it is essential to train teachers in pro-
moting CT from ECE onwards (Ribeiro et al., 2011). An effective manner to
develop CT is by means of educational robots (Blue-bot, Sphero Bot, MatataBot,
etc.). In the past five years, research has been conducted on pedagogical practices
and teachers’conceptions of CT development through robotics in the classroom
(Casey et al., 2021; Tang et al., 2020), especially the use of educational robots
at an early age (Papadakis, 2020; Seckel et al., 2021). MatataBot, MatatalL.ab’s
educational robot, is designed to teach programming and CT to children aged
4 to 9. It stands out for its potential to enhance the understanding of geomet-
ric concepts, as it recognises positions, directions, and rotations. Furthermore,
it supports problem-solving and the development of logical thinking by promot-
ing optimal strategies to achieve objectives through trial and error (Didactia, s.f;
Europa Press, 2017).

Despite much research on the development of CT in mathematical thinking
(Seckel et al., 2022), the literature on the use of educational robots for the devel-
opment of geometric thinking is scarce. Only a few hands-on learning experi-
ments of geometric concepts through sensorimotor experiences (Stober et al.,
2011) and of learning geometry through interaction with educational robots have
been conducted (Brender et al., 2021; Walker et al., 2016).

Research has been carried out on training teachers in educational robot-
ics, and this has led to the development of course models aimed at enhancing
teachers’understanding of programming through active learning methodologies
(Fernandez Lago et al., 2020). Assessing teachers’pedagogical content knowledge
in teaching CT through robot programming has also been a subject of investiga-
tion. Studies suggest course models and data collection tools designed to evaluate
teachers’competencies in this field (Cakiroglu & Kilig, 2020).

A research agenda that seeks to identify the knowledge required for teach-
ing beyond pedagogical content knowledge (Shulman, 1987), including geomet-
ric content and technological knowledge (Mishra & Koehler, 2006) is therefore
necessary. Within the framework of the Onto-semiotic Approach (OSA) (Godino
et al., 2019), the Didactic-Mathematical Knowledge (DMK) considers teachers’
technological knowledge (Morales-Lopez et al., 2024).

On the one hand, research aims to explore mathematics teachers’geometric
knowledge (e.g., van der Sandt & Nieuwoudt, 2005). There are studies on the
teaching of measurement (Browning et al., 2014), visualisation (Merrill et al.,
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2010), geometric transformations (Pinamang & Cofie, 2017), and geometric
shapes and figures (Caviedes et al., 2022; Mutlu et al., 2017); as well as on the
classification of polyhedra (Vargas Herrera et al., 2023) and angles and turns
(Martin et al., 2021). Research has also been carried out in ECE on teachers’
specific knowledge of the teaching of geometry, such as symmetries (Samuel-
Séanchez et al., 2018), geometric figures (Lelinge & Svensson, 2020), and prisms
(Escudero-Dominguez et al., 2021). No evidence of research addressing the geo-
metric knowledge of future ECE teachers about topological, metric, and projec-
tive geometries was found. With respect to teachers’technological and geometric
knowledge, the studies by Gémez-Chacén (2013) and Pochulu (2010) stand out.

On the other hand, the literature review on the didactic, mathematical, and com-
putational knowledge of teachers using educational robots includes the use of the
Blue-bot robot with future ECE teachers (Sala-Sebastia et al., 2023); the use of
mBot, Robot Mouse, and the Makey Makey invention kit with future ECE and pri-
mary education teachers (Roman-Gravan et al., 2019); and the use of the Creative
Computational Problem Solving Model (CCPS) in the training of in-service teachers
(Chevalier et al., 2021). However, to date, no research has been conducted to map
the geometric and computational knowledge of future ECE teachers when working
with MatatalLab’s educational robot, which is essential to improve these future pro-
fessionals’ training.

This study intends to answer the following questions: How to characterise geo-
metric and computational thinking of future ECE teachers when solving geometric
problems using MatatalLab’s educational robot? Which errors do pre-service teach-
ers make when solving the problems proposed?

The objective of this study is to characterise geometric and computational think-
ing of future ECE teachers based on their participation in a robotic problem-solv-
ing activity for 5-year-old pupils, using MatataBot, MatatalLab’s educational robot,
identifying the errors they make.

2 Theoretical framework
2.1 Teachers’ mathematical knowledge models

The Onto-semiotic Approach (OSA) (Godino et al., 2019) proposes a model of
Didactic-Mathematical Knowledge (DMK) that characterises teachers’knowledge
in three dimensions: mathematical, didactic, and meta didactic-mathematical (Pino-
Fan & Godino, 2015).

The mathematical dimension of DMK includes common content knowledge,
which encompasses the knowledge necessary to solve curriculum problems at a
given educational level, and expanded content knowledge, which includes more
advanced concepts of the curriculum, or of the next educational level (Pino-Fan &
Godino, 2015).

The didactic dimension of DMK is subdivided into specialised knowledge
of the mathematical dimension (epistemic facet); knowledge about students’
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cognitive aspects (cognitive facet); knowledge about students’ affective, emo-
tional, and attitudinal aspects (affective facet); knowledge about classroom
interactions (interactional facet); knowledge about resources and tools that can
enhance student learning (mediational facet); and knowledge about curricular,
contextual, social, political, and economic aspects that influence the management
of student learning (ecological facet) (Breda et al., 2017; Pino-Fan et al., 2018).

Each component of DMK is analysed using specific theoretical-methodologi-
cal tools (Godino et al., 2019). This paper focuses on the mathematical dimension
of DMK, particularly on the epistemic facet, using the “epistemic configuration”
tool, which enables describing and characterising primary mathematical objects:
representations (terms, notations, graphs), problem situations, definitions, propo-
sitions/properties, procedures (algorithms, computational techniques), and argu-
ments/justifications. They are developed through mathematical processes of
communication, problematisation, definition, enunciation, development of proce-
dures, and argumentation in the mathematical practices of the teacher when solv-
ing a problem (Torres, 2020), as shown in Fig. 1.

Furthermore, the description and categorisation of errors, such as errors in the
definition, in the proposition, in the task instructions, in the representation, in the
argumentation, or procedural errors made by pre-service or in-service teachers
are addressed from a mathematical perspective (Font et al., 2024).

In essence, the OSA explores the knowledge a mathematics teacher needs, and
divides it into three areas: mathematical knowledge, knowledge of teaching strat-
egies, and reflection on teaching. This paper focuses on how future ECE teachers
use mathematical concepts (primary objects) when solving geometric problems
using MatataBot, MatatalL.ab’s educational robot. The most common errors they
make are also analysed in this study.

e
[ :> PROBLEMS o
[0)
<
=)
o [ CONCEPTS (DEFINITIONS) ]
= »
& w
- B [ PROCEDURES ]
< >
L_) x
B
< REGULATE [ PROPOSITIONS ]
= USE
w
I - ——
- INTERVENE/
< l CONDITION l @
E \/
= ARGUMENTS
S

Fig. 1 Configuration of primary objects involved in mathematical practices. Source: (Drijvers et al.,
2013, p. 28)
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2.2 Early childhood education teachers’ mathematical, geometric,
and computational knowledge

Alsina and Delgado-Rebolledo (2022) point out that ECE teachers need two types of
interrelated knowledge to teach mathematics:

a) Mathematical knowledge of the ECE educational level, which includes intuitive
and informal knowledge, mathematical content children need to learn, and math-
ematical processes.

b) Didactic knowledge of mathematics of the ECE educational level, which refers
to knowledge of how children learn mathematics, the planning and management
of teaching activities, and curriculum guidelines.

This study focuses on mathematical knowledge, particularly the geometry neces-
sary for ECE. Chamorro (2005) indicates that teachers need to know three types of
geometry:

a) Topological geometry: relations that do not change under deformation, such as
types of shapes (open, closed), continuity, order, and types of connections

b) Projective geometry: relations that vary with the point of projection, such as up/
down, right/left, forward/back

¢) Metric geometry: relations that depend on measurement and shapes, including
distance, angle, volume, surface, symmetries, and rotation

MatataBot, MatataLab’s educational robot, appears as a highly suitable tool for
teaching geometry to young children, as they interact with it through a language
— referred to as programming language—they should know and assimilate in
advance in order to build elementary geometric shapes and forms. The use of this
language, which is necessary to give instructions to the robot and enable it to carry
out the sequence of movements required to represent a specific shape, shows several
properties of that shape.

Likewise, decoding the messages or instructions given to the robot in order to
identify which geometric shape it is, enables attention to be focused on its basic
properties, and facilitates the understanding of elementary geometry. Moreover, the
transition from the use of an egocentric reference system—commonly used by ECE
pupils—to the use of an exocentric reference system for spatial representation is
encouraged.

The language used to interact with MatataBot uses symbols and intuitive gram-
mar that enables students to represent a shape in space based on their mental
representation of the movements to be made by the robot, giving this representa-
tion meaning. According to Chamorro (2005), in the last year of ECE (5-year-old
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children), pupils are able to develop short and easy programmes in order to construct
geometric figures. Although this is a complex task, it is considered particularly rele-
vant for children to progressively build an appropriate representation of space based
on the basic movements involved.

ECE teachers should therefore master the programming language, as well as the
potential and limitations of the robot, to be able to design learning situations includ-
ing representation activities in accordance with their pupils’ level of maturity. In
this regard, research in teacher training suggests that future teachers should acquire
expanded content knowledge (Pino-Fan & Godino, 2015).

With respect to teachers’computational thinking development, Estebanell et al.
(2018) put forward an initial training model that includes four levels: user level,
reflective user level, teacher level, and reflective teacher level. This research focuses
on the user level. At this level, Seckel et al. (2022) identified common errors in the
planning of programming: a) error due to misunderstanding a type of programming,
b) error due to the absence of one or more coding blocks, c) error due to excessive
quantification of coding blocks, d) error when applying previous knowledge.

Brennan and Resnick (2012), for their part, propose a framework for characteris-
ing CT that includes the following three dimensions:

a) Computational concepts: main ideas such as sequences, loops, data, and operators
b) Computational practices: activities for using the robot in a variety of contexts
¢) Computational perspectives: changes in the users’view of the computational activ-

1ty

All elements of the above models help contribute to characterising the knowledge
related to CT of the participants in this research.

3 Materials and methods

This research, within the qualitative paradigm (Cohen et al., 2007), is based on a
case study (Stake, 1995), the purpose of which is to understand, describe, and
explain the characteristics of geometric and computational thinking the participants
put to use in the implementation of a learning situation designed by the authors.
The teaching objective of this learning situation is to develop geometric and com-
putational knowledge and its didactics, using MatataBot, which is recommended for
children aged between 4 and 9 years of age.

3.1 Description of the educational robot used
MatataBot is part of an analogue coding set. As shown in Fig. 2, in which letters of

the alphabet are used to name the different parts, the coding set consists of a con-
trol board (a), connected to a command tower (b), which reads the commands given
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(h) Challenge booklet
and answer key

(b) Command tower

(f) Marker
inserted in
the robot

(a) Control board
(g) Triangle
drawn by the

robot on the
surface tQ‘

(c) Robot (d) Coding blocks ' -

(e) “Start” button

Fig.2 MatataLab’s coding set. Adapted from https://matatalab.com/

and sends them to MatataBot, the robot (c). MatataBot starts moving when the user,
after writing the desired programming using coding blocks (d), presses the “start”
button (e), symbolised by ». MatataBot, cylindrical in shape, has a hole in its centre
in which a marker (f) can be inserted to mark the route followed on the surface on
which it moves (g). The coding set comes with several challenge booklets and activ-
ity sheets (h) that include a programming proposal for one of the possible solutions
to each challenge or activity.

®o

Fig. 3 Coding blocks in the coding set. Source https://matatalab.com/
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The coding blocks have intuitive symbols of the commands they represent (see
Fig. 3). There are different types of coding blocks. For instance, there are four types
of motion coding blocks (move forward, move backward, turn right, and turn left).
The first two can be combined with number coding blocks (2, 3, 4, 5, and random
number) for the action of the motion coding blocks to be repeated a desired number
of times. The “turn left” and “turn right” coding blocks can be combined with angle
coding blocks to specify the degree of the desired turn angle (if not indicated, the
turn the robot performs is always 90°). There are also “loop begins” and “loop ends”
coding blocks to indicate when the same action has to be repeated. These coding
blocks can also be combined with number coding blocks to indicate how many times
the loop has to be repeated. Function coding blocks (define function coding blocks
and calling function coding blocks) are also available. Other types of coding blocks
for the robot to sing different melodies or dance also exist.

The purpose is always to solve a robotic problem (Arlegui & Pina, 2016). In other
words, the robot moves from a starting point to another point with a specific purpose
(e.g., to draw a triangle starting at one of its vertices, to travel across a map to reach
a destination, etc.). To do so, the user has to place the necessary coding blocks on
the board (the user can be asked to use as few as possible) to write the program-
ming of the desired route. As soon as the user presses the “start” button, the com-
mand tower reads the commands, interprets them, and sends them to the robot for
it to complete the movements following the route indicated. Through observation,
the user can check if the instructions are correct (i.e., if the robot has completed
the expected route). If the route is wrong, the instructions are revised on the control
board, the error is identified and rectified, and the robot can start all over again.

Other accessories that come with the coding set are a small square grid map with
images on both sides and several plastic pieces like flags or obstacles that can be
placed on the routes indicated on the grid map.

3.2 Context and participants

The research participants were 42 third year ECE students taking the subject of
Didactics of Mathematics taught by the first two authors of this paper at a Spanish
university during academic year 2022-23. They were divided into eight groups (G1
to G8). They were expected to have previous knowledge of geometry, which their
teachers had taught them in sessions preceding the study. In those sessions, they
learnt about the Van Hiele levels of geometric thinking and about the properties and
characteristics of the different types of geometry: topological, metric, and projective
geometry. However, most of the students were not familiar with the use of educa-
tional robots and programming.

3.3 Description of the task proposed

The task proposed, intended for future ECE teachers, consisted of three phases
including different activities that were implemented in a two-hour session that was
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part of the subject of Didactics of Mathematics. A MatataLab coding set was given
to each group.

In phase 1, the students familiarised themselves with the functioning of the robot
and the function of each of the coding blocks carrying out an activity. The different
groups were asked to solve the first three challenges of one of the challenge booklets
using the grid map. These challenges do not present any major difficulty, but the
students had to use the motion and number coding blocks. In the last challenge, they
had to use the loop coding blocks to “save” coding blocks when programming, as
there were not enough blocks to code all the repetitions required without executing
loops.

In phase 2, the activities proposed consisted of programming the robot in such
a manner that its movements represented various basic geometric figures: a square,
a rectangle, an equilateral triangle, and a rhombus, using the marker inserted in its
centre. For each of the programming attempts (even if unsuccessful) and their verifi-
cation, the students had to record a video using their mobile phone and upload it to a
platform to later share the link in the reports they had to present in phase 3.

Phase 3 had to be completed autonomously outside the classroom. The groups
were asked to submit a report on the task they were given as assessment evidence
of the subject. The task in this phase was to identify the different geometric aspects
worked on by answering the questions in Table 1 in writing, as well as to include
links to the videos of the activities done in phase 2. As part of this task, the stu-
dents were asked to adopt the role of ECE teachers, and based on the lesson “experi-
enced”, they had to assess it and propose adaptations. They had to consider planning
the lesson to teach it in a classroom with 5-year-olds. The results of the analysis of
this last phase are not included here, as they respond to an objective that will be
addressed in another paper.

The content of the learning situation was meant for pupils in the last year of ECE
(5-year-old children), but it was presented in such a manner that it was a challenge
for future ECE teachers. In order to implement it with 5-year-old children, all the
necessary didactic adaptations would hence have to be made for the lesson to be
suitable for the educational context in question.

Table 1 Questions regarding the geometric content of the activities carried out in phase 2

1. Explain which geometries can be developed in the activities carried out using MatataBot. Give a
specific example of each of the geometries you mention to justify your answer

2. In the first activity carried out using the grid map and the challenge booklet, what topological, metric,
and projective characteristics did you identify? Justify all the characteristics you mention

3. When building the square, what topological, metric, and projective characteristics did you identify?
Justify all the characteristics you mention

Authors’ own work
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3.4 Data and analysis tools

Data were obtained from the authors’observations during the implementation of the
learning situation in phases 1 and 2 (which they triangulated at the end of the ses-
sion), and from the videos the researchers recorded during the session. Data were
also gathered from the reports the eight groups presented in phase 3, which included
the responses to the questions in Table 1, and from the videos the students recorded
of the development of the activities.

Once the data were collected by the first and second author, a thematic analysis
was performed following the six phases of the methodology proposed by Braun
and Clarke (2006, p. 87): 1) become familiar with the data; 2) generate initial
codes; 3) search for themes; 4) review themes; 5) define themes; and 6) write up
the report. It should be noted that Braun and Clarke’s (2006) thematic analysis was
adapted to the needs of this study. The themes were therefore determined a priori,
based on the theoretical framework. To characterise the geometric and computa-
tional knowledge of the participants, a qualitative analysis of their answers to the
questions in phase 2 and to question 3 in phase 3 was performed. It was based
on the notion of epistemic configuration of the DMK model of the OSA (Godino
et al., 2019). In this analysis, it was observed that primary objects emerged, and
some errors related to these primary objects were detected (Font et al., 2024). For
the primary object of procedure, the programming errors the participants made
when constructing the geometric figures requested in phase 2 were characterised.
To do so, the classification of Seckel et al. (2022) on the frequent errors teachers
make when working with educational robots was taken as a starting point. This
classification is explained in the theoretical framework section of this paper. The
classification of errors made by pre-service teachers in the procedure of program-
ming geometric shapes includes the following: a) error due to misunderstanding
a type of programming, as they made an error in the number of times the loop
coding block had to be repeated; b) error due to the absence of one or more cod-
ing blocks in the programme, as they did not add the “loop ends” coding block at
the end of some programmes, which prevented MatataBot from functioning; c)
error due to excessive quantification of a coding block, considering they placed
an unnecessary quantity of number coding blocks under the “move forward” or
“move backward” block; and d) error when applying previous knowledge, when
they made a mistake in the degree of the turn angle.

The results of the analyses conducted by the authors were triangulated together
with two external researchers, experts in the use of the tools described, until a con-
sensus was reached.
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4 Results

This section presents the primary objects that emerged throughout the activities,
as well the errors the future ECE teachers made with regard to these objects (see
Table 2).

4.1 Representations

In the problem-solving activities related to the construction of geometric fig-
ures using MatataBot (phase 2), amongst the objects that emerged, there were
representations. Three groups used verbal representations of the figures, G1
and G5 of the rectangle and G3 of the square. All the groups used symbolic
representations (programming codes of the robot) to represent the four geomet-
ric figures (a square, a rectangle, an equilateral triangle, and a rhombus) they
were asked to construct. All eight groups employed iconic representations of
each geometric figure (drawn from the programming code of the robot). Three
groups used iconic representations of the figures before programming the robot.
Group G1 represented the rectangle, while G2 and G3 represented the rhombus,
indicating the respective angles. However, a lack of geometric accuracy was
observed in the representation of the rhombus (error in the representation), as
shown in Fig. 4.

Fig.4 Group G3’s iconic
representation of the rhombus.
Authors’ own work
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%ﬂ

Fig.5 Programming of a
rhombus in which the sum

of the internal angles is 330
degrees (less than 360 degrees).
Authors’ own work

4.2 Propositions/properties

Propositions and properties of geometric figures were another primary object
that emerged in the participants’responses. Of the ones that emerged, only one,
expressed by groups G2 and G3, was correct. They commented that the opposite
angles of a rhombus are congruent. The others could be characterised as errors in
the proposition and/or property, since the sum of the internal angles of a rhom-
bus is 360 degrees and not 180, and the consecutive angles of a rhombus do not
always measure twice as much as each other (one angle can be 105 degrees and
the other 75). In addition, the external angle of a rhombus is not always twice the
internal angle.

Regarding the programming for the construction of the rhombus, two groups
included angles the sums of which, both of the internal and of the external angles,
were greater or less than 360 degrees. As the figure resembled a rhombus, the
groups considered the answer (programming) as correct (see Fig. 5). In this case,
the future teachers did not take into account the property of quadrilaterals stating
that the sum of the internal and external angles of a quadrilateral is always 360
degrees. They hence made an error in the proposition/property.

4.3 Arguments

The participants used arguments and justifications in the activities they carried out.
On the one hand, in the construction of the geometric figures (phase 2), few groups
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gave grounds for their solutions. G1 argued that, in order to construct a rectangle,
the loop had to be repeated twice because the figure has two sides and two sides (two
long sides and two short sides). The members of G3 justified that the robot had to
move and turn four times because they wanted to create a square. That same group
argued that, when programming the triangle, they chose the double of the 60-degree
angle because the robot turns along the external angle, and they therefore had to use
the measure of the external angle (120 degrees). The remaining groups did not jus-
tify or give reasons for the solutions they presented to construct the figures.

On the other hand, in question 3 (phase 3), arguments emerged to justify the types
of geometry that could be identified when constructing the square. The groups used
arguments to justify topological, projective, and metric geometry. Regarding topo-
logical geometry, the only group that did not present any arguments was G2. Of
the groups that did put forward arguments, only three groups offered a complete
argument and used all the topological invariants. Three groups presented incomplete
arguments, and one group (G1) presented an erroneous argument, as they used the
notion of command incorrectly.

When using a square, you can work on the command, since, to make the robot
move, first of all, you have to think and build the sequence of movements that
it will make and, therefore, you have to take into account the command of the
different blocks because, if you change it, it [MatataBot] will not execute the
command correctly. (G1)

With respect to projective geometry, all the groups presented arguments, although
most of them did not include all the invariants of projective geometry. As for metric
geometry, only three groups offered a complete argument to justify that aspects of
metric geometry emerge in the construction of the square. Five groups presented
incomplete and inconsistent arguments. For instance, in the argument shown below,
some aspects, such as the recognition of plane figures, are not considered. In the
construction of the square, the notions of distance and symmetry are not addressed,
which could be considered as an error in the argumentation. Group 5 said: “(...)
90-degree angles when constructing the square. Turns: when the robot turns on itself
and then moves to the left or to the right. (G5)”.

Gy o e Possible programming without using loop coding blocks. The
T T T T robot follows its route by executing the sequence command after
command: “move forward - turn right - move forward - turn right
- move forward - turn right - move forward.”

T Possible programming using a loop coding block and a number 2
T | coding block. The sequence “move forward — turn right” is to be
=2 repeated four times in a row.

Fig.6 Correct programming to represent a square using MatataBot. Authors’ own work
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4.4 Procedures

With regard to procedures, it was observed that group G1 added the consecutive
internal angles of the rhombus to verify that one is double the other. Three groups
represented the geometric figures using a marker and paper before carrying out the
activity with the robot.

In the analysis of the emergence of primary objects, it was also observed that
all the groups represented the geometric figures using the coding blocks. However,
during the process of representing some of the figures, procedural errors in the pro-
gramming were made, which caused errors in their iconic representation, as detailed
below.

4.4.1 Programming procedure for the square

In the case of the square, the first figure the robot had to represent, the images on the
left in Fig. 6 show two examples of possible programming considered as correct. It
was likely for the groups to use this type of programming.

Other programming possibilities exist in which the square can be represented in
the same way. For example, if instead of moving forward, the robot moved back-
ward, or if, instead of turning to the right, it turned to the left. All the groups man-
aged to programme this representation without errors.

4.4.2 Programming procedure for the rectangle

For the representation of the rectangle, it was likely for the groups to use program-
ming like the ones in Fig. 7, which shows two examples of possible programming
considered as correct.

From the programming of the square onwards, all the groups chose to make use
of the loop coding blocks for their next programming. For the most part, the partici-
pants made two main mistakes, which are described below. They are based on the
example of group G3’s programming to represent a rectangle (see Fig. 8).

NNERERRE

Possible programming without using loop coding blocks. The robot follows
T ‘ its route by executing the sequence command after command: “move
forward - move forward - turn right - move forward - turn right - move
forward - move forward - turn right - move forward.”

T - > Possible programming using a loop coding block and a number 2 coding
block. The sequence “move forward — move forward - turn right — move
forward - turn right” is to be repeated twice in a row.

Fig.7 Correct programming to represent a rectangle using MatataBot. Authors’ own work

Fig. 8 Erroneous program-
ming to represent a rectangle.
Authors’ own work
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As can be observed, the following two errors in the programming are identified:
1) Error due to the misunderstanding of a type of programming (the loop coding
block should be repeated twice, not four times); 2) Error due to the absence of a
coding block (a right-turn coding block is missing before closing the loop). How-
ever, a student of Group 3 looked at the instructions and realised the number 4 cod-
ing block at the beginning of the loop was incorrect: “It has two sides and two sides.
This [pointing to the number 4 coding block] is a 2! There are already two sides here
[pointing to the two “move forward” coding blocks]”.

To visualise it, they checked it using the graphic representation of the route they
followed at the beginning of the activity. They changed the number 4 coding block
for a number 2 coding block, but the representation was not correct. A student of
Group 3 said: “There have to be four turns [pointing to the number 2 coding block
below the “loop begins” coding block]”. Another student of that same group replied:
“This is not the turn [pointing to the “loop begins” coding block]. It is this one
[pointing to the “turn right” coding block]”. This same student then realised another
turn was missing before the “loop ends” coding block: “Let’s put another turn here
(G3)”.

However, her classmates were not sure about it, and they said: “No, no, lets’ try!
[and they pressed the “start” button] (G3)”.

The representation was not correct. A member of G3 said: “Let’s add another
turn, as M. said (G3)”.

Finally, the representation was correct.

4.4.3 Programming procedure for the equilateral triangle

For the representation of the equilateral triangle, it was likely for the groups to
use the type of programming in Fig. 9, which shows an example of possible pro-
gramming considered as correct.

The angle coding blocks of the programming for the equilateral triangle were a
source of common errors in all the groups. Group G2’s first programming attempt
is shown in Fig. 10.

B

Fig. 9 Possible correct programming to represent an equilateral triangle using MatataBot. Authors’ own
work

Possible programming using a loop coding block, a number 3 coding
block, and a 120-degree angle block. The sequence: “move forward
- turn right 120 degrees” is to be repeated three times in a row.

Fig. 10 Erroneous programming
to represent a triangle. Authors’
own work
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As can be seen, the following two errors in the programming were identified:
1) error due to excessive quantification of a coding block (the number 3 coding
block below the “move forward” coding block is not necessary); 2) error when
applying previous knowledge (the degrees of rotation should be 120);

When the students checked their programming by pressing the start button
of the MatatalLab coding set and saw that the figure they expected was not rep-
resented, they immediately realised that the number 3 coding block under the
“move forward” coding block was not correct, as the robot already moved for-
ward three times using the loop to represent the three sides of the triangle. They
also noticed, looking perplexed, that the angle of the triangle was too open. It
may be inferred that this is because they know the interior angle of an equilateral
triangle has to be 60 degrees, given that all angles must be equal, and because the
angle sum property of a triangle says that the sum of its interior angles is equal to
180 degrees. A dialogue among the participants of Group 2 began:

Your angle is too open. Why?

I think it (the robot) is turning along the exterior angle. Thus, 360-60 = 300
degrees...

But there is no angle coding block for 300...

Let’s use two of 150

We can’t use two.

Let’s use one of 150 and let’s try (dialogue in G2)

They then changed the 60-degree angle block for a 150-degree angle block, but
the representation did not correspond to an equilateral triangle either.

The explanation is that MatataBot’s angle of rotation is made in relation to the
straight line of its route. In other words, to find the angle, it is necessary to calculate
the angle complementary to the interior angle of the figure to be represented (see
Fig. 11).

Fig. 11 Angle of rotation of MatataBot. Authors’ own work
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After the first attempt, the students, for the most part, did not apply their previous
knowledge to reason out what the angle should be in the programming, but found it
by trial and error, using the different angle coding blocks that came with the coding
set.

When group G4 realised the 60-degree angle was too wide, they changed it to 45
degrees. As they wanted the angle of rotation of the robot to be more narrow, they
reasoned that they had to use an angle that was smaller than 60 degrees. They only
looked at the measure of the angle, but without relying on their previous knowledge
of triangles. An equilateral triangle could not possibly have interior angles of 45
degrees, as the sum of its angles would not add up to 180 degrees, and the essential
property of being a triangle would not be fulfilled. This is another expression of the
same type of error when applying previous knowledge.

4.4.4 Programming procedure for the rhombus

For the representation of the rhombus, programming of the type shown in Fig. 12
was considered to be correct.

Most of the errors in the representation of this figure were errors when applying
previous knowledge, as they were related to the angles of rotation. This was also the
case with the equilateral triangle, despite the fact that the students already had expe-
rience in representing it, and had knowledge about the characteristics of rhombuses.

They learnt by trial and error using the angle coding blocks that were available,
without thinking about how to find the angles they would have to use for the repre-
sentation to be correct.

Possible programming using a loop coding block, a number
T :'“> T :'":' 2 coding block, and the 60 and 120-degree angle blocks.
: : The sequence “move forward - turn right 120 degrees-

move forward - turn right 60 degrees” is to be repeated
twice in a row.

Fig. 12 Correct programming to represent a thombus using MatataBot. Authors’ own work
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5 Discussion and conclusions

This is a qualitative study does not intend to generalise results, but aims to provide
knowledge to characterise the geometric and computational thinking of future ECE
teachers based on their participation in a robotic problem-solving activity using
MatataBot, MatatalLab’s educational robot. It also seeks to identify which errors
they make and the difficulties they face in this process.

From the responses to the activities the future ECE teachers were given, the fol-
lowing primary objects were identified: arguments/justifications, representations/
language, propositions and procedures related to mathematical objects. However, it
was not possible to identify definitions or concepts associated with a specific math-
ematical object.

As for the representations, although all the groups used symbolic and iconic rep-
resentation using the coding blocks, few groups used verbal and iconic representa-
tion before executing the programming of the robot, and several errors of accuracy
were found in the representation of the geometric figures.

Regarding the propositions or properties of the geometric figures, only one of
those that emerged was considered correct from a mathematical perspective. This
led to the inference that the future ECE teachers have limited knowledge of the prop-
erties of the geometric figures they worked on.

With respect to the arguments the participants presented when carrying out the
activities in phase 2, only two groups justified the reason for the construction of the
figures. For question 3 in phase 3, all the groups gave grounds for the types of geom-
etries (topological, projective, and metric) that could be inferred in the construction
of the square. However, few groups formulated complete arguments that included all
geometric invariants, and errors were detected in these arguments.

As for the primary object of procedures, several errors were found in program-
ming the robot. These included errors due to the misunderstanding of a type of pro-
gramming, to the absence of a coding block, to excessively quantifying a coding
block, and to errors when applying previous knowledge.

Although several studies show positive levels of interest, knowledge, problem
solving and self-efficacy in future teachers when working on robotics and computa-
tional thinking in basic education (Piedade, 2021), this study reveals weaknesses in
both mathematical (geometric) and computational (sequence programming) knowl-
edge when solving robotic problems at the user level. This is in line with the studies
of Caviedes et al. (2022) on the knowledge of the mathematical object area, and
with those of Sala-Sebastia et al. (2023) on the mathematical and computational
didactic knowledge of future ECE teachers when using the Blue-Bot robot. It also
coincides with the observations of Seckel et al. (2022), who identify different types
of errors made by future ECE teachers when solving robotic problems, mainly in the
programming procedures of code sequences. These procedural errors can contribute
to refining the error classification proposed by Font et al. (2024).
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In the case of mathematical practices for programming educational robots to fol-
low routes and make representations, procedural errors often involve errors in the
representation. Moreover, in the study conducted, the type of procedural error called
“error when applying previous knowledge” could be compatible with “error in the
definition” or “error in the proposition” described by Font et al. (2024).

It is hence clear that the participants’ lack of previous knowledge of geometry
(such as the properties of elementary geometric figures, amongst other aspects)
leads to errors in both programming and representation. However, it can be con-
firmed that future teachers’experiences as learners serve as evidence that geomet-
ric knowledge programming activities aligned with state-level mathematics stand-
ards and the national curriculum offer promising opportunities for future teachers
to improve their CT skills while learning mathematics. This finding is consistent
with the study conducted by Dahshan and Galanti (2024). They maintain that the
open-ended nature of this kind of activity promotes teachers’ ability to make sense
of mathematical concepts through code, and to diagnose errors when the programme
does not create the mathematical representations they expected. Ye et al. (2023)
concluded in their study that integrating CT in mathematics education has proven to
be supportive in the content of algebra and geometry across education levels. In this
regard, it can be concluded that, although the use of educational robots enhances
the understanding of geometry, it is crucial to assess and work on future teachers’
previous knowledge before they are faced with levels higher than the user level, such
as reflective user level, teacher level, or reflective teacher level, as defined by Este-
banell et al. (2018).

The need to train future teachers not only in mathematical-geometric knowl-
edge, but also in the use of technological tools in the classroom (Morales-Lopez
et al., 2024) is crucial, as it would contribute to their comprehensive training and
to improving ECE teaching. We are in agreement with Yang’s (2025) conclusions
that participating in innovative teaching practices, in which future ECE teachers are
required to experiment with technological tools such as educational robots, could be
a stimulus to enable them to confidently design and implement their own activities
by experimenting with current technologies in their future teaching practice. Mod-
elling is an effective way of learning how to teach (Ertmer & Ottenbreit-Leftwich,
2010). The findings of this study are also aligned with Dahshan and Galanti’s (2024)
results when they state that the sequence of experiencing programming as learners
followed by reflection on how the programme might fit into their mathematics cur-
riculum equips them with the expertise needed to design similar open and creative
learning experiences for their students.

The research here conducted is one of the first approaches to using educational
robots for future ECE teachers’ development of CT linked to geometric thinking.
Based on the results of characterising and identifying errors that could hinder its
development, didactic orientations can be implemented to guide specific teacher
training. This would complement studies on the existing training, referring to the
use of Bee-bot for the development of CT (Seckel et al., 2023). These didactic ori-
entations could be written in collaboration with other international researchers in the
field. This line of research has recently opened up, and there are numerous reasons,
such as the ones mentioned throughout this paper, to continue expanding it. It is key
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for pre-service teachers to be trained in these skills and competencies, as both the
curricula and the needs of current and future society demand them. It allows them to
develop those competencies in their future students. Moreover, the development of
CT by integrating different mathematical contents, such as geometry in the activity
using MatataBot in this study, could open the door to a new way of learning math-
ematics, making the abstract more specific.
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