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Abstract: Learning about the conceptions used by primary school teachers towards the use of robotics
in class is essential as the first step towards its application in the classroom. Therefore, with the
purpose of describing the understanding applied when teaching and learning mathematics use
educational robots, research was conducted by means of mixed methods using a descriptive design
by survey. Such research consisted of closed questions (Likert-type scale from 1 to 5) and open
questions, given to 83 primary school teachers who currently teach students in the first years of
school (First to Fourth grade) in two Chilean districts. The results showed that in general, there is a
positive predisposition towards the addition of robots in the learning and teaching of mathematic
processes during the first years of school, even though teachers claim there is a struggle to incorporate
robots in their lessons due to the high number of students and the reduced space in their classrooms.

Keywords: math education; educational robotics; teachers’ conceptions

1. Introduction

The agenda of general research related to the study of conceptions determines that
such understandings are the ones which shape the meaning we give to things. This is
because conceptions are formed from an individual perspective on the one hand, because
of our own experiences, and on the other hand, from a social perspective as a result of the
confrontation of our own elaborations with others [1].

Given the fact that teaching involves both personal and social perspectives, several
studies have been carried out, focusing on investigating the teachers’ conceptions, particu-
larly the ones connected with teaching mathematics. With the intent of understanding the
teachers’ pedagogical methods and to know how they conceive teaching, many studies
have been concerned with identifying their conceptions, not only about mathematics [2-5],
but also about their teaching and learning processes [6-8]. In this view, several works
have focused on identifying the teachers’ conceptions of teaching different mathematical
objects [9,10]; affective aspects of learning and class-design [2,11,12]; evaluation and com-
petence [13]; teaching through the process of problem solving [14-19]; and the use of ICT
resources [4,20-22].

In connection with the use of ICT resources, currently we can find research that seeks
to study pedagogical practices and the teacher’s conceptions in terms of the use of robots
or to the development of computational thinking through robotics in classrooms [23-30].
Additionally, we can find examples of teachers’ training in robotics [31], that focused on
the STEM approach [32], as an active learning development [33]. Particularly, we can find
research on the conceptions of the use of pedagogical robots at early ages [34-36].
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Those studies show ambiguous results, because even though teachers value positively
the use of robots in their classrooms, they also consider that the use of an educational
robot may affect their perceptions and practices because it includes new knowledge and a
change in the methodology of teaching and learning, different from the traditional ones.
Specifically, the perception of teachers regarding the use of pedagogical robots during the
early ages, in particular the use of Bee-bot [34,35,37], is positive for the technical aspects
and for the pedagogical and social aspects as well. However, they also point out that it
presents difficulties and limitations.

Moreover, different trends and approaches regarding teachers’ training, at their initial
stages as well as throughout their careers, suggest that the research on and reflection of
teachers’ practices is a key strategy to improve teaching. Among the diverse theoretical
approaches in mathematics, the Onto-Semiotic Approach (OSA) to cognition and mathe-
matical instruction [38], suggests the Didactic Suitability Criteria (DSC) as a tool to organize
the reflection of teachers’ training, especially when such approach is focused on improving
the teaching and learning processes of mathematics.

The DSC is a combination of six criteria, which break down in components and
indicators that guide the improvement of implemented teaching processes. Said criteria
(along with their components and indicators) can be inferred from the reflection of teachers’
training on their personal or external teaching practices, even when there has been no
development process to teach them. The DSC’s components as well as their indicators
have been proposed considering the current trends regarding the teaching of mathematics,
the National Council of Teachers Mathematics” Principles [39] and the research’s results in
Didactics of Mathematics, which have an extensive consensus in the community.

The DSC is a multidimensional construct that consists of six partial criteria [40]:
(1) epistemic facet criteria, to value whether if the math taught is “good math”; (2) cognitive
facet criteria, to value prior to initiate the teaching process whether if what is intended to
be taught is within a reasonable distance from what is already known by the students and,
after the process, if the learnings accomplished are close to what was intended to be taught;
(3) interactional facet criteria, to value if the interactions resolve the students’ doubts and
difficulties; (4) mediational facet criteria, to value the adaptation of the materials and
temporal resources used through the training process; (5) affective facet criteria, to value
the students’ implications (interests and motivations) through the training process; and
(6) ecological facet criteria, to value the adaptation to the educational training project, to the
curricula guidelines and to the conditions of the socio-professional environment, among
others. Each criterion breaks down into components and indicators (Table 1), which makes
it possible for this construct to be useful to value the suitability of the teaching and learning
processes of mathematics [41,42].

Table 1. Didactic suitability criteria and components.

Suitability Criterion Components
Epistemnic Errors, ambiguities, richness of processes, representativeness
P of the complexity of the mathematical object
- Prior knowledge, curricular adaptation to individual
Cognitive . . . o
differences, learning, high cognitive demand
. Teacher—student interaction, students” interaction, autonomy;,
Interactional .
formative assessment
.. Materials resources, number of students, class schedule and
Mediational

conditions, time
Affective Interests and needs, attitudes, emotions
Curriculum adaptation, intra- and interdisciplinary

Ecological . . . L .
& connections, social and labor usefulness, didactic innovation

Various research have observed a phenomenon that repeats frequently: the com-
ponents and indicators of the DSC proposed by the OAS function as regularities in the
teachers’ approach when they value an episode or justify that a didactics proposal signifies
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an improvement, without having been taught the usage of such tools to guide their reflec-
tion. That is to say, the teachers’ comments can be considered as proof of the implicit use
of any of the DSC components or indicators as a guide which must orientate the teachers’
practice for a correct application [43]. We began this research by asking teachers who do not
know about the didactic suitability criteria construct what they think of the incorporation of
robots in the teaching and learning processes of mathematics. In a certain way, we put them
in a position to reflect on a possible improvement of their teaching of mathematics, with
the sole purpose of analyzing and organizing their statements applying the components
and indicators of the DSC.

Breda, Font and Pino-Fan [44], explain this presence of DSC in the teachers” approach
as having been taken from an existing consensus (from different origins) established
among the community of mathematics’ teachers regarding the aspects to be considered
to accomplish a good math class. In contrast, whenever it is possible to determine a
criterion that guides the teachers’ practice, such criterion can be interpreted as a belief,
if we understand it according to Peirce [45], and zero criterion as a disposition towards
action. The group of criteria, also according to Peirce, can be understood as the teachers’
conception. This way of understanding the conception as a group of criterions, is also
considered by some investigators of the Didactics of Mathematics (i.e., [46,47]).

Therefore, one of the uses of DSC in the investigational field, is the consideration of
the teachers’ conceptions, assuming the premise that when consulting about the implemen-
tation of an innovation in the mathematics’ teaching and learning processes, the teachers
are faced with a situation of analysis, in which their conceptions are revealed and such
conceptions are based implicitly in the DSC [40,43,48-51]. In that sense, in the present study
it is intended to answer the following question: Which are the conceptions that primary
school teachers have regarding the use of educational robots in the process of teaching and
learning mathematics? This question is relevant in the context of the Chilean ministerial
initiatives towards introducing Computational Thinking in the Math and Science syllabus.
To answer the matter, the study has the objective to characterize teachers’ conceptions on
the use of robotics when teaching and learning mathematics during the early ages at school.

2. Materials and Methods

This study was conducted by means of a mixed methods approach and the methodol-
ogy applied was an explorative-descriptive type [52]. A non-experimental research method
design was followed, descriptive by means of a survey which was characterized by being
the first approach to the phenomenon researched, providing general data of the population
of interest [53].

2.1. Participants

The sample of participants consists of a probabilistic sampling, which represents the
teachers from educational centers that have a practice agreement with a university from
Maule’s Region. Said sample was selected by means of a two-stage cluster sampling method
with probabilities proportional to size. In the first stage, 30 different size sample institutions
were obtained, and in the second stage, 2 out of 4 grades of those institutions were randomly
selected, then the teachers of each of the grades obtained were selected. Therefore, the
final sample consists of 83 teachers from First to Fourth grades of primary school in Chile
(74 women and 9 men), who work at a public and a partially state subsidy school in Talca
and Curicé districts (Chile). Among these participants, 19 have a masters” degree, 24 have
a post-graduate degree in mathematics and 8 of them have a training course in robotics.
Some of the participants have more of these academic formations (masters’ degree and
robotics training, masters’ degree and post-graduate degree or post-graduate degree and
robotics training). In terms of years of professional experience, 10 participants have at least
1 year of experience, 17 have between 1 and 3 years of experience and 56 have more than
3 years.
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2.2. Instruments and Variables

The instrument applied (see annex 1 in see Annex 1 in Supplementary Materials),
used during the COVID-19 sanitary confinement during the year 2020, involved a total of
42 items (see details in Seckel, Breda and Font [54]) that were presented in two sections; the
first one entailed closed questions (39 items) and the second one, open questions (3 items).

The validation process was conducted through the expert’s judgement technique, in
which 5 judges were involved, and had replied to an online validation survey. The items
were evaluated through four parameters: clarity (the item is easily understood, that is to
say, its semantics and syntaxis are correct), coherence (the item has a logic relation with the
dimension or the parameter analyzed), relevance (the item is essential or important, that is
to say, it must be included) and sufficiency (the items which belong to a same dimension
are sufficient to obtain the extent of the dimension) [55]. The closed question items were
evaluated considering the 4 parameters, whereas the open question items were evaluated
through the parameters of clarity, coherence and relevance. The process of reviewing the
questions handed out to the judges was conducted in two stages. In the first stage, the
Content Validity Coefficient (CVC) was applied, by which it was able to measure the grade
of agreement among the experts regarding the items and the instrument in general. Once
the coefficients have been obtained, their values were analyzed according to the scales:
unacceptable (CVC minor to 0.60), deficient (CVC major or equal to 0.60 and minor or
equal to 0.70), acceptable (CVC major to 0.71) and minor or equal to 0.80), good (CVC
major to 0.80 and minor or equal to 0.90) and excellent (CVC major than 0.90) [52]. In
the second stage, the relevance to retain those items that had accomplished a CVC major
to 0.71 and minor or equal to 0.80 (validity and acceptable concordance) was analyzed
according to the expert’s recommendations. Moreover, in this stage, the instrument was
revised and corrected following the experts” suggestions, according to four scopes: [53]
(i) appropriate use of words, (ii) adequacy of the questions’ meaning so that they can
quantify only one objective, (iii) adding an item to increase the adequacy of a specific
dimension. Therefore, the instrument evaluated obtained a validity coefficient of 0.88.

The first section considered a Likert-type scale from 1 to 5 (1 completely disagree and
5 completely agree, 3 neither agree nor disagree as a middle point) with 39 affirmations
about the learning and teaching with robots (which will be referred as to dimensions from
now on) and articulated based on DSC (epistemic, cognitive, interactional, mediational,
affective, ecological), its components and indicators (Table 1).

The teaching dimension considers 21 affirmations or items referring to the impact of
the use of pedagogical robots when teaching mathematics, whereas the learning dimension
comprises the subsequent 18 items related to the learning of mathematics by using robots
as a pedagogical resource. Moreover, these affirmations are grouped according to the
didactic suitability criteria that have been taken as a foundation for its reasoning, as shown
in Table 2.

Initially, the participants’ conceptions were inferred from the annex of closed questions
considering 2 variables: the first one is the known dimension (teaching dimension and
learning dimension), and the second one is the didactic suitability criterion, which is
reflected in their score of each affirmation.

Furthermore, in terms of personal and professional characteristics of the participants,
the following information was collected: gender (1 = woman; 0 = man), academic formation
(postgraduate degree in math or initial degree, master’s degree and/or training in robotics)
and classroom experience (1 = less than a year; 2 = between one year and three; 3 = more
than three). As mentioned before, in reference to the variable of the academic formation, it
must be pointed out that the formation options are not limited—a participant may have
answered more than one option (i.e., masters’ degree and robotics training, masters” degree
and post-graduate degree or post-graduate degree and robotics training).

The second section considered three open questions, which were supposed to be
answered after watching a video in which the Blue-Bot robot was presented along with
its programming functions. In the first open question, a math assignment was introduced
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with the following query: “What suggestions would you provide to the teacher to address
the start, development and ending of the class?”. Then, the following questions were
introduced: “What benefits would have the use of the pedagogical robot during a math
class?” “What difficulties might be experienced while using the pedagogical robot during
a math class?”.

Table 2. Items distribution according to dimension and didactic suitability criterion.

Didactic Suitability

Dimension Criterion Items
Epistemic 1,2,3,4,5,6,7,8,9 and 10
Cognitive 11 and 12
Teaching Interactional 13 and 14
Mediational 15,16 and 17
Affective 18 and 19
Ecological 20 and 21
Epistemic 22,23,24,25,26 and 27
Cognitive 28 and 29
Learning Interactional 30 and 31
Mediational 32 and 33
Affective 34, 35 and 36
Ecological 37,38 and 39

2.3. Results Analysis

The analysis of the data collected followed a quantitative validity model; the qual-
itative data support the quantitative validity [56]. Therefore, the survey’s quantitative
data were analyzed first, and then the qualitative data. Finally, the quantitative data were
validated with the qualitative data.

In the quantitative study, different strategies of analysis were conducted. At first,
the interest was focused on identifying professional profiles similarly enough to define a
homogenous group internally but them being externally heterogenous. To do so, a group
analysis or hierarchical cluster was conducted through the Ward group method, with the
Euclidean distance squared as the measure of proximity among the groups or clusters. For
the identification of the groups, we used the Ward's linkage dendrogram with a maximum
distance of around 5. Once the clusters or groups were established, the next step was to
explore the distribution (in terms of center, position, and dispersion) of the participants
item’s scores regarding the impact of the use of pedagogical robots in the mathematics
learning and teaching processes according to the different didactic suitability criterions
(Table 3), thus inferring the participants’ conceptions. Finally, a descriptive analysis was
carried out in terms of the grade of relation between the experience or previous academic
formation and the participants’ conceptions according to the different professional profiles
established. Therefore, the statistics test or Pearson’s chi-squared test is used, which allows
to contrast the independence hypothesis in a contingency table, among qualitative variables.
Moreover, said results are complemented with the force estimation association as of the
Spearman’s rank correlation coefficient. This measure sets between —1 and 1 and allows
to conclude in a larger grade of association if the value is near the extremes (—1 negative
relation and 1 positive) or lesser in cases where the value is nearly 0.

The qualitative data were analyzed through the content analysis method [57]; there-
fore, the didactic suitability criterion was defined as the theoretical reference from which
the participants” discourse was analyzed. Said criterion was also considered in the design
of the closed-questions survey. Consequently, once the data were collected, the following
occurred: (1) the content corpus was set up; (2) the categorization of the units” analysis
took place; (3) the relation between the qualitative and quantitative analysis was deter-
mined. Moreover, to secure the validity of the qualitative data the study considered the
regulatory dependence criterion [58], that consists of a control process of the data inter-
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pretation made by a group of examinators composed of a national collaborator and two
international collaborators.

Table 3. Frequency (percentage) of participants according to the variables analyzed within each cluster.

Characteristic Variable Cluster 1 Cluster 2 Cluster 3
Gender Woman 47 (87.0%) 18 (94.7%) 9 (90.0%)
Academi Postgraduate 15 (27.8%) 6 (31.6%) 3 (30.0%)
; cademuc Master’s 8 (14.8) 2 (10.5%) 9 (90.0%)
ormation Course 6 (11.1%) 2 (10.5%) 0 (0.0%)
Years of Less than 1 year 5 (9.3%) 4 (21.1%) 1 (10.0%)
previous Between 1 and 3 years 16 (29.6%) 0 (0.0%) 1 (10.0%)
experience More than 3 years 33 (61.1%) 15 (78.9%) 8 (80.0%)
First 37 (68.5% 14 (73.7%) 8 (80.0%)
Gigjfju‘;f Second 39 (72.2%) 11 (57.9%) 7 (70.0%)
ef’( ionee Third 34 (63.0%) 11 (57.9%) 6 (60.0%)
P Fourth 30 (55.6%) 15 (78.9%) 4 (40.0%)

3. Results

3.1. Quantitative Study
3.1.1. Participants’ Professional Profiles

Through the group analysis, three groups or clusters of participants were identified
who had similar experience or academic formation as well as shared the concepts of
using pedagogical robots in the learning and teaching mathematics. The first cluster
was formed by 54 participants (65.1%) whereas the second one was by 19 participants
(22.9%) and the third by 10 participants (12.0%). In Table 3, some of the personal and
professional characteristics are exhibited in relation to the participants’ previous experience
and academic formation, pursuant to the three identified clusters.

As for Cluster 1, formed by 54 participants, among them 87% were women, who
mainly have a postgraduate degree in Math, even though they do not exceed the 28% of
the teachers, whereas those with an introductory course in robotics are the least frequent
variable. In terms of previous experience, most of the participants (61.1%) have more than
3 years of practice, focused on the first grade’s education (72.2% for second grade and
68.5% for first grade).

In Cluster 2, only 1 person is a man out of the 19 participants (94.7% women), and
likewise with the above-mentioned case, most of the participants have a postgraduate
degree in Math, and do not exceed a third of the grand total of the teachers in this group
(31.6%). As for the years of experience in the classroom, 78.9% of the participants have been
teaching for more than 3 years, whereas 21.1% do not surpasses the first year of practice.
Moreover, this previous experience focused mainly on the fourth and first grades (78.9%
fourth grade and 73.7% first).

Finally, in Cluster 3 again women are predominant, (90%) amongst the 10 participants
of this group, who in the majority have a master’s degree (90%) none of them have taken
an introductory training course in robotics for teaching. As for the previous experience,
80% of the participants have been teaching for more than 3 years at primary level, mainly
at first and second grades (80 and 70%, respectively).

3.1.2. Participants” Conceptions

In this section we explore the results through a double-entry table where the measures
of centralization and dispersion of the scores related to the first variable (teaching/learning)
are shown in the columns; and in the rows scores related to the didactic suitability criterion.
The results obtained are shown in Table 4.
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Table 4. Statistics of the participants’ scores.

Didactic Teaching Dimension Learning Dimension
Suitability

Criteria SD P% A SD P%
Epistemic 43 0.81 Pyp=32 44 0.74 P1p=35
Cognitive 44 0.86 P1p=3.0 45 0.77 P1p=3.5
Interactional 4.4 0.88 P1p=3.0 4.4 0.76 P1p=3.0
Mediational 3.5 1.06 P3p=3.0 44 0.78 P1p=3.0
Affective 44 0.75 Pyp=3.5 45 0.72 Py =37
Ecological 42 0.85 Pyp=3.0 4.6 0.70 Pyp=4.0

Global 42 0.74 P1p=3.1 45 0.66 P1p=3.6

A (average); SD (standard deviation); P% percentile.

Globally, the average scores of the participants were bigger towards the learning
of mathematics with robots (4.5 points), but in both cases greater than the indifference
position. On the other hand, in reference to didactic suitability criteria, we noticed that in
the first variable, in teaching as well as in learning, the average scores surpassed the three
points of indifference. Nevertheless, the mediational didactic suitability criterion presented
a bigger variation between both dimensions, with more than one point of difference from
the average score, being the lowest towards teaching. Hence, it can be inferred that among
the participants there is a favorable conception towards the incorporation of robot in the
mathematics’ learning and teaching processes. This means that the participants have a
conception with certain balance for the value on the advantages represented by the incor-
poration of robots (mathematics that facilitates relevant processes such as generalization
and pattern guesswork, better motivation for students, better learning, among others) even
though the aspect the participants see as the less beneficial is related to the mediational
didactic suitability criterion.

Later, it was analyzed further on the results according to the three groups or clusters
previously detailed (Table 3), and said results are presented in Table 5.

Table 5. Average score of the participants according to their cluster.

. . Cluster 1 Cluster 2 Cluster 3
Didactic

Suitability Teaching  Learning  Teaching Learning  Teaching Learning
Criteria A SD A SD A SD A SD A SD A SD

Epistemic 47 032 49 022 40 050 40 030 27 082 30 0.78
Cognitive 48 046 49 028 43 045 42 048 27 098 3.0 0.86
Interactional 48 038 48 044 41 064 41 050 27 083 32 0.94
Mediational 39 098 46 062 30 066 44 053 23 069 32 0.95
Affective 48 031 48 032 41 040 43 044 3.0 080 31 0.90
Ecological 45 060 49 017 39 057 43 044 28 092 33 1.07

A (average); SD (standard deviation).

Table 5 shows that in Cluster 1, the scores were positive in every one of the criteria
according to both dimensions (teaching and learning), even though slightly minor regard-
ing teaching mathematics. Furthermore, in the latter, the mediational didactic suitability
criterion was the lowest average score (3.9 points) regardless being above the indifference
position. In Cluster 2, the scores were also positive, but less intense than in the previous
group. In this case, the greater differences among the score in regards both dimensions
were collected in the mediational criterion, showing an indifference position in terms of the
adequation of robotic material resources for teaching mathematics (3.0 points); however,
it was positive in terms of learning (4.4 points). In Cluster 3, the scores were in general
negative or indifferent regarding teaching and learning mathematics with the use of peda-
gogical robots. Additionally, as well as in the other cases, the criterion with less average
score was the mediational in the teaching mathematics with the use of robots (2.3 points).
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When grouping the participants in clusters, it could be observed that the favorable
conception of incorporation robots in the mathematics learning and teaching process varies
accordingly to the group. It can be noted that the first cluster is more favorable and the
third is not.

3.1.3. Relation between Conceptions and Experience or Previous Academic Formation

In order to analyze the relation between the conceptions of the use of robots in mathe-
matics teaching and learning process and some of the variables related to the experience
and previous academic formation of the participants, it is necessary to redefine some of the
variables. From the global results (Table 4), we noticed that participants gave, in general,
positive scores to the affirmations to both dimensions analyzed, teaching and learning
mathematics with the use of robots. This allowed us to infer on conceptions that entails
positive dispositions towards the incorporation of the robots in the learning and teaching
of mathematics, also towards the advantages of the use of robots for learning mathematics.
However, the results in Clusters 2 and 3 reflected some cases in which the disposition was
less positive or even negative. Thus, to analyze the average scores in each of the study’s
dimensions, a qualitative criterion was defined in regards the intensity of the results and it
is differentiated between the positive conceptions (average score less than 4.5) and very
positive (average score more or equal to 4.5).

Additionally, considering the also qualitative nature of the collected variables on
the academic formation (if each participant has (1) or has not (0) a postgraduate degree,
master’s, or course) and the experience (less than a year (1), between one and three (2), or
more than three (3)) we used the independent chi-squared test. The contingency tables used
in each case are presented in Tables 6 and 7, together with the p-value of the independence
test and the Spearman’s rank correlation coefficient.

Table 6. Frequency of the participants according to the crossed analysis between the conceptions and academic formation.

Dimension Variable Positive  Very Positive =~ Chi-Squared gl p-Value Correlation
Yes 11 13
Postgraduate 1.601 1 0.206 0.139
No 36 23
Teaching Yes ¢ > 0.022 1 0.881 0.016
conceptions No 41 31 : ’ '
Yes 4 4
0.158 1 0.691 0.044
No 43 32
Yes 8 16
Postgraduate 0.002 1 0.961 0.005
No 20 39
L .
carning Yes 3 8
conceptions 0.237 1 0.626 0.053
No 25 47
Si 1 7 1.786 1 0.181 0.147
No 27 48

Table 7. Frequency (percentage) of the participants according to the crossed analysis between the conceptions and the

previous experience.

Years

Dimensions Variable Square-Chi gl p-Value Correlation
<1 1-3 >3
Positive 5 7 35 2.618 2
Teaching conceptions
Very positive 5 10 21 0.270 —0.153
Positive 5 2 21 5.209 2
Learning conceptions
Very positive 5 15 35 0.074 —0.068
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For the interpretation of the data present in Table 6, it is necessary to consider that a
participant could have declared academic formation in more than one of the variables, or
else could have declare dnot having any of them.

The empiric results (Tables 6 and 7) show that there is not enough evidence in the
sample to reject the hypothesis of independence between the academic formation and
the previous experience, and the conceptions of the participants regarding the use of
robots in learning and teaching mathematics (see p-values in both tables, all of them
greater than the level of significance assumed at 0.05). As for the academic formation,
the conceptions regarding teaching are closely related (although slightly) to the fact of
having or not a post graduate degree in mathematics (correlation of 0.139), whereas the
conceptions of learning are related to the specialization courses of robotics (correlation
of 0.147). Furthermore, in terms of the years of experience, the association is stronger,
although negative (—0.153 correlation) as the conceptions regarding teaching were positive,
the participants’ professional experience was lower. In the case of learning, which was also
negative, the association was not so strong.

3.2. Qualitative Study
Below, we present the analysis of the open questions, broken down by questions and

evidence of the participants’ discourse will be presented (P1, P2, P3, ... , Pi “i” stands for
the code assigned for each of the participants).

The process of categorization of the analyzed units showed evidence of suggested
actions in the participants’ discourses that derived implicitly from any of the didactic
suitability criterion (or from some of their components or indicators).

In Figure 1, the results obtained from the first open question “What suggestions would
you provide to the teacher to address the start, development and ending of the class?”

are stated.

EPISTEMIC
COGNITIVE
INTERACTIONAL

MEDIATIONAL

AFFECTIVE

ECOLOGICAL

B——

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 1. Suggestions regarding the implementation of a math assignment with the use of the
Blue-Bot Robot.

As it can be inferred from Figure 1, the criterion that gathers much of the percentage
analyzed units is the “interactional” one, that encloses a 70% of the action recommendations
given by the participants for the implementation of the assignment. Such recommendations
are mainly focused on the teacher-student interaction. Furthermore, some examples of the
analyzed units related to this criterion:

P13: Introduce questions connected with pattern sequences and perform an activity
with the classroom in which the students must follow patterns.

P44: Using the work of the students randomly picked out and through guided ques-
tions, make a summary of the work performed in class.

P70: Consider every idea given by the children, even if they are not correct. Let there
be communication.

P67: The teacher explains how to move Blue-Bot, with clear and concise instructions.
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P81: It will be observed if it (the robot) made all the respective stops in each flower;
if not, then some questions will be made in order to identify their errors and be able to
correct them.

Additionally, the cognitive and mediational criteria have also obtained a high per-
centage (55% in each) in the participants’ discourse. In terms of the cognitive criterion, it
can be observed that the analysis units are focused on producing actions that allow the
recognition from the students of their previous knowledge, this can be observed in the
following examples:

P15: For the start, I would find out what the students know about the objective and by
asking them questions inquire into their knowledge.

P24: Be clear that the students know the patterns and sequences.

P67: Activate previous knowledge regarding the use of the math robot.

P71: At the beginning, I conducted a brainstorm of the concepts to work on.

P79: Activated previous knowledge on the use of patterns. The students can explain
the pattern of simpler activities.

In the mediational criterion, the analyzed units are focused on the use of additional
resources beyond the use of the robot, the classroom’s conditions (physical space and
number of students) and time management, as evidenced in the following examples:

P41: Show them a video to activate the previous knowledge.

P49: A video is introduced along with a similar activity for the students to know the
use of the robot.

P7: To address the class’s objective properly, I would recommend my colleague to
consider the space defined for the activity (... ).

P16: represent other paths in the classroom.

P30: For starting, I would recommend giving the students some time to observe the
image (... ).

Regarding the emotional criterion, the participants made comments on actions that
can motivate the students, i.e.:

P4: Perform a pattern recreational activity, for example, create rhythmic patterns
with applauses.

P13: Additionally, they can jump and move forward from flower to flower imagining
they are the bee.

P22: Conduct an adequate motivation to challenge them to work in class.

P76: At the beginning of the class, I would recommend doing a game based on the
exercise of the students being the bee and where they must move accordingly to the
images in the classroom floor and where they’ll have to count how many jumps they have
performed in order to reach one place or the other.

Regarding the epistemic criterion, most of the comments highlighted the fact that the
use of Blue-Bot would improve the generalization and formulation of guesswork.

P3: Show them different patterns through the robot; show them how it identifies,
show them the images of the flower and the bee so that the students can position the robot
in each of the images, and then they will name the pattern that the robot followed to pass
through each image and the rest of the students can guess the formed pattern, i.e., flower,
bee, flower, bee.

P13: Use the educational robot that moves from the bee towards each of the flowers,
where the student will have to identify the pattern followed by the robot.

P22: I consider the importance of the modelling, step by step in real time (about 7 min).

P34: I would recommend the development of group thinking about the instructions
created, which could be discussed later where the students can communicate and argue
about their experience during the activity.

P37: For the ending, the students should state the different alternatives of the patterns
that they used in order to solve each of the given situations, modelling and reasoning
their choices.
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Regarding the ecological criterion, there were less comments than those reported in
the other criteria; nevertheless, they are relevant since they suggest connecting the robot’s
activity with other topics, i.e., studying bees and pollination.

P31: Comment on the bees’ characteristics and their pollination process.

P68: It cannot be overlooked the importance of coordinating with other syllabus, using
the bee activity with Natural Sciences and the importance of using them for our planet.

P84: Before presenting the activity, it would be important to associate it with the
science class and the patterns observed, giving emphasis with the bees’ life (extracts from
the movie Bee Movie could be used, where patterns of the bees’” conducts are shown).

Alternatively, in Figure 2 the benefits that would derive from performing activities
that allow the introduction of robots in the mathematics’ teaching and learning process are
noted; acknowledged in the teachers’ discourse when replying to the question of “What
benefits would have the use of the pedagogical robot during a math class?”.

EPISTEMIC
COGNITIVE
INTERACTIONAL
MEDIATIONAL
AFFECTIVE

ECOLOGICAL

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 2. Benefits of using Blue-Bot robot during a math class.

In Figure 2, it can be observed that the affective suitability didactic criterion is the one
that had more mentions in the analyzed units, followed by the cognitive criterion. As for
the analyzed units related to the affective criterion, we observed that they relate primarily
with the students’ needs and interests:

P3: The benefit would be the motivation towards the classes, a very much active
learning by the children, participatory, where they can learn through games and technology,
which is what nowadays motivates them the most.

P48: I think that the pedagogical robot would help a lot in my classes because students
would be more motivated.

P79: To learn through games makes learning much more amicable.

In turn, the analyzed units related to the cognitive criterion are mainly related to the
benefits of the use of the robot to enhance the mathematical learning (learning component
of this criterion):

P2: All those related to cognitive development in a whole range of possibilities that
comprise mathematical skills.

P47: Learning through errors and realizing mathematical concepts.

P83: It is a rich learning process, cerebrally speaking, because the logical actions provoked
in the children does not happen through the traditional process of learning mathematics.

Even though most of the benefits are related to the affective and cognitive suitability
criteria, the other criteria: mediational, ecological, interactional and epistemic, respectively,
are also valued as for their benefits.

P46: 1t would be a definite, visual, motivational means of interaction, worked through
trial-and-error. The game is introduced; it gathers the group within the class.

P48: It would be an innovative tool, something that will catch their attention because
it is not a common element in class.
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P70: The conversation (interaction) and the recollection of ideas will be the elements
which will solve the problem presented.

P40: It would be a powerful tool to develop mathematical skills in my students.

Finally, in Figure 3, the difficulties that would derive from conducting actions that
would allow the introduction of robots in the mathematics learning and teaching process
are presented, observed in the teacher’s discourses as a result of the question: “What
difficulties might be experienced while using the pedagogical robot during a math class?”.

EPISTEMICO
COGNITIVO
INTERACCIONAL

MEDIACIONAL

EMOCIONAL

ECOLOGICO

e

0% 10% 20% 30% 40% 50% 60%

Figure 3. Difficulties that might be experienced while using the Blue-Bot robot during a math class.

As for the difficulties, in general terms it is observed that the units analyzed focused
on the teaching dimension, mainly in the mediational criterion with a 57%. In said criterion,
it is evidenced that the analyzed units aim their discourse primarily towards the number
of students and the space of the classroom, as exemplified below:

P12: I think that the main difficulty manifests in terms of the number of students per
classroom and the little (or no) space in which we must develop the playful activities that
imply teamwork.

P19: The problem would be that due to the great number of students in the classroom,
the development of the class would be complicated. Not every student would be able to
manipulate it. Moreover, we do not have enough room to use it.

P46: The room in my classroom is small: I have 23 students, and the teacher and
assistant interact in the same space.

P56: The biggest difficulty is the big number of the class and the little room inside the
classroom to perform the work.

P60: The number of students is high for just one person in charge of said group of
people. Additionally, it would be ideal to have a special area designed for this type of
robotic classroom.

Even though most of the difficulties are related to the mediational suitability criteria,
other difficulties associated with the rest of the criteria are valued, except for the epistemic
criterion. Next, we present some of the comments related to the affective, ecological,
cognitive, and interactional criteria, respectively.

P70: That the students are not motivated to learn.

P22: The teacher’s preparation in regards this type of resource and maybe the costs of
its introduction.

P52: Maybe the handling of the robot is not as understandable to everyone.

P79: Not giving the instructions clearly enough may cause conflict among the students;
nevertheless, this will depend on the group management and the clarity of the explanation
from the teacher in charge.



Mathematics 2021, 9, 3186

13 0f 17

3.3. Confirmation of the Quantitative Data

The recommendations made by the participants (Figure 1), are basically suggestions
on actions that should be performed by the teacher. Said actions can be inferred to derive
from the principles that guide the teacher’s practice and which they considered to be
positive. Moreover, those principles can be interpreted as an implicit use of the DSC (or
of any of its components or indicators). Those principles which guide the action can also
be interpreted as dispositions towards the action that derives from a group of beliefs that
form the participants’ conceptions, as was observed in the previous analysis. In such
conception, the presence of the DSC is inferred, meaning a coherent result was obtained
when performing a quantitative analysis. Additionally, this agrees with the results existing
in the literature, which highlight good practices when using robots in the classroom,
especially in: (a) collaborative work, through active and continuous learning considering
the profile of the students; (b) the motivation, according to the profile of the students of
the training experience, where robotics helps personalized learning; (c) the use of suitable
materials; (d) the teachers’ training for a didactic innovation that begins with the planning,
the articulation of strategies of the moments in which the use of robots is integrated along
with the process of evaluating its incorporation in the classroom [31,32].

As it was observed in the above-described exploratory analysis, the average scores
that the participants gave to their valuations for the closed questions questionnaire were
bigger for learning (4.5 points) than for teaching (4.2 points). This result is coherent with the
benefits that the participants give to their answers for the second open question (Figure 2)
about the use of robots in the classroom: essentially, more learning (cognitive suitability
criterion) and more motivation (affective suitability criterion) which both are more directly
related to the learning dimension than to the teaching dimension.

Additionally, though all the categories analyzed (criterions) from both dimensions
(learning and teaching) allowed to conclude positive conceptions about the use of robots in
math classes during the early years of school, above the three points (of indifference), it was
observed that the mediational suitability criterion in the teaching dimension obtained the
lowest score (3.5 points). In this sense, the qualitative data allowed us to confirm this result,
specifically in the data reported in Figure 3, since the negative scores to the statements
related to this category were the ones referring to the high number of students and the
reduced space in the classrooms, which complicates the teamwork.

4. Conclusions

In this study, the results which allowed to characterize the conceptions of primary
school teachers regarding the impact of the use of robotics in Mathematics were pre-
sented. The sample used consisted of 83 Chilean primary school teachers (for First to
Fourth grades).

To begin with, it was convenient to identify professional profiles according to relevant
characteristics of the participants” professional experience and academic formation; after a
group analysis, three different clusters or groups were identified, with similar characteris-
tics among them (Table 4). The first cluster consisted of 54 (65.1%) subjects, whereas the
second was formed by 19 (22.9%) and the third by 10 (12.0%). In all the cases, there were
a predominance of women (as well as globally), whereas the academic formation was in
most of the cases a postgraduate degree in math in Clusters 1 and 2, and a master’s degree
in Cluster 3. As for professional experience, in all the groups the participants had in their
majority more than three years of experience, mainly in Second, Fourth and First grades
for Clusters 1, 2 and 3, respectively.

Secondly, the conceptions of the teachers about the use of pedagogical robots in the
learning and teaching mathematics’ process were explored. Among the global results, it
can be concluded that the participants have conceptions that entails positive dispositions
about the introduction of robots for teaching mathematics. Additionally, their conceptions
are positive towards the advantages of the use of robots for learning mathematics, although
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slightly less positive regarding teaching mathematics with robots. This being a result
consistent with other studies [34,35,37].

In turn, the results shown that these conceptions are complex, and in them the presence,
in a bigger or lesser scale, of the six DSC can be inferred, more evidently in the qualitative
analysis (Figures 1-3) than in the quantitative one. In relation to that result, it can be
objected that it was foreseeable, considering the fact of how the items in the questionnaire
were presented. Nonetheless, it can also be considered that the teaching and learning
processes are very complex because several factors intervene in them (affective aspects,
management of the classroom, use of the resources, learning evaluation, among others);
therefore, it is typical that the conceptions are a broad group of beliefs, as suggested by
several investigators, i.e., D’Amore and Fandifio [48], and that some of them can even
conflict according to the context in which the process of learning and teaching takes place.
This has also been observed in other studies [48,58,59].

A relevant matter is to question what the relation among the group of teachers and
their conceptions is. In Cluster 1, the conceptions were highly positive in every suitability
criterion in terms of learning and teaching mathematics with robots. In Cluster 2, the
conceptions were also positive, but less intense than in cluster 1. In this case, an indifferent
position in respect of the adequation of the robotic material resources when teaching
mathematics was observed, but this was positive in terms of its learning. In Cluster 3,
the conceptions were, in general, negative; in the other cases, the criterion with a lower
average score was the mediational one regarding the use of robots for teaching math. As
for the qualitative data, they confirm these results providing more information since the
participants’ discourse acknowledges that the difficulties to implement the use of robots
are related to the high number of students in their classrooms and the reduced space
for teamwork.

In turn, in the search of relations among the conceptions of the use of robots when
teaching and learning mathematics according to the participants’ previous experience
and the academic formation, it could be observed, after implementing the independent
chi-squared test, that the scores of the variables analyzed as for the academic formation
(postgraduate degree, master’s or courses) and the previous experience (in years) are
independent from the participants’ conceptions towards the use of robots for teaching
and learning mathematics. However, although weak and non-relevant, some empirical
correlations reflect a certain degree of negative association among the conceptions towards
teaching and the participants’ years of experience.

Finally, these results can be very useful as guidance for the development of stages of
training and professional formation of primary school teachers so that robotic resources
can be incorporated in the teaching and learning processes of mathematics, since these
results show the complexity of factors that must be considered when introducing the use
of robots in the classrooms.
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