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Abstract: The advance of society and tech-
nological development have led governments
to transform their public policies in various
areas, with a particular focus on the educa-
tion system. In this context, many countries
have focused their efforts on raising educa-
tional quality standards, especially in the de-
velopment of digital competencies. This has
generated the need to modify school curri-
cula, incorporating Computational Thinking
(CT) in areas such as mathematics. Several
researches highlight the importance of pro-
viding tools to teachers to design meaning-
ful pedagogical strategies that integrate ma-
thematical thinking with CP, implementing
innovative teaching practices that favor the
development of skills in students. In line with
these demands, the present research aims to
design an instrument for the observation of
mathematics classes that incorporate the PC
through the programming of robots, in order
to guide teaching reflection. The study is si-
tuated within an interpretive paradigm, with
a mixed approach, and validates the content
from both a quantitative and qualitative pers-
pective. In conclusion, the instrument desig-
ned has proven to be a useful tool to guide
teacher reflection, as it is structured in six key
dimensions and has been validated in terms of
clarity, coherence and relevance. However, the
need was identified to add additional items to
improve the sufficiency of some dimensions.
Finally, a second validation process is sugges-
ted to ensure its reliability and applicability in
different educational contexts.
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INTRODUCTION

The progress of society and the advance
of technological development have forced
governmental organizations to transform
their public policies in various dimensions,
mainly in the areas of social, industrial and
economic development. In this context,
education has adapted from a content-based
model to a paradigm of skills development,
which is essential for insertion into a highly
globalized and digitalized world (OECD, 2004;
UNESCO, 2007). This development requires
education systems to offer new competencies
and skills for the 21st century, allowing
students to benefit from new emerging
forms of socialization and actively contribute
to economic development (Institute of
Educational Technologies, 2010).

In response to this need, the Organization
for Economic Co-operation and Development
(OECD) has categorized skills into several
areas: ways of thinking, ways of working,
tools for working and ways of living. Among
the priorities is digital literacy, understood
as the competence that every citizen must
develop to be considered literate in the 21st
century (Vazquez, Bottamedi and Brizuela,
2019). Thus, different countries have directed
their efforts to raise the quality standards of
their national education systems, particularly
in the development of digital competence.
Information and communication technologies
(ICTs) and Computational Thinking (CT)
have gained prominence in society, making
their way into industry, communication,
education, work and recreation. However,
challenges exist not only in the acquisition
and adoption of ICTs, but also in the
more complex task of using technological
resources to effectively facilitate innovation
and educational improvement (Thomas and
Knezek, 2008). One of the initiatives that
has gained momentum at the international
level is the integration of PC into the school
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curriculum (Caballero-Gonzélez, Garcia-
Valcarcel, & Garcia-Holgado, 2019). In this
sense, England was one of the first countries to
include the teaching of CP and programming
in the primary and secondary school
curriculum in 2014, laying the foundations
that would guide curricular reforms in Europe
(Bocconi et al., 2016). In Latin America and
the Caribbean, Costa Rica stands out for its
coverage and continuity in computer science
education since the 1980s, followed by
Argentina with the Program.ar program since
2013 (Borchardt and Roggi, 2017). Chile has
also made systematic efforts in the integration
of technologies in school education through
the Enlaces program, the national plan for
digital languages (Government of Chile, 2020),
the creation of a mathematical deepening
elective called “Computational Thinking
and programming” (Mineduc, 2021) and the
recent proposal to update the curriculum
from first basic to second medium, in which
digital literacy acquires prominence in the
subject of mathematics.

However, despite the aforementioned
efforts, the question arises as to whether
teachers are trained to face the challenge of
integrating CP development in the subject of
mathematics and from the early levels of the
school system (Seckel et al., 2021a; Seckel et
al., 2021b). International research indicates
a gap between curricular changes and
adequate teacher preparation, particularly
in the integration of CP (Balanskat and
Engelhardt, 2015). Most teachers lack prior
knowledge on these topics and are neither
technically nor emotionally prepared for
CP education (Ohashi, 2017). In parallel,
the literature review shows the interest that
has arisen to investigate teacher training
processes on CP, which have been developed
mainly in Europe and are characterized
by considering theoretical and practical-
reflective components. Regarding the latter

component, teachers are expected to design
teaching proposals in which CP is integrated
and to reflect on the practice implemented to
improve the designs (Rivera et al., 2023). In
this regard, the question remains, is the simple
provision of opportunities for reflection
sufficient to improve teaching practices? As
an answer to this question, various research
in the field of mathematics teacher education
argues that, in addition to opportunities for
reflection, teachers need specific tools that
direct their attention to relevant aspects of
teaching (Nilssen, 2010; Star and Strickland,
2008; Sun and Van Es, 2015; Turner, 2012;
Seckel and Font, 2020).

Given the aforementioned problems,
it is essential to have tools that guide the
processes of observation and reflection in
mathematics classes, especially when PC is
integrated. Although several instruments
have been developed for the observation and
reflection of mathematics classes (Vasquez et
al., 2020), there are currently few tools that
promote teacher reflection on the integration
of mathematical and computational thinking
in these classes. For this reason, the present
study aims to design an observation rubric
that contributes to the development of
professional skills, helping teachers to improve
their reflective practices and, consequently,
their teaching design.

The general purpose of the study is to
design an instrument for the observation
of mathematics classes incorporating CP
through the use of robots such as BeeBot (or
similar). The specific objectives are to define
the dimensions and components necessary for
the design of the instrument and to validate it
in terms of clarity, coherence, relevance and
sufficiency.

s



THEORETICAL FRAMEWORK

DIDACTIC SUITABILITY CRITERIA

The Criteria of Didactic Suitability (CID)
is a theoretical notion developed within the
framework of the Ontosemiotic Approach
to Mathematical Knowledge and Instruction
(EOS), used to analyze and evaluate teachin-
g-learning processes. According to Godino
(2013), this notion is applicable both to the
implementation of class sessions and to the
planning and development of didactic units,
courses or curricular proposals. The CID are
structured in six fundamental dimensions:
epistemic, cognitive, interactional, mediatio-
nal, emotional and ecological, each with spe-
cific components and indicators that facilita-
te the design, implementation and effective
evaluation of pedagogical practices.

The application of the CIDs allows for a
comprehensive and systematic evaluation of
educational practices, guiding towards a more
effective and reflective didactics. As Godino,
Bencomo, Font and Wilhelmi (2007) point
out, these criteria are not directly observable,
so itis necessary to define specific indicators to
guide the design, observation and evaluation
of training actions. Table 1 presents the
CIDs and their respective components and
indicators, showing only those corresponding
to the epistemic and interactional CIDs for
reasons of space.

DIDACTIC ORIENTATIONS
FOR THE USE OF THE BLUE-
BOT ROBOT (OR SIMILAR)

The instrument, focused on the teaching
of mathematics with the use of pedagogical
robots and their implication in learning,
has been designed taking as a reference the
twelve didactic orientations proposed by
Seckel, Salinas, Font and Sala-Sebastia (2023),
which emerge from the literature review
and are related to the Didactic Suitability
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Criteria. Table 2 presents the twelve didactic
orientations in general.

METHODOLOGY

The validation process of the rubric was
carried out through a mixed study, in the first
phase a quantitative study was conducted and,
in the second, a qualitative one. Specifically, in
the first phase the content validity technique
was applied by expert judgment (Hernande-
z-Nieto, 2011), while in the second phase the
content analysis technique was applied (Ca-
ceres, 2003). After obtaining the quantitative
and qualitative results, the final design of the
rubric was arrived at. This section will present
a brief description of the initial design of the
instrument and describe the methodological
processes that guided the data analysis.

The design of the rubric contemplated six
dimensions or categories based on the CID
construct (epistemic, cognitive, interactional,
interactional, mediational, affective and
ecological), which were described in the
previous section. The initial rubric had 12
items. Items 1 to 4 are related to the epistemic
category, 5 to 7 to the cognitive, 8 and 9 to the
interactional, 10 to the mediational, 11 to the
affective and 12 to the ecological.

The validation process considered the
participation of five expert judges, who were
selected based on the following criteria: 1)
researchers with a master’s or doctoral degree,
2) demonstrable research experience in
Mathematics Education and PC development
using the Beebot robot (or similar) and 3)
researchers with knowledge of the theory of
didactic suitability. These judges evaluated the
rubric considering four parameters: 1) clarity,
2) coherence, 3) relevance and 4) sufficiency.
For such evaluation, the rubric proposed by
Galicia, Balderrama and Edel (2017) was
given, which considers a score from 1 to 4 (see
Table 3).
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Components Indicators
Epistemic CID

Errors No practices are observed that are considered incorrect from a mathematical point of view.

No ambiguities are observed that could lead to confusion among students: definitions and procedures clearly
Ambiguities and correctly stated, adapted to the educational level to which they are addressed; adequacy of explanations, ve-
rifications, demonstrations to the educational level to which they are addressed, controlled use of metaphors, etc.

Richness of  The sequence of tasks contemplates the realization of relevant processes in mathematical activity (modeling,
processes argumentation, problem solving, connections, etc.).

The partial meanings (definitions, properties, procedures, etc.) are a representative sample of the complexity
of the mathematical notion to be taught contemplated in the curriculum.
Partial meanings (definitions, properties, procedures, etc.) are a representative sample of the complexity of the

:{ep resen- mathematical notion to be taught.
ativeness . . .
For one or more partial meanings, representative sample of problems.
For one or more partial meanings, use of different modes of expression (verbal, graphic, symbolic...), treat-
ments and conversions between them.
Interactional CID
The teacher makes an adequate presentation of the topic (clear and well-organized presentation, does not
speak too fast, emphasizes the key concepts of the topic, etc.).
Teacher- Students’” conflicts of meaning are recognized and resolved (correct interpretation of students’ silences, facial
-teacher expressions, questions, appropriate question-answer game, etc.).

interaction ~ We seek to reach consensus based on the best argument.
A variety of rhetorical and argumentative devices are used to engage and capture the attention of students.
It facilitates the inclusion of students in the dynamics of the class rather than exclusion.

Interaction . - .

Dialogue and communication among students is encouraged.
between S - L -

Inclusion in the group is favored and exclusion is avoided.
students

Moments are contemplated in which students assume responsibility for the study (exploration, formulation
Autonomy 1

and validation).
Formative . . > -
evaluation Systematic observation of students’ cognitive progress.

Table 1. Characterization of the construct Didactic Suitability Criteria
Source: adapted from Breda et al. (2018).
CID Didactic orientation Orientation description
1) Robotic For the design of mathematical tasks using the Bee-bot robot (or similar), it is essential to

take into account the idea of a robotic problem. A robotic problem has a starting point (or

problem idea. 0 state) and an end point (final state).

In order to introduce the use of the robot, three types of tasks must be considered
1. Unplugged tasks: Consist of tasks that develop TC without manipulation of the robot or
digital platforms. For example: creating a large carpet for students to move from one point

2) Types of tasks for to another following instructions.
o robot introduction. 2. Specific tasks: these consist of manipulating the robot for programming and/or the
g complementary resources necessary for the execution of the task.
g Digital tasks: consist of the development of programming tasks through digital platforms,
E such as the Blue’s Blocs app and Scratch, among others.
Two approaches to task design should be considered. The first type are robotic problems
3) Approaches to hat i h ical ional h .
task design. that integrate mathematical and computational concepts, and the second type are robotic

problems that reinforce mathematical concepts.

It is recommended that task management promote mathematical skills.

Regardless of the type of task (integration of mathematical and computational concepts and/
or reinforcement of mathematical concepts), task management allows for the enhancement
of mathematical skills (problem solving, representing, modeling, communicating and
arguing, in accordance with the skills stated in the Chilean mathematics curriculum).

4) Promotion of
mathematical skills.




Cognitive

5) Degrees of difficulty
of robotic problems.

The tasks should be presented considering progressive degrees of difficulty.

We can recognize different degrees of difficulty in robotic problems. In the case of the
Bee-Bot robot (or similar), the degree of difficulty is associated with the programming
language required to answer the problem and/or the conditions that must be met
according to the proposed programming scenario (e.g., a mat).

6) Adaptation of
robotic problems.

Evaluate the need to adapt the programming scenarios (mats) to respond to the particular
needs of the student body.
Consideration of this orientation allows all students to achieve the objective of the assignment.

7) Promotion of
working memory.

Reinforce working memory for its usefulness in mathematics.

Working memory, which consists of maintaining and updating information in short-term
memory, is a type of executive function (cognitive control), which is required when we
need to concentrate to respond to a challenge (Diamond, 2013). Di Lieto et al. (2017)
highlight the relevance of practicing working memory from early childhood education as
it is an executive function that predicts mathematical skills.

Interactional

8) Promotion of
collaborative work.

Encourage dialogue and communication among students.

It is suggested that these programming tasks be assumed as challenges, where students
have spaces to work collaboratively, discuss ideas and reach a consensus on viable
solutions. In this line, promoting collaborative work in robots such as Bee-Bot robot
programming has advantages such as increasing the chances of finding a solution by
going through a process of co-construction in which learning is discussed, fed back and
reformulated, and generates cohesion when reaching agreements, allows reaching higher
levels of confidence and optimizes the use of time and resources.

9. Free exploration
and manipulation
of the robot.

To provide spaces for free exploration and manipulation.

One way to foster autonomy in students is to create a space of free manipulation of the
Bee-Bot robot (or similar), where students are the protagonists of their learning, directing
it and intuitively discovering the functions of each programming command. This also
means providing students with opportunities to create questions or formulate hypotheses
that are verified through experimentation.

Mediacional

10) Use of appropriate
complementary
resources for the
development of

the problems.

Use complementary resources of the robot.

The use of the following complementary resources is suggested:

1. Command cards: they allow planning the robot programming, improving the
debugging (error correction) and representation processes. It is also recommended to use
larger cards so that the planning suggested by a student or group of students is visible to
all members of the class.

Grid mat: corresponds to the programming scenario, which can cover different themes
depending on the learning objective to be achieved. Each grid of the mat should have a
dimension of 15 x 15 cm, and this can be presented in numerous ways. On the other hand,
the use of human scale mats is suggested to address the disconnected work level (without
robots) or small scale when it is requested to represent the trajectories that the robot has
performed when executing the programming.

Affective

11) Promotion
of involvement
in the task.

Promote involvement in the task.

Although the use of the robot is highlighted as a manipulative resource that generates
positive attitudes in mathematics lessons, it is important to recognize that this resource
alone does not ensure a permanent positive attitude. In this sense, it is reccommended
that, during lessons, teachers consider some factors that could negatively impact students’
attitudes towards task solving. These are:

1) Consider an adequate number of robots, considering the number of students in the course.
The idea is that everyone plays an active role during the development of the problems.

2) Assign roles for the development of the task through collaborative work, where all students
can participate in the activities and are valued as contributors to the achievement of a task.

Ecological

12) Interdisciplinary
Connections.

Encourage connections between the contents of different subjects.

The mat is a resource that allows interdisciplinary connections to be made through a
variety of topics that can link mathematical content with that of other subjects (natural
sciences, social sciences and physical education, among others).

Table 2. Didactic orientations and their relation to the IDCs

Source: own elaboration based on Seckel et al. (2023).




Parameter

Clarity:

The item is easy to un-
derstand, it is syntactics
and semantics are appro-
priate

Consistency:

The item is logically re-
lated to the dimension
or indicator you are me-
asuring

Relevance:

The item is essential or
important, it is ie., it
must be included

Sufficiency:

The items that belong to a
same dimension are suffi-
cient to obtain the measu-
rement of this

The item is not
clear

The item has
no logical rela-
tionship to the
dimension

The item can be
deleted without
affecting the me-
asurement of the
dimension.

The items are not
enough to mea-
sure the dimen-
sion

Evaluation
2

The item requires either quite a
few modifications or a very large
modification in the use of the ac-
cording to their meaning or by the
order in which they are arranged.

The item has a tangential rela-
tionship with the dimension

The item has some relevance, but
another item may be including
what this item measures.

The items measure some aspect
of the dimension, but do not cor-
respond to the total dimension.

Table 3. Evaluation parameters

3

A very specific mo-
dification of some
of the terms of the
item is required.

The item has a mo-
derate relationship
with the dimension
it is measuring.

The item is relati-
vely important

Some items should
be increased in or-
der to fully assess
the dimension.

4

The item is cle-
ar, has adequate
semantics  and
syntax

The item is com-
pletely related to
the dimension it
is measuring.

The item is very
relevant and
should be inclu-
ded.

The items are not
enough

As mentioned above, in the first phase of
data analysis, in order to measure the degree
of agreement of the expert judges regarding
each of the items and the design of the rubric
in general, the data were analyzed through the
Content Validity Coefficient (CVC) technique
(Hernandez-Nieto, 2011). In this way, the
results were interpreted as set out in Table 4.

Interpretation of validity

Value of CVC
and concordance
Unacceptable Less than 0.60
. Equal to or greater than 0.60
Deficient and less than or equal to 0.70
Acceptable Greater than 0.71 and less
P than or equal to 0.80
Good Greater than 0.80 and less
than or equal to 0.90
Excellent Greater than 0.90
Table 4. Content validity  coefficient

interpretation scale.

Source: Herndndez-Nieto (2011).

Considering this interpretation scale, in the
second qualitative phase, the relevance of main-
taining those items with a CVC higher than
0.71 and less than or equal to 0.80 (acceptable
validity and agreement) was analyzed based on

the recommendations of the panel of experts.
Also, at this stage, the rubric was reviewed and
corrected, considering the recommendations
provided by the judges in four areas (Fernan-
dez-Morales et al, 2015): i) appropriate use of
words, ii) adequacy of the meaning of the wor-
ding to measure only one objective and iii) in-
corporation of an item to strengthen the suffi-
ciency of a given dimension.

Once the analysis process was completed,
the need to maintain, eliminate, adjust and/
or add items to the rubric was determined,
resulting in the final design.

RESULTS

QUANTITATIVE PHASE RESULTS

Table 5 shows the results obtained in the
evaluation of the instrument by the five expert
judges with respect to the parameters of cohe-
rence, clarity and relevance of each of the items.

As shown in the table above, all the items
obtained a good or excellent rating, which de-
termines the permanence of the 12 items in the
proposed instrument. On the other hand, Table
6 shows the results obtained in the evaluation




£ JUDGES
S ! 5 3 1 - inj M, CVC, P, CvVC,
1 12 12 7 11 11 53 4,41 0,88 0,00032 0,88
2 12 12 9 11 11 55 4,58 0,91 0,00032 0,91
3 11 12 12 11 11 57 4,75 0,95 0,00032 0,94
4 12 12 12 11 11 58 4,83 0,96 0,00032 0,96
5 12 12 12 11 11 58 4,83 0,96 0,00032 0,96
6 12 12 12 11 11 58 4,83 0,96 0,00032 0,96
7 12 12 6 11 11 52 4,33 0,86 0,00032 0,86
8 12 12 3 11 11 49 4,08 0,81 0,00032 0,81
9 12 12 12 11 11 58 4,83 0,96 0,00032 0,96
10 12 12 3 11 12 50 4,16 0,83 0,00032 0,83
11 12 12 9 11 11 55 4,58 0,91 0,00032 0,91
12 12 12 12 11 12 59 4,91 0,98 0,00032 0,98
Table 5. Evaluation of the coherence, clarity and relevance of each item
JUDGES
items Y M CVC. pP. cvC
1 2 3 4 5 i * i ¢ g
1 4 4 2 4 2 16 3,2 0,8 0,00032 0,79
2 4 4 2 4 2 16 3,2 0,8 0,00032 0,79
3 4 4 2 4 4 18 3,6 0,9 0,00032 0,89
4 4 4 1 4 2 15 3 0,75 0,00032 0,74
5 4 4 3 4 4 19 3,8 0,95 0,00032 0,94
6 4 4 4 4 4 20 4 1 0,00032 0,99
Table 6. Evaluation of the adequacy of the items in each category
EPISTEMIC DIMENSION

1.1 Robotic Problem Design

It is analyzed whether the proposed tasks incorporate the idea of robotic problem, observing how these tasks challenge students
to apply mathematical and programming concepts in the solution of practical problems using the robot.

A robotic problem is a situation or challenge to be solved through the programming of a robot. A robotic problem has a starting
point (state 0) and an end point (end state).

Basic Medium Advanced

The tasks incorporate complex, well-s-
tructured robotic problems that require
significant integration of mathematical
concepts and programming skills.

The tasks include robotic problems that use
mathematical and programming concepts
appropriately, but could be more challenging
or creative.

The tasks present a basic or superfi-
cial integration of robotic problems,
with little or no complexity in their

design. . | The proposed tasks meet the definition of a The propqsed tasks meet the deﬁmtl.on

The proposed tasks are not robotic . ) - . of a robotic problem (it has a starting
robotic problem (it has a starting point and an . .

problems point and an end point) and are challen-

end point) but are not challenging.

ging for the children.

1.2 Types of tasks for PC development

It is observed whether teaching practices consider different types of tasks for the development of CP in the classroom and whe-
ther they are presented in a progressive manner.

To introduce the use of the robot, you should consider the following types of tasks:

Unplugged tasks: refers to problems that are solved without the manipulation of a robot or digital platforms.

Concrete tasks: those problems that are solved by manipulating the robot for programming.

Digital tasks: Refers to programming problems that are solved through digital platforms.

A progressive implementation of the tasks is expected, i.e., first working with unplugged tasks, then moving on to concrete tasks
and, later, to digital tasks.

Basic Medium Advanced




One or two types of robotic problems
are used, omitting or minimizing the
use of the others. Lack of integration
affects students’ understanding and
ability to fully apply what they have
learned.

The problems used do not adequately
cover the learning objectives.

A robotic problem requiring robot
manipulation is presented but no pre-
vious work with unplugged tasks is
observed.

All three types of robotic problems are used,
but with variations in their effectiveness.
Some problems are not fully aligned with le-
arning objectives or integration between pro-
blem types could be more cohesive. Practical
and theoretical application is present, but ne-
eds more integration.

A robotic problem requiring robot manipu-
lation is presented and the implementation of
an unplugged task prior to the manipulation
of this resource is considered. However, the
unplugged task is poorly related to the robot
programming language.

All types of robotic problems are used
in an effective and balanced manner.
Students apply theoretical concepts in
unplugged problems, perform hands-on
programming with the robot, and rein-
force their learning on digital platforms.
Each type of problem is clearly integrated
and aligned with the learning objectives.
A robotic problem requiring robot ma-
nipulation is presented and the imple-
mentation of an unplugged task prior
to the manipulation of this resource is
considered. The unplugged task has a
close relationship with the robot pro-
gramming language.

1.3 Approaches to Robotic Problems

It is observed whether robotic problems consider one of the two possible approaches for implementation in the mathematics

classroom.

Approach 1: problems that integrate mathematical and computational concepts. For example: a problem in which they are ex-

pected to recognize patterns (loops).

Approach 2: problems that reinforce mathematical concepts.

Basic

Medium

Advanced

They present robotic problems with
superficial integration of concepts.
Problems with little depth and limited
use of robotics to reinforce mathema-
tical learning.

The approach to the robotic problem
is not clear. A superficial introduction
of both mathematical and computa-
tional concepts is observed.

Present robotic problems with average inte-
gration of mathematical and computational
concepts, providing opportunities for impro-
vement. Adequate problems to apply knowle-
dge, although they do not maximize the dep-
th or potential of robotics.

The robotic problem approach is clear, but
an inadequate introduction of mathematical
and/or computational concepts is observed.

Present robotic problems with excellent
integration of mathematical and com-
putational concepts. Problems that de-
epen both skills and use robotics in in-
novative ways to reinforce mathematics.
The robotic problem approach is clear
and an adequate introduction of mathe-
matical and/or computational concepts
is observed.

1.4 Promotion of Mathematical Skills

The extent to which the proposed robotic problems promote the development of Mathematical Skills is observed.
It refers to the process of designing and managing robotic problems that involve the application of mathematical skills, such as:
representing, communicating and arguing and/or modeling.

Basic

Medium

Advanced

Robotic problems and/or their mana-
gement, have minimal connection to
mathematical skills. Limited applica-
tion of mathematical skills in the pro-
posed tasks is evident.

The proposed robotic problems and/or
their management do not promote the
development of mathematical skills.

The robotic problems are adequately related
to mathematical skills. A consistent applica-
tion of mathematical skills is observed in the
proposed tasks.

The robotic problems and/or their manage-
ment moderately promote the development
of mathematical skills.

Robotic problems are highly integrated
with math skills. A deep and creative
understanding of math skills is demons-
trated through the proposed tasks.
Robotic problems and/or their manage-
ment highly promote the development
of mathematical skills.

1.5 Promotion of computer skills

The extent to which the proposed robotic problems promote the development of Computational Skills is observed.
It refers to the process of designing and managing robotic problems that involve the application of computational skills, such as
1) incremental and iterative, 2) testing and debugging, 3) reuse and remixing, and 4) abstracting and modulating.

Basic

Medium

Advanced

Robotic problems and/or their mana-
gement have a minimal connection
with computational skills. There is evi-
dence of limited application of compu-
tational skills in the proposed tasks.

The proposed robotic problems and/or
their management do not promote the
development of computational skills.

Robotic problems are adequately related to
computational skills. A consistent application
of computational skills in the proposed tasks
is observed.

The robotic problems and/or their manage-
ment, moderately promote the development
of computational skills.

Robotic problems are highly integrated
with computational skills. A deep and
creative understanding of computatio-
nal skills is demonstrated through the
proposed tasks.

Robotic problems and/or their manage-
ment highly promote the development
of computational skills.

2. COGNITIVE DIMENSION

2.1 Difficulty levels of robotic problems




The extent to which levels of difficulty are considered progressively in robotic problems is observed.
The difficulty levels of a robotic problem are understood as:
Low difficulty level: Refers to problems that require programming forward-backward movements (programming of a one-di-

mensional space).

Higher difficulty level: Refers to problems that incorporate the programming of rotation commands (programming in a two-

-dimensional space).

Basic

Medium

Advanced

The proposed problems involve pro-
gramming in a one-dimensional spa-
ce without variations or adaptations

The proposed problems show an attempt to
integrate the rotation commands, although
the complexity and the use of two-dimensio-

The proposed problems integrate mul-
tiple rotation commands and other
advanced programming elements in

a progressive manner, both in one-di-

that i the difficulty. : . :
atincrease the drncuity. mensional and two-dimensional space.

nal space are limited.

2.2 Adaptation of robotic problems

The extent to which the robotic problems are adapted to the individual needs of the students is observed.

Adaptation to robotic problems is understood as adjustments made to the programming scenarios, i.e., the process of modifying
and adjusting the conditions and challenges of the problem to ensure that all students can achieve the goal of the class. One way
to adapt is to present the problem in parts (problem decomposition).

In the context of robotic problem solving, individual student needs are understood as difficulties associated with the overall
understanding of the problem and its respective solution in small steps.

Basic Medium Advanced

The programming scenarios show
appropriate adaptation to the individual
needs of the students.

Programming scenarios are not res-
ponsive to individual student needs.

Programming scenarios show moderate or
poor adaptation to individual student needs.

2.3 Promotion of working memory

The extent to which questions are used to promote working memory during robotic problem solving is observed.

To promote working memory through questioning, the following stages should be considered:

Anticipation: This refers to asking questions that guide the student to anticipate his or her plan. For example, How do you plan
to program the robot?

Program: Refers to programming the robot.

I understand: This refers to asking questions that encourage the student to explain the programming process. For example, How
did you program the robot?

Debugging: Refers to asking questions that lead the student to reflect and identify changes to improve the programming code.
For example, What changes would you make to your programming? This step should be addressed when no answer to the ro-

botic problem is found.

Basic

Medium

Advanced

Questions are rarely used, do not pro-
mote working memory, and do not
have a significant impact on robotic
problem solving.

Questions are occasionally used at key mo-
ments, but they lack consistency, activate
working memory at a basic level, and have a
moderate impact on robotic problem solving.

Questions are frequent and strategically
positioned throughout the process. They
promote working memory and are hi-
ghly relevant to robotic problem solving.

2.4 Evaluation

The extent to which teachers implement evaluation processes that account for the appropriation of the mathematical and com-
putational learning intended by integrating the use of the robot in the classroom is observed.

Basic

Medium

Advanced

Teachers use basic and general
evaluation methods that do not cle-
arly reflect the appropriation of the
intended mathematical and compu-
tational learning. There is no explicit
relation between the evaluation and
the learning objectives.

Teachers use some evaluation processes that
allow them to partially observe the appro-
priation of the intended mathematical and
computational learning. These processes are
limited in scope and/or frequency, or their
alignment with the learning objectives is par-
tial.

The faculty consistently implements va-
ried and specific assessment processes
that clearly reflect the appropriation of
intended mathematical and computa-
tional learning. These processes are pre-
cisely aligned with the learning objecti-
ves of the class, and allow for detailed
evidence of student progress.

3. INTERACTIONAL DIMENSION

3.1 Promotion of collaborative work

The extent to which classroom management promotes collaborative work among students, allowing them to discuss ideas and
reach consensus on solutions, is observed.

Basic

Medium

Advanced




Classroom management promotes
participation by some students, but
collaborative work is minimal or no-
nexistent.

Classroom management promotes collabora-
tive work among students, but it is sporadic
or limited. Discussion of ideas among some
students is observed.

Classroom  management promotes
collaborative work among all students.
Discussion of ideas and consensus to
find the solution is observed.

3.2 Free exploration and manipulation of the robot

It is observed to what extent spaces are promoted where students explore and manipulate the robot autonomously, allowing
students to generate their own questions and hypotheses and test their results in a safe and stimulating environment.

Basic

Medium

Advanced

Students do not explore the robot auto-
nomously and there are no opportuni-
ties for students to generate questions
or hypotheses about its operation.

Students are able to explore and manipulate the
robot with some autonomy and some attempts
are observed to promote the generation of ques-
tions and hypotheses about its operation.

Students explore the robot autono-
mously and are encouraged to generate
questions and hypotheses about its ope-
ration.

3.5 Promotion of teacher-teacher interaction

The extent to which the teacher and students interact during the development of robotic problem tasks is observed.

Basic

Medium

Advanced

Interaction between teachers and stu-
dents is limited or superficial during
the development of robotic problem
tasks. The teacher provides general
explanations and opportunities for
interaction are minimal, without pro-
moting active dialogue or responding
to student concerns.

The teacher promotes a moderate interaction
with the students during the robotic problem
solving, providing explanations and answers
to specific questions. There are moments of
interaction and support, but these may be
sporadic or directed to a small group of stu-
dents, limiting more active and collaborative
participation.

The teacher encourages continuous and
meaningful interaction with students du-
ring the development of robotic problems.
Actively participates in feedback, raises
questions, motivates collaboration and
guides the resolution process by resol-
ving children’s doubts, making sure to
engage all students in a constructive
dialogue that promotes learning.

4. MEDIATIONAL DIMENSION

4.1 Use of appropriate complementary resources for the development of the problems.

The extent to which appropriate complementary resources are used to solve robotic problems is observed.
The following are referred to as complementary resources:
1) Human scale mat to develop unplugged tasks (without robots) or small scale when it is requested to represent the trajectories
that the robot has performed when executing the programming.
2) Grid mat corresponding to the programming scenario (each grid must have a dimension of 15 x 15 cm).

3) Command cards that allow the planning of the robot programming (these should be visible to the whole class).

Basic

Medium

Advanced

The selection and use of complemen-
tary resources are not adequate for
the development of the class.

The selection and use of complementary re-
sources are adequate, but not sufficient for the
development of the class.

The selection and use of complementary
resources are appropriate for the develo-
pment of the class.

5. EMOTIONAL DIMENSION

5.1 Promotion of involvement in the task

The extent to which teachers promote the involvement of all students in robotic problem solving is observed.
Factors that promote student engagement are:
Number of robots: refers to considering an adequate number of robots according to the number of students in the course.

Role assignment: refers to the assignment of roles for the development of the steps to achieve the solution of a robotic problem.

Basic

Medium

Advanced

There are not enough robots for all
students to actively participate and/or
role assignment is non-existent.

One of the following factors is observed:
Number of suitable robots.
Assignment of appropriate roles.

There are enough robots for all students
to actively participate and roles are
appropriately assigned to each student.

6. ECOLOGICAL DIMENSION

6.1 Interdisciplinary Connections

It is observed to what extent robotic problems favor interdisciplinary connections between contents of different subjects.
Interdisciplinary connections are understood as the linking of mathematics with the other disciplines considered in the curri-

culum.

Basic

Medium

Advanced

Robotic problems focus on mathema-
tics and are not linked to other disci-
plines in the curriculum.

Robotic problems link mathematics to other
disciplines in the curriculum in a limited way.

Robotic problems link to mathematics
and other curriculum disciplines in a
clear way.

Table 7. Rubric for observing math classes that integrate the use of the BeeBot robot (or similar).




carried out by the five expert judges regarding
the sufficiency parameter of each of the dimen-
sions considered in the design of the instru-
ment (epistemic, cognitive, interactional, me-
diational, affective and ecological).

The data in the table highlight the need to
increase the number of items in the epistemic,
cognitive and interactional categories. There-
fore, the qualitative analysis presented below is
crucial to determine the characteristics of the
items to be incorporated in the instrument.

QUALITATIVE PHASE RESULTS

As described above, in this phase the
evaluators’ observations (written records)
were analyzed considering: 1) appropriate
use of words, 2) adequacy of the sense of the
wording to measure only one objective, and
3) incorporation of an item to strengthen the
sufficiency of a given dimension.

Regarding the appropriate use of words,
the expert judges provided suggestions for
minor changes and improvements in the wor-
ding of items 1, 3, 5, 7 and 10.

Regarding the adequacy of the meaning of
the wording to measure only one objective,
it is observed that the expert judges did not
make any observations, so it was not neces-
sary to restructure the construction of the
proposed items.

Finally, in accordance with the results pre-
sented in Table 6, the expert judges suggested
incorporating items related to the epistemic,
cognitive and interactional dimensions. Re-
garding the epistemic dimension, it is sugges-
ted to include an item related to computatio-
nal skills. Regarding the cognitive dimension,
it is suggested to include an item related to the
evaluation component. Finally, regarding the
interactional dimension, it is suggested to in-
clude an item related to the teacher-discussant
component.

Based on the analysis carried out, the final
proposal of the rubric is presented in Table 7.
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CONCLUSIONS

The general purpose of this study was to de-
sign a rubric for the observation of mathema-
tics classes that integrate CP through the use
of the BeeBot robot (or similar). In the first
phase of the study, the theory of didactic sui-
tability was adopted as the basis for the design
of the instrument, which allowed structuring
it in six fundamental dimensions: epistemic,
cognitive, interactional, mediational, affective
and ecological. In addition, the didactic orien-
tations proposed by Seckel et al. (2023) were
considered, incorporating the following key
components: 1) epistemic: richness of proces-
ses and representativeness; 2) cognitive: curri-
cular adaptation and high cognitive demand;
3) interactional: interaction among students
and autonomy; 4) mediational: material re-
sources; 5) affective: attitudes; and 6) ecologi-
cal: intra- and interdisciplinary connections.

In the second phase of the study, the 12 pro-
posed items were validated in terms of clarity,
coherence and relevance, obtaining satisfactory
results in these areas. However, in terms of item
sufficiency, only the mediational, affective and
ecological dimensions were fully validated. It
was necessary to add additional items to achie-
ve sufficiency in the epistemic, cognitive and
interactional dimensions, thus completing the
final design of the instrument with 15 items.

The validation process conducted by ex-
pert judges proved to be essential to ensure the
scientific rigor of the instrument, as it allowed
for a detailed and informed review. The feedba-
ck provided by the experts not only helped to
improve the rubric, but also facilitated more
informed decision-making by the researchers.

Finally, it is reccommended that the instru-
ment undergo a second validation process,
following the approach proposed by Vasquez
et al. (2020), which includes a calibration ba-
sed on expert judgment and a pilot applica-
tion to ensure its reliability and applicability
in different educational contexts.

DOI: https://doi.org/10.22533/at.ed.5584332407118 .
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