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Resumen

El objetivo del presente trabajo fue disefiar un instrumento que permitiera determinar, en el
marco de la actual emergencia sanitaria generada por el virus SARS-CoV-2, los
conocimientos matematicos previos en torno al concepto limite de alumnos del bachillerato
de Ingenieria y Arquitectura (seccion 1) del Colegio Primitivo y Nacional de San Nicolas de
Hidalgo. Para el disefio del instrumento se siguieron las cuatro fases de construccion que
establece Soriano Rodriguez (2015), es decir, 1) objetivos, teoria y constructo, 2) validacion
juicio de expertos, 3) prueba piloto y 4) validacion psicométrica. Los resultados de esa Ultima
fase demuestran que el instrumento se puede reproducir en diferentes muestras sin que

constituyan un gran sesgo por parte de los participantes. Ademas, los puntajes de cada
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pregunta fueron consistentes con el puntaje total del instrumento. En conclusion, se puede
afirmar que esta puede ser una herramienta muy til no solo para detectar los conocimientos
previos que los alumnos tienen en cuanto al célculo diferencial, sino principalmente para
crear estrategias didacticas que permitan atender esas debilidades a partir de los estilos de

aprendizaje de los estudiantes.

Palabras clave: calculo diferencial, ensefianza emergente, exploracion, diagnéstico, limite.

Abstract

The technology that we have today is not conceivable without one of the pillar concepts in
the construction of the Differential Calculus, the Limit. An important concept that, since its
“discovery or invention” by Newton and Leibniz, has created difficulties for many
mathematicians to understand it, it was not until the arrival of Cauchy that he defined it in a
more practical way, but not for students, since various studies refer to the difficulty it has the
study of Limit as well as the misconceptions that the student gives it and the little success on
the part of the students in their understanding in which didactic strategies have been carried
out for their understanding, all in a face-to-face setting. However, for reasons of SARS-CoV-
2, the situation is even more difficult since everything is framed in an emerging teaching.
Therefore, it is decided to design and create a diagnostic instrument of the student’s previous
knowledge that precedes the learning of Differential Calculus Limit in such a way that it
measures, characterizes and synthetically explores both the procedural and conceptual skills
of the cognitive processes of arithmetic and algebra, such that it allows to have enough
constructs to understand the concept of limit. The instrument is validated in four phases in
which the judgment of experts and the psychometric processes that allow the generation of
scientific evidence are contemplated. This instrument conjectures the weaknesses that
students may have and provides the teacher with a horizon to decide the didactic
methodology to address the topic. With this result, it joins the efforts of various researchers
in educational mathematics who seek to improve both the teaching and learning of the

concept of limit.

Keywords: differential calculus, emerging learning, previous knowledge, diagnosis, limit.
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Resumo

O objetivo deste trabalho foi delinear um instrumento que permitisse determinar, no quadro
da atual emergéncia sanitéaria gerada pelo virus SARS-CoV-2, 0 conhecimento matematico
prévio em torno do conceito de limite de alunos do Bacharelado em Engenharia e.
Arquitetura (secdo 1) da Escola Primitiva e Nacional de San Nicolas de Hidalgo. Para a
concepcao do instrumento, foram seguidas as quatro fases de construcao estabelecidas por
Soriano Rodriguez (2015), ou seja, 1) objetivos, teoria e construto, 2) validacao do
julgamento pericial, 3) teste piloto e 4) validacdo psicométrica. Os resultados desta Ultima
fase mostram que o instrumento pode ser reproduzido em diferentes amostras sem
constituir um grande viés por parte dos participantes. Além disso, as pontuac6es de cada
questdo foram consistentes com a pontuacdo total do instrumento. En conclusion, se puede
afirmar que esta puede ser una herramienta muy Util no solo para detectar los
conocimientos previos que los alumnos tienen en cuanto al calculo diferencial, sino
principalmente para crear estrategias didacticas que permitan atender esas debilidades a

partir de los estilos de aprendizaje de os estudantes.
Palavras-chave: céalculo diferencial, ensino emergente, exploracéo, diagnéstico, limite.

Fecha Recepcion: Agosto 2020 Fecha Aceptacién: Mayo 2021

Introduction

Due to the problems caused by covid-19, we are currently in a stage of reconstruction
of teaching and learning, which has had to rely on emergency remote teaching strategies to
meet the educational needs of the population. As committed by Hodges, Moore, Lockee,
Trust and Bond (2020), the main objective has been to provide access to instruction, as well
as pedagogical supports that allow the continuity of educational activities and training for
teachers to promote collaborative work and teaching in virtual environments.

However, according to data from the United Nations Educational, Scientific and
Cultural Organization (UNESCO, 2020), the current health emergency has caused that
almost 85% of students worldwide cannot carry out their academic activities normally.
mainly due to problems related to poor access to communication technologies. In Mexico,
for example, according to the National Survey on the Availability and Use of Information
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Technologies in Homes (Endutih) (National Institute of Geography and Information
Statistics [Inegi], 2018), only 47% of the inhabitants have a connection to Internet, 52.4
million people live in poverty and 9.3 million in extreme poverty. In addition, 21.1 million
people suffer from educational backwardness (National Evaluation Council [Coneval],
2018).

This reality is worrying because it tends to affect vulnerable populations more harshly
(Rojas Maldonado, 2020a), who tend to remain awaiting humanitarian initiatives carried out
by the State. In the case of Mexico, the government's educational policy strategies to address
the health emergency have focused on ensuring that school activities are maintained virtually.
However, everyday life has shown that both for teachers and for students the teaching and
learning process has been considerably hampered.

For this reason, the objective of this work was to design an instrument that would
allow to determine, within the framework of the current health emergency generated by the
SARS-CoV-2 virus, the previous mathematical knowledge around the limit concept of
students of the Engineering Baccalaureate and Architecture (section 1) of the Colegio
Primitivo y Nacional de San Nicolas de Hidalgo.

The concept of limit is essential for the construction of the differential calculus, to
successfully face university studies related to mathematics and to promote the understanding
and technological development on which our civilization is currently based (Cottrill et al.,
1996), and it has been approached by some authors (Artigue, 1998; Cornu, 1991), who have
demonstrated the incorrect appraisals of the students about this concept. To improve their
understanding, various strategies have been applied that have been supported by
technological tools, which have allowed achieving slightly higher results than those achieved
with traditional teaching. (Rojas Maldonado, 2015, 2016, 2019).

Theoretical framework and background
In general, it can be affirmed that although there are investigations that could be
linked to the main objective of this work, in reality there are few that focus on the study of
students' prior knowledge about the limit concept in the middle of a situation as particular as
that generated by the current pandemic. Even so, inquiries such as those of Mota Villegas

and Valles Pereira (2015) can be rescued, who not only explain the importance of the
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structured study of prior mathematical knowledge of students who begin at university, but
also demonstrate how incomplete they can be the instruments used today to measure such
knowledge.

For his part, Urbina (2009) affirms that the evaluation of initial knowledge helps the
teacher to determine the degree of depth with which a topic should be treated, as well as the
strategies that can be used so that the student assimilates the new meanings of the object of
learning offered. In this regard, the aforementioned author states the following:

During the last 20 years, research in mathematics education has been marked
by the constructivist paradigm. The key ideas of this paradigm come from or
have their roots in the research of many authors, among which stand out:
Piaget, Wallon, Vygotsky, Bruner, Dewey, Gagné, Ausubel, Novak and
Henesian, among others. All of them have agreed that learning any school
content supposes from the constructivist conception, attributing a meaning
and constructing the meanings implied in said content, and that this
construction is not carried out starting from scratch (Urbina, 2009, p. 2).

In this sense, Pino-Fan, Godino and Vincencg (2013) design and apply an instrument
to explore the epistemic facet of the didactic-mathematical knowledge of future teachers on
the derivative. These authors demonstrate that the mathematical objects, their meanings and
the processes identified in the plausible solutions of the tasks are adapted to the mathematical
objects, their meanings and the processes involved in the cognitive configurations (cognitive
ontosemiotic analysis) associated with the teachers' responses. initial training.

Likewise, Ndjatchi (2019) designs an instrument to determine the previous
mathematical knowledge and weaknesses of a student of the computer systems career before
taking the complex numbers course. Similarly, Morantes Moncada, Dugarte Pefia and
Herrera Diaz (2019) —from the review of planning skills, control and review of learning
activities— characterize the profile of a strategic student for the analysis of differential
calculus in the topic functions and their graphs.

However, numerous investigations (Artigue, 1988; Rojas Maldonado, 2018, 2019,
2020b; Tall, 1995) indicate little capacity to establish a symbiosis between geometric and

symbolic representativity on the part of students, an essential skill for the abstraction of
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mathematics (Ndjatchi, 2019). Pefia, Murillo, Rodriguez, Cedillo and Green Arrechavala

(2014) explain it this way:
The errors of the students are not accidental, they are based on previous
knowledge and experiences, and are motivated by different didactic,
epistemological, cognitive or attitudinal causes. In this way, we observe that
errors appear in students' work mainly when they are faced with new
knowledge that forces them to review or restructure what they already know.
(p. 48).

During teaching and learning, as Ndjatchi (2019) mentions, “difficulties may arise
related to their own nature, others due to the teaching circumstances, another of the teachers
and their didactic methodology” (p. 309), which is consistent with that indicated by authors
such as Artigue (1988), Cottrill et al. (1996), Rojas Maldonado (2018, 2019) and Tall (1995).
Therefore, before choosing a didactic methodology to develop the educational task, the
difficulties that students face must be known in detail.

It is appropriate to take into account the initial knowledge of the students and
to establish a coherent relationship between what the students know and the
new knowledge. Otherwise, unnecessary difficulties and a lack of confidence
of the students to face the new knowledge would be generated. (Urbina, 2009).

In this regard, it should be taken into account that meaningful learning arises when
the relational anchor between an existing content and a new one is clear and available in the
student's cognitive structure (Ausubel, 1983), so it can establish similarities and differences
of non-arbitrary form. Therefore, Ausubel (1983) specifies the following:

The acquisition of new information is highly dependent on pertinent ideas that
already exist in the cognitive structure, and meaningful learning in humans
occurs through an interaction of new information with relevant ideas that
already exist in the cognitive structure. (p. 7).

This prior knowledge, as Lopez Recacha (2009) explains, is personally constructed
by each individual while interacting with people or objects, and should be used to avoid rote
learning, which is far from Ausubel's meaningful learning. It is true that in many cases prior
knowledge can be temporarily forgotten, but with a quick reminder students are able to regain

meaning and implications.
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Now, regarding the instruments used to determine the students' prior knowledge, first,
the conceptualization of the construct to be evaluated must be clear, as well as its execution
standards and its respective evaluation indicators (Garcia, 2018). As Soriano Rodriguez
(2015) comments, any measurement process in an investigation must transcend from
reliability to validity. For this, the instrument must be the product of an articulation between
paradigm, epistemology, theoretical perspective, methodology and techniques for data
collection and analysis. In this sense, an instrument is valid if it measures what it claims to
measure, while reliability focuses on the probability of obtaining the same results.

Finally, one aspect sought by those conducting research is the need for the selected
instrument to be optimal for collecting the data and to have a high level of reliability,
especially when they base their validity on verbal information of perceptions, feelings,
attitudes or behaviors (Tuapanta Dacto, Duque Vaca, A. and Mena Reinoso, 2017), hence
Jiménez Alfaro and Montero Rojas (2013) consider that their design must be supported by a

process of continuous perfection.

Objective
Design an instrument to determine, within the framework of the current health
emergency generated by the SARS-CoV-2 virus, the previous mathematical knowledge
around the limit concept of students of the Engineering and Architecture baccalaureate

(section 1) of the Primitivo y Nacional School of San Nicolas de Hidalgo.

Methodology

For the design of the instrument, the four construction phases established by Soriano
Rodriguez (2015) were followed, that is, 1) objectives, theory and construct, 2) validation of

expert judgment, 3) pilot test and 4) psychometric validation, which Are detailed below:

Developing
Phase 1. Objectives, theory and construct
As part of the design process, the analysis of the academic program of the Differential
Calculus subject was carried out in order to identify the minimum academic needs of the

limit thematic unit. Subsequently, a bank of problems was created that have been studied in
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various investigations focused on the didactics of calculus and that have been considered in
admission exams at the professional level. Then, the items that satisfied the criteria of the
epistemic facet were selected: 1) common knowledge 2) specialized knowledge and 3)
expanded knowledge (Loewenberg Ball, Hoover Thames and Geoffrey, 2008; Loewenberg
Ball, Theule Lubienski and Spangler Mewborn, 2001) .

The instrument was structured to reflect previous academic knowledge, such as
arithmetic ability and algebraic ability, in order to identify problem solving and the
construction of mathematical knowledge.

The design of the instrument was focused on considering different levels of
algebrization and arithmeticization (Godino et al., 2015), since awareness of the progression
of learning was sought, as well as alerting the teacher of the pertinent difficulties (conceptual,
propositional, procedural and argumentative). To do this, we proceeded as follows (Godino
et al., 2015):

We classify the content to be evaluated according to two variables: algebraic
content and didactic content. For the algebraic content variable, we consider
three values or categories, in which various subcategories can be
distinguished:
- Structures: Equivalence relation; properties of operations, equations, etc.

- Functions: Arithmetic patterns, geometric patterns; linear, affine, quadratic
function, etc.
- Modeling: Context problems solved by proposing equations or functional
relationships.

Due to the pandemic, the instrument was applied through Google Forms, a tool that
allowed items to be ordered randomly and answered in a limited time. In figure 1 the common
mathematical knowledge is structured, focused on the epistemic facet, that is, recognition of

algebraic and arithmetic processes (concepts, procedures, properties, generalization, etc.).
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Figura 1. Conocimiento matematico comun

Resuelve

1 N 3
2 5
Opcidn 1

4

7
Opcidn 2
11
10
Opcidn 3
4
10
Opcién 4

3

7

Fuente: Elaboracion propia

At the previous level, the students did not require a capacity for analysis or reflection,
but rather follow a procedural mechanism.

On the other hand, regarding the subcategories of classification of content, structures
and functions of the epistemic facet of specialized knowledge, figure 2 shows that although
there is a procedure for solving the problem, it actually requires a capacity for analysis and
reasoning, as well as the identification of different variables that involve properties,
arguments and procedures.

This notion favors not only the systematic identification of different resolution
procedures, modes of expression, concepts and properties that are put into
play in its formulation, but also the identification of arguments or
justifications of the procedures and properties. (Pino-Fan, Godino, Castro y
Font, 2012).
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Figura 2. Conocimiento especializado

En un puesto de verduras del mercado, un cliente realizo la siguiente compra: 22.5 Kg. de cebolla,
13.6 Kg. de Jitomate, 13.3 Kg. de chile serrano, 18,8 Kg. de papas, 17.1 Kg. de Zanahoria y 5 piezas
de repollo.El duefio del puesto quiere saber cuanto gano en esa venta, si: El Kg. de jitomate le
costo $ 8.50 y lo vendid a $ 14.00, el Kg. de cebolla lo compré a $4.60 y lo vendio a $ 7.60, el Kg. de
papas lo compro a $ 2.60 y lo vendio a $ 4.30, el Kg. de zanahoria lo compro a $ 3.80 y lo vendid a
$ 6.30, el Kg. de chile lo compré en $2.50 y lo vendid en $ 4.10 y la pieza de repollo le costdo a $
4.20 v la vendié en $ 7.00 ;Cual es su ganancia?

43.30
639.50
252.29

387.21

Fuente: Elaboracion propia

Performing an epistemic analysis of figure 2, the following can be noted:

Representation process

Elements can be identified through differentiation, which the student must be able to
distinguish. Likewise, she must know the process to which she must resort to establish a one-
to-one connection that allows her to locate and select the variables in a mathematical
expression; for example, the variable X will represent tomatoes, Z will represent carrots, etc.,
which concerns a symbolic or notational representativeness, indicating the correlation
between the two items in their respective moments. This provides information that could be
used by both the teacher to adjust his teaching method and the student to identify a
mathematical or logical weakness.

The representation process is a fundamental part of problem solving, since its
disarticulation leads to synthesis, which is represented through a graph or symbology

(restructuring of the phenomenon) which, in the case that concerns us, is the limit.
Composition-decomposition process

Once the variables of the previous process have been identified, the elements that

respond to similarities can be discerned.
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Figura 3. Proceso de composicién-descomposicion

Si x equivale a jitomate

13.6x = ($14 — $8.5)

Fuente: Elaboracion propia
As indicated by Pino-Fan et al. (2012), “similar analyzes can be carried out with other
resolutions of the task, which bring into play other procedures and justifications that involve
different linguistic elements, concepts and propositions. In this sense, the meaning processes
do not have unique configurations ”(p. 431). Later, in figure 4, this process is also clearly

shown, which requires a greater capacity for synthesis, analysis and reflection.

Process of particularization-generalization
Figure 3 started from a particular fact that can well be generalized for each of the
elements mentioned in figure 2, that is, it is generalized for onions, chili peppers, etc. It is to

be noted that it is closely linked to the transition from common and advanced knowledge.

Materialization-idealization process
In this process, specific knowledge about some area of mathematics that requires
greater capacity for analysis and reflection on the part of the student is explored, as shown in
figure 4, where ideas or knowledge that cause dissonance can often be opposed.

Figura 4. Proceso de materializacion-idealizacion

El iPhone 11 Pro Max tiene un costo de $27,499 pesos con IVA incluido. Si el IVA es del 16%. ;A
cuanto asciende el monto correspondiente de IVA?

$4399.84
$3,792.96

$31,898.84

$4231.73

Fuente: Elaboracion propia
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As suggested by Godino et al. (2015), in each item we include the expected solution,
as well as three incorrect distracting responses: the objects and processes that are manifested
for the resolution, the level of difficulty corresponding to the academic activity and the

categories of didactic-mathematical knowledge involved according to Table 1.

Tabla 1. Categorias de conocimiento didactico-matematico

Contenido algebraico

Contenido i E—
o Estructuras (E) Funciones (F) Modelizacion (M)
didactico _ _ _
Primaria | Avanzado | Primaria | Avanzado | Primaria | Avanzado
Epistémico
(niveles de EPI-E1 EPI-E2 EPI-F1 EPI-F2 EPI-M1 EPI-M2

algebrizacion)

Cognitivo
(significados | COG-E1 | COG-E2 | COG-F1 | COG-F2 | COG-M1 | COG-M2

personales)

Instruccional
(situaciones y INS-E1 INS-E2 INS-F1 INS-F2 INS-M1 INS-M2

recursos)

Contenido
] ALG-E1 | ALG-E2 | ALG-F1 | ALG-F2 | ALG-M1 | ALG-M2
algebraico

Fuente: Godino et al. (2015)

Phase 2. Validation of expert judgment
Once the items were elaborated and refined, support was requested from three
professors with experience in the matter who were in charge of evaluating both the viability

of the items and their writing.
Phase 3. Pilot test

Table 2 shows the difficulty index in the pilot test, which was applied to 14

participants. The index [0.100] with 100 represents a very easy item, where all the students
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the construction of confidence intervals of the estimates.

Tabla 2. indice de dificultad

Momento 1: Aritmética

Momento 2: Algebra

item | Indice de dificultad | Error tipico | item | Indice de dificultad | Error tipico
1 95 136 1 68.1 27.7
2 93:2 68 2 45.7 30.4
3 61.9 14.3 3 447 234
4 86 93 4 437 149
5 614 36-4 5 65.2 19.6
6 86.4 11.4 6 58.7 28.3
7 97.7 2.3 7 413 283
8 56 195 8 29.3 39

9 476 405 9 67.4 174
10 |63.6 36.4

11 56.1 17.1

12 93.2 4.5

13 |60.5 23.3

14 |6.8 65.9

Fuente: Elaboracién propia

Phase 4. Psychometric validation

In this phase, the functioning of each of the items was ensured, as well as their
discarding (as shown in Table 2). The internal consistency reliability coefficient (Cronbach's
alpha) was then calculated using the SPSS software (version 25). As shown in table 3, a
coefficient of 0.807 (very good reliability) was achieved, which indicates that these results
can be reproduced in different samples without constituting a great bias on the part of the

participants. In addition, the scores for each question were consistent with the total score of

the instrument.
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Tabla 3. Estadistica de fiabilidad
Alfa de Cronbach | N.° de elementos
.807 14

Fuente: Elaboracion propia

Figure 5 shows how the instrument was subjected to the unidimensionality test of the

construct through the study of the sedimentation graph in the SPSS program.

Figura 5. Gréafico de sedimentacién del cuestionario piloto

Grafico de sedimentacién

Autovalor
~

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Nimero de componente
Fuente: Elaboracién propia
Finally, Table 4 shows the percentage of variance of the first component, which was
greater than 20, as well as the rest less than 10 (except 2 and 3), so it cannot be considered

as a multidimensional instrument.
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Tabla 4. Analisis de varianza de prueba piloto

Varianza total explicada

Autovalores iniciales Sumas de cargas al Sumas de cargas al
cuadrado de la cuadrado de la rotacion
extraccion
Compone | Tot | %de |% Tot |%de | % Tot |%de |%
nte al varian | acumula | al varian | acumula | al varian | acumula
za do za do za do

1 3.27 | 2341 |23.412 |3.27|23.41 |23412 |245|17.52 |17.526
8 2 8 2 4 6

2 2.25|16.11 |39.530 |2.25|16.11 |39.530 |2.25|16.12 |33.647
7 8 7 8 7 1

3 1.64 | 11.74 | 51.272 1.64 | 11.74 |51.272 | 1.67 | 11.98 | 45.627
4 2 4 2 7 1

4 129 19.216 |60.488 |1.29|9.216 |60.488 |1.60 |11.49 |57.122
0 0 9 5

5 1.24 1 8.895 |69.383 |[1.248.895 |69.383 |1.37 |9.807 |66.928
5 5 3

6 1.00 | 7.195 |76.578 |1.00|7.195 |76.578 |1.35|9.650 | 76.578
7 7 1

7 816 | 5.829 | 82.407

8 610 | 4.356 | 86.763

9 560 | 3.998 | 90.762

10 462 | 3.299 | 94.061

11 379 | 2.704 | 96.765

12 259 | 1.848 | 98.614

13 120 | .855 | 99.468

14 .074 | 532 | 100.000

Método de extraccion: analisis de componentes principales.

Fuente: Elaboracién propia
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Conclusions

The elaboration of the instrument analyzed in this work can be a very useful tool not
only to detect the previous knowledge that students have regarding differential calculus, but
mainly to create didactic strategies that allow addressing these weaknesses based on the
learning styles of the students. In addition, it must be anticipated that, due to the pandemic,
we are living in a time where face-to-face classes have been replaced by virtual encounters,
which require teaching and learning methods different from traditional ones.

For the student, therefore, this instrument can also represent an opportunity not only
to know her weaknesses in the matter, but to take actions that allow to change that reality. In
this regard, students must be aware of the responsibility they have in their learning processes,
which has become a necessity to face the challenges that have arisen in these times of covid-
19. Indeed, the pandemic showed that it is not enough just to pass the subjects, since learning
is a daily task that demands a lot of independent effort, as well as, logically, the application

of suitable strategies that adjust to this new reality.

Future lines of research
In the first place, the creation of various instruments that allow the teacher to diagnose the
level of knowledge that their students have in a certain subject is considered a priority, since
in this way strategies that meet those needs can be implemented (Rojas Maldonado, 2015).
However, after developing these proposed activities, it will also be essential that

investigations be carried out to determine whether they achieved the expected results.

-: BY Vol. 12, Nam. 22 Enero - Junio 2021, e235



= Revista Iberoamericana para la
N ——— Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

References

Artigue, M. (1988). Ingénierie didactique. Recherches en Didactique des Mathematiques,
9(3), 281-308.

Ausubel, D. (1983). Teoria del aprendizaje significativo. En Fasciculos de CEIF (vol. 1) (pp.
1-10). Doi: https://doi.org/10.1007/978-3-540-74459-7_8

Consejo Nacional de Evaluacion [Coneval] (2018). Pobreza en México. Recuperado de
https://www.coneval.org.mx/Medicion/MP/Paginas/Pobreza-2018.aspx

Cornu, B. (1991). Limits. In Tall, D. (ed.), Advanced Mathematical Thinking (pp. 153-166).
Dordrecht: Kluwer.

Cottrill, J., Dubinsky, E., Nichols, D., Schwingendorf, K., Thomas, K. and Vidakovic, D.
(1996). Understanding the limit concept: Beginning with a coordinated process scheme.
Journal of Mathematical Behavior. Doi: https://doi.org/10.1016/S0732-
3123(96)90015-2

Garcia, R. (2018). Disefio y construccién de un instrumento de evaluacion de la competencia
matematica: aplicabilidad practica de un juicio de expertos. Ensaio: Avaliacdo e
Politicas  Pudblicas em  Educacdo, 26(99), 347-372. Recuperado de
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-
40362018000200347&Ing=es&tIng=es

Godino, J. D., Aké, L. P., Contreras, A., Diaz, C., Estepa, A., Blanco, T. F., ... Wilhelmi, M.
R. (2015). Designing a questionnaire for assessing the didactic-mathematical
knowledge on elementary algebraic reasoning. Ensenanza de las Ciencias, 33(1), 127-
150. Doi: https://doi.org/10.5565/rev/ensciencias.1468

Hodges, C., Moore, S., Lockee, B., Trust, T. and Bond, A. (2020). La diferencia entre la
ensefianza remota de emergencia y el aprendizaje en linea. En Ensefianza remota de
emergencia: textos para la discucison (pp. 10-22). The Learning Factor.

Instituto Nacional de Estadistica Geografia e Informatica [Inegi] (2018). Encuesta Nacional
sobre la Disponibilidad y Uso de Tecnologias de la Informacién en los Hogares.
Recuperado de https://www.inegi.org.mx/programas/dutih/2018/

Jiménez Alfaro, K. y Montero Rojas, E. (2013). Aplicacion del modelo de Rasch, en el
analisis psicométrico de una prueba de diagnéstico en matematica. Revista Digital:
Matematica, Educacion e Internet, 13(1), 1-24. Doi:

-: BY Vol. 12, Nam. 22 Enero - Junio 2021, e235



Revista Iberoamericana para la
Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

https://doi.org/10.18845/rdmei.v13i1.1628

Loewenberg Ball, D., Hoover Thames, M. and Geoffrey, P. (2008). Content Knowledge for
Teaching. What Makes It Special? Journal of Teacher Education, 59(5), 389-407. Doi:
https://doi.org/10.1016/B978-0-08-044894-7.00642-4

Loewenberg Ball, D., Theule Lubienski, S. and Spangler Mewborn, D. (2001). Research on
teaching mathematics: The unsolved problem of teachers’ mathematicak knowledge.
Handbook of Research on Teaching, 433-456. Retrieved from http://www-
personal.umich.edu/~dball/chapters/BallLubienskiMewbornChapter.pdf

Lopez Recacha, J. A. (2009). La importancia de los conocimientos previos para el
aprendizaje de nuevos contenidos. Innovacion y Experiencias Educativas, 1-14.
Recuperado de http://www.csi-
csif.es/andalucia/modules/mod_ense/revista/pdf/Numero_16/JOSE
ANTONIO_LOPEZ_1.pdf

Morantes Moncada, G., Dugarte Pefia, E. y Herrera Diaz, J. (2019). Perfil del aprendiz
estratégico para el estudio de calculo diferencial mediado por las TIC. Revista Logos,
Ciencia & Tecnologia, 11(3), 152-167. Doi: https://doi.org/10.22335/rlct.v11i3.864

Mota Villegas, D. y Valles Pereira, R. (2015). Papel de los conocimientos previos en el
aprendizaje de la matematica universitaria. Acta Scientiarum. Education, 37(1). Doi:
https://doi.org/10.4025/actascieduc.v37i1.21040

Ndjatchi, M. K. C. (2019). Conocimientos previos de numeros complejos en ingenieria.
Ciencia, Docencia y Tecnologia, 30(58), 305-329. Doi:
https://doi.org/10.33255/3058/477

Organizacién de las Naciones Unidas para la Educacién, la Ciencia y la Cultura [Unesco]
(2020). Impacto de la covid-19 en la educacion. Recuperado de
https://es.unesco.org/covid19/educationresponse

Pefia, A., Murillo, D., Rodriguez, C., Cedillo, N. y Green Arrechavala, I. (2014).
Limitaciones que presentan los estudiantes de noveno grado del afio 2013, del CIIE en
la resolucion de problema aplicados relacionado con ecuaciones lineales. Revista
Académica Paradigma Estudiantil, 1(1), 46-50.

Pino-Fan, L. R., Godino, J. D. y Vinceng, F. (2013). Disefio y aplicacion de un instrumento

para explorar la faceta epistémica del conocimiento didactico-matematico de futuros

-: BY Vol. 12, Nam. 22 Enero - Junio 2021, e235



Revista Iberoamericana para la
Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

profesores sobre la derivada (segunda parte). Revemat, 8, 1-47.

Pino-Fan, L. R., Godino, J. D., Castro, W. F. and Font, V. (2012). Conocimiento didactico-
matematico de profesores en formacion: explorando el conocimiento especializado
sobre la derivada. En SEIEM (ed.), Investigacion en educacién matematica XVI (pp.
427-434). Jaén.

Rojas Maldonado, E. R. (2015). Secuencias didacticas para la ensefianza del concepto de
limite en el célculo. Revista Internacional de Aprendizaje en Ciencia, Matematicas y
Tecnologua, 2(2), 63-76. Recuperado de
http://funes.uniandes.edu.co/15392/1/Rojas2016Secuencias.pdf

Rojas Maldonado, E. R. (2016). Resultados de la aplicacion de secuencias didacticas para la
comprension del concepto del limite en el bachillerato Nicolaita. RIDE Revista
Iberoamericana para la Investigacion y el Desarrollo Educativo. Doi:
https://doi.org/10.23913/ride.v6i12.227

Rojas Maldonado, E. R. (2018). Mathematization: A teaching strategy to improve the
learning of Calculus. Revista Iberoamericana para la Investigacién y el Desarrollo
Educativo, 9(17).

Rojas Maldonado, E. R. (2019). Disefio de estrategia de apertura para la interpretacion
gréafica-analitica a través de Desmos como preparacion para el aprendizaje del calculo
diferencial. RIDE Revista Iberoamericana para la Investigacién y el Desarrollo
Educativo, 10(19). Doi: https://doi.org/10.23913/ride.v10i19.493

Rojas Maldonado, E. R. (2020a). Analisis de la percepcion de los profesores en activo
referente al uso de la tecnologia en la Matematica. Polyphonia. Revista de Educacion
Inclusiva, 4(2), 167-196. Recuperado de http://revista.celei.cl/index.php/PREIl/index

Rojas Maldonado, E. R. (2020b). Understanding Fundamental Concepts of Calculus Through
Desmos. An Intervention. RIDE Revista Iberoamericana para la Investigacion y el
Desarrollo Educativo, 10(20), 1-15.
https://doi.org/https://doi.org/10.23913/ride.v10i20.672

Soriano Rodriguez, A. M. (2015). Disefio y validacion de instrumentos de medicion. Dia-
logos, (14). Doi: https://doi.org/10.5377/dialogos.v0i14.2202

Tall, D. (1992). The transition to advanced mathematical thinking: Functions, limits, infinity

and proof. In Grouws, D. A. (ed.), Handbook of Research on Mathematics Teaching

-: BY Vol. 12, Nam. 22 Enero - Junio 2021, e235



Revista Iberoamericana para la

Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

and Learning. Macmillan, New  York, 495-511. Retrieved from
http://scholar.google.com/scholar?hl=en&btnG=Search&g=intitle:The+Transition+to+
Advanced+Mathematical+Thinking+:+Functions,+Limits,+Infinity+and+Proof#0

Tall, D. (1995). Cognitive growth in elementary and advanced mathematical thinking. PME
conference, 1(July), 1-61.

Tuapanta Dacto, J. V., Duque Vaca, A. y Mena Reinoso, A. P. (2017). Alfa de Cronbach para
validar un cuestionario de uso de TIC en docentes universitarios. mktDescubre-
ESPOCH FADE, (10), 37-48.

Urbina, M. (2009). Los conocimientos previos y su importancia para la comprension del
lenguaje matematico en la educacion superior. Universidad, Ciencia y Tecnologia,
13(52), 1-12. Recuperado de
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=51316-48212009000300004

-: BY Vol. 12, Nam. 22 Enero - Junio 2021, e235



~A(

Revista Iberoamericana para la

Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

Rol de Contribucion

Autor (es)

Conceptualizacién

Erick Radai Rojas Maldonado

Metodologia Erick Radai Rojas Maldonado
Software Erick Radai Rojas Maldonado
Validacion Jacqueline Toscano

Andlisis Formal

Erick Radai Rojas Maldonado

Investigacion

Erick Radai Rojas Maldonado y Jacqueline Toscano Galenana

Recursos

Jacqueline Toscano Galenana

Curacién de datos

Jacqueline Toscano Galenana

Escritura - Preparacion del
borrador original

Jacqueline Toscano Galenana

Escritura - Revision y
edicion

Erick Radai Rojas Maldonado

Visualizacion

Erick Radai Rojas Maldonado

Supervision

Erick Radai Rojas Maldonado

Administracion de Proyectos

Erick Radai Rojas Maldonado

Adquisicion de fondos

Erick Radai Rojas Maldonado

-: BY Vol. 12, Nam. 22 Enero - Junio 2021, e235




