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Abstract  

 

Learning achieved by students in their first course of 

mathematics at the university reflects a low achievement, 

which is especially observed in the topic of the parabola. 

Due to this problem, the objective of improving the 

academic achievement of students in that topic, through a 

didactic strategy based on semiotic representations, was 

proposed. To this end, a quantitative inquiry was carried 

out, with a pre-test post-test design, on both a control 

group and an experimental group. There, a total of 44 

students, of an average age of 19 years who were taking 

the subject of Mathematics Foundations, participated. It 

was found that the gain between the post-test and pre-test 

measurement was significantly higher (p<0.01) in the 

experimental group with respect to the control group, 

where the conventional strategy for the course was being 

used. It is concluded that it is possible to improve the 

learning of the parabola in students through the strategy 

based on semiotic representations, and that it is highly 

recommended to apply it for the learning of other 

mathematical objects in the basic sciences courses of the 

engineering division. 

 

 

Learning, Parabola, Semiotic Representation 

 

Resumen 

 

Los aprendizajes que logran los estudiantes en el primer 

curso de matemáticas de la universidad reflejan un bajo 

aprovechamiento y esto se observa sobre todo en el tema 

de la parábola.  Por ello se planteó el objetivo de mejorar 

el aprovechamiento académico de los estudiantes en este 

tema a través de una estrategia didáctica basada en las 

representaciones semióticas. Con este fin se llevó a cabo 

una indagación de tipo cuantitativa, con un diseño 

pretest-postest, con un grupo control y otro experimental, 

donde participaron un total de 44 estudiantes con una 

edad promedio de 19 años que cursaban la asignatura de 

Fundamentos de Matemáticas. Se encontró que la 

ganancia entre la medida postest y pretest fue 

significativamente mayor (p<0.01) en el grupo 

experimental con respecto al grupo control donde se 

empleó la estrategia convencional del curso. Se concluye 

que es posible mejorar el aprendizaje de la parábola en 

los estudiantes a través de esta estrategia basada en 

representaciones semióticas y que es altamente 

recomendable utilizarla en el aprendizaje de otros objetos 

matemáticos en los cursos de ciencias básicas de la 

división de ingeniería. 
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Introduction 

 

Most of the students have problems 

understanding and using mathematical 

knowledge, which is reflected in a low index of 

academic performance, this is shown by the 

Unesco Institute of Statistics (UIS)… “More 

than 617 million children and adolescents do 

not they are reaching the minimum levels of 

proficiency in reading and mathematics” (UIS, 

2017). 

 

Among the standardized tests to 

measure the basic learning of students is the 

PISA test (Program for International Student 

Assessment), developed by the OECD 

(Organization for Economic Cooperation and 

Development), which shows the skills acquired 

by the student in the third year high school in 

science, reading and math. In 2015, the 

mathematics competencies shown by Mexican 

students reached a score of 408, below the 

OECD average of 493 points. For 2018 the 

performance was 409 and the OECD average 

489. Furthermore, in 2015 less than 1% of 

Mexican students achieved higher levels of 

proficiency (levels 5 and 6), for 2018 1% 

reached those levels. So the last PISA test of 

2018 compared on average with the previous 

ones from 2006 do not show significant 

differences (OECD, 2019). 

 

In Mexico there are some tests such as 

the EXHCOBA exam (Examination of Basic 

Skills and Knowledge), which is applied to 

students who graduate from high school and 

aspire to enter university. The results obtained 

in mathematics confirm that students do not 

understand basic concepts, do not have 

problem-solving skills, and the knowledge 

acquired is related to memorization (Larrazolo, 

Backhoff & Tirado, 2013). 

 

Another of the standardized tests 

applied at the high school level is the PLANEA 

test, in the last evaluation in 2017 it is reported 

that the score achieved by high school students 

was 500 points which corresponds to Level I. 

The students were able to solve problems 

related to whole numbers and decimals but did 

not show algebraic skills at that level of 

development (National Institute for the 

Evaluation of Education (INEE), 2019). 

 

 

 

It is expected that students at the high 

school level achieve a mastery of the algebraic 

rules, understand some mathematical functions 

establishing its formula and from it its graph 

and vice versa, as well as construct and 

interpret mathematical models using arithmetic, 

algebraic, geometric and variation records, to 

understand and analyze various situations 

(INEE, 2019). But according to the results 

shown by these tests, students fail to achieve 

these domains in mathematics. 

 

This is observed in the first mathematics 

courses of higher education, the previous 

knowledge acquired by the students is very 

deficient, which hinders the learning of new 

knowledge to achieve a meaningful learning of 

mathematics. In the case of this research, an 

important topic in mathematics that was 

addressed is that of second degree equations. 

 

At the Technological Institute of Sonora 

(ITSON), several studies have been prepared to 

find out the status of the learning problems of 

their students, for example Sotelo, Echeverría 

and Ramos (2009) mention that “over 65% of 

students drop out of one or more subjects in a 

school year”. Following this same line of 

research, in another report issued by ITSON, of 

all the careers from the 2002 to 2006 generation 

it was found that 53% of the students dropped 

out of one or more subjects. 

 

In a study with students new to ITSON 

engineering careers, it is mentioned that since 

2009 a preparatory course has been offered to 

students who do not pass a diagnostic math 

exam, seeking to improve their skills in topics 

related to Algebra, Trigonometry and 

Analytical Geometry (Peralta, Encinas, Rojas, 

Cuevas, Ansaldo and Osorio, 2013). 

 

The Academy of the Fundamentals of 

Mathematics course has reported that the failure 

rate has increased from 31% in 2010 to 44.8% 

in 2017. While the group average, in the same 

period, has gone from 5.3 to 5.7. Results that 

have had a negative impact on the indicators of 

Educational Programs such as lag and terminal 

efficiency, so it is important to make 

improvements in the teaching and learning 

process in mathematics courses by designing 

and implementing new strategies didactics and 

in this way have a positive impact on this 

problem. 
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The contributions to the field of 

educational mathematics by researchers and 

teachers with experience in mathematics 

learning problems, point out the importance of 

the use of various representation systems, as 

well as the use of didactic and technological 

tools to structure and direct the teaching and 

learning of mathematics in general, and in 

particular of quadratic equations, Campos 

(2003), Hitt (2008), Pizarro (2009), Bernal 

(2020), Campos and Rodríguez (2020), 

Farabello and Trigueros (2020) ), among others. 

 

It is important to reconsider the role that 

teachers have in the teaching of mathematics, 

not to be only transmitters of knowledge, but to 

consider making an analysis of the difficulties 

that students show when they want to acquire 

mathematical knowledge, such is the case of the 

study of the parable. Therefore, it will be 

necessary from the difficulties shown by the 

student to promote different teaching strategies, 

involving the use of technology in the 

classroom and encouraging the student to want 

to learn (Sánchez, 2016). 

 

Various investigations in relation to the 

parable show how the teacher can consider 

other ways of approaching its study in the 

classroom. In an investigation carried out for 

secondary school teachers, a workshop was 

developed and the difficulty of solving 

problems related to the parabola was detected in 

them, because it was identified that the learning 

of this object focuses more attention on the 

algebraic treatment than on the geometric 

aspect. Therefore, the proposal by Torres, 

Advíncula, León and Flores (2019) promotes 

the use of concrete materials and the use of 

Geogebra, to develop the knowledge of the 

parabola as a geometric place and thus study its 

properties. In another research carried out by 

Aldama and López (2018) they show that in 

order to achieve a better understanding of this 

mathematical object, it is necessary to 

investigate the historical part and origin of the 

concept, as well as its didactics and develop 

sequences supported with Geogebra. On the 

other hand, Cruz, Báez and Corona-Galindo 

(2018), in a study related to the teaching and 

learning of the parable, propose a didactic 

strategy based on meaningful and constructivist 

learning, called the Potentially Significant 

Teaching Unit. Therefore, he focuses his 

attention on this as a geometric place, until the 

concepts learned from the parable get the 

students to solve a real problem. 

It is important to consider the role of the 

teacher in the educational process, according to 

Díaz-Barriga and Hernández (2010), every 

teacher must acquire and deepen a theoretical 

framework that helps them understand the 

teaching process to achieve meaningful learning 

in the student. Being able to reflect on their 

own work and promote innovative didactic 

strategies.  

 

Objectives 

 

General purpose 

 

Improve the academic achievement of students 

in the topic of the parable through a didactic 

strategy based on semiotic representations with 

the purpose of improving indicators of the 

ITSON Engineering Educational Programs. 

 

Specific objectives 

 

− Design a questionnaire based on the 

framework of Duval's semiotic 

representations, using a table of 

specifications, to measure academic 

achievement on the subject of the parable. 

− Implement an unconventional didactic 

strategy in the learning of the parable, 

based on Duval's semiotic representations 

in an experimental group. 

− Apply the designed instrument to the 

experimental group and to a control group 

exposed to a conventional strategy, at two 

different times, before and after the 

teaching-learning process.   

 

Justification 

 

Researchers and teachers have been concerned 

to understand the problems that students have 

in learning mathematics. The process of 

teaching and learning requires reformulating the 

work of the teacher and the student, involving 

new tools for their work in the classroom. The 

implementation of new didactic proposals is 

intended to improve the understanding of 

mathematics (Sánchez, 2016). 
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On the other hand, according to Pizarro 

(2009); Campos (2003) and Hitt (2008) the 

contributions in the field of educational 

mathematics, point out the importance of the 

use of various semiotic representation systems, 

as well as the use of didactic and technological 

tools to restructure and direct teaching and 

learning of mathematics, in particular that of 

quadratic equations. 

 

The proposal designed in this research 

for the teaching and learning of the parable, 

intends to improve the understanding of this 

topic. Thus, helping to increase the approval 

rate, decrease the dropout and lag rates of 

students. For what it will positively impact and 

to a certain extent, with the terminal efficiency 

of the various engineering careers, these 

indicators are important for accrediting bodies 

such as the CACEI Council for the 

Accreditation of Engineering Teaching 

(CACEI, 2018).  

 

Theoretical framework 

 

For a learning to be remembered at the required 

moment it is necessary that it has been 

apprehended in a meaningful way, that is, that 

when the learner comes into contact with the 

new content to be learned, they do so by 

connecting their previous knowledge with that 

content. new knowing. It is through this process 

that the cognitive structure of the learning 

subject deepens and branches, generating new 

structures and connections each time it interacts 

with more and more learning content. In such a 

way that if a part of this structure is activated, 

the subject manages to remember other contents 

thanks to those connections (Díaz-Barriga & 

Hernández, 2010). 

 

For subjects to learn meaningfully, two 

things need to happen. The first is that learners 

are willing to relate the new content to their 

previous knowledge in order to give them 

meaning. The second has to do with the content 

to be learned, it must have a certain 

organization or structure that is potentially 

related to the prior knowledge of the learners. 

Hence the idea of finding out in advance what 

the apprentices already know and teaching 

accordingly (Moreira, 2012). 

 

 

 

 

Therefore, it is important to know what 

prior knowledge students have when they are 

going to be taught new content. Find out what 

they already know and what they don't know. 

With this knowledge, it is possible to establish 

a starting point in the teaching of new content, 

in order to promote that students can develop 

their learning in a meaningful way. 

 

An important element to consider in the 

foundation of a didactic proposal on 

mathematical objects is Raymond Duval's 

theory of semiotic representation registers, 

which are currently considered of utmost 

importance in learning mathematics (Duval, 

1998, 2010). 

 

Theory of records of semiotic representation 

 

The use of semiotic representations of the 

quadratic function offers a variety of very 

particular features in each of them, which 

facilitate the development of cognitive 

activities, when in the teaching and learning 

process conversion activities between 

representations are promoted: algebraic, 

graphical, tabular and verbal. 

 

Duval (1998) mentions that “a writing, a 

notation, the strokes, the figures represent 

mathematical objects such as: a number, a 

function, a vector, a segment, a point, a circle” 

and affirms that mathematical objects they 

should not be confused with their 

representations. 

 

The use of semiotic representations of 

Raymond Duval are considered of utmost 

importance in learning mathematics (Duval, 

1998, 2010). The Parabola can be represented 

by various graphic, algebraic, verbal or tabular 

registers. Which are necessary in mathematical 

activity, in order to interact with the object 

(Duval, 1998). 

 

Duval structures in the theory of 

semiotic representations three cognitive 

activities related to semiotic representation 

registers: Formation, Treatment and 

Conversion. Substantial and necessary for the 

understanding and communication of 

mathematics (Godino, Wihelmi, Blanco, 

Contreras and Giacomone, 2016; Duval, 1988). 
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Training is an activity associated with 

the apprehension of semiotic representations 

and has to do with the signs that characterize 

each record and their identification rules in the 

same record. In the Treatment activity, the 

transformation of the representation of the 

mathematical object occurs but within the same 

record. Finally, Conversion, which is the 

transformation of a representation into another 

register, whose activity is considered very 

essential because it plays a fundamental role in 

the conceptualization of represented content 

(Duval, 1998, 2012).  

 

The Training activity is exemplified 

when there is a representation of the form y = 

ax ^ 2 + bx + c, in the algebraic register. And if 

this representation is transformed to the form y 

= (x + h) ^ 2 + k then it is the Treatment 

activity. And the Conversion activity when this 

quadratic equation is represented in the 

graphical register with a trace, identifying each 

element of the equation with the corresponding 

element in the graph. 

 

Research methodology 

 

The type of research that was carried out, which 

subjects participated in the study, what 

instrument was used to gather information and 

the procedure or steps carried out in the 

investigation is detailed below. 

Kind of investigation 

 

The inquiry was quantitative, quasi-

experimental with a pretest-posttest design with 

a control group (Buendía, Colás and 

Hernández, 1998). 

 

Subjects 

 

The study included 44 students who 

were taking the subject Fundamentals of 

Mathematics, with an average age of 19 years. 

Two groups of already conformed students 

were randomly selected, one experimental and 

one control. The first was made up of 24 

students, 12 of whom were women and 12 men; 

the second group consisted of 20 students, of 

whom eight were women and 12 men. 

 

Instrument 

 

 

 

 

The questionnaire used in the inquiry 

consisted of nine items. Three of them were 

used for students to reflect the cognitive activity 

of Treatment: verbal, algebraic and graphic 

respectively. The other six items were designed 

for students to show the cognitive activity of 

Conversion of the following records: from 

verbal to algebraic, from verbal to graphic, 

from algebraic to verbal, from algebraic to 

graphic, from graphic to verbal and from 

graphic to algebraic. 

 

The tasks requested by the reagents 

were the following: 

 
R Registry Task 

Start-

End 

1 V-V The verbal equivalent of a quadratic 

equation with a parabola. 

2 A-A It asks to pass the expression 

𝑦=(𝑥−𝑏)2+𝑐   to   𝑦=𝑎𝑥2+𝑝𝑥+𝑞. 

3 G-G Identify over what interval a function 

grows. 

4 V-A From a sentence identify its equation. 

5 A-V Convert the expression 

(𝑎−𝑏)(𝑎+𝑏)=𝑎2− 𝑏2   a verbal 

statement. 

6 V-G From a sentence identify its graph. 

7 G-V A graph is shown and its statement is 

requested. 

8 A-G An equation is offered and asked to 

identify its graph. 

9 G-A Given a graph identify its equation. 

Note: R = Reactive; Ini = initial; End = end 
 

Table 1 Task requested by each instrument reagent  

 

Process 

 

The first step was to develop the 

measurement instrument, based on Duval's 

(1998) conceptual framework of semiotic 

representations. The records were considered: 

verbal, algebraic and graphic of the parabola as 

they are the most used in the mathematical 

literature. A table of specifications was used in 

order to achieve the content validity of the 

instrument, according to the recommendations 

of Santibañez (2011). Subsequently, the 

instrument was presented to three experts in the 

area to validate its content. A pilot test was then 

carried out with a group of students to review 

the writing of the items, until it was in its final 

version. 
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Subsequently, and in accordance with 

the recommendations of Díaz and Leyva 

(2013), the difficulty indices of the items were 

classified as follows: more than 0.9 would be 

considered the easy item, between 0.8 and 0.89 

the item would be moderately easy, between 0.7 

and 0.79 would be of medium difficulty, 

between 0.5 and 0.69 would be moderately 

difficult and less than 0.5 would be considered 

difficult items. According to the research 

design, the instrument was applied to both the 

control and the experimental group before 

starting the learning of the parable topic 

(pretest) and after the teaching process 

(posttest). In the control group a conventional 

sequence of the course was applied while in the 

experimental group the new didactic sequence 

was implemented. 

 

With the data collected through the 

instrument, it was possible to identify those 

Treatments and Conversions with which the 

students show difficulties and strengths through 

descriptive statistics. The Shapiro Wilk test was 

performed to verify that the data met the 

normality assumption. It was found that the 

pretest and posttest data of the control group 

fulfilled this assumption, but not the data of the 

experimental group. Therefore, the Wilcoxon 

paired comparison test was used to determine 

the existence of a significant difference 

between the groups, both in the pretest and in 

the posttest, as well as in their gain, as 

recommended by Hernández, Fernández and 

Baptista (2014). With the results obtained, it 

was possible to achieve the objective of the 

investigation to finally write the corresponding 

report. 

 

Results 

 

When applying the measurement instrument at 

the pretest moment, it was found that the 

groups were not equal in terms of prior 

knowledge of the parabola (Table 2). There was 

a significant difference between the control and 

experimental groups (p <0.05). The control 

group obtained an average score higher than the 

experimental group from 0.18 to 2.1 points. 

This situation may be due to the fact that the 

university receives high school students with 

very diverse training programs, which is 

reflected in a different level of prior knowledge. 

Thus, from the outset, the control group showed 

a higher starting point than the experimental 

group in terms of prior knowledge of the 

parable. 

Group Pretest Postest Gain 

Control 6.10 6.60 0.50 

Experimental 4.96 6.88 1.92 

 

Table 2 Average number of correct items in each group 

out of a total of nine items 

 

After the pretest and after having 

exposed the control and experimental group to 

two different didactic sequences, the instrument 

was applied again at a posttest moment. Here 

both groups showed similar academic 

achievement since it was not found that there 

was a significant difference between them at 

that time (p> 0.05). However, when comparing 

each group with itself between the pretest and 

posttest, it was found that in the control group 

there were no significant advances, since there 

was no increase in their score (p> 0.05). Not so 

in the experimental group that did show a 

highly significant advance in their grade (p 

<0.01), which increased on average from 1.26 

to 2.57 points. When making a comparison of 

the gain between both groups, a highly 

significant difference was also found between 

them (p <0.01). The experimental group had a 

gain greater than that of the control from 0.53 

to 2.31 points. This result is consistent with 

other studies that have also implemented 

learning tasks aimed at students working on 

different semiotic representations, such as the 

works reported by Prada, Hernández and Jaimes 

(2017), Mercedes, Pérez and Triana (2017), 

Aznar, Distéfano, Moler and Pesa (2018), 

Denardi and Bisognin (2020), among others. 

The results obtained by the groups in their 

notes, therefore, show that the didactic 

sequence based on semiotic representations 

offers better learning results than the 

conventional didactic sequence of the course. 

 

On the other hand, the result observed in 

the experimental group with respect to the gain 

in the average of their grade, was also recorded 

in the gain obtained by the group in the two 

cognitive activities evaluated (Table 3). 

Although the pre-test starting point showed that 

the control group started with a better position 

in the Treatment and Conversion activities than 

the experimental group, at the post-test moment 

this difference was canceled. This caused that 

again, with regard to the gain in the two 

cognitive activities that were evaluated, a 

significant difference was observed in favor of 

the experimental group over the control, with 

respect to Treatment (p <0.01), and Conversion 

(p <0.05).  



22 

Article                                                    Journal-Mathematical and Quantitative Methods 
        December 2020 Vol.4 No.7 16-25 

 

 
ENCINAS-PABLOS, Francisco Javier, PERALTA-GARCÍA, Julia 
Xochilt, CUEVAS-SALAZAR, Omar and OSORIO-SÁNCHEZ, 

Mucio. Learning the parabola through semiotic records in university 
students. Journal-Mathematical and Quantitative Methods. 2020 

ISSN-On line: 2531-2979 

RINOE® All rights reserved. 

 

As the ability to perform record 

conversions is evidence of the deep 

understanding of the mathematical object Duval 

(1988), then the didactic sequence based on 

semiotic registers offers in terms of 

apprehension greater gain and a steeper 

learning curve than the conventional didactic 

sequence. of the course of foundations on the 

theme of the parable. Due to all of the above, 

these results bring with them some practical 

implications both for the fundamentals course 

and for other subjects in the area, since a 

didactic sequence similar to that of this research 

could be implemented in other mathematical 

objects, with good expectations of success. 

 
Cognitive 

activity 

Pretest Postest Gain 

GC GE GC GE GC GE 

Treatment 0.62 0.49 0.63 0.65 0.01 0.16 

Conversion 0.71 0.58 0.78 0.82 0.07 0.24 

Note. CG = control group; EG = experimental group. 

 

Table 3 Average difficulty index for cognitive activity 

 

In relation to each of the reagents of the 

instrument that was used to evaluate the ability 

of the subjects to perform Treatments and 

Conversions in the graphic, algebraic and 

verbal records (Table 4). The results indicate 

that at the beginning, at the pretest moment, the 

control group had a better starting point than 

the experimental group in terms of these 

cognitive abilities. Condition that changed at 

the post-test moment, where the groups 

performed equivalently in most of the tasks. 

However, again the gain observed in the 

experimental group was higher compared to the 

control group in the three Treatment tasks and 

in five of the six Conversion tasks. In the 

control group (Table 5) the difficulty index did 

not change in the Treatment tasks (AA, GG, 

VV) and in three Conversion tasks (GA, VG, 

GV) between the pretest - posttest 

measurements, while in the The experimental 

group did show improvements in the difficulty 

index in two Treatments (VV, GG) and in five 

Conversions (AG, GA, GV, AV, VG). This 

offers evidence that the didactic sequence 

applied in the experimental group offers better 

learning results than the conventional sequence 

applied in the control group. 
 

 

 

 

 

 

 

 

AC Registry Pretest Postest Gain 

Start-End GC GE GC GE GC GE 

T G-G 0.50 0.29 0.55 0.58 0.05 0.29 

T A-A 0.40 0.29 0.35 0.42 -0.05 0.13 

T V-V 0.95 0.88 1.00 0.96 0.05 0.08 

C G-A 0.60 0.00 0.65 0.79 0.05 0.79 

C A-V 0.45 0.24 0.70 0.58 0.25 0.34 

C A-G 0.95 0.79 0.85 1.00 -0.10 0.21 

C V-G 0.60 0.46 0.60 0.67 0.00 0.21 

C G-V 0.95 0.83 1.00 1.00 0.05 0.17 

C V-A 0.70 0.88 0.90 0.88 0.20 0.00 

Note. Ini = initial; End = end; V = verbal register; A = 

algebraic register; G = graphic record; AC = cognitive 

activity; T = treatment; C = conversion.  

 

Table 4 Difficulty index of the reagents in the control 

(CG) and experimental (EG) group, at the pretest and 

posttest time, and the gain between these two 

measurements 

 

AC Registry Pretest Postest 

Start-End GC GE GC GE 

T G-G MD D MD MD 

T A-A D D D D 

T V-V F MF F F 

C G-A MD D MD DM 

C A-V D D DM MD 

C A-G F DM MF F 

C V-G MD D MD MD 

C G-V F MF F F 

C V-A DM MF F MF 

Note. F = easy; MF = moderately easy; DM = medium 

difficulty; MD = moderately difficult; D = difficult 

 

Table 5 Difficulty index (according to their 

classification) of each item in the control (CG) and 

experimental (EG) group, at the pre-test and post-test 

time 

 

On the other hand, it was observed that 

the Algebraic Treatment (AA) is the most 

difficult in both study groups even after the 

teaching process, since it did not change its 

difficulty index between the pretest and posttest 

(Table 5), these problems with algebra coincide 

with studies carried out by García, Segovia and 

Lupiáñez (2011), Rodríguez and Torrealba 

(2016). What makes it clear that algebra is a 

content little understood by students, who have 

deficiencies in this area since high school, as 

shown by the results of the Planea exam 

(Ministry of Public Education, n.d.). 
 
In addition, three tasks with moderate 

difficulty were also found in the experimental 

group at the post-test moment. The A-V and V-

G Conversions and the G-G Treatment. The 

latter usually represents a problem for students, 

who struggle with the reading and interpretation 

of graphic records, as also reported by 

Guerrero, Camacho and Mejía (2010), Artola, 

Mayoral and Benarroch (2016).  
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Therefore, the A-A and G-G 

Treatments, as well as the A-V and V-G 

Conversions for the next school year are 

identified as areas of opportunity in the 

teaching of the parable. 
 

Conclusions 

 

From the results obtained, it is concluded that it 

was possible to improve the academic 

achievement of the students in the theme of the 

parable through a didactic strategy based on 

semiotic representations. It was achieved that 

the students had a steeper learning curve, and in 

turn, some areas of opportunity were identified 

for the teaching of this mathematical object in 

which special attention must be paid in the 

future, such as: Treatments in the algebraic 

register (AA) and in the graphic register (GG), 

as well as in the Conversions from the algebraic 

register to the verbal (AV) and from the verbal 

register to the graph (VG). 

 

It is recommended to use this didactic 

strategy in other subjects of the mathematics 

fundamentals course where there are similar 

learning problems and also to use it in the 

teaching and learning of mathematical objects 

in other subjects in the basic sciences area of 

the curricula plans of engineering educational 

programs. 
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