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The aim of this research was to implement a didactic experience to facilitate
the study of linear algebra. This article shows the potential of working the
curriculum based on both disciplinary competencies and soft competencies,
prioritizing collaborative learning, in future secondary school teachers of
mathematics. The nature of the study is exploratory with a mixed
methodology. In this article, we show the phases that constituted in its entirety
the way of working during a semester in higher education and the forms of
evaluation that are part of the qualitative-interpretative methodology, which
include the elaboration, validation and application of a questionnaire of
students' opinion on mathematical and soft skills, in addition to the analysis
by categories of open answers, considering the similarities and differences
found in the opinions written by the students, regarding the strengths and
weaknesses of the didactic proposal, validating the usefulness of this

Teacher education successful teaching methodology.
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1. INTRODUCTION

In the Latin American context competency-based education was successfully introduced in many
universities in the hemisphere to improve the learning process and transform higher education [1]-[3]. This
began in the European education area with the development of the Tuning Europe project, it crossed borders,
establishing the Tuning project for Latin America adapted to the continent in universities and for universities
[4], [5]. For Bredekamp [6], the focus of education evolved towards learning so that teachers are no longer the
center of the process but the students.

With the emergence of the competency-based educational model, education must be oriented towards
training integral individuals for an increasingly complex society, where technical or hard competencies are
developed equally with those that favor personal growth, ethics and values for life, i.e., the so-called generic
or soft competencies. The latter include collaborative learning and are becoming important requirements as a
product of competitiveness, graduates who can think critically, work in teams, solve problems and
communicate, to name a few, are highly sought after by employers [7]-[11]. They are also known by terms
such as 21st century competencies, transversal or non-cognitive skills, socioemotional skills. Regardless of
their denomination, these skills include social and interpersonal skills or metacompetencies [12]-[14].
Collaborative learning in higher education has been incorporated into curricula over the past two decades
[15]-[17] and is presented as a successful methodological alternative to traditional models [18]-[23]. However,
there is very little literature regarding the role of collaborative learning instructors [24], [25].
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In the real world, the demands go beyond the knowledge acquired in mathematics, since in order to
achieve success, it is necessary to have developed and integrated skills. With technical or hard skills to achieve
excellence at work, this is when the need to combine the concepts of life skills in educational programs is
born [26]. In practice many institutions still approach teaching and learning processes with methods very
similar to those used in the times of the industrial revolution [27]. The teaching of linear algebra and its results
are a case in point.

In Chile, linear algebra constitutes a content of the national curriculum of higher education by
competencies, and also appears in the curricula of international training institutions. It is an important academic
course due to its wide application in both science, technology and economics [28], [29]. Students often consider
linear algebra courses at the college level as difficult mathematics courses [30]. For Stuhlmann [31], most
students have great difficulty in making sense of algebraic structures and axiomatic algebraic methods [32] and
in selecting appropriate methods for system of linear equations [33]. Research by Ferryansyah et al. [34]
analyzed the difficulty of students in learning linear algebra in mathematics education course and according to
their results, the difficulty of students in learning linear algebra is very high: 88.63% of students are not able
to represent the symbol or notation, 88.11% of students have difficulties in using mathematical ideas and logical
reasoning. Added to this, teachers are also not optimal enough in the use of learning media and methods to
teach linear algebra in the classroom [35]-[37]. Therefore, it seems clear that teaching in a traditional way may
not significantly improve student learning and becomes a relevant issue for the continuing and initial training
of mathematics teachers. This article is related to these aspects and shows the experience with students who
are being trained as future mathematics teachers in a state university in Chile, where linear algebra is one of
the required courses, however, the performance of students in this subject, has not been in accordance with the
expected academic performance.

Considering the dizzying changes that have strained the work of higher education in the context of the
COVID-19 pandemic which in the case of Chile implied the transfer of a large part of the face-to-face
educational work to the remote mode during the year 2020, which had a national impact on the learning of
more than 3.5 million children and young people [38], [39] to which is added the current explosion of artificial
intelligence tools, mostly used by students, which is challenging teaching practices maintained for centuries
[40], [41], the following question was formulated and served as a guide for the research: is it possible to
successfully implement a didactic strategy that promotes the development of mathematical competencies and
soft competencies that are part of the curriculum in mathematics teacher training? To answer this question,
a didactic strategy was designed in a linear algebra course of the first semester, which began in March and
concluded in August, whose general objective was to know the incidence of a didactic strategy based on the
execution of mathematical competencies and soft competencies in mathematics pedagogy students. The
specific objectives: i) to describe the didactic strategy for the teaching of linear algebra about the incorporation
of collaborative methodology; ii) to elaborate, validate and apply an evaluation instrument based on
mathematical competencies and soft competencies; and iii) to describe and analyze the students' opinion
regarding the strengths and weaknesses of the development of the didactic strategy.

2. RESEARCH BACKGROUND

To enrich our teaching, we used a didactic strategy that has as its research framework the competencies
defined in our university's own curriculum as accredited in pedagogical quality, which includes the
mathematical or hard competencies based on the “Guiding Standards for Pedagogy Careers in Secondary
Education: Pedagogical and Disciplinary Standards” [42], in which standard number 4 states that the future
mathematics teacher must demonstrate disciplinary competency in linear algebra and, in addition, must
demonstrate the ability to lead the learning of linear algebra applications in school mathematics.

With respect to the soft competencies, those declared by the institution were considered, and represent
what is expected of the student. According to the curriculum, the soft competencies to be achieved in the
students are: to carry out academic activities by continuously seeking to improve oneself, in a persevering
manner, complying with established norms and standards and maintaining ethical and collaborative actions in
the process to obtain optimal results; to manage one's own learning, individually and collaboratively, activating
cognitive, meta-cognitive and socio-affective strategies that contribute to a favorable experience of the
academic processes and professional life; to understand the ethical responsibility of their functions, behaving
with honesty and personal integrity, acting with responsibility and social commitment. In response to these soft
competences, collaborative learning was included as a priority in our research. The use of groups in instruction
is based on the principle of constructivism, with special attention to the contribution that social interaction can
make. In essence, constructivism is, in turn, based on the idea that individuals learn by constructing their own
knowledge, connecting new ideas and experiences with existing knowledge and experiences to form a new or
improved understanding [43], [44].
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2.1. Teaching linear algebra

Since linear algebra today is useful to a wide variety of students, the question arises: how do students
learn linear algebra and what teaching methods are most effective? The availability of computers and software
has forced mathematicians to rethink the way they teach mathematics. When a computer can perform an
algorithm quickly and successfully, it begs the question: what does a student really need to learn and what is
the most appropriate teaching strategy for a future secondary school teacher? Roughly two main traditions can
be distinguished in the teaching of linear algebra: one tradition focuses on the study of formal vector spaces,
while the other proposes a more analytical approach based on the study of IR" and matrix calculus [45].

For the approach based on matrix calculus, it has been proposed the use of software designed from a
didactic point of view, to help students in learning the contents, giving examples, testing with matrices of
different sizes to see what happens or even to solve exercises. The latter is not a problem, in the sense that no
matter how much a result is obtained, the important thing is not to obtain the correct result, but to understand
why what is obtained is obtained and to understand the internal processes of the algorithms [46]. Regarding
the study focused on vector spaces, both its learning and teaching represents a challenge due to its high level
of abstraction and, in addition, because this content was not created to solve problems, but was created to unify
and generalize both existing methods and concepts [47]. In recent years, research has focused on making
innovations for learning content related to vector spaces [48], [49], identifying difficulties that students have
with them [50], [51], and errors [52].

2.2. Collaborative learning

Both in school, academic and professional careers, we are destined to face problems individually, but
also - increasingly and collaboratively. Thus, collaborative problem solving became a new domain in the PISA
2015 study. Collaborative problem solving is an advantage due to the division of labor, variety of knowledge,
different perspectives and experiences, reciprocal motivation, all aimed at a better solution of a given problem
or academic work [53]. In general, collaborative learning is a construct that identifies a field of strong and
growing relevance and is part of a soft or cross-cutting competency. It refers to instructional arrangements that
involve a minimum of two or more students working together on a shared learning objective [54], [55].

A large number of studies demonstrate the positive effects of collaborative learning on cognitive,
metacognitive, affective-motivational, and social aspects of learning [15], [17], [56], [57]. Several previous
researches [58]-[60] have shown that students working in small groups have better learning outcomes than
students working on an individual assignment, such as greater learning gains, higher performance on
standardized tests or on self-reported assessments during the course. However, these positive outcomes can
only be achieved when teachers make appropriate pedagogical decisions [61], [62].

While students work collaboratively, teachers should monitor what problems students encounter and
intervene when necessary [63]. Therefore, the teacher's role is crucial in fostering positive interaction among
learners [61]. The teacher diagnoses the progress of the group and intervenes when necessary [62]. Without
proper guidance, positive interaction among students is at risk. When teachers fail to identify problems early
and intervene appropriately, the quality of the collaborative process and the resulting learning outcomes can
be hindered. Guiding groups of students in collaborative work is a demanding task for teachers [64]. For example,
it requires teachers to master multiple advanced competencies [65]. This is because, during the learning process
in which it takes place, teachers must supervise several groups at the same time, provide support regarding the
content of the task as well as strategies for collaboration, and must decide whether intervention is necessary
and, if so, what type of intervention is most appropriate. Therefore, collaborative learning requires much more
from the teacher than simply placing students in groups and instructing them to work together [20], [61].

3. METHOD
3.1. Research design

Due to the exploratory nature of the research and its nature, where both the process and the product
are of interest, a quantitative-descriptive and qualitative-interpretative methodology was used. In the following,
we describe the details of the methodological process, focusing on the context in which the research was carried
out, the data that was collected and how the analysis of this data was carried out in order to respond to the
research objectives which are related to the knowledge of the impact of a didactic intervention based of the
achievement of disciplinary competences in mathematics and soft or transversal competences and applied to
students in initial training.

3.2. Sample of research
The unit of analysis of the research corresponded to 25 students, of which 10 are women and 15 are
men between the ages of 18 and 20, who made up the totality of those who took the compulsory subject of
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linear algebra in their second year, belonging to a degree course in mathematics teaching at a university in the
south of Chile. It should be noted that all participants received detailed information on the objectives and
methodologies of the study prior to their participation.

3.3. Research procedure

Linear algebra is a compulsory course (semester) of 6 hours per week and is located in the second
semester of the second year of the curriculum. The previous mathematical background of the students of the
linear algebra course is an algebra course and a geometry course. The main objective of the linear algebra
course is for students to develop skills such as mathematical logical reasoning and problem solving. It is
expected that this course will provide students with key elements for the development of subsequent courses.
It is divided into five units: i) matrices and systems of linear equations; ii) determinants; iii) vectors in the plane
and in space; iv) vector spaces; and v) linear transformations.

The explicit mathematical competencies to be achieved in the syllabus for the first two units were:
developing matrix algebra; identifying different types of matrices and their properties; operating with matrices;
relating systems of linear equations to matrices; classifying and solving systems of linear equations using
matrix techniques; defining determinant of matrices; identifying its properties, and using it to calculate the
inverse matrix and to solve systems of linear equations where the number of unknowns is equal to the number
of equations. For the teaching of these units, each student was provided with a “Linear Algebra Manual” created
by the teacher-researcher, with the contents of both units, which began with an introduction to the topic of
study, with examples of problems from everyday life, and with work guides as the units progressed. All of this
was incorporated into the student's portfolio of evidence. At the end of each unit, educational YouTube tutorials
oriented to the study of mathematics were suggested to them to broaden their individual knowledge, indicating
the addresses of the websites.

According to the curriculum, the soft competencies to be achieved in students involve acting ethically,
honestly, with personal integrity, acting with social commitment and personal integrity, and collaboratively in
the process to obtain optimal results. Take charge of their own learning, both individually and collaboratively,
activating not only cognitive and meta-cognitive strategies, but also socio-affective strategies that contribute
to a favorable experience of academic processes and professional life. As a result of these expectations in the
training of future secondary school teachers in mathematics, students were asked to form working groups, to
provide and promote an active learning environment by involving them in their learning and getting them to
participate actively through the various activities created with mathematical tasks that were designed so that
students could experience mathematical processes for themselves. For this purpose, the following three units
were distributed by the teacher to the three formal groups formed by the students on a voluntary basis. In this
way, the aim was to encourage cooperative learning or group work, written and oral mathematical
communication through discussion and the exchange of ideas among the students, prior to the individual
presentations of each mathematical sub-unit.

3.3.1. Working in groups

The following three units were curricularly defined mathematical content: vectors in the plane and in
space, vector spaces, and linear transformations. The explicit mathematical competencies to be achieved
according to the syllabus were: identifying vectors in the plane and space; algebraic structure of the set of
vectors, their properties and representation; identifying vector spaces, their properties and elements; identifying
linear transformations between vector spaces, their properties and elements, and calculating eigenvalues and
eigenvectors of linear transformations.

For the presentations, they could make use of technological resources. In addition to the oral
presentations, each group had to carry out group workshops. At the end of the learning unit, they had to write a
summative test on the topic to be applied to their peers, which was known and thoroughly reviewed by the teacher
researcher. The knowledge that they would be assessed greatly increased the attention of each student to the
presentations of the corresponding contents and to the continuous consultations with the lecturers. In general, the
level of demand in these tests was high, which forced the rest of the students to study much more independently.

Throughout, students were actively supported to discuss, verbalize and write down their understanding
of mathematical ideas and concepts. The various activities had motivated the students and provided them with
opportunities to take charge of their learning. At first, students were uncomfortable with the activities, as they
were different from their usual learning experiences, even though the stated curriculum is supposed to be
competency-based. However, after some individual exposures as part of group work, they gradually adapted
to the new environment, showing particular enthusiasm for working in groups, sharing ideas and working out
the mathematics for themselves. Therefore, the environment created had facilitated thinking and
communication skills among the students, which made the classes much more lively, where their peers during
the presentations asked them for further clarification of a concept presented, to which some students responded
with less or more clarification skills, as can be seen in Figure 1.
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The evaluation of the students’ performance included summative written tests, portfolio of evidence
per student, oral presentations, co-evaluations of the groups formed. In addition, following the curricular
requirements, at the end of the semester, the teacher-researcher conducted a written exam integrating the five
units covered throughout the semester. The university also allows an integrative proficiency exam for those
who fail the first exam, which was not necessary.

Figure 1. Moment of exposure and interaction with students

3.4. Evaluation instrument
3.4.1. Opinion questionnaire

In general, opinion questionnaire are a great resource for finding out what people think and allow you
to gather data an opinions on a wide range of topics. In order to estimate the students’ satisfaction with the
experience of the didactic strategy and to gather their opinion on the process experienced in all its phases, an
opinion questionnaire was designed, prepared, validated, and applied aimed at self-assessment on mathematical
competencies and soft competencies.

3.5. Data analysis
3.5.1. Content validity

Content validity based on expert judgement was carried out. For this purpose, the collaboration of 8
professionals with 10 or more years of experience in teaching and research in mathematics, in the competency
construct and in the evaluation of measurement instruments was requested. Validation was based on the
evaluation of each item, using the Expert Judgement template proposed by Escobar-Pérez and Martinez [66],
whose rating establishes four levels: 1=does not meet the criterion, 2=low level, 3=medium level, 4=high level,
which constitutes the basis for the characteristics to be evaluated: coherence, relevance, adequacy and clarity.

The collected data were statistically processed in STATA version 14.0. Subsequently, the degree of
agreement between experts was determined with the Fleiss kappa coefficient as an analysis statistic, used to
assess agreement between evaluators who independently judge measurement criteria, in a number of categories
of an ordinal nature [67]. The minimum value assumed by the coefficient is 0 and the maximum is 1 [68]. For
the interpretation of this coefficient, the scale established by Landis and Koch [69] was taken into account,
which qualitatively expresses the degree of agreement between the evaluators detailed in Table 1.

Items that met all of the established requirements were considered adequate, items that required some
changes were considered adequate, and items that expressed total inconsistency with the established criteria
were considered inadequate. Likewise, the characteristics of the instrument were also estimated for the
categorical indicators of coherence, relevance, sufficiency and clarity, based on the ordinal measurement scale.
The statistical performance of the Fleiss kappa coefficient and the p-value as the most informative value for
each characteristic is shown in Table 2.

The degree of agreement found fluctuates between substantial and almost perfect, with the consistency
characteristic being the highest (0.87) according to the degree of overall agreement between the judges. The
statistical significance of these characteristics had a behavior of 96% security, implying a p<0.05, in which the
relevance characteristic p=0.026 was relevant. With the results described, and considering the observations and
recommendations issued qualitatively by the experts, whose proposed changes were modifications in the
wording of some of the questions and the elimination of others, the content of the opinion questionnaire was
validated and the final version was obtained with 40 questions measured on a Likert scale of four response
instances: 4=strongly agree (SA), 3=agree (A), 2=disagree (D), and 1=strongly disagree (SD), and two open-
ended questions on the strengths and weaknesses of the didactic intervention as presented in Table 3. Once the
validation process was completed, a pilot application of the opinion questionnaire was carried out and its
reliability was calculated using Cronbach’s alpha, which was 0.75.
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Table 1. Fleiss’ kappa scores

Fleiss kappa coefficient Degree of agreement
<0.0 Poor agreement
0.0-0.20 Slight agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
>0.80 Almost perfect agreement

Table 2. Fleiss’ kappa coefficient and statistical significance of the characteristics
Characteristics  Fleiss’ kappa coefficient p

Coherence 0.87 0.028
Relevance 0.85 0.026
Adequacy 0.76 0.031

Clarity 0.83 0.025

Table 3. Final version of the opinion questionnaire
N° Assertion SA A D sD
1  Receiving a portfolio for my personal use at the beginning of the Algebra Il course pleased me
2 Didyouincluded in your portfolio the material you received at the beginning of the course and augmented
it with your own exercises?
3 Youwere pleased that at the end of each unit you were given a web address for feedback on your learning
4 Did you use websites with educational channels as support videos to enhance your learning?
5  You think these educational channels were useful for a better understanding of the course contents
6
7

Voluntarily decided to solve exercises on the blackboard
The feedback he received after each evaluation carried out by the course teacher was useful to understand
his errors

8  Becoming a teacher to his fellow Algebra Il students motivated him

9  The change of role from student to teacher of his classmates allowed him to demonstrate mathematical
abilities

10 Taking on the role of teacher reinforced his vocation

11 The work assigned in groups made him doubt his ability to learn the subject linked to the contents of the
subject

12 You understood how to act in accordance with the ethical sense that education demands

13  The preparation of the content assigned to him as part of his individual presentation was time-consuming
and demanding

14  Did you carry out recent research in different sources for the preparation of your topic?

15 He considers that he was actively involved in his learning process

16  He considers that he demonstrated ability in mastering mathematical content

17  He considers that he achieved the didactic transposition of his topic to his classmates

18  Generated connections between the academic requirements and the work competencies that will be
demanded in the future, as a mathematics teacher?

19  Worked collaboratively and with pleasure

20  He considers that it developed behaviors favorable to social coexistence

21 He considers that with this way of working his socio-affective relationships improved

22 He considers that he demonstrated skill in the individual presentation of his topic

23 He felt that exposing a mathematical subject unknown to his peers gave him greater responsibility

24 The exposure allowed him to develop communication skills

25  Questions from their peers were able to challenge their knowledge

26  The didactic indications of the course teacher were useful to him

27  Did you contribute to the development of your group's unit assessment?

28  Did you contribute to the correction of your group's unit test?

29  The experience as an evaluator satisfied him

30 He considers that his self-esteem improved, as he felt he was able to meet his challenges

31  He felt motivated in his role as a teacher

32 He felt responsible for his own learning

33 Acquired knowledge and enquiry skills to innovate in their future work as a teacher

34 He considers that he managed to build his own learning

35  This more student-centered methodology is preferred in mathematics

36  He considers that this experience allowed him to combine his mathematical knowledge with attitudes,
skills and values that he will require in his future work

37  The use of software, in their opinion, made the contents of the units clearer to their peers

38  The use of software, in your opinion, better clarified the contents to yourself

39  This work experience increased their learning in linear algebra in particular and algebra in general

40 Did this didactic experience increase your academic performance averages in algebra?

41  Indicate the strengths of these teaching experiences

42 Indicate the weaknesses of these teaching experiences
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Once the evaluation process had been completed, the students were asked to complete this opinion
questionnaire, which gave an account of the process they had undergone and which was answered anonymously
and voluntarily by all the students on the course. The 40 questions, graded from 1 to 4 points, were related to
the guiding standards for secondary education teaching degrees: pedagogical and disciplinary standards [42],
which include mathematical competencies such as disciplinary competency in linear algebra, use of
technological resources, research capacity, evaluation capacity, adequate oral and written communication
skills, and conduction of learning in linear algebra. In addition to soft skills such as teamwork/communication,
collaboration skills, autonomy, work ethic, interest/vocation. The last two open-ended questions of the opinion
questionnaire (41 and 42), allowed analysis by categories, based on the similarities and differences found in
the opinions written by the students. Soft competencies were measured through items 1, 3, 5, 6, 7, 8, 10, 12,
19, 20, 21, 29, 30, 31, and 35, while the remaining items correspond to mathematical competencies.

4. RESULTS
4.1. Questionnaire on mathematical competences and soft competences

The descriptive statistics of the scores obtained by the students are presented in Table 4. According to
the table, it can be seen that, on average, the students in their evaluations state that they "Agree™ with regard to
their competencies (complete instrument). The same is true when considering each competency separately. On
the other hand, there is greater relative variability in the responses for the soft competencies (CV=11.28).

Figure 2 shows the greater dispersion in the ratings given to the soft competences compared to the full
instrument and the mathematical competencies, with the full instrument and the mathematical competencies.
It can be seen that in mathematical competencies one student (A14) rates this competency lower compared to
the rest. Figure 3 shows the percentage distribution of the students' responses to the mathematical and soft
skills questionnaire, based on the Likert scale used. According to the responses recorded in Figure 3, the 96%
of the study subjects "strongly agreed" and "agreed" with the questions asked in relation to the didactic
experience. While 4% disagreed.

Table 4. Descriptive statistics for each competency and the full instrument

Questionnaire Mean  Standard deviation  Coefficient variation (%)
Mathematical competencies  4.22 0.40 9.27
Soft competencies 4.27 0.45 11.28
Complete instrument 4.22 0.41 9.29

4.2. Reliability analysis

Reliability was calculated using Cronbach’s alpha coefficient (o) and McDonald’s omega (W), being
the most commonly used indices to calculate the reliability of the instruments. The overall reliability of the
instrument was acceptable (a=0.90; W=0.91). On the other hand, for each competency the reliability was:
mathematical competency (0=0.86; W=0.87); soft competency (a=0.78; W=0.79).

50
45 4 T T
40 A i
35 A

14
3.0 H

Figure 2. Box-plot graph of mathematical competency, soft and full instrument
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Figure 3. Distribution of students’ responses in the questionnaire

4.3. Qualitative evaluation of the teaching strategy

Qualitative assessment is a pedagogical activity that can provide a suitable opportunity for learners to
practice evaluative judgement. The following is an analysis by categories, based on the similarities and
differences found in the opinions written by the pupils in open questions 41 and 42 of the mathematical and
soft competences questionnaire, regarding the strengths and weaknesses of the teaching strategy implemented
and experienced by them during a school semester of which evidence is presented based on the student’s
responses.

4.3.1. Strengths: similarities
— Assume the teaching role

Students stressed the importance of the concept of the teaching role. Assuming this responsibility
early in their training, as a first approach to their future profession, since thanks to this experience, students lived
what it is to be a teacher, highlighting the experience of designing a class, and its planning. They were able to
verify if their ideas about the realization of a class were effective or not, also had a small approach to their future
responsibilities, and again experience what a teacher does every day in the exercise of the profession.

In addition, they were responsible for the learning of their classmates, and all that this represents. They
also had to be responsible in the first instance, to deliver the knowledge in the best possible way for their
classmates and then apply an evaluative instrument to verify the knowledge delivered in that class, and this
activity was very important for the students, because they could experience it for themselves and with their
classmates. Two responses from the students are presented in Figures 4 and 5.

AR efan s b0 s dol o hige 4 o . “Making me feel like a teacher was undoubtedly the best
\ ] el i LR G W e nde part of the course, since it gave us character, attitude

> and experience in front of students. To be able to develop

the class and maintain their attention, it is necessary to
have personality and know how to transmit to them the
concern of how to teach, wanting everyone to take

attention so that they can absorb knowledge.”

Yo )
A(Ttod b ey RS Ciomly & o
3 0 4 4 h
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———— NI |
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Figure 4. A student’s response to the similarities of the teaching experience

[ s nsiden “I think that the most beneficial thing about this experience

j e l’ma’s Berigoss 3 was that we took on the responsibility of teaching someone else
mabldad e T =L - . o :

:"f‘r” B el SO 4 L e oo | andthatthis learning was maintained over time. Another great

tmpe. O §0N farTdla 4 ,:n;"?_‘ s s strength of these teaching experiences is that everyone had to

Popomise (g, BTG, (ndl e prepare themselves in advance, researching sources of

(N0Gg8¢ caenlrs Y . P .
information in order to learn something that was unknown to

them. This experience brought out my personal responsible
side and increased my conviction that what | want to do in life
is to teach. In short, it is an experience that helps to affirm our
e e vocation or, otherwise, to realize that it is not for us.”
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Figure 5. A student’s response to the similarities of the teaching experience
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— Research capacity

As similarity arises the capacity of investigation, the students at the moment of assuming the
educational role did not have the knowledge of the content to work with their companions. That is why they
had to investigate in depth the concept to work, under that premise the students emphasized like great strength
the development of their own capacity of investigation, and all the abilities that entails to make a true
investigation. Figure 6 shows one student's response.

lid i “The fact of leaving us the responsibility of
Co hﬂQ}D ‘)Ll % ﬂ‘ WM"LH[‘J"S;E'!?’JAJ Je favogligur

investigating the necessary knowledge to be able
los comGimi nTes  Wecesaras e e WAOPHSE ChTrides on I o dsdy to be understood, without a doubt a pleasant

i experience.”
L& (m [TARNEY

oy

Figure 6. A student’s response

—  Teamwork

As aresult of the analysis of the students' answers to the question about the strengths of the experience,
teamwork emerges as a similarity. The students were divided into teams in their role as student-teachers
(students in training), with the possibility of taking classes on a given mathematical content. As a result of this
work and its demand, the students were able to value teamwork within the teaching profession, noting the
importance of this in order to be a good teacher. Figures 7 and 8 show the responses of two students.

e o " "~ — “Self-employment that helped make me more
 Mrsac O A W e responsible.”

R0 o caugo — “Appreciation of field work. Searching for solutions
PO S © map 4 . to my own doubts among what | had to teach.”
SRR e L L eme i oL |- “Learn to work well with the group and be able to

P o, . distribute the content well.”

Figure 7. A student’s response to the similarities of the teaching experience

- b g i oy “It helps to generate knowledge autonomously, since it is

S BUh ; P8 ek’ & wie vk L. . | necessary to investigate from.
st LRl T -Many parts, and like book, video.
o opees & hby whade diho e s -1t was a real approach to our future work as teachers.

-1t helps to appreciate collaborative work within groups.”

Figure 8. A student’s response to the similarities of the teaching experience

4.3.2. Strengths: differences
— Reaffirm the teaching vocation

Vocation is a concept that in its genesis carries the word “courage”, the courage to give value to what
one chooses. Through this experience, some students highlighted as a strength the personal reaffirmation that
this was the right career to pursue in the future, which in their opinion, they achieved through first-hand
experience of the teaching work they faced as seen in Figure 9.

SO oo “These experiences allowed me to confirm
“nenon e Remhtron COMemor

: PR vtk quite ¢, o . .., | thatlreallywantto be a teacher, in addition

Gl Son i wpoddadss of momke & gl Dok, Va0, wer 99 10 knowing what my abilities are at the time

oY 't(uhﬁ\c' ODrknd ““j“‘ Yoow & & N0 oo of doing classes. It allowed me to learn better
¢ I gupo. what group work is.”

Figure 9. A student’s response to differences in teaching experience

Int J Eval & Res Educ, Vol. 13, No. 6, December 2024: 4256-4270



Int J Eval & Res Educ ISSN: 2252-8822 O 4265

—  Develop personality and security in front of the course group

An important aspect for a teacher is to have the personality to be in front of a course. However, within
this aspect also highlights the security of what is being done as a teacher. One student stressed that the
experience helped him to start working on these essential skills for a teacher as shown in Figure 10.

“One of the most important strengths was the fact
that this type of activity allows us to see if we
really like teaching, as it is the closest experience
to a real class. Another strength is that it allows
us to develop personality and greater security.”

Figure 10. A student’s response to differences in teaching experience

—  Peerlearning

Whit regard to the forms of organization of the activity by the students, peer collaboration was
identified in the responses occurs when two or more students of similar levels work collaboratively in a constant
way towards the resolution problem. For some students, the experience was outstanding in terms of peer
learning as seen in Figure 11.

w1 “Encouraging self-education, knowing where
3 % T\ N - from, what and how to search for content. The
RCC T el | | content is more enjoyable when presented by a
‘ i couple, i.e. when there is a social affective
Waa. Ao W M Uds [ . .
M Ao % () Udien wnsga L,,,&_ relationship.”

Figure 11. A student’s response to the differences in the teaching experience

4.3.3. Weaknesses: similarities
— Difficulty in mathematical content

The weakness according to the open answers of the students, has relation with the worked contents,
and the difficulty associated to it, which was increased by the scarce or null experience that the students in
training have, on the accomplishment of classes. The contents worked on were not completely clear to some,
and they also made mistakes when working on the classes, which, although they were corrected by the teacher
of the subject. Some students did not manage to master the mathematical content worked on in its entirety.

4.3.4. Weaknesses: differences
—  Emotional level

Stress is a condition that human beings have suffered from for centuries and that refers to an automatic
response of the organism to any event that is imposed on it, causing the nervous system to stimulate and react
by producing changes at al psychological (mental) or psychological (physical) level, and that occurs in a
particular way between the person and the situation. For some students, having to deal with a different modality
and assuming the role of teacher, caused them stress because of the responsibilities of learning of their peers.
Another was frustrated by his own expectations as shown in Figure 12.

: “Indicate the weaknesses of these teaching
WU InGnYe. e ou 1O 5 g experiences: | consider that the only weakness
‘ or against is that it puts in a situation of much
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‘ completely goes well, but it is not completely
bad since we go through moments like this
during all our life and we must face them.”

b
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Figure 12. A student’s response in relation to the emotional level
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— Inequity of teamwork and lack of depth in the units treated

In the analysis of the weaknesses and specifically in the different perceptions given by the
mathematics pedagogy students, another answer is about teamwork, indicating that not all members of the
group actively participated in the task assigned by the work team. This student also refers to the depth he would
have liked in the treatment of the units of study as seen in Figure 13.

\ )MW' {u M 4» $ih | AR POV “The weaknesses are that when working in
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[PV 0 bty Al aspects.”

Figure 13. A student’s response in relation teamwork and the treatment of the study units

- Time

The development of the entire didactic experience was adjusted to a defined time of the lineal algebra
course. For some students, the class time was too short to reach the depth of the assigned topics as presented
in Figure 14.

“Indicate the weaknesses of these didactics
experiences:
Sometimes time played a little against.”

42 ’ Indique las debiidades de estas experiencias diddctioas:

Figure 14. A student’s response in relation the short class time

5. DISCUSSION

In this research, the importance of teaching linear algebra with the development of soft skills,
considered by the literature as high-level and fundamental abilities in the appropriation of knowledge in
mathematics, was confirmed [70]. From the curricular level, the processes that involve soft skills must be
planned in the curriculum or class plan so that when they are executed they fulfil the indicated function in the
development of students' intellectual skills, facilitating the learning of mathematics [71], [72]. The importance
of this study lies in the fact that it constitutes a fundamental advance in the knowledge of the educational
phenomenon through the application of collaborative learning in groups and its relevance in the teaching and
learning process, as stated by several researchers [73]-[75] and requires much more from the teacher than
simply placing students in groups and instructing them to work together [61]. For Duran and Monereo [76],
collaborative learning in university education is presented as a methodological alternative to the individualistic
models that are not very creative and reflective, typical of traditional methodologies, while according to study
by Boud et al. [77], it corresponds to a peer learning model. After the study carried out, we can affirm that
the students expressed greater agreement with the soft skills achieved and of all those who responded to the
opinion questionnaire, the teaching strategy used favors collaborative work, coinciding with the results of
previous studies [78], [79].

The results indicate that students presented more strengths than weaknesses. Strengths that for most
of them are related to assuming the teaching role as a first approach to their future profession, the development
of their own research capacity and all the skills involved in carrying out real research, valuing teamwork
within the teaching profession, pointing out its importance in order to be a good future mathematics teacher.
This coincides with several studies [80]-[83] who also affirm that students who use collaborative
methodologies in their learning process show more strengths than those who do not use them, including better
retention of knowledge, better communication of ideas, increased respect and tolerance for the opinions of their
peers, improved analytical skills, development of decision-making skills and increased interest in learning.

In turn, and according to the results, the weaknesses of the students show the difficulties with the
contents worked on in linear algebra, as expressed by previous studies [32], [52], [84]-[86], it was verified
that learning linear algebra is difficult for most students at university. As it is a cognitively demanding
discipline, which requires the student to be able to move between different languages (matrix theory and
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vector space theory), Cartesian and parametric points of view. This is also explained by the structural
complexity of the subject and the students’ prior knowledge.

With regard to the evaluation of the didactic strategy, we can generally affirm that the students
perceive this learning model positively. We believe that when students are offered a work model, where they
interact with each other, teaching and learning in a reciprocal way, they try to demonstrate their learning by
showing greater motivation and commitment. This should be the learning model to follow in university
classrooms, where students learn by teaching and sharing knowledge with each other. In the specific case of
university teaching, research has been reporting a progressive shift towards a learner-centered style, with an
increase in teachers’ dissatisfaction with the lecture as the sole mode of teaching [87], [88].

6. CONCLUSION

A didactic strategy with active learning was used to integrate the disciplinary learning of linear
algebra, but also, fundamentally, to prioritize the soft skills in which students could be active participants in
the construction and development of their mathematical knowledge through the use of collaborative learning,
which required a division of tasks between the components of the groups, each one taking responsibility for
the solution of a part of the thematic units of the linear algebra course. They worked together to distributively
realize a goal as part of the teaching and learning process. The qualitative evaluation method used made it
possible to learn from the direct opinion of the students involved, both the strengths and weaknesses of the
process experienced, validating the usefulness of this successful teaching methodology. After having analyzed
the results of the research, previous research and the contribution of the theoretical framework, it can be
concluded that, at present, the process of teaching and learning by competencies is not an option in
mathematics education, but a curricular requirement, which implies incorporating didactic strategies that
guarantee not only the prioritization of algorithmic disciplines, but also the installation of both mathematical
and transversal skills.
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