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Abstract. This article aims to understand Mexican students’ images of mathematics. The image of
mathematics is defined as a mental representation of mathematics and in order to identify it four
focal points were established: (1) descriptions of the mathematics learning process; (2) beliefs about
the nature of mathematics, (3) appraisals of mathematics, and (4) emotions. Drawings were used as
a data collection tool. A group of 138 students drew a picture as a response to the question: What is
mathematics? The students’ drawings indicate that mathematics is considered as operations and
geometric representations, and value it as a subject to be applied. Furthermore, it was found that
students experience emotions of distress and satisfaction due to mathematics. Regarding the learn-
ing process, the role of the teacher is prominent in the drawings. Lastly, the article concludes with
possible implications for teaching.
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Resumo. Este estudo tem como objetivo compreender as imagens da matematica dos estudantes
mexicanos do ensino secundario. A imagem da matematica é definida como uma representacdo men-
tal da matematica e, para a identificar, foram estabelecidos quatro pontos focais: (1) descri¢des do
processo de aprendizagem da matematica, (2) crencas sobre a natureza da matematica, (3) aprecia-
¢oes da matematica e (4) emocdes. Foram utilizados desenhos elaborados pelos alunos como instru-
mento de recolha de dados. A cada aluno, de um conjunto de 138 estudantes, foi solicitado um de-
senho como resposta a pergunta: O que é a matematica? Os desenhos dos alunos indicam que a mate-
matica é vista como constituida por operacgdes e representacdes geométricas, e valorizam-na como
uma disciplina a aplicar. Além disso, verificou-se que os alunos experimentam emoc¢des de angustia
e satisfacdo decorrentes da matematica. Relativamente ao processo de aprendizagem, o papel do pro-
fessor é proeminente nos desenhos. Por fim, o artigo conclui com possiveis implica¢des para o ensino.

Palavras-chave: imagens da matematica; alunos do ensino secundario; educagdo matematica.

Introduction

“How do young children engage in the work of a mathematician?” (Fuys & Huinker, 2000, p.
341). This is how the introduction of a series of articles published by the National Council
of Teachers of Mathematics (NCTM) began at the start of the millennium. The articles
reflected various concerns for investigating images or visions that students held about
mathematicians and mathematics.

School mathematics is highly prestigious in society and has become a filter for students
to advance in their educational journey at each educational level. However, the answer to
the question “what is mathematics?” has many different nuances and, depending on the
relationship someone has had with it, there can be an answer that values these nuances
favourably or unfavourably. Research on the Affective Domain has sought to understand the
relationship that students, teachers, and society have with mathematics. Such inquiries have
been developed based on different affective constructs, including attitudes, beliefs, and
emotions towards mathematics (Masz & Schléglmann, 2009; McLeod, 1989).

Some results of our studies (Martinez-Sierra & Garcia-Gonzalez, 2017; Garcia-Gonzalez
& Martinez-Padron, 2020) show that, if these factors are indeed positive, the students will
have a positive relationship with mathematics that will ultimately end with a learning
experience. On the other hand, if the student is constantly exposed to negative emotional
experiences and does not accomplish to be resilient, the student is at risk of developing an
attitude of rejection towards mathematics and of developing a belief of mathematics being
difficult, which in turn, would lead him, or her, to think of themselves as being a failed
mathematics student.

One of the domains that have been thoroughly explored is the images that students have
of scientists, particularly regarding their drawings (Chionas & Emvalotis, 2021; Picker &
Berry, 2000; Thomas et al., 2001; Thomas et al.,, 2006). All these studies have stressed the
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importance of using drawings for a detailed understanding of the different visions that
students have of science related individuals. A review of the students’ images when
drawings are used as a means of study can be seen in the work of Chang et al. (2020).

The direct answer to the previously posed question lies in the image of mathematics
construct. A review on this construct has led us to the realization that there is no consensus
about its meaning (a synthesis of the literature on this construct can be found in Hatisaru,
2019 or Piatek-Jimenez et al., 2020). The most extended definition of image of mathematics
is the mental representation or vision of mathematics. Additionally, the results of the
studies show that the referred image is constructed based on school experiences, but also
on the relationship students have with their parents, classmates, and society in general
(Hatisaru, 2019; Hatisaru & Murphy 2019; Hoyles, 1982; Lane et al,, 2014). Even when this
definition seems to be close to a belief, it is actually not because, according to some authors,
this vision is formed based on different factors. For example, a theoretical framework for
the study of the image of mathematics is presented in Lane et al (2014); it consists of three
domains, the affective domain (attitudes, self-image, emotions), the cognitive domain
(beliefs), and the conative domain (motivation).

Despite there not being a consensus, several studies have been developed in different
countries regarding two types of images of mathematics: one related to mathematics as a
school subject (Hatisaru, 2019; Lane, 2017; Lim & Ernest, 2000; Martin & Gourley-Delaney,
2014; Stiles et al,, 2008), and the other related to the mathematical profession (Castafieda
et al.,, 2019; Grevholm, 2010; Piatek-Jimenez, 2008; Piatek-Jimenez et al., 2020; Picker &
Berry, 2000; Berry & Picker, 2000; Rock & Shaw, 2000; Sanchez et al,, 2016). Out of these
two schools of thought, the one related to the image of mathematicians is the most
numerous. Many different techniques, including drawing, Likert-type scales, and interviews
have been used to develop both types of study. The use of all these tools in the same study
as a manner of triangulation has been suggested by some authors (Piatek-Jimenez et al,,
2020; Picker & Berry, 2000; Takeuchi et al.,, 2016).

[t is important to note that few studies have focused themselves on the images students
have while learning mathematics (Hatisaru, 2020; Turgut & Turgut, 2020). An important
result that came out of these investigations is that students generally perceive mathemati-
cians’ gender as masculine, and those that value the feminine, although in a smaller per-
centage, are female students (Grevholm, 2010; Piatek-Jimenez, et al., 2020; Picker & Berry,
2000; Sanchez et al., 2016). However, specifically talking about mathematics teachers, there
seems to be a bias towards considering it a feminine profession (Hatisaru, 2019).

As a whole, research on the topic of images of mathematics suggests that their
significance lies in revealing valuable insights into the connection students are establishing

with school mathematics, including their level of enjoyment or rejection of the subject.
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These findings have important educational implications, as they offer the opportunity to
improve a negative relationship with mathematics and further enhance a positive one.

In the Mexican context, we have identified only two studies that focused on the images
of mathematicians (Sanchez et al.,, 2016; Castafieda et al., 2019), leaving the exploration of
the image of mathematics largely scarce. Therefore, the aim of this research is to explore
and understand the image of Mexican students regarding mathematics through the analysis
of drawings. Our intention is to contribute to the current knowledge about the visual
representations of mathematics in the Mexican educational context, addressing a relatively

understudied area.

A review about the images of mathematics

Images of mathematics

Public images of mathematics from 548 adult members of public of the United Kingdom
were analysed by Lim and Ernest (2000) based on five rubrics, (a) attitudes towards mathe-
matics and its learning, (b) beliefs regarding the interviewees’ own mathematical abilities,
(c) descriptions of the mathematics learning process, (d) epistemology and perspectives of
the nature of mathematics, and (e) values and goals in Mathematics Education.

Three types of attitudes were identified: positive (‘mathematics is interesting/re-
warding’), negative (‘mathematics is boring’), and indifferent (some individuals consider
mathematics irrelevant and of little use). As for the beliefs, they were associated to the
students’ own abilities and experiences with mathematics. Some believed that mathematics
was hard, but that success could be reached; while others thought of it as difficult,
inexplicable, or confusing. Regarding the descriptions of the mathematics learning process,
the citizens pointed out that mathematics learning is a cognitive process that requires
logical and analytical reasoning to solve problems.

Regarding epistemology or the nature of this field, mathematics was identified as
numbers and formulas, rules and procedures, patterns and structures. It was also
considered as a practical tool, a model, a language, a science, or a field of study. Finally,
regarding the values and goals in Mathematics Education, the responses showed
appreciation for the values in mathematics or its beauty; for example, some pointed out that
“mathematics is like a sunset: unique and beautiful”. Regarding the goals, mathematics was
considered a challenging activity.

Students’ images of mathematics in USA daily life were analysed by Martin and Gorley-
Delaney (2014). Thirty-five sixth grade children participated in the study. The results
showed images of mathematics related to activities involving arithmetic and counting as a
mathematic activity, while setting aside geometry. Furthermore, most of the students

associated the image of mathematics with activities related to their contexts; for example,

Quadrante 32(2) 153-174



Mexican secondary students’ image of mathematics 157

children from higher-status backgrounds tended to associate mathematical activities with
roles like running an office, whereas children from families engaged in activities like
farming tended to exclude mathematics from such types of work.

In Turkey, Hatisaru (2019) examined lower secondary students’ images of mathematics,
and for that purpose, she focused on drawings that depicted a mathematician who was a
mathematics teacher. According to the results, the drawings showed mathematics teachers
were predominantly female, had a positive image, incorporated lectures, explanations, and
demonstrations; and used whiteboards and books as tools of the profession. According to
the author, this gender bias is due to the geographical context. In Turkey, itis not uncommon
to have more female than male teachers in schools, including mathematics teachers.
Moreover, although teaching is also a sought-after career path for males, the school teaching
profession is viewed more as a female profession in Turkish society.

The impact of the parents’ job in the image of mathematics has also been explored.
Regarding this subject, Piatek-Jimenez (2008) examined this impact in 356 students aged
between 15 and 18. The findings of this study suggest the existence of a relationship
between the parents’ jobs and the students’ image of mathematics since it was found that
the children of parents with jobs involving mathematics (financial banking, accountancy,
mathematics teacher) reported a bigger enjoyment of mathematics, in addition to a high
motivation regarding mathematics, a higher mathematics concept and lower levels of
mathematics anxiety.

Lastly, we mention some studies that explored the attitudes of students through
drawings. Stiles et al. (2008) examined the attitude towards mathematics of 129 American
students of ages between 11 and 17. As a result, many strong emotions towards mathe-
matics were found ranging from positive, such as liking it, to negative, such as rejecting it.
This result aligns more closely with the perception of mathematics, as the conceptualization
of mathematics is intertwined with attitudes (Lane et al., 2014). According to the authors,
the drawings provided a good source of information about teenagers’ opinions towards
mathematics since they were capable of expressing their emotions about the subject.
Additionally, they indicated that, in most cases, the drawings were thought provoking and
detailed, and that students participated enthusiastically and appreciated the opportunity of
illustrating their own perspectives. Consequently, this study demonstrated that teenager
drawings provide a good medium on which to analyse the perspectives and emotions of
students, as already suggested in this study (Belbase, 2013; Turgut & Turgut, 2020).
Particularly, the study made by Belbase (2013) provides evidence regarding the relation-
ship between images, anxiety, and attitudes towards mathematics.

Takeuchi et al. (2016) examined oral and written mathematics autobiographies together
with drawings of how students feel when doing mathematics and what they think

mathematics is. They conducted interviews with 39 students (25 boys and 14 girls) from

Quadrante 32(2) 153-174



158 M. Garcia-Gonzalez, C. Martinez-Merino, J. Juarez-Lépez, L. Herndndez-Rebollar

kindergarten to Grade 2 classrooms in Alberta. The majority of these students reported
positive relationships with mathematics, 75.7 % of the students drew pictures to indicate
positive feelings, though some described negative relationships with school mathematics
learning. However, by the time students reached Grade 2, their feelings towards mathe-
matics were not as uniformly positive. They noticed that many Grade 2 students described
their feeling towards mathematics in relation to their perceived competence.

In summary, several studies have examined the images of mathematics in different
contexts, such as the United Kingdom, the United States, and Turkey. Their findings reveal
different attitudes, perceptions, and influences related to mathematics. However, in the case
of Mexico, there has been no specific empirical research conducted on the images of mathe-
matics. Therefore, it is crucial to carry out studies in this context to gain a better under-
standing of Mexican students' perceptions of this school subject. Doing so could allow for
the development of more effective and contextualized strategies in the teaching and
promotion of mathematics in Mexico, as well as help to combat negative stereotypes and to

foster a positive attitude towards the discipline.

Images of mathematicians

One of the pioneer studies about images of mathematicians is that made by Picker and Berry
(2000), in which the images of mathematicians provided by 476 students between the ages
of 12 and 13 in USA (201), UK (99), Finland (94), Sweden (49), and Romania (33) were
analysed. The results revealed a negative image of mathematicians, seen as badly mannered
beings, and threatening and oppressive teachers. These same authors conducted a study
where seventh graders in three schools of USA participated (Berry & Picker, 2000). Students
were asked to draw a picture of a mathematician. According to the results, the images of
mathematicians were primarily of males; all were white; the majority had glasses or a
beard; most were balding or had weird hair, and they were invariably at a chalkboard or
computer. In another similar study, Hatisaru & Murphy (2019) classified the Turkish
students’ drawings in two groups: those that represented a mathematician while in work,
and those that represented a mathematician as a mathematics teacher. It was possible to
establish that more students that represented teachers did not like mathematics and had
negative emotions towards its learning.

In another study (Moreau et al.,, 2009), it was found that students who were interviewed
saw mathematics in a similar light to how they are represented in movies, TV, books, or
other media. In their study, Piatek-Jimenez (2008) interviewed five female students from
the university in United States; the study deduced that the images of mathematicians are of
beings: (a) extremely intelligent, (b) obsessed with their work in mathematics, and (c) not

fitting in with social norms. In Norway, Grevholm (2010) investigated about the images of
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mathematicians from upper secondary school students. The results show that mathemati-
cians were perceived as men, old, lonely, generally using glasses, and occasionally with
beard. In contrast, Yazlik and Erdogan (2018) observed a prevailing perception of mathe-
maticians as male in drawings, with female students predominantly depicting female
mathematicians. Students generally envision mathematicians aged between 20 and 49
years, illustrating them in suits, gowns, and sportswear. These representations reflect how
gender stereotypes influence high school students' perceptions of mathematicians.

In Mexico, only studies regarding the image of mathematicians have been reported.
Sanchez et al. (2016) investigated the high school students’ images of mathematicians. In
their results it was found that most students drew a mathematician without eyeglasses, with
a casual outfit, and few students drew people wearing a lab coat. Regarding the hairstyle,
most drawings were of mathematicians with formal hairstyles, and few students drew bald
people. Their findings were consistent with those from Yazlik and Erdogan (2016), since the
participants of this study perceived the mathematicians in a classroom or an office. By
comparison, the results discussed in the study of Sanchez et al. (2016) differ from those
reported by Picker and Berry (2000) and Grevholm (2010). One explanation for this
difference is the type of students who participated in the study, the Mexican students were
enrolled in a high school focused on providing special academic training for students who
want to pursue studies related to physics, mathematics or engineering; therefore, they
received a greater amount of mathematics and physics education than students from other
research settings.

Castafieda et al. (2019) focused on identifying and describing the representations of
mathematicians contained in Mexican textbooks of lower secondary level. The results show
that the representations that most frequently appear in the textbooks are white male
mathematicians (mainly Europeans), who lived in ancient times; and the representations of
female mathematicians are almost nil. Another study that was made with help of Mexican
students revealed that the images shown in the test seemed to be similar to those reported
in the literature; namely where most of the mathematicians are thought of as men (Sanchez
etal, 2012).

As previously shown, some images of mathematicians have been corroborated by
different investigations, such is the case of perceiving it as a masculine profession; and some
others vary, such as the image of a man with glasses or beard, balding or with weird hair.
The explanation to these coincidences and differences seems to be mediated by the cultural

context and educational level of the students.

Theoretical position regarding the image of mathematics

Based on the literature review, this investigation defines the image of mathematics in the

sense of Lane et al. (2014, p. 81) as “a mental representation or view of mathematics,
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presumably constructed as a result of past experiences, mediated through school, parents,
peers or society”. From the point of view of the cited authors, the image of mathematics

includes three domains:

e The affective domain: dealing with attitudes, emotions and self-concept regarding
mathematics and mathematics learning experiences.

e The cognitive domain: dealing with beliefs regarding mathematics and mathematics
learning experiences.

e The conative domain: dealing with motivation regarding mathematics and
mathematics learning.

Considering these domains, the image of mathematics was identified through the
analysis of the drawings, focusing on four predetermined focal points, (1) descriptions of
the mathematics learning process; (2) beliefs about the nature of mathematics, (3)
appraisals of mathematics, and (4) emotions.

The four predetermined focal points are related to the three domains as follows. The
criterion of emotions directly aligns with affective domain as it pertains to emotions
regarding mathematics and mathematics learning experiences. The analysis of drawings
can reveal the emotional aspects students associate with mathematics. The criteria of
descriptions of the mathematics learning process and beliefs about the nature of
mathematics are connected to the cognitive domain. Descriptions of the learning process
reflect students' cognitive understanding of how they perceive and approach mathematics.
Beliefs about the nature of mathematics provide insights into students' cognitive
frameworks and conceptualizations of the subject. Finally, the criterion of appraisals of
mathematics relates to the conative domain, as it involves students’ motivation and
engagement with mathematics. The analysis of drawings can shed light on students' levels
of interest, enthusiasm, and motivation towards the subject.

Below are the descriptions of each of the 4 criteria, intended to help the reader

understanding the guidelines from which the drawings were analysed.

1) Descriptions of the mathematics learning process: refers to the experiences that
students have regarding the process of learning mathematics, such as the difficulty
or ease they experience, the teaching methods used, among others.

2) Beliefs about the nature of mathematics: refers to the ideas and conceptions that
students have about mathematics, such as its usefulness, real-life applications, its
logic and structure, among others.

3) Appraisals of mathematics: refers to students' perceptions of the value of
mathematics, in terms of its importance for their academic and professional future,
its usefulness in everyday life, among others.
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4) Emotions: refers to the emotions that students experience when learning
mathematics, such as anxiety, boredom, interest, satisfaction, among others.

These criteria provide an objective and structured framework to guide the interpretation
of the drawings, offering clear guidelines and specific methods to identify and understand
the most significant elements present in the drawings. This approach helps to mitigate
subjectivity and ensures a consistent foundation for analysis.

Furthermore, through investigator triangulation and author discussion, efforts were
made to ensure consistency and validity in the interpretation of the drawings. By involving
multiple researchers in the analysis process, different perspectives and interpretations can

be considered, reducing the potential for individual biases.

Materials and Methods

Participants

In the framework of the support program to “college education 2019”, a motivation
workshop on science, technology, engineering, arts, and mathematics with duration of four
hours was developed in the Autonomous University of Guerrero on November 29th, 2019. It
is a public university with its main facility in the state of Guerrero, located in the south of
Mexico. This university offers more than 50 careers, among them mathematics.

Approximately 300 secondary students (12-15 years old) from different schools, all from
the public sector and located in the capital of Guerrero, attended the workshop. They are
three general schools, General Wilfrido Massieu (E1), Galo Soberén y Parra (E2), and José
Agustin Ramirez (E3), and an industrial and technical secondary school, Aarén M. Flores
Moctezuma (E4). The difference between a general and a technical secondary is that the
first one prepares students to continue with their studies, and the latter, besides preparing
the student, also certifies him or her in being suited for a job in the field of industrial
technology. It is worth mentioning that there was no previous relationship with the
students that could interfere with data collection.

The students were taken by their teachers to the workshop during school hours. In the
workshop, the first author developed, with a colleague, a talk to motivate students to study
to become mathematicians. As a detonating activity for the workshop, the first author sug-
gested to make a drawing of the image of mathematics. 138 students accepted to participate

in this activity and approved of their drawings to be used as part of an investigation.

The use of drawings as a data collection method

Henrion (1997) suggested that images not only reveal beliefs, but underlying assumptions

and expectations, giving ideas of what we feel. In the case of studies about images of
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mathematics, the literature has shown the potential of the drawings and there is evidence
that supports the idea of drawings providing a reliable source of information about teenager
opinions towards mathematics (Sanchez et al.,, 2016; Stiles et al., 2008). This is the reason
why we use drawings as a data collection tool.

Students were asked to draw, individually, to respond to the question “what is
mathematics?”. Furthermore, the students were asked to write their age, sex, and school in
the drawing. They were given 15 minutes to finish the drawing. There were some students
that delivered the drawing before the time limit. Drawings were collected and scanned
afterwards for their analysis.

The decision to focus solely on the analysis of drawings without complementing it with
interviews was based on the following reasons. Firstly, by using only drawings as a data
collection method, it allows for a direct exploration of the student's mental image through
their own visual representation. This provides a more authentic and genuine understanding
of how they perceive and represent mathematics. Furthermore, by avoiding interviews,
potential biases or influences that may arise during the interview process are eliminated.
Interview questions can guide or influence students' responses, potentially altering the true
representation of their mental images of mathematics. By solely focusing on the drawings,
a purer and uninfluenced perspective is obtained. Another advantage of drawing as a data
collection method is its accessibility and comprehensibility for a large number of students.
Drawing is a visual and tangible way of communicating ideas, which can facilitate student
engagement and expression, particularly for those who may feel uncomfortable or insecure

expressing their thoughts in a verbal interview.

Data analysis

The data analysis involved four stages:

1. Familiarization with the Drawings: Initial observation of the drawings to identify
elements related to the mental representation of mathematics.

2. Identification of a Pattern: Recognition of a consistent pattern in the drawings, linked
to the four criteria: (1) descriptions of the mathematics learning process; (2) beliefs
about the nature of mathematics; (3) appraisals of mathematics; and (4) emotions.

3. Grouping of Similar Drawings: Grouping of coherent drawings for a more detailed
analysis of specific criteria.

4. Creation of Categories: Identification and creation of categories to address diversity
within each aspect of the criteria, enabling a more refined analysis of visual
representations.

Out of the 138 productions created by the students, only 2 drawings were excluded due

to difficulties in interpreting the representation of mathematics in the initial stage. The
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remaining 136 drawings underwent analysis by the second author, who established an
initial categorization. This categorization was subsequently discussed with the rest of the
authors as a form of investigator triangulation (Rothbauer, 2008).

To identify a student’s production, we used the following codification: Sex-Age-School
they came from. For example, Woman-14-E1, indicates that the drawing was made by a

female student of age 14 from the school General Wilfrido Massieu.

Results

Six categories capturing various student perceptions of mathematics were identified (see

Table 1). Each category is detailed below.

Table 1. Categories of images of mathematics

Descriptions of the Beliefs about the Appraisals of Emotions
mathematics learning nature of mathematics mathematics
process
C1. Role of the teacher C2. Mathematics is C4. Mathematics is C5. Mathematics
e arithmetic and algebra used distresses me
(72) (6) (20)
C3. Mathematics is C6. Mathematics
geometry brings me satisfaction
(1) (10)
7 93 6 30

Based on the criterion 'Descriptions of the mathematics learning process’ (referring to
the experiences that students have regarding the process of learning mathematics, such as
the difficulty or ease they experience, the teaching methods used, among others), we
proposed the category ‘Role of the Teacher’ (C1). This category was formed based on a
specific set of 7 drawings. These drawings highlight the figure of the teacher, who
consistently appears at the chalkboard, either explaining concepts or solving mathematical
operations.

Criterion 2, ‘Beliefs about the nature of mathematics’, refers to the ideas and conceptions
that students hold regarding mathematics, including its usefulness, real-life applications,
logic, and structure. We identified two categories that reflect beliefs about the nature of
mathematics, specifically related to distinct areas of the subject. Most notably, we found
drawings that simultaneously referenced Arithmetic and Algebra (C2, 72 drawings), evi-
denced by the use of numbers and variables such as ‘x’; while a smaller number of drawings
depicted Geometry concepts (C3, 21 drawings), including flat and sparsely three-dimen-
sional geometric figures such as the cylinder, cube, and pyramid. We assert that these

categories emerged as a result of the curriculum content taught to the students.
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The criterion ‘Appraisals of mathematics’ refers to students’ perceptions of the value of
mathematics, in terms of its importance for their academic and professional future, its
usefulness in everyday life, among other aspects. Here, we found only 6 drawings that
depicted the application and use of mathematics. We named this category "Mathematics is
used” (C4). The fifth and sixth categories are derived from the ‘Emotions’ criterion, where
we identified Distress (C5, 20 drawings) and Satisfaction (C6, 10 drawings). In identifying
emotions within the drawings, our focus was on facial expressions or symbols conveying
emotion. Additionally, we took into account instances where students used emotionally
charged words. The categories are presented in Table 1.

[t is important to note that, although the drawings in the emotions category may exhibit
connections with descriptions of the mathematics learning process and beliefs about the
nature of mathematics, since emotion is the most prominent aspect, it was decided to
include them in that category.

Next, we give a detailed description of the categories, accompanied by the evidence
obtained from students’ productions. It is worth mentioning that the drawings aim to

showcase representativeness, and due to space constraints, only 1 or 2 are displayed.

C1 - The role of the teacher

The drawings within this category provide valuable insights into how students perceive the
teaching methods employed during the mathematics learning process. The recurring theme
of confusion among the students (Figure 1) suggests that the explanation provided by the
teacher might not be effectively conveyed or comprehended. It is important to note that
these drawings primarily focus on the students' perception of the teaching methods rather

than their emotional responses.
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Figure 1. Woman-14-E2
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The depiction of the teacher explaining the topic indicates that the teacher is actively
engaged in delivering the lesson. However, the students' confusion suggests that there may
be a mismatch between the teaching approach and the students’ understanding. It could
imply that the teacher’s explanations are either unclear, overly complex, or lacking
relevance to the students’ prior knowledge.

These drawings highlight the need for a thorough evaluation of the teaching methods
used during mathematics instruction. It is crucial to identify the factors contributing to the
students’ confusion and address them effectively. Possible strategies to consider might
include simplifying explanations, utilizing visual aids or real-life examples, and encouraging

active student participation through discussions or problem-solving activities.

C2 - Mathematics is arithmetic and algebra

The drawings consist of visual representations that reflect the students' perceptions of
mathematics. These illustrations contain symbols associated with arithmetic operations,
such as plus, minus, multiplication, and division signs. Furthermore, there are elements
related to algebra, such as variables and equations.

The presence of arithmetic symbols in the drawings (Figure 2), along with the associa-
tion of mathematics with basic operations, suggests that the students perceive mathematics
primarily as a tool for performing calculations. This belief aligns with the foundational

understanding of mathematics in its practical aspects.

Figure 2. Woman-14- E1

The inclusion of algebraic elements, specifically variables and equations (Figure 2), is
less surprising considering the stage of education these students are in. Secondary school
marks the beginning of algebraic concepts, and linear equations are often among the initial
topics covered. The appearance of these elements in the drawings indicates that the
students are starting to grasp the idea of mathematical abstraction and the use of variables

to represent unknown quantities.
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The coexistence of arithmetic and algebraic elements in the drawings highlights the
transitional nature of students’ understanding as they progress from concrete arithmetic to
more abstract algebraic thinking. It is encouraging to see these elements present in the
students' perceptions, as it suggests their growing awareness of the broader applications

and logical structure of mathematics.

C3 - Mathematics is geometry

In this category, we have compiled drawings that highlight geometric elements, specifically
in the field of surface area and volume calculations. Figure 3 serves as an example of this
type of drawing. In Woman-14-E3's drawing, she represents various geometric shapes such
as squares, cones, cubes, circles, and triangles, while also including formulas like the surface
area of a circle. The drawing includes tools such as a ruler, a set square, and a protractor.
Additionally, there is a notebook labelled 'theorems' present. The drawing features
multiplications with fractional numbers and even includes the square root symbol. She

draws herself next to the whiteboard.
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Figure 3. Woman-14-E3

The previous drawing provides a visual representation of geometric concepts related to
surface area and volume calculations. The inclusion of various geometric shapes demonstrates
understanding of these figures and her ability to visually represent them. Additionally, by
including formulas such as the surface area of a circle, she displays knowledge of the
mathematical formulas associated with geometric shapes.

The presence of tools like the ruler, set square, and protractor indicates a methodical and
precise approach in the drawing. These tools suggest that Woman-14-E3 is utilizing specific
techniques and instruments to construct the geometric shapes accurately.

The notebook labelled 'theorems' shows that Woman-14-E3 is aware of the importance
of theorems in geometry and their application in calculating area and volume. This indicates

a deeper level of understanding and the ability to apply theoretical concepts to practical
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problem-solving. The presence of multiplications with fractional numbers and the square
root symbol suggests that Woman-14-E3 is working with more advanced mathematical
concepts. These elements indicate a level of skill and knowledge in calculating areas and
volumes that goes beyond basic concepts.

Overall, Woman-14-E3's drawing reflects a solid understanding of geometric concepts
related to surface area and volume calculation. Her ability to represent geometric shapes,
use appropriate formulas and tools, as well as work with more advanced mathematical
concepts, demonstrates a level of proficiency in this area. Additionally, her position facing

the whiteboard could indicate an active and engaged attitude towards learning geometry.

C4 - Mathematics is used

Under criterion 3, Appraisals of mathematics, the drawings compiled in this category shed
light on students’ perceptions of the value of mathematics. These perceptions encompass
its importance for their academic and professional future, as well as its usefulness in
everyday life and other aspects.

In Figure 4, Man-14-E3 employs a metaphor highlighting the role of mathematics in
science and technology development. The depiction of floating cars and the statement
"Future is on its way" conveys the student’s perception of mathematics as a driving force
behind progress and innovation. This suggests an awareness of the instrumental role of

mathematics in shaping the future and advancing of society.

i
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Figure 4. Man-14-E3

These drawings reflect students’ appraisals of mathematics as a valuable and influential
discipline. They recognize its significance not only for academic and professional pursuits
but also for its practical utility in everyday life. By using metaphors and visual repre-
sentations, the students convey their understanding of mathematics as a powerful tool that

transcends traditional boundaries and has wide-ranging implications.
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This type of drawings provides valuable insights into students’ perceptions of the value
and importance of mathematics. It showcases their recognition of mathematics as a foun-
dational discipline that offers opportunities for personal growth, academic achievement,
and practical problem-solving. These appraisals of mathematics could indicate a positive

attitude towards the subject and a realization of its relevance in various contexts.

C5 - Mathematics distresses me

In the drawings we identified two types of emotions according to the cognitive structure of
emotions (Ortony et al., 1996): one negative, labelled as distress (displeased about an
undesirable event), and one positive labelled as satisfaction (pleased about the confir-
mation of a prospect of a desirable event).

In Figure 5, the student’s drawing represents distress in relation to not knowing certain
topics such as square roots, pi number, Pythagoras’ theorem, and the area of a triangle. The
student’s facial expression, depicted with a frown and the presence of question marks above
their head, conveys a feeling of displeasure. This distress arises from the undesirable event
of failing in understanding these mathematical concepts. However, there are also indica-
tions of resilience and problem-solving in the drawing, as symbolized by the presence of a
lightbulb above the student’s head and the representation of the world. These elements sug-
gest that the student is making efforts to overcome negative emotions towards the class and

find solutions to their difficulties, demonstrating resilience in the face of challenges.

Figure 5. Woman-14-E3

Other students explicitly expressed their perspective on mathematics. For instance, in
Figure 6, Woman-14-E4 conveyed that “For me, mathematics is like the Nun because it
scares and tortures me”, accompanied by a sad face. In this drawing, there is a manifestation
of distress related to mathematics. The comparison of mathematics to a nun that instils fear
and inflicts suffering, along with the depicted sad facial expression, reflects a negative

perception and a feeling of discomfort towards the subject. This representation illustrates
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the negative emotions that the student experiences when confronted with mathematics,

where the sense of fear and torment are present.

Figure 6. Woman-14-E4

C6 - Mathematics brings me satisfaction

In contrast to distress, students experience satisfaction when they successfully solve prob-
lems or have an understanding of the solution (confirmation of a prospect of a desirable
event). Figures 7 and 8 depict students realizing their own ability to think and engage with
mathematics. In the case of Man-14-E4, he represents himself with a smile while contem-
plating numbers, letters, addition, subtraction, angles, set squares, protractors, notebooks,

and equations (Figure 7).

Figure 7. Man-14-E4

Similarly, Woman-14-E1 portrays herself smiling and immersed in thoughts, with the
general formula for quadratic equations written in her notebook (Figure 8). This may be an
expression of her proficiency in utilizing the formula.

The drawings not only showcase the students’ satisfaction but also reflect a sense of
accomplishment and confidence in their mathematical abilities. They provide evidence of

the students' belief in their capacity to understand and engage with mathematical concepts.
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By depicting themselves smiling and contemplating various mathematical elements such as
numbers, letters, equations, and geometric tools, the students demonstrate a positive

emotional response towards mathematics.

Figure 8. Woman-14- E1.

These drawings suggest that the students perceive mathematics as a subject in which
they can excel and find personal fulfillment. The inclusion of symbols and representations
related to mathematics in their artwork indicates their recognition of the value and
importance of mathematical knowledge. It is evident that they feel a sense of achievement

and pride when they are able to apply mathematical principles and solve problems.

Discussion and conclusion

In the Mexican context, only two studies have focused on the images of mathematicians,
leaving the exploration of the image of mathematics largely unaccomplished. Therefore, the
present study aimed to expand our understanding of this topic by examining the images of
mathematics held by Mexican students. Our objective was to contribute to the existing
knowledge and shed light on this understudied aspect within the Mexican context.

The study identified six categories related to the images of mathematics held by Mexican
secondary school students. The first category (C1) was associated with the role of the
teacher and provided valuable insights into how students perceive the teaching methods
employed during the mathematics learning process. The recurring representations of
confusion suggest that the explanations provided by the teacher may not be effectively
conveyed or understood. This highlights the need for a comprehensive evaluation of the
teaching methods used during mathematics instruction in order to identify and address
factors contributing to student confusion.

Categories two (C2) and three (C3) helped recognize beliefs about the nature of mathe-

matics. The drawings reflected operations and symbols related to arithmetic and algebra,
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suggesting that students perceive mathematics primarily as a tool for calculations. As far as
our research is concerned, this result partially overlaps with that of Martin and Gorley-
Delaney (2014), who reported an image of mathematics as arithmetic and counting in
elementary school children. Additionally, drawings of geometric shapes were identified,
indicating an emerging understanding of geometry. This finding differs from the study
conducted by Martin and Gorley-Delaney (2014) with sixth-grade students in the United
States, where images of mathematics focused on activities related to arithmetic and
counting, while geometry was neglected.

This difference in findings could be attributed to the participants’ grade level. High
school students, being at a more advanced educational level, are likely to have received a
more comprehensive mathematical education and had the opportunity to explore and learn
about various aspects of mathematics, including geometry. Therefore, their understanding
of geometry may be more solid compared to sixth-grade students in the United States, who
may still be in the early stages of learning this area.

These findings highlight the importance of considering the educational level when
analysing students’ images of mathematics. The curriculum and content taught at each level
can influence students’ perceptions and understandings of mathematics. It is crucial to
design appropriate educational strategies that align with the level and needs of the students
to promote a more comprehensive and enriching understanding of mathematics in all
aspects, including geometry.

The fourth category (C4) is related to the application and utility of mathematics. Students
demonstrated the application of mathematics in their drawings, reflecting their under-
standing of the importance and practical use of the discipline. This finding is consistent with
previous studies conducted by authors such as Martin and Gorley-Delaney (2014) and
Piatek-Jimenez (2008). These studies have also reported similar observations regarding
students recognizing the real-world applications and relevance of mathematics.

The fifth (C5) and sixth (C6) categories are related to students’ emotions. Category C5,
named Distress, revealed students’ distress when lacking understanding of certain
mathematical concepts. On the other hand, category C6, named Satisfaction, showed the
satisfaction and sense of achievement when students solved problems and had an
understanding of the solutions. This finding aligns with the study conducted by Takeuchi et
al (2016), who examined the emotions and perceptions of students towards mathematics.
They found that many Grade 2 students described their feelings towards mathematics in
relation to their perceived competence. This suggests that when students experience
success and a sense of competence in mathematics, they are more likely to feel satisfied and
accomplished. The positive emotions associated with solving problems and understanding
mathematical concepts can contribute to a greater enjoyment and engagement with the

subject. It emphasizes the importance of creating an environment where students can
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experience success and build confidence in their mathematical abilities, ultimately fostering
a positive attitude towards mathematics.

These six categories provide valuable insights into the images of mathematics held by
Mexican students. The study reveals both negative and positive perceptions of students
towards mathematics, helping us better understand their relationship with the discipline.
Furthermore, these categories illustrate the importance of evaluating and addressing
teaching methods, fostering a broader understanding of mathematics, and cultivating a

positive attitude towards the discipline.
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