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Abstract: Women’s representation in Science, Technology, Engineering and Mathematics (STEM) is
a powerful resource to motivate girls to study STEM degrees and fulfill the growing demands for
professionals in these fields. From their youth, positive attitudes toward mathematics are charac-
teristic of girls and boys who study STEM degrees. This research aims to identify the association
between gender stereotypes and attitudes toward mathematics. The 6◦ grade generation from a
middle school in Monterrey, Mexico, first answered tests on attitudes toward mathematics and
gender stereotypes in mathematics. Afterwards, a sample group underwent a 4-week intervention
during which students saw videos of STEM professionals and answered a questionnaire on student’s
self-perception in STEM careers. Finally, the tests were reapplied with a questionnaire on the use and
ease of mathematics. Quasi-statistical and discourse analysis were used to obtain the results. These
are presented through a model that highlights the mediating role that the mathematical self-concept
and the interest/enjoyment for mathematics have in the association between gender stereotypes and
attitudes toward mathematics. The role of gender on female’s lower mathematical self-concept is
also exposed, suggesting subsequent lines of research on improving self-concept as an approach to
equitably increase students’ interests in STEM degrees from their youth.

Keywords: attitudes toward mathematics; gender; gender stereotypes; interest; mathematics; middle
school; self-concept; STEM; educational innovation; higher education

1. Introduction

The academic, affective, and social dimensions are key when learning mathematics [1].
Out of these dimensions, the affective dimension is highlighted due to its influence on the
development of attitudes toward mathematics, which mainly comprises the interplay of its
elements, such as the interest/enjoyment for mathematics, the mathematical self-concept,
and the perceived value/utility of mathematics, which have been reportedly associated
with gender, as follows. The interest/enjoyment for mathematics has been identified as
unaffected by gender but it has also been indicated to play a greater role in men’s attitudes
toward mathematics than women’s [2]. Meanwhile, the mathematical self-concept has
been the subject of contradicting reports, as it was both unrelated to gender [3] and lower
in female students [1]. The perceived value/utility of mathematics is stated as related to
gender, since men tend to value STEM for its personal utility while women value it for its
social utility [4].

Amongst the literature, special emphasis is made on the effects of STEM role models.
Since most of them are stereotypically male, they tend to replicate the idea of men as those
who work in STEM, and it has been debated whether sharing non-stereotypical STEM role
models might increase interest for STEM areas [5,6]. The lack of consistency found in the
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literature regarding the role of gender in the decision to study STEM stresses the need to
delve into the influence of gender on the elements of the affective domain that are the most
relevant for the development of attitudes toward mathematics [7].

Some work has been performed on analyzing the attitudes toward mathematics
through a gender perspective in the Mexican context. González-Jiménez focused on the
affective domain by examining students’ persuasion, cognitive conflict, metacognition,
and their impact on attitudes toward mathematics. They reported a positive change in
students’ attitudes after viewing videos of female role models in mathematics [8]. On
the other hand, Ursini and Ramírez-Mercado interviewed middle school mathematics
teachers who commented that, in Mexico, (1) women still hold the main role of being
responsible for reproduction and caregiving, and (2) in the classroom, strategies have been
utilized to incentivize female students to participate under the belief that complicated
questions should be addressed to male students rather than female students. A strategy
implemented by these teachers comprises handing out extra problems and study guides to
female students under the belief that these will most likely be solved by them rather than
the male students. These researchers report that the participants consider female middle
school students to be more hard-working, more consistent in their attendance, and orderly,
as well as more nervous but creative. Meanwhile, male students are perceived as more
intelligent, less clean, and less orderly when solving mathematical problems [9].

Due to the current need for STEM professionals and the lack of women in STEM
fields [3,10], researchers have turned to middle schools as a critical stage for the devel-
opment of attitudes toward STEM, interests, and gender disparities [2,11–13]. Thus, this
study takes a gender perspective to better understand the implications that lie behind
the development of attitudes toward mathematics for middle school students. The main
research question was as follows: How are gender stereotypes associated with attitudes
toward mathematics? Moreover, the secondary question asked was as follows: How is
the affective domain linked to middle schoolers’ attitudes toward mathematics and their
gender stereotypes? Both questions were addressed through the following objectives:

1. Comprehend the association between gender stereotypes and attitudes toward mathematics.
2. Understand how the affective domain impacts attitudes toward mathematics.
3. Analyze the effect on middle school students to being exposed to content from videos

of STEM professionals regarding their perspectives on gender equity and attitudes
toward mathematics.

In the following three sections, this research’s methodology will be detailed. After-
wards, the results and discussion will be presented. The final part will contain the main
conclusions and lessons learned.

2. Methods

The present study corresponds to a mixed methodology mainly grounded on its
qualitative approach through data analysis. The following sections will describe this
study’s participants, the instruments used, and will provide a brief depiction of the analysis
strategy implemented.

2.1. Participants

Research was carried out at a private school in Monterrey, Nuevo Leon, Mexico,
with a specific focus on its sixth-grade students. This school follows the International
Baccalaureate model, which implies a constructivist, bilingual education and a four-year-
long middle school starting at sixth grade. The generation was made up by four groups
from which 71 students (37 females and 24 males) participated in the pretest and 70 students
(35 females and 35 males) participated in the post-test. Their ages ranged from 11 to 12 years
old, corresponding with a critical stage in the development of attitudes, gender stereotypes,
academic identity, and vocational interests [10,14,15].

Out of the four groups, one was selected to participate in the intervention since their
homeroom teacher was this study’s main researcher. The group consisted of 19 students
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(12 females and 7 males) who participated in the intervention by watching videos of STEM
professionals and answering an extra questionnaire after each video. All participants were
requested to present a consent form signed by their parents or tutors, which was previously
approved by the school.

2.2. Instruments

The research followed three stages: a pretest, an intervention, and a post-test. Since it
corresponds to a mixed methodology, the results were analyzed after they were obtained
and were used to refine the instruments applied in later stages.

Firstly, the pretest consisted of a test on attitudes toward mathematics from the method-
ology used by O’Rourke and Prendergast [16], who based it on the Trends in International
Mathematics and Science Study (TIMSS) that are carried out annually [17]. Three sec-
tions corresponding to the interest/enjoyment toward mathematics, the mathematical
self-concept, and the value/utility perception were considered for this study. The test
had a total of three sections with nine questions in each section and 4-point Likert scale
answer options.

This stage also included a test on gender stereotypes toward mathematics, which
was originally created by Forgasz and Markovits [18], with six closed questions and one
open-ended question. The first six questions offer three alternatives for students to decide
to whom the statements correspond to: women, men, or indifferent. Meanwhile, the open
question presented two images, one of a man and the other of a woman, both working
on a laptop. The images were chosen to be as similar as possible and were obtained as
public domain resources. They can be observed in Appendix A. Students had to answer
the following question: “One of the people in the picture uses mathematics at work. Who
do you think it is? Explain why you have picked this person.”

After the pretest stage, the intervention ensued. In this stage, only one group par-
ticipated. It took place at the beginning of their school day during a timeframe of four
weeks, three times per week. During each day of the intervention, the group was exposed
to a video from YouTube of a STEM professional. After watching the video, students had
to answer an open-ended questionnaire on their self-perception in STEM careers. This
questionnaire was created by the author of this study after identifying topics that were not
addressed in the answers from the pretest. It included two questions: “What ideas can
motivate you to choose a career in STEM?” and “Do you think you could succeed in this
occupation? Why?” All answers were registered on a collaborative board in Nearpod.

The final stage consisted of the reapplication of both the attitudes toward mathematics
test and the gender stereotypes toward the mathematics test. This included the original
open-ended question used by Forgasz and Markovits [18] as well as a new question, which
was added based of the trends identified in the answers from the intervention: “Beyond the
time spent on it, who finds mathematics more difficult?” All answers from the tests were
collected through Google Forms. The instruments used during the pretest, intervention,
and post-test can be found in Appendices B–D, respectively.

2.3. Analysis Strategy

This section presents the steps followed throughout the analysis. Figure 1 shows the
sequence in which both quantitative data (shown in green) and qualitative data (shown
in blue) were obtained and analyzed. The figure differentiates between the group that
participated in the intervention stage and the rest of the population, which is considered
the control group.
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Figure 1. The research design presents a summary of the instruments and the types of analyses
employed. Green is used in the text to indicate the obtention of quantitative data, while blue indicates
the obtention of qualitative data.

The interaction between the quantitative and qualitative data can be observed in
Figure 1. Initially, quantitative and qualitative data were collected and analyzed simulta-
neously. The results of the pretests were then used to create the questionnaire that was
applied during the intervention. Consequently, the results of the intervention were used to
design the questionnaire that was integrated to the post-tests with the intention to explore
possible gender stereotypes. The combination of a simultaneous analysis of quantitative
and qualitative data and their use to generate two more instruments, with a final collective
analysis, contributed to this study having a concurrent triangulation design blended with
elements of an embedded model [19].

The test results were analyzed through Excel by obtaining means and standard de-
viations of each statement. These were divided by gender to determine the association
of gender with the previously mentioned objectives. For this purpose, the following
assumptions were established:

• Gender is associated with the affective domain toward mathematics in middle school
students (SA.1).

• Gender is associated with gender stereotypes toward mathematics in middle school
students (SB.1).

On the other hand, the discursive data obtained were qualitatively analyzed using
Atlas TI software (version 23.1.1.0). After their collection, the analysis was carried out
based on the following three steps: discovery, codification, and relativization [20]. Both the
qualitative and quantitative data were incorporated in the analysis to obtain a complete
view of students’ perceptions. The findings from the multi-staged analysis were used to
propose a model, which represents the association between all studied elements [19].
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3. Results and Discussion

Given the nature of a mixed methodology study, the results were simultaneously
collected, analyzed, and discussed. Thus, this section is divided into a qualitative analysis
part, followed by a subsection corresponding to the quantitative analysis. Within each of
these subsections, the results of each analysis are discussed; afterwards, a final subsection
containing a general comparison of these results is presented.

3.1. Qualitative Analysis

Both objectives 1 and 2 are addressed through the qualitative analysis of the three
open-ended instruments. These comprise the initial question about the use of mathematics
in the workspace, the intervention’s questionnaire on the self-perception in STEM careers,
and the final questionnaire on the use and ease of mathematics from the post-test. A
subsection for each is presented below, starting with the coding strategy used during the
qualitative analysis.

3.1.1. Coding Strategy

As mentioned previously, Atlas TI software was used to carry out the coding pro-
cedure. Given that this study was part of a student’s requirements for completing their
master’s degree, coding was performed by the student under the supervision of her advisor.
First, answers collected from each instrument were added as separate documents into the
software. A gender label was assigned to each quotation based on the participant who
wrote it (female or male student). Secondly, exhaustive coding was performed among
the responses based on the topics mentioned by the students and the concepts related to
the learning domains [1]. Next, these codes where repeatedly refined until a likeness was
identified with the concepts reviewed in the literature. Finally, they were grouped into
ten common categories. These categories were created based on both the literature and
common themes that presented themselves among the participants’ answers. The codes
concerning the affective domain were categorized into interest/enjoyment of mathematics,
mathematical self-concept, and the perceived value/utility of mathematics [16]. Meanwhile,
the relationship between gender and mathematics was studied by three groupings: peer
beliefs, adult beliefs, and stereotypes of people working in STEM [18]. Four additional
categories were created based on the emerging themes: contextual elements and events,
cognitive skills, study areas, and attitudes. Table 1 presents the total frequencies of the
generated codes according to the instrument with which they were identified.

Table 1. Frequency of identified categories per instrument.

Category

Pretest
Question about the Use
of Mathematics in the

Workspace

Post-Test
Questionnaire about the

Use and Ease of
Mathematics

Intervention
Questionnaire about

Self-Perception in
STEM Careers

Total

Interest/enjoyment 3 26 180 209
Self-concept 3 26 116 145

Perceived value/utility 0 0 31 31
Peer influence 0 1 2 3

Adult influence 0 1 10 11
Stereotypes of people

that work in STEM 9 23 0 32

Contextual elements
and events 21 15 12 48

Cognitive skills 6 15 15 36
Study areas 1 1 48 50
Attitudes 0 5 4 9

Total 43 113 418 574
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In Table 1, it can be observed that most of the 574 quotations are distributed among two
categories. Firstly, most of them encompass the interest/enjoyment category, with a total of
209 quotations; secondly, they encompass the self-concept category, with 145 quotations.
These frequencies suggest that both of these affective domain elements could have the
most significant influence on middle school students’ attitudes toward mathematics in.
Thus, this trend is further explored amongst the results of each instrument, as presented in
the following sections. The criteria used to select the examples of students’ opinions are
derived from their clarity, the depth of their reasoning, and the connections they manage
to make. Each participation was coded based on the collection instrument, the gender
of the student, the student’s group (A,B,C,D), and a random number assigned to order
responses (e.g., PS.C.M.6 as the abbreviated form of Post-test.GroupC.Male.6). In the case
of the participants who underwent the intervention, rather than identifying the group they
belonged in, the day and question was also added (e.g., IN.F.3.D5.Q1 as the abbreviated
form of Intervention.Female.3.Day5.Question1). This was completed with the purpose of
identifying participants’ answers while maintaining their anonymity.

3.1.2. Pretest: Question about the Use of Mathematics in the Workspace

This open question asks students to indicate who uses mathematics in their job from
the two images presented—whether the man or the woman. In total, 75% of the students
chose the man. This aligns with Bond’s [6] findings, in which the exposure to stereotypical
models reinforces the idea of men as commonly working in STEM fields. The said approach
explains why most of the participants naturally envisioned the man as a STEM professional
and validates the strong influence of the stereotypical male role model in STEM fields. On
the other hand, Ikkatai et al. [21] suggest that the lack of female role models is related to
women’s disinterest in STEM, adding to the notion that selecting the man reflects the image
of a traditional role model.

Participants justified their decisions on who uses mathematics in their job based on
the individual’s surroundings and expressions. In total, 80% of the students selected the
person working in STEM based on the objects around them and their expressions. They
noticed that the man was using a cell phone possibly as a calculator, while the woman
might have been using a notebook for writing various procedures. Additionally, the other
20% of the participants related the bodily and facial expressions of both individuals to the
difficulty or displeasure associated with mathematics. For example, participant PR.D.F.8
chose the man because the woman appeared relaxed, whereas he seemed “more focused
and stressed because mathematics can be difficult at times”. In this way, both concentration
and focus were associated with the study of mathematics.

Another topic mentioned was gender’s influence on who works with mathematics.
About 11% of the participants mentioned gender in their results, all stating that it has no
influence on working with mathematics; from these participants, two thirds were female
students. For instance, student PR.D.M.7 wrote, “I chose the woman because many people
think that only men can work using mathematics in their daily lives, but women have
the same opportunities to work in a company using numbers and mathematics”. Such
responses demonstrate the students’ awareness of gender stereotypes in STEM and a desire
to transcend the constraints imposed by their own experience of the equitable abilities
of men and women. In the literature, it has been reported that the awareness of gender
stereotypes in STEM increases during middle school, impacting academic performance [22]
and warranting further study [23]. It has been suggested that promoting the awareness
of gender stereotypes in STEM might improve STEM identity and, consequently, improve
mathematical self-perception [24].

3.1.3. Intervention: Questionnaire about Self-Perception in STEM Careers

The intervention involved watching a video of a STEM professional in each session;
afterwards, students in this group responded to the two questions that made up the
questionnaire about self-perception in STEM careers. As stated above, the presented
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examples of students’ opinions are derived from their clarity, depth of their reasoning, and
connections they managed to establish.

Regarding the first question, “what ideas could motivate you to choose a career
in STEM?”, a total of 153 responses were obtained. Among them, the most prominent
category was interest/enjoyment, with 96 quotations corresponding to it. When searching
for reasons to pursue careers in STEM, the participants referred to the motivations of the
individual featured in the viewed video. Approximately 27% of the students referred
to their prior interests as a source of motivation. For example, participant IN.F.3.D2.Q1
referred to their favorite subjects by writing, “If I like design and physics, I could become
an electronic engineer”.

Another relevant category was interest/enjoyment of mathematics. The responses
reflect that liking mathematics is a primary motivating factor. Among them, 10 partici-
pants express a neutral interest/enjoyment of mathematics (30.8% male, 69.2% female),
19 lean toward a negative attitude (31.6% male, 68.4% female), and 67 manifest a positive
interest/enjoyment of mathematics (35.4% male, 64.8% female). For instance, student
IN.M.3.D2.Q1 identified with the person in the video by stating, “Her favorite subjects [the
person in the video] were mathematics and physics, and those are my favorite subjects”.
In contrast, student IN.F.9.D7.Q1 mentioned that “nothing [can motivate her] because she
doesn’t like those things, but if someone did like them, there would be a higher chance of
choosing [a STEM career]”.

The value/utility category was less frequent, but it was still present in the collected
data. Out of the 23 responses that corresponded to value/utility, most were related to
professional growth. Meanwhile, four students indicated that making money and having
fun serve as motivators for pursuing STEM careers (50% male, 50% female), particularly
in technology-related professions. The idea of helping others was also prevalent among
8 students (75% male, 25% female). Student IN.F.1.D1.Q1 mentioned that her motivation
could be “the feeling that I’m working very hard for useful things that will benefit society”.
Another participant, IN.M.1.D5.Q1, wrote, “STEM has a lot to offer, and you can go to
places with engineering, mathematics, science and technology”. Viewing STEM careers as
tools for a humanistic impact on society was not exclusive to females, which was in conflict
with the expected results based on the literature [25]. The results suggest that STEM careers
are seen as a means of upward social mobility, which partially characterizes the interest in
pursuing STEM careers in Mexico [26].

Regarding the second question, “Do you think you could succeed in this occupation?
Why?”, 90 answers corresponded to the self-concept. Moreover, 60% of the responses
conveyed that they could not succeed in the profession because they were not “good” or
skilled in it. Student IN.F.3.D4.Q2 commented, “I don’t consider myself good at this type
of thing, so I focus on what I [do] consider myself good at”. Of the quotations with codes
indicating a lack of skill, knowledge, confidence, or understanding, 73% were written by
female students. Conversely, 60% of the quotations coded for a positive self-concept (ability,
success, and confidence) were written by male students. This confirms the presence of a
lower self-concept among female students in the pretest and in the literature [1]. These
results are also linked to classroom dynamics, which favor different attitudes and actions
between male and female students [27].

Responses with a high self-concept include comments such as “Yes, because I like
building things, like Legos!” by participant IN.F.6.D7.Q2 or “Yes, because my dad is an app
developer, and I’m good at it too, so I’d like to have that career” by student IN.M.5.D6.Q2.
These responses indicate students’ belief that they could succeed due to their interest and
skills, referring to a contextual, social, or academic element that reinforces their talent in
STEM. Considering this, interest/enjoyment can be linked to the self-perceived ability in
mathematics, which corresponds to the self-concept.

As an observation made by the researcher during the intervention itself, it is high-
lighted that the second question provoked an abundance of negative comments. These
comments, spoken out loud by students, emphasize their written answers. Students, mainly
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female students, were vocal and confident in not pursuing STEM careers due to STEM’s
difficulty and their perceived inability. Once more, this is in agreement with the literature,
which reports that women have a lower mathematical self-concept than men [1].

3.1.4. Post-Test: Questionnaire about the Use and Ease of Mathematics

For the post-test, the question regarding the use of mathematics in the workspace was
reused, and the following open-ended question was added: “Beyond the time dedicated
to it, who finds mathematics more challenging?” This question was included due to the
frequent mention of the difficulty of mathematics during the intervention and due to the
results from the pretest, which indicated that female to perceive mathematics as more
challenging. Therefore, it was decided to explore possible gender stereotypes that could
lead to these results.

The most frequent codes in this section are consistent with those in the pretest. Con-
textual inference was used by 26% of the participants as the main method to determine
who works with mathematics. By observing the posture and expressions of the individuals
in the pictures, students associated mathematics with attention, stress, or lack of relaxation.
A student coded as PS.D.F.7 commented, “I think it’s A because I feel that mathematics can
be confusing or difficult, and image A looks just like me in [math] class”.

The quotations that corresponded to the self-concept presented a characteristic trend.
Among the 26 responses that were coded for the self-concept, all of them presented a
negative perspective toward their skills in mathematics (50% male, 50% female). The most
frequent theme was the difficulty of mathematics, especially in the second open-ended
question. Among those who believed the question was related to gender, fourteen students
referred to equality (6.3% male, 85.7% female), while six students chose one gender over the
other (100% male, 0% female). In terms of equality, participant PS.D.F.9 wrote, “I couldn’t
say if it’s more difficult for someone because it depends on each person, everyone learns
in their own way and at their own pace”. Further, 29 responses mentioned that laziness,
forgetfulness, and procrastination are characteristics of people who find mathematics
challenging (65.5% male, 34.5% female). Student PS.B.M.1 wrote, “It’s difficult for people
who don’t apply themselves and don’t want to learn”.

Being among those who selected a gender over the other, participant PS.B.F.7 wrote,
“maybe for female students [mathematics is more difficult]; I’m not sure if it’s because I’m
a female and I find it a bit difficult, but I’ve seen more male students understand it than
female students”. A different participant, student PS.D.M.6, expressed, “I think it’s men
because at an early age, everything distracts us, and women are organized from a young
age, so I think a woman would learn mathematics faster than men.” Another student stated
that men are interested in topics like soccer; in contrast, a different student commented
that in their classroom, female students struggle more with mathematics. Thus, there is
no consensus, but there is a tendency for personal preferences and interests to define the
perceived difficulty of mathematics for each student. Therefore, the observable trend seen
in these results aligns with the proposition that we should prioritize increasing students’
interests in mathematics and, consequently, in STEM careers [1].

3.2. Quantitative Analysis

Subobjective 1 was primarily addressed through the quantitative analysis of the
data obtained from the tests in both stages: the pretest and the post-test. The following
subsections present an analysis of the responses obtained per instrument. For this analysis,
the responses were separated by gender, and the means were calculated for each statement
in the tests. The means of the results for male students were compared with the means of
the results for female students to determine differences in perception between each gender.

3.2.1. Pretest

The results of the pretest regarding the section on attitudes toward mathematics were
analyzed. In Table 2, the six statements that did show gender differences can be observed.
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They are divided into the three categories corresponding to the element of the affective
domain contained in the test.

Table 2. Differences by gender represented as means of the population in the pretest.

Category Statement
Male Students Female Students

Mean σ 1 Mean σ 1

Interest/Enjoyment 4. I learn many interesting things in mathematics 4 0.57 3 0.84
6. I like any schoolwork that involves numbers 3 1.05 2 1.00

Self-concept
6. I am good at working out difficult

mathematics problems 3 1.00 2 1.07

9. Mathematics makes me confused 2 1.03 3 0.68

Value/Utility
3. I need to do well in mathematics to get into the

university of my choice 3 0.75 4 0.44

5. I would like a job that involves using mathematics. 3 0.92 2 1.02
1 Standard deviation.

Table 2 shows that the means are one level lower for female students than for male
students in statements 4 and 6 of the interest/enjoyment category, indicating a lower
level of interest and enjoyment. For the self-concept, in statement 6, the mean of the
results for female students was 2 (somewhat disagree), while for male students, it was
3 (somewhat agree), indicating that male students find it easier to solve difficult math
problems. Similarly, the mean for statement 9 of the self-concept category was 3 for female
students, indicating that math confuses them. Statement 3 of value/utility corresponds to a
mean of 4, compared to a mean of 3 for female and male students, respectively. In contrast,
statement 5 has a mean of 3 for male students’ responses, while for female students, it is 2.
Therefore, female students appear to feel more pressure regarding their performance in
mathematics to ensure their academic future, even though male students are more inclined
to have a job involving mathematics. These results reflect a lower interest and self-concept
among female students. The trend of a lower mathematical self-concept among women has
been previously reported and observed in this study [1].

In the section of the test on gender stereotypes toward mathematics, the same dif-
ferentiation of responses by gender was carried out. The mean responses did not reflect
differences between the responses of male and female students, and it was observed that
all responses fell into the neutral option.

3.2.2. Post-Test

Table 3 illustrates the differences between the answers of male and female students in
the post-test regarding attitudes toward mathematics. Once more, these are split into three
categories according to the corresponding element of the affective domain from the test.

Table 3. Differences by gender in the means of the population in the post-test.

Category Statement
Male Students Female Students

Mean σ 1 Mean σ 1

Interest/Enjoyment 6. I like any schoolwork that involves numbers 3 1.03 2 0.73

Self-concept
6. I am good at working out difficult

mathematics problems 2 1.19 3 0.98

9. Mathematics makes me confused 3 1.03 2 1.04

Value/Utility
3. I need to do well in mathematics to get into the

university of my choice 3 0.73 4 0.40

5. I would like a job that involves using mathematics. 4 0.56 3 0.55
1 Standard deviation.
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In Table 3, it can be observed that the means of statement 6 in the interest/enjoyment
category, statement 6 in the self-concept category, and statement 3 in the value/utility
category showed the same gender differences as in the pretest. Statement 3 in the self-
concept category reflects that, in contrast to the male students, female students do not
consider mathematics as one of their strengths. On the other hand, in indicator 6 of the
value/utility category, male students attribute greater importance to mathematics with
regard to their future success. This time, in the section related to gender stereotypes, no
differences were recorded between the group means.

3.2.3. Pretest vs. Post-Test

Table 4 depicts the eight statements from the pretest and post-test that changed
between the two data collections. The results are separated by gender and by the type
of group, experimental, and control to observe if the intervention had an impact on the
students’ responses.

Table 4 illustrates the differences between the results of the pretest and post-test.
Among the observed changes, interest/enjoyment improved regarding two statements for
the students that did not undergo the intervention. However, for the same indicators, the
mean scores of the students in the intervention group showed lower interest, and the scores
for the female students remained the same. Regarding self-concept, female students in
the intervention group exhibited contradictory changes. In the post-test, they were more
inclined to agree that mathematics is not one of their strengths; however, at the same time,
they became more inclined to agree with being good at solving difficult mathematical
problems. In addition to this disparity, it should be noted that the intervention led to male
students finding mathematics more confusing than before.

From the “value/utility” category, students who did not undergo the intervention
considered it less necessary to perform well in mathematics to enter a university of their
choice. After the intervention, the female students shifted to somewhat disagree with the
idea of working in something involving mathematics. The entire population that did not
complete the intervention and male students that underwent the intervention showed a
higher acceptance of the importance of learning mathematics to succeed.

The said results did not exhibit the consistency to determine that the intervention
impacted attitudes toward mathematics or students’ gender equity perspectives. The
changes were not exclusive to the intervention group, and gender differences were not
consistent across the groups. In fact, the changes between the pretest and the post-test,
rather than indicating a trend, contradicted each other. The intervention included an equal
number of videos featuring male and female professionals, so an equitable improvement in
attitudes toward mathematics for both genders was expected after the intervention.
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Table 4. Differences between the results of the pretest and post-test.

Statements Pretest: interest/enjoyment results Post-test: interest/enjoyment results

Control group Experimental group Control group Experimental group

Males Females Males Females Males Females Males Females

Interest/Enjoyment Mean σ 1 Mean Σ Mean σ Mean σ Mean σ Mean σ Mean σ Mean σ

4. I learn many interesting things in mathematics 4 0.62 3 0.69 4 0.52 3 0.99 4 0.68 4 0.55 3 0.82 3 0.67

6. I like any schoolwork that involves numbers 2 0.98 2 0.87 3 1.13 2 1.14 3 0.85 2 0.76 2 1.21 2 0.71

Pretest: self-concept results Post-test: self-concept results

Control group Experimental group Control group Experimental group

Males Females Males Females Males Females Males Females

Mathematical Self-Concept Mean σ Mean Σ Mean σ Mean σ Mean σ Mean σ Mean σ Mean σ

3. Mathematics is not one of my strengths 2 1.06 3 1.08 2 1.16 2 1.10 2 1.06 3 0.95 2 1.33 3 1.01

6. I am good at working out difficult mathematics
problems 3 0.87 2 0.96 3 1.13 2 1.17 3 0.97 2 0.75 3 1.10 3 1.33

9. Mathematics makes me confused 3 1.03 3 0.73 2 1.04 3 0.63 3 1.15 3 0.95 3 1.05 3 1.00

Pretest: value/utility results Post-test: value/utility results

Control group Experimental group Control group Experimental group

Males Females Males Females Males Females Males Females

Value/Utility Mean σ Mean σ Mean σ Mean σ Mean σ Mean σ Mean σ Mean σ

3. I need to do well in mathematics to get into the
university of my choice 4 0.76 4 0.55 3 0.74 4 0.32 3 0.63 4 0.47 3 0.82 4 0.33

5. I would like a job that involves using mathematics 2 1.19 2 1.07 3 0.64 3 0.97 2 1.01 2 0.92 3 1.22 2 0.97

6. It is important to learn about mathematics to get
ahead in the world 3 0.69 3 0.64 3 1.06 3 0.67 4 0.57 4 0.58 4 0.55 3 0.53

1 Standard deviation.
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3.3. General Contrast of Results

This section considers the results obtained from the entire body of discursive data
for qualitative analysis. Table 5 below presents the 30 most frequently mentioned words
within the entire data collection.

Table 5. Most frequent words in the entire data collection.

# Word Total Frequency # Word Total Frequency

1 Students/boys 96 16 Computer 19
2 Students/girls 83 17 Notebook 19
3 Good 82 18 Engineer 18
4 Think 80 19 STEM 17
5 Mathematics 71 20 Cars 16
6 Work/job 64 21 Problems 15
7 Calculator 51 22 Sciences 13
8 Career/studies 51 23 Courses 13
9 Difficult 51 24 Fun 12
10 Focus/concentrate 35 25 Nature 12
11 Know 35 26 Create 11
12 Image/picture 30 27 Stress 11
13 Women 29 28 Success 11
14 Motivate 27 29 Process 11
15 Numbers 26 30 Cellphone 10

To obtain the list of words in Table 5, all documents analyzed through Atlas TI
were considered: the question about the use of mathematics in the workplace during the
pretest, the self-perception questionnaire in STEM careers during the intervention, and the
questionnaire on the use and ease of mathematics during the post-test. Among the words
that appeared with a frequency greater than 50, “bueno” (good) and “difícil” (difficult)
stood out. Participants used “bueno” to refer to their ability to perform an action. Therefore,
the students’ discourse suggests that their attitudes toward mathematics are associated
with their self-perceived capacity. Meanwhile, a reference was made to the generalized
perception of mathematics being difficult. Among the words with a frequency of less
than 50, “enfocar” (focus/concentrate) and “motivar” (motivate) were prominent. Both
concentration and motivation are cognitive aspects that were indicated as essential to
encourage a vocation for STEM careers [2,7,13,25,28,29].

Additionally, the association between categories was analyzed using co-occurrence
diagrams. Atlas TI software enables the creation of Sankey Diagrams (SDs), which illustrate
the co-occurrence of two codes within the same quotation, signifying an association between
them. Codes denoting positive attitudes were marked in green, negative attitudes in red,
and neutral attitudes in gray. As seen below, Figure 2 provides four co-occurrence diagrams
between gender and other selected categories.

Figure 2 contains a Sankey Diagram I (SD I) related to interest/enjoyment, which
shows an equal distribution of positive and negative codes among male and female students,
although the negative labels tend to be more associated with female students. This SD
aligns with Table 1, where it is observed that interest/enjoyment is the most frequently
coded category and exhibits the greatest variety of codes. Moreover, in SD II, most of the
negative codes related to self-concept are concentrated among female students, confirming
the discussed trend in the literature and in the previous measurement points of a lower
mathematical self-concept among women [1].
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The SD III outlining value/utility presents a scenario in which all codes are positive,
and despite having a larger population of female students, these codes are more concen-
trated among male students. This is consistent with the post-test, where male students
emphasized the importance of mathematics for succeeding in life. However, it contrasts
with what was reported by Sáinz et al. [29], possibly due to the high labor and economic
expectations associated with men in the Mexican context. SD IV shows that all codes
indicating gender differences belonged to quotations from male students, while most
quotations with a gender equity stance belonged to female students. On the other hand,
Figure 3, which is presented below, contains Sankey Diagrams (SDs) representing the most
interesting relationships between some of the created categories.

In Figure 3, the codes in SD I denoting negative interest/enjoyment were connected to
attention, while the codes indicating positive interest/enjoyment were linked to motivation.
A similar trend is observed in SD II, where motivation is connected with positive mathemat-
ical self-concept codes, whereas the students associate focus or the need to pay attention
with the difficulty of mathematics. Both figures indicate that the attention required by
mathematics is perceived negatively, impacting self-concept and the ability to enjoy the
study of mathematics. From these diagrams, it can be inferred that motivation is linked to
a high self-concept and positive feelings toward mathematics.
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DS III demonstrates a link between the lack of interest or displeasure in mathematics
and a low mathematical self-concept in the same way that interest and enjoyment of
mathematics appear to be associated with a high mathematical self-concept. This trend
was observed in the intervention, where it was also indicated that interest in mathematics
seems to be defined by the mathematical self-concept and that a negative attitude toward
mathematics partly stems from a lack of interest in this subject.

These results highlight the key role of certain elements of the affective domain, such
as the mathematical self-concept and interest/enjoyment, in shaping students’ attitudes
toward mathematics. Furthermore, they demonstrate that gender plays a role in deter-
mining self-perception, which reflects internalized stereotypes that individuals attribute
to themselves and to their peers. Given this information, to answer the research question,
“how are gender stereotypes associated with attitudes toward mathematics?”, it can be stated
that this association is linked to the mathematical self-concept and interest/enjoyment
of mathematics.

The secondary research question, “how is the affective domain of middle school students
linked to their attitudes toward mathematics and their gender stereotypes?”, highlights the two
previously mentioned elements, the mathematical self-concept and interest/enjoyment of
mathematics, as the means through which the affective domain is connected to attitudes
toward mathematics and gender stereotypes. Both concepts need to be further explored to
develop strategies that improve attitudes toward mathematics in middle school students
and increase the interest of students in STEM careers in the long term.
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4. Conclusions and Lessons Learned

The conducted research presents findings open to discussion and examination that
can be used to enhance the understanding of the field. The association between gender and
gender stereotypes is a gray area as the test results we obtained did not indicate gender
differences. However, discourse analysis revealed a connection between the stereotypes of
the gender and people who work in STEM. Although there is evidence of the association
between gender and the affective domain, this is primarily due to a lower mathematical
self-concept and more negative feelings toward mathematics among female students. This
supports the notion that self-concept and interest/enjoyment both influence attitudes
toward mathematics. Having said this, Figure 4 illustrates the integration of these findings
into a new model. This model connects gender stereotypes, the affective domain, and
attitudes toward mathematics from a gender perspective.
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In Figure 4, the elements of gender stereotypes are depicted within an orange circular
frame, while the elements of the affective domain are contained in a blue circular frame.
Additionally, the categories of motivation and areas of study are also separately included
as they both emerged as separate factors influencing students’ perceptions toward STEM
during the analysis. Solid lines represent direct associations, like the connection between
gender stereotypes of people that work in STEM, the mathematical self-concept, and the
perceived value/utility of mathematics. Conversely, the indirect association between gen-
der stereotypes and the affective domain is represented with a dashed line. It positions the
affective domain as a mediator between gender stereotypes and attitudes toward mathe-
matics. Two elements are marked with stars, representing that they influence each other
and students’ attitudes toward mathematics, and they are the most affected by motivation.

Particularly, the role of gender in the mathematical self-concept is highlighted since it
negatively influences female students. Moreover, this element’s effects and is affected by
interest/enjoyment, which stands out as the element with the greatest impact on students’
attitudes toward mathematics. Thus, a connection can be made between elements. It
is reasoned that gender stereotypes influence the mathematical self-concept and subse-
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quently affect interest/enjoyment, which can determine middle school students’ attitudes
toward mathematics.

A secondary objective of this study was to analyze the effect of exposing the par-
ticipating sample of students to videos of STEM professionals on their perspectives on
gender equity and attitudes toward mathematics. No consistent differences were registered
between the results of the pretest and the post-test, nor where there any indications of there
being changes in students’ gender perspectives or their attitudes throughout the interven-
tion. The available research [5,6,30,31] supports that attitudes toward STEM improve after
exposing middle school students to STEM role models. Nevertheless, the efforts made in
this study shed light on understanding that the link between attitudes and role models
depends on additional factors; this provides insights for future studies that will be carried
out in this field.

On the other hand, this study’s main limitations revolved around its population size,
the size of the intervention sample, and the duration of the intervention itself. It would be
valuable to conduct an intervention with a larger sample since the variation between the
tests could be attributed to the reduced sample size, which can be observed by looking at
the standard deviations obtained in the Results section. For future studies, we also suggest
researchers to employ instruments that offer more analytical depth, such as employing
focus groups or conducting interviews. These suggestions are particularly important to
consider when analyzing sensitive topics, such as gender stereotypes.

This study reveals clear trends and uncovers associations that warrant further explo-
ration to enhance this study’s findings. After unraveling the importance of the self-concept
and its gender-related differences, it is valuable to consider investigating how the develop-
ment of the mathematic self-concept is influenced by the social dimension of middle school
students in Mexico. Additionally, an examination into the link between the mathematical
self-concept and interest/enjoyment can inform educational models and practices. Another
aspect important to cover would be to delve deeper into the specific type of exposure to
STEM professionals that would have the most positive impact on middle school students’
attitudes toward mathematics. Furthermore, we propose researchers to investigate the
impacts of the awareness of gender stereotypes on their endorsement and their potential
effects on mathematical self-perception.

Gender stereotypes plague students’ traditional learning experience, particularly in a
context, like Mexico’s, which still holds gender-biased beliefs at its core. Such beliefs tend to
limit one’s opportunities and should be challenged. Hopefully, this study’s findings become
a tool for researchers and educators for paving the way for female empowerment in their
search for equal representations and conditions of equity in all learning and professional
environments, particularly in STEM fields.
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The following figures (Figures A2–A6) show each section of the pretest in the form
that it was shared digitally with the participants through Google Forms.
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Appendix C

During the intervention, responses were collected using Nearpod. The following fig-
ures (Figures A7–A9) are part of results obtained during the second day of the intervention.
They are provided as an example of the instrument used and the format through which
answers were collected.
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