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Abstract: Mathematic proficiency has long been associated with the male gender and with high levels
of intelligence. Similarly, STEM careers have been linked to the male gender, so both ideas are central
to the present article. This study aims to observe differences in attitudes towards mathematic and
STEM careers, considering, on the one hand, gender differences and, on the other hand, intelligence,
separating the latter variable into a high-ability group and a normative intelligence group. A mixed
methods approach was used for the analysis due to its methodological richness, using a reduced
version of the Expectations and Values Questionnaire (EVQ) analysed using SPSS v. 25 and two
open-ended questions analysed qualitatively using the ALCESTE software. v.1. The results show
differences as a function of intelligence, but no gender differences were observed. It is concluded that
the results challenge historical conceptions of attitudes towards mathematic and STEM careers.

Keywords: high abilities; gender; mathematics

1. Introduction

STEM (science, technology, engineering and mathematics) careers have drawn increas-
ing interest over the years. The study of and work in these fields is a necessity in this
globalized and competitive world with constant innovation and changing needs [1], in
which STEM careers are becoming more relevant [2–4]. However, the number of students
who select STEM careers is currently insufficient to fill the positions in the STEM job market,
which is growing [5]. Therefore, it is critical to increase the number of students pursuing
STEM pathways [4].

A gender gap in participation in these degrees has been observed [6], especially in
professions that tend to be male dominated, with a large technological, scientific and
mathematical component [7,8], but these gender-based differences in scientific, specifically
mathematic, performance have diminished in the last few years in various countries [9,10].

It has been stated that teaching mathematics has become an arduous task [11] and that,
for most people, learning mathematics is difficult because of how unstable the variables
are [12]. Research has shown that student interest is one of the main factors contributing to
students’ selection of STEM courses [13] and STEM-related fields [14,15], and adolescents
with interests and talents in mathematics are more likely to pursue STEM in postsec-
ondary education [16–19], so trying to increase students’ interest in STEM in general and in
mathematics specifically could be important today [20,21].

In the same way, studies have shown that students’ mathematical self-efficacy is related
to their interest in STEM careers; more specifically, some variables, such as self-efficacy
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in mathematics, mathematics achievement and success, play a critical role in influencing
students’ interest in STEM careers [4,21–24].

Nevertheless, there are cultural and social factors that suggest that gender stereotypes
assign certain abilities or qualities to the sexes. According to [25], gender stereotypes in our
society are established and linked to learning capabilities. For example, some believe that
girls are not good at mathematics and boys are, that girls like art but boys should not enjoy
it or that boys should play sports and girls should not.

These sociocultural factors make us associate different traits and attitudes to men
and women since childhood, making us assign to each gender certain stereotypes and
conferring a selection of behaviours, roles and activities to both genders [26,27].

Regarding the latter, many investigations have shown that children believe mathematical-
performance stereotypes. Children between 5 and 6 years old already display gender stereo-
types related to mathematic performance and attitudes that suggest that males are more
competent [28,29].

Refs. [30,31] found gender-based differences in mathematical success. After inves-
tigating affective variables and beliefs, such as complaints about the usefulness of and
confidence in learning this subject, they proved that men showed higher confidence and
stated that mathematics was more useful for them than for women. According to [12], this
idea has remained prevalent in more recent studies. High school students of both sexes
believe that boys need more mathematical knowledge than girls to obtain successful jobs
and have a better adult life.

In addition to the pattern based on a general perception of males’ greater mathematical
competence, they perceive that success in this subject is purely based on ability and that
praise regarding mathematics in an academic context will create a successful life for them
in the future. Girls, on the other hand, show a lack of confidence in future achievements,
a smaller social impact of their grades (based on whether their teachers like them) and
an inferior self-concept of their mathematical competence [12]. This attitudinal pattern,
related to males’ superiority and ease compared to that of females in mathematics, is also
observed among female high school students. Ref. [32] found that the female gender has a
large effect on success and failure attribution based on ability.

Nonetheless, not every study supports this idea of male dominance, and some show
discordant results, pointing out that there is no evidence of gender-based differences in
performance [9,33] or attitude [34]. Moreover, [35] stated that women showed more of a
positive attitude towards mathematics than men.

The Programme for International Student Assessment, specifically the results regard-
ing mathematical competence, show that the margin in gender-based differences has
decreased in every edition. For example, in 2015, the difference between the sexes was
3.23%, favouring males; meanwhile, in 2018, it was 1.65%, favouring males. This shows
that in Spain, this difference regarding mathematics exists but is decreasing over time [36].

The existence of cognitive differences between the sexes has been frequently studied
over the last few years, with a great variety of studies showing a clear difference in cognitive
abilities between the sexes. Women stand out in verbal ability [37] and input rate [38],
whereas men stand out in spatial ability [38,39] and mathematics [40,41].

Nonetheless, investigations have shown that said cognitive ability differences between
the sexes have more to do with cultural differences [33,42–45] and the effects of socialization
more than anatomy, physiological nature or cognition.

On the other hand, we must consider the role that intelligence can play in the attitudes
towards mathematics, which is why high-ability students may have a different attitude
towards this subject. It should be emphasised that one of these students’ main character-
istics is precisely their remarkable skills, whether intellectual, social, motor, mechanic or
artistic [46–48], when said abilities are compared to those of their peers [49].

A study on high-ability students showed that academic success could be explained, in
a way, by the intellectual ability they possess [2,50,51] as well as the attitude and motivation
they present while learning the subject [52–55]. However, the investigation presents other
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factors that affect their attitudes towards mathematics, such as the type of teachers they
have [56–58] and their family environment [59,60].

That is why it is interesting to observe whether gender still affects mathematical
capacity indirectly through intelligence or, on the contrary, is not decisive. The results
of various investigations indicate that males stand out in mathematics [40,41] and that
females generally present a negative attitude towards this subject and their mathematical
ability [61,62].

Considering the results of such investigations, no conclusion can be reached on gender-
based differences or mathematic ability depending on intellectual capacity or the perception
of competence and attitudes towards learning mathematics. Therefore, this article is
intended to contribute to the study of possible differences in the learning of this subject
and the study of STEM careers regarding gender and intellectual capacity. This objective is
very relevant from an educational point of view, in order to promote gender-independent
learning without limitations for the students.

In light of the above-mentioned results, two research questions are developed. First,
to what extent does gender influence interest in mathematics? Second, to what extent does
having or not having a high ability influence one’s interest in mathematics?

2. Materials and Methods
2.1. Methodology and Design

In order to respond to the objective of this research, to observe the differences in
attitudes towards mathematic and STEM careers, considering, on the one hand, gender
differences and, on the other hand, intelligence, an expo facto design was carried out, in
which the covariations between two independent variables of the sample, high ability or
normative intelligence group and male or female gender, were compared, the dependent
variable being the score in the instrument called the Expectations and Values Questionnaire
(EVQ). The independent variables are intelligence and gender, and the dependent variables
are the Expectations and Values Questionnaire (EVQ) factors.

2.2. Sample

The sample comprised 1147 participants between the ages of 11 and 17 and between
their first and third years of high school, selected by convenience sampling of schools
belonging to the autonomous community of the Canary Islands. From this larger sample,
an intentional selection was made to obtain a high-ability population and a complementary
population without high abilities. After the high-ability sample was obtained, the students
that formed this group were matched based on gender, age and year with members of the
other group to obtain two groups, both as homogenous as possible. Finally, each group
comprised 101 participants: 41 women, 58 men and 2 non-binary people.

Table 1 shows the intentionally selected participants as well as the means and standard
deviations of the ages in both groups, divided by gender.

Table 1. Sample of this study’s selected participants.

Gender Age

Female Male Female Male

High Ability 41 58 M = 13.02; SD = 0.85 M = 13.07; SD = 0.9
Normative group 41 58 M = 13.02; SD = 0.85 M = 13.07; SD = 0.9

It should be emphasised that those who identified themselves as “other” were elimi-
nated from the study, because the number of people in this category was not representative
of the total sample.

In Table 2, participants are shown by gender and course.
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Table 2. Participants by gender and age group.

Course Gender

Female Male

First Year of High School 34 42
Second Year of High School 28 46
Third Year of High School 20 28

It should be emphasised that those who identified themselves in the category of
“other” were eliminated from this study, since the amount of people in this category was
not representative with respect of the total sample.

2.3. Research Instruments

To determine, in the first instance, the students’ intelligence and to form groups based
on said intelligence, the Matrices-TAI questionnaire was used, which consists of 27 items
from a set of 326 items, selected after the Bayesian EAP estimation was established. For
first- and second-year students, level D of this instrument was used, whereas for third-year
students, level E was used. The data collection process is ongoing, so the reliability values
cannot be provided at this moment [63].

To establish gender stereotypes related to mathematics and STEM career choices, the
shortened version of the Expectations and Values Questionnaire (EVQ) was used. This
questionnaire consists of 26 items and utilizes a Likert scale ranging from 1 to 7. Per the
authors, α = 0.858 and the construct validity is 0.825 [64].

Additionally, a qualitive analysis was conducted based on two open-ended questions in-
cluded in said questionnaire. The question was, “Do you plan to pursue a STEM career? Why?”

2.4. Procedure

After the project’s approval by the Committee on Ethics in Research and Animal Welfare
(CEIBA) of the University of La Laguna, which verified that this project complies with the
ethical and data projection requirements of this type of research and whose registration
number is CEIBA2021-0449, the sample was accessed. First, authorization was requested from
the institutes involved for participation in this study. After this authorization was obtained,
a document was provided so the students and their parents had proof of the realization of
the tests and the data’s confidentiality. Also, families were provided with a document for
authorization by the parents of those students under 14 years of age. Once they were obtained,
the test pass with the instruments used was conducted in each centre’s facilities. Several scales
were passed, among which were those used in this study. The tests were administered in
person, and researchers as well as teachers of the centres were present at all times. Data were
collected online with the support that the centres had available, mainly computers or tablets.
Participants were not offered any incentive.

In addition, before the tests began, students were informed about data protection
and that the information collected would be used only for academic purposes. Also, an
individual code was provided for each student to maintain the data’s anonymity.

2.5. Data Analysis

A quantitative and qualitative analysis was conducted to observe the possible differ-
ences in the attitudes towards mathematic and STEM careers and to determine whether
there is a difference based on gender and intelligence.

Considering the quantitative analysis, Cronbach’s alpha was first checked from the
complete questionnaire and from the factors independently, and the items that required it
were reverse scored. Second, differences based on intellectual capacity and gender were
verified by conducting a MANOVA for the factors, in which the independent variables
were gender and intelligence, and the dependent variables were each of the factors. These
quantitative analyses were conducted with SPSS, version 25.
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The qualitative analysis was conducted with ALCESTE, created by [65] in the frame-
work of the investigation of linguistic analysis methods. This software allows users to
examine the structure of the vocabulary used as well as linguistic materials, such as open
questions in questionnaires [66]. After analysis, the software provides several classes, de-
pending on the correlation between the verbal content provided. Therefore, the software’s
author states that it is relevant to consider the context in which the answers are given to
obtain a better understanding of the results and not only to perform a structural analysis of
the content [67,68].

3. Results
3.1. Descriptive Data

Regarding the quantitative analyses’ results, an analysis of the instrument’s reliability
was conducted as well as of the factors that compose it. Table 3 shows the Cronbach’s alpha
results.

Table 3. The instrument’s reliability.

Cronbach’s Alpha

Instrument’s total 0.85
Enjoyment 0.956
Importance 0.854
Stereotype 0.95

Expectations 0.904
STEM choice 0.772

Table 4 shows the descriptive data for both groups in the instrument used, the reduced
version of the EVQ and its factors.

Table 4. Descriptive Statistics.

Factor Group Male Female

Mean Standard Deviation Sample (N) Mean Standard Deviation Sample (N)

Instrument’s total
High ability 90.8 23.5 58 95.1 21.7 41

Normative group 98.3 25.2 58 107 25.3 41

Enjoyment High ability 13.8 9.01 58 15.2 9.84 41
Normative group 17.3 9.2 58 21.7 9.61 41

Importance High ability 17.7 8.01 58 19.1 7.62 41
Normative group 20.9 10.3 58 21.5 8.96 41

Stereotypes High ability 15.3 5.68 58 15.7 7.14 41
Normative group 15.6 5.86 58 14 7.97 41

Expectations High ability 27.9 7.63 58 27.9 7.3 41
Normative group 28.7 6.49 58 30.3 10.4 41

STEM choice
High ability 16.2 6.18 58 17.1 7.16 41

Normative group 15.8 5.86 58 19.4 6.24 41

To verify homoscedasticity, the Levene statistic was calculated to check the existence
of variance of the samples (see Table 5).

Table 5. Levene’s contrast of factors.

F df1 df2 Sig.

Enjoyment 0.675 3 194 0.568
Importance 2.269 3 194 0.082
Stereotypes 6.515 3 194 0.000

Expectations 5.445 3 194 0.001
STEM choice 0.992 3 194 0.398
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3.2. Quantitative Data

The MANOVA analysis revealed that the difference in terms of gender is not significant
(λ de Willks = 0.953; F(5, 190) = 1.865; p = 0.102), presenting a small effect size (η²p = 0.047).

However, the within-group differences are significant (λ de Willks = 0.927; F(5, 190) = 3.009;
p = 0.012), presenting a mean effect size (η²p = 0.073). The univariate contrast results show sig-
nificant differences in two factors: enjoyment, presenting a medium effect size, and importance,
presenting a small effect size. Table 6 shows the results of this analysis.

Table 6. Relative effects of enjoyment and importance factors by group.

df Root Mean Square F Sig. η²p Observed Power

Enjoyment 1 1193.950 13.607 0.000 0.066 0.956
Importance 1 376.252 4.775 0.030 0.024 0.585
Stereotypes 1 22.53 0.522 0.471 0.003 0.111

Expectations 1 128.157 2.038 0.155 0.01 0.295
STEM choice 1 44.298 1.11 0.293 0.0006 0.182

Finally, regarding the interaction between the gender and intelligence variables, the
differences are not statistically significant (λ de Willks = 0.97; F(5, 190) = 1.191; p = 0.305),
showing a small effect size (η²p = 0.03).

3.3. Qualitative Data

Furthermore, to gather information about the participants’ attitudes towards the two
constructs, two open-ended questions were used, and the ALCESTE program was used
for analysis. Specifically, two separate analyses were conducted, one for each group. The
analysis of the normative group resulted in four classes, explaining 59% of the elementary
context units (ECUs), with a high relevance of the analysis. The classes are organized as
follows: class 1 is connected to two branches, one of which contains class 2, and the other
branch comprises two classes, 3 and 4 (see Figure 1).
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The first class refers to the interest shown by students in STEM careers and represents
20.69% (12 ECUs), the most representative term being “interest”; given its representative-
ness, class 1 is given the following name: interest in STEM careers. Table 7 presents the
four most representative examples of this class.

Table 7. Examples of the class of interest in STEM careers.

Class 1 χ2 Answer Examples Gender

Interest in
STEM careers

12
“Engineering, it catches my attention as

I’m also interested in all kinds of
motor-related engineering.”

Female

8
“No, because I haven’t developed an
interest yet, but I would like to know

more about STEM, everything in general.”
Female

8 “No, because I have no interest in that
field, but I like it.” Female

8 “Yes, I am interested in everything about
STEM but specially Mathematics.” Male

The second class is the one that presents the largest percentage and refers to the
students’ career choice, which accounts for 36.21% (21 ECUs), and the most representative
word is “study”; given its representativeness, class 2 is given the following name: career
choice. Table 8 shows four of the most representative examples of this class.

Table 8. Class examples of career choice.

Class 2 χ2 Answer Examples Gender

Career
choice

12 “No, that is not what I have in mind, I’m
also not really good at it.” Female

9 “Yes, I would really like to study STEM
because I’m good at it.” Male

4
“Yes, I would like to be a vet because I

adore animals and would like to take care
of them when they are sick.”

Female

4 “It is not what I have in mind, because I
want to study something else.” Female

The third class references the students’ dissatisfaction with STEM careers, which
accounts for 24.14% (14 ECUs), and the most representative term is “would like”; given
its representativeness, class 3 is given the following name: dissatisfaction towards STEM.
Table 9 shows four of the most representative examples of this class.

Table 9. Examples of the class that shows dissatisfaction towards STEM.

Class 3 χ2 Answer Examples Gender

Dissatisfaction
towards STEM

3
“No, because I don’t think I would enjoy it

and I have never thought about doing
something like that.”

Male

3 “No, because I don’t like it.” Male
3 “No, because I don’t like it.” Female
3 “No, because I am not quite sure I enjoy it.” Male

The fourth and last class references the students’ interest in scientific careers and
presents 18.96% (11 ECUs), and the most representative word is “science”; given its repre-
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sentativeness, class 4 is given the following name: scientific interest. Table 10 shows the
four most representative examples of this class.

Table 10. Examples of the class of scientific interest.

Class 4 χ2 Answers Examples Gender

Scientific
interest

5
“Yes, I have always preferred sciences over

humanities. Also, I am passionate about
everything related to science.”

Female

3 “Yes, because I love science.” Female
3 “Maybe, because I am not quite sure yet.” Female
3 “Yes, because I prefer science over humanities.” Male

On the other hand, the high-ability group analysis reveals five classes, which explain
73% of the ECUs, with a high relevance in the analysis. The classes are organized as follows:
class 1 connects with two branches, one of them containing class 2, and the other branch
includes class 3 on one side and classes 4 and 5 on the other, with classes 4 and 5 being
interconnected (see Figure 2).
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The first class refers to the students’ expectations when considering future careers
related to technology or engineering, representing 25.35% (19 ECUs), and the most rep-
resented term “technology”; given its representativeness, the following name is given to
class 1: expectations on technologic and engineering careers. Table 11 shows the four most
representative examples of this class.



Educ. Sci. 2024, 14, 41 9 of 14

Table 11. Examples of the class of expectations on technologic and engineering careers.

Class 1 χ2 Answer Examples Gender

Expectations on
technologic and

engineering careers

7 “Yes, technology or computer engineering,
because I like new technologies.” Male

6 “Yes, engineering. I have always liked
machinery and everything related to it.” Male

6 “Yes, computer engineering specifically. I
have always liked computers and coding.” Male

3

“Yes, the technology and engineering field.
Ever since I was a child I have loved it
because I liked to see the mechanics of

cars, boats, planes, machines, etc.”

Male

The second class refers to the self-perception of capability when it comes to pursuing
a STEM career, with 24% (18 ECUs), and is most represented by the phrase “be good at”;
given its representativeness, the following name is given to class 2: capacity to face STEM
careers. Table 12 shows the four most representative examples of this class.

Table 12. Examples of the class of the capacity to face STEM careers.

Class 2 χ2 Answer Examples Gender

Capacity to face
STEM careers

28
“No, because in the STEM field there are
things I am not good at, don’t make me

happy or feel like an enigma to me.”
Female

6 “Probably, because I am good at that field
and it has good job offers.” Female

6

“I have not though about it yet, but I
would really like it, because I think it is

what I am the best at and it is more
interesting to me than other things.”

Female

6 “Yes, I am good at it.” Male

The third class references the students’ expectations regarding future career choices
related to mathematics or science, representing 20% (15 ECUs), and the most representative
word is “mathematics”; therefore, class 3 is called expectations of mathematic and scientific
career choice. Table 13 shows the four most representative examples of the class.

Table 13. Examples of the class of the expectations of mathematic and scientific career choice.

Class 3 χ2 Answer Examples Gender

Expectations of
mathematic and

scientific career choice

9
“Probably, but I am not sure, because I like
maths but I don’t know what I want to be

when I am older”.
Female

7
“Yes, mathematics or science, because that
is what I am best at and is easier for me.

And also, because I really enjoy it”.
Female

7
“No, I am not being really good at science,

specially mathematics, so I don’t think
that I am able to take a scientific career”.

Male

6
“I might study a mathematics career when

I am older, but I am not sure because of
how many options there are out there”.

Female
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The fourth class refers to the students’ general interest in STEM careers, representing 16%
(12 ECUs). The most representative word was “interest”; therefore, class 4 is called interest
towards STEM careers. Table 14 shows the most representative examples of this class.

Table 14. Examples of the class of interest towards STEM careers.

Class 4 χ2 Answers Examples Gender

Interest towards
STEM careers

4 “Yes, because I think they are interesting
and I like them”. Male

4 “Yes, because I am interested in science
and medicine”. Female

4 “No, because I am not interested”. Male

2
“Yes, I like them, I think sciences are
pretty interesting and would like to
discover new things about them”.

Female

Finally, the fifth class refers to students’ determination to pursue a particular career,
whether STEM or not, and represents 14.67% (11 ECUs). Class 5 is referred to as determina-
tion towards specific careers. Table 15 shows the four most representative examples.

Table 15. Examples of the class of determination towards specific careers.

Class 5 χ2 Answer Examples Gender

Determination
towards

specific careers

7 “Indeed, technical architecture. It seems like an
interesting career and I would like it”. Male

7
“Yes, I would like to study industrial

engineering, because I think it is a very
attractive and interesting career”.

Male

7 “No, because I like other types of careers, like
criminology or psychology”. Female

4 “No, because I want to study teaching and
criminology and that’s not included in STEM”. Female

4. Discussion

This research was based on two fundamental questions: To what extent does gender
influence interest in mathematics? Secondly, to what extent does having or not having high
abilities influence interest in mathematics? Given the ample opportunities the mixed-method
approach offers, the results show that, contrary to the expectation that the high-ability group
would score higher than the normative group in their attitudes towards mathematic and STEM
careers, the normative group scored higher. Furthermore, the analysis of the factors revealed
that in two of the five factors, the normative group scored higher than the high-ability group,
specifically in terms of their enjoyment of mathematics and their belief in the importance of
mathematics for their future. On the other hand, for the remaining three factors, no significant
differences were observed in favour of either group.

Nonetheless, these differences may be attributed to the possibility that the instrument
uses items that may not be fully adapted to the high-ability group or may not accurately
capture the construct, considering the context in which the students are placed. Because this
study focuses on secondary education students, the content of mathematics taught in class
may be geared towards the normative population, making it less interesting or engaging for
the group with high abilities. This can be observed, for instance, in items such as number 3,
which states, “I learn many interesting things in mathematics”. Students with high abilities
might already be familiar with the curriculum being taught and may not feel that they are
learning new content or may feel that they are not being challenged. For future research
involving students with high abilities, it may be beneficial to use a different instrument
that is better adapted to the specific context in which these students are placed. Such an
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assessment can better capture their attitudes towards and perceptions of mathematics and
STEM fields, providing a more accurate understanding of their experiences and interests.

On the other hand, no gender differences were observed for any of the factors. Research
on attitudes towards mathematics has shown varied results regarding gender differences.
As in the current study, [9,33] found no gender differences in this subject among adolescents.
However, [35] observed that women perceived greater opportunities in math classes and
showed a greater interest in mathematics than men. These findings, particularly regarding
mathematics, are becoming increasingly uncommon.

Finally, a mixed analysis offers the possibility of providing an expanded view of the
research results. This increases the relevance of the study, as it complements the quantitative
results with the qualitative analysis and allows for a detailed explanation of what subjects
report in detail in the open-ended answers of a questionnaire.

Regarding the qualitative analysis of the choice of STEM careers [2–4], the high-ability
group provided responses with more substantial content as well as longer and denser
explanations and showed a stronger connection to the topic of STEM careers. They offered
explanations for why they do or do not want to pursue STEM careers, and in the latter case,
they outlined alternative career options they plan or wish to pursue in the future. On the
other hand, in the normative group, more responses and explanations focused solely on
whether they like or are interested in these types of careers without providing extensive
explanations for why they do not like or are not interested in them. Also, the comparison of
the classes obtained in the ALCESTE analysis makes it evident that the high-ability group’s
classes are more closely related to the topic of STEM careers. Additionally, students in this
group made connections between two STEM careers on two occasions, namely, between
technological and engineering (as observed in class 1) and between mathematics- and
science-related careers (as found in class 3).

5. Conclusions

This study shows that highly able pupils do not stand out in terms of their interest
in or enjoyment of mathematics compared to a normal group. There are no significant
gender differences in liking mathematics. When choosing STEM careers, highly able pupils
explain better why they are interested in STEM than the normal group. Highly able pupils
are more likely to choose technological and engineering careers as well as mathematics-
and science-related careers. This study contributes to the knowledge of the differences in
the learning of the subject of mathematics and the study of STEM careers in relation to
gender and intellectual ability. This is highly relevant from an educational point of view, as
it promotes gender-independent and unconstrained learning for the student body. In this
sense, the mixed method was a key factor to the approach of analysing the data, offering a
joint and reinforced analysis between qualitative and quantitative.
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