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ABSTRACT

The last decades have seen a growing political and social recognition of the role of education as a key player
in transforming today’s society towards more sustainable lines. Particularly, STEM education is seen as
critical for promoting the acquisition of skills, knowledge, and competencies that contribute to create climate
change and sustainability solutions among secondary school students. However, gender differences in
students’ attitudes towards STEM could hinder the success in this regard. The aim of this research was to
identify secondary school students’ profiles according to their STEM and climate change attitudes to explore
the relationship between those two areas and students’ gender. From the analysis of the answers to a
questionnaire distributed among 407 secondary school students, we conducted a hierarchical cluster analysis
in which five main clusters were found. Within these clusters, gendered differences associated to traditional
stereotypes were identified, such as gitls expressing higher concern about climate change and lower level of
interest towards STEM, and boys showing less interest towards climate change, but a more positive attitude
towards STEM, especially in engineering and in technology. The study results shed light on the need to
develop more inclusive educational initiatives that better contribute to the achievement of STEM and
climate change education from a mutual enrichment.

Keywords: gender, secondary school students, climate change, attitudes, STEM

INTRODUCTION

Societies worldwide are confronting complex, interconnected and multifaceted challenges such as climate
change, poverty, and biodiversity loss, each manifesting uniquely in different regions (UNFCCC, 2022; United
Nations, 2015). Over recent decades, the principle of sustainable development or sustainability has emerged as a
pivotal international response, aiming to balance environmental stewardship with socio-economic advancement
(Lambrechts et al., 2018; UNESCO, 2020). Therefore, developing innovative inter- and trans-disciplinary solutions
is essential for promoting more sustainable lifestyles and social practices (Sterling et al., 2017; Wals, 2010). Central
to this pursuit is the role of education—particularly Science, Technology, Engineering, and Mathematics (STEM)
education—which aims at equipping citizens with the necessary competencies to devise innovative sustainability
solutions.

This article examines the interplay between STEM education and sustainability, focusing on how students’
attitudes toward STEM influence their engagement with sustainable development goals. Despite broad political
and societal consensus on the importance of an educated citizenry in tackling complex and transdisciplinary
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problems like climate change, significant challenges persist. For instance, prevailing student attitudes towards
STEM—as rational, objective, value-free, not oriented towards the care of people—or STEM people—as genius,
socially awkward, unattractive, and romantically unsuccessful people—can diminish their interest and participation,
especially among girls (Archer et al., 2023). Research has shown that gendered stereotypes and cultural expectations
often exacerbate the disinterest of girls in STEM fields, contributing to the underrepresentation of women in these
critical areas (Cian and Dou, 2024).

This dissonance between students’ self-concepts and the traditional portrayal of STEM fields may significantly
impact educational efficacy in fostering sustainability-minded citizens (Archer et al., 2023; Cian and Dou, 2024;
Starr and Leaper, 2019). For gitls in particular, overcoming these gendered barriers is crucial to ensure more
equitable participation in STEM-related sustainability efforts. Addressing this gap can foster more diverse and
innovative approaches towards solving global sustainability challenges.

Therefore, our study is not merely about identifying a gap, but it is fundamentally aimed at understanding the
dynamic relationship between students’ attitudes toward STEM and their perspectives on climate change. This
understanding is critical as it informs how STEM education can be restructured to not only transfer knowledge
but also inspire proactive engagement in sustainability issues (Brundiers et al., 2021; Cebrian et al., 2020; Sterling
et al,, 2017). By conducting a cluster analysis to identify distinct profiles based on students’ attitudes, this study
offers insights into how diverse student groups, including gender-based groups, perceive and engage with
sustainability concepts through the lens of STEM education. This nuanced approach provides a substantive
foundation for proposing educational strategies that are not only robust but also culturally and personally resonant
for students. Such strategies are essential for cultivating a generation capable of addressing the urgent
environmental, social, and economic challenges of our times.

BACKGROUND

There is broad agreement among academics, global citizens, and international agencies about the vital role of
climate change education in reshaping educational approaches to address the climate emergency (Reid, 2019;
UNESCO and UNFCCC, 2016). Despite consensus, the practical application of climate change education lacks
coherent frameworks, presenting a significant challenge (Mochizuki and Bryan, 2015).

Article 6 of the United Nations Framework Convention on Climate Change (UNFCCC, 1992) highlights the
necessity to incorporate climate change education across education levels, training, and public awareness to enable
comprehensive responses and widespread societal participation. This commitment is echoed in later treaties like
the Paris Agreement and the Glasgow Climate Pact (UNFCCC, 2015, 2022). To be effective, educational strategies
must empower individuals to engage actively in socio-political processes and sustainability actions (Sterling et al.,
2017; Stibbe, 2009). This requires reorienting education to promote sustainable lifestyles, tackling complex
sustainability issues through creativity, critical thinking, decision-making, and value-driven competencies
(Brundiers et al., 2021; Ostman et al., 2019).

Successtully integrating STEM education for sustainability into secondary education curricula is crucial for the
promotion of climate change awareness and action (Jucker and Mathar, 2015; Trott and Weinberg, 2020). Research
indicates that adolescence is key for shaping values and environmental awareness (Ignell et al., 2019). Therefore,
understanding secondary students’ attitudes toward these topics is essential, as it influences value formation and
informs effective sustainability education strategies (Biasutti, 2015; Deisenrieder et al., 2020).

Attitudes Towards Climate Change

Recent syntheses of the literature, such as Lee et al. (2020), predominantly focus on young adults’ beliefs about
climate change, including the acknowledgment of its occurrence and general knowledge about its causes, impacts,
and potential solutions. However, attitudes towards climate change, as Cooper et al. (2016) define, involve
evaluative categorizations of this issue along a positive-negative spectrum. These attitudes may stem from
behavioral, cognitive, or affective dimensions—or often, a combination thereof. Crucially, attitudes are
distinguished by their propensity to influence corresponding behaviors based on one’s beliefs and emotional
experiences. Hence, our argument is that when considering education for sustainability, exploring students’
attitudes towards climate change offers a more reliable basis for understanding the way young individuals relate to
these subjects, instead of just classifying their overarching beliefs.

While previous research such as the one conducted by Filho et al. (2023) has explored university students’
climate change attitudes—particularly noting the impact of direct climate risk exposure and engagement with
climate discourse—studies focusing on secondary school students remain limited. This scarcity shows a significant
gap, particularly given the importance of eatly educational interventions.
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The Revised New Ecological Paradigm (NEP), as used by Jackson and Pang (2017) to assess environmental
attitudes among secondary students in Hong Kong, provides a useful metric for gauging pro-environmental
attitudes. Their findings suggest that Hong Kong students exhibit greater environmental awareness compared to
their global counterparts. Similatly, Kirbis (2023) reports variability in environmental attitudes among secondary
students based on their educational tracks, indicating the influence of educational content and structure on these
attitudes. Thus, while existing surveys show young Europeans have comparable or higher levels of interest and
concern in relation to climate change than older groups, this issue is not a top priority for secondary school students
and they are not willing to take action (European Union, 2021; Hermans and Korhonen, 2017).

While indirectly related to attitudes, research also reveals distinct gender-based roles and behavioral patterns in
climate change contexts. For instance, policy arguments focusing on science and business are often associated with
men, whereas those centered on environmental justice and ethics tend to be linked with women (Swim et al., 2018).
Similarly, Stevenson et al. (2019) found that secondary school gitls perceive climate change as a more significant
risk and issue than boys do. Extending beyond attitudes, studies like those by Lv and Deng (2019) show a positive
correlation between women’s involvement in political activities and enhanced environmental outcomes.
Additionally, countries with a higher percentage of women in parliament or government roles tend to be more
committed to environmental treaties and to the establishment of protected areas compared to those with more
men in similar positions (Norgaard and York, 2005; Nugent and Shandra, 2009). These findings underscore the
importance of incorporating a gender perspective when analyzing students’ attitudes towards climate change to
fully understand the results and their broader implications.

STEM Education and Its Relationship with Climate Change

The term STEM was formalized in the 1990s by the US National Science Foundation (NSF) to include
Engineering and Technology alongside Math and Science in both undergraduate and K-12 education (Li et al.,
2020). Research has highlighted the importance of STEM education in developing students’ STEM literacy—
defined as the ability to utilize conceptual, procedural, and attitudinal knowledge from STEM fields to tackle
complex interdisciplinary challenges like climate change (Martin-Paez et al., 2019). Consequently, STEM education
aims to equip students with the necessary skills to innovate and apply solutions across Science, Technology,
Engineering, and Mathematics, fostering active engagement in creating a sustainable world (Couso et al., 2022).
This approach positions STEM education as pivotal in teaching students to navigate and solve real-world problems,
preparing them for rapid technological advancements (Breiner et al., 2012).

STEM-related fields have long utilized real-world complex problems, such as those outlined in the Socio-
Scientific Issues framework (Zeidler, 2016), and recent PISA frameworks (OECD, 2023). Although there is no
consensus on the specific problems to be included in STEM education, many scholars advocate for incorporating
challenges related to energy efficiency, environmental quality, resource use, and sustainability (Bybee, 2010; Maass
et al., 2019). STEM education, therefore, is well-suited for advancing climate change and sustainability education
through its transdisciplinary approach (Rogers et al., 2015).

Attitudes Towards STEM

The push to promote STEM education partly stems from efforts to elevate career aspirations in these fields,
particularly for women who are underrepresented compared to men (Wang and Degol, 2017). The gender gap in
STEM becomes pronounced in secondary education, where subject choices diverge—boys often lean towards
engineering and technology, while girls are drawn to arts, health, humanities, journalism, or science. The gender
gap in STEM education becomes more evident in secondary education when students begin to choose specific
subjects (Kolmos et al., 2013; McDaniel, 2016; Wong, 2015). Research indicates that attitudes and self-perceptions
towards STEM significantly influence these choices (Regan and Dewitt, 2015). Gender differences persist across
all educational levels, with girls generally showing less interest in technology and physics and more in health and
environmental care than boys (OECD, 2019). Research has also shown that attitudes are intertwined with other
factors such as self-efficacy, achievement, and self-identification, where gender differences are also marked
(Grimalt-Alvaro et al., 2022). From primary through secondary education, gitls consistently display lower self-
confidence in science and technology (Beghetto, 2007).

Despite the development of various questionnaires to measure students’ STEM attitudes such as Dékme et al.
(2022), Guzey et al. (2014), Mahoney (2012) and Unfried et al. (2015), the link between attitudes towards STEM
and climate change remains underexplored. While the benefits of STEM education to climate change awareness
are clear, there is a significant gap in understanding how students” STEM attitudes shape their perspectives on
climate change. Additionally, although studies show varying levels of interest, concern, and social engagement with
climate change among genders, the role of STEM education in fostering these attitudes has not been adequately
addressed. This highlights the need for a targeted exploration of how climate change is integrated within STEM
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disciplines to maximize sustainability education’s effectiveness. Thus, redefining STEM education’s purpose is
essential—it should promote a collaborative approach that engages students in STEM and equips them to tackle
contemporary climate and sustainability challenges effectively (Trott and Weinberg, 2020).

Research Problem and Questions

As mentioned earlier, STEM education is critical for equipping secondary school students with the skills,
knowledge, and competencies necessary for creating climate change and sustainability solutions (Couso et al., 2022;
UNESCO, 2017). It is important not to overlook the fact that STEM education can be part of the solution to
current climate change problems. However, differences in students’ attitudes towards STEM could hinder the
success in the achievement of this goal. For this reason, the aim of this research was to fill in the gap identified in
the existing literature, which refers to the relationship between secondary school students’ STEM and climate
change attitudes. The research questions guiding this study were:

1. Which profiles can be identified among secondary school students through a cluster-based analysis of their

attitudes towards STEM disciplines and climate change?

2. What gender distribution differences can be found among students’ profiles?

METHODS

Context of Study

This research was conceived as an exploratory study conducted with secondary school students from three
semi-private schools in the city of Tarragona (Spain). The participating schools followed the Spanish curriculum
for secondary education, where there is no specific STEM subject. The curriculum is structured according to the
compulsory subjects of science, technology, and mathematics. In the Spanish curticulum, climate change education
has not received sufficient political support and therefore has not been introduced propetly (Gonzalez Gaudiano
and Meira-Cartea, 2020). Climate change occasionally appears in the curriculum as a privileged context to promote
student learning of the different STEM subjects, especially regarding science topics. However, the new Spanish
Organic Law 3/2020 on Education (LOMLOE) and its associated cutticulum, which was progressively
implemented in school years 2022-23 and 2023-24, has adopted the SDGs and the 2030 Agenda as a reference
framework for its development and it therefore becomes an opportunity for embedding climate change in
secondary education (Medina and Galvan, 2021). The three schools participating in this study had specific
education programs to promote the development of skills in programming and in using robotics among students.

The sample comprised 419 students, of which 196 were in their first year and 223 were in their second year of
compulsory secondary education (students aged 13-14 years) from three semi-private schools in the urban area of
Tarragona. A purposive sampling was used, as the schools were selected because of previous involvement in
projects led by members of the research team. Students mainly came from middle-class families. Students reported
having relative familiarity with STEM professions, as the 43% of participants had one of their parents working on
STEM related jobs, being this percentage considered high and due to Tarragona’s main socioeconomic activities,
counting with the largest petrochemical industry in southern Europe (Rovira et al., 2021).

Data Collection Procedures

A questionnaire was designed with the aim of exploring the relationship between STEM attitudes and climate
change attitudes amongst secondary school students. We divided the questionnaire into 2 parts. The first one was
related to sociodemographic data such as age, gender, course, center, parents’ job, and their future desired studies.
The second part consisted of a 6-point Likert scale (totally disagree—totally agree). This second part included 30
items divided into 4 blocks. The first three blocks are related to the attitude component as Cooper et al. (2016)
explain and are divided into:

1. affect: emotional responses about an object (positive emotions, feelings, etc.);

2. cognition: what the individual knows about the object and/or their beliefs about it;

3. behavior: what the individual does or plans to do in relation to the object.

The questionnaire analyses the affect, the cognition, the behavior, and the relation of climate change action in
the 4 STEM subjects (Science—Technology and Engineering—Maths). The final block contains 3 items about their
feelings in relation to climate change. The questionnaire was distributed online to schoolteachers from the different
schools taking part in the study, and students answered the questionnaire in the classroom under the supervision
of their teachers at the beginning of the second school term. Data collection was carried out between March and
June 2021.
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Figure 1. Dendrogram used for the selection of the optimal number of clusters

For the design of the questionnaire, we relied on previously published questionnaires by Barmby et al. (2008),
Guzey et al. (2014) and Unfried et al. (2015). The questionnaire was validated by 6 teachers of compulsory
secondary education considering the univocity, importance and relevance, which helped us adapt the questions to
make sure students could easily understand them. Due to this teachers’ validation, we decided to merge in a same
block the Engineering and the Technology areas, in coherence to the distribution of STEM subjects in Spanish
secondary education school.

This study was catried out under the recommendations of BERA’s Ethical Guidelines for Educational Research
(British Educational Research Association (BERA), 2018), and the Code of Good Practices in Research of
Universitat Rovira i Virgili. The questionnaire was anonymous, and all participants received information on the
study prior to giving voluntary informed consent to take part, following the guidelines of the Declaration of
Helsinki.

Analysis

As a first step in the search for patterns among data, we determined the most frequent levels for each variable
in the database with a descriptive statistical analysis and performed a Principal Component Analysis (PCA) as a
method for data reduction. PCA allows obtaining a simplified representation of a large number of variables in a
smaller number of factors according to their similarity (Hair et al., 2010), which facilitates the identification and
interpretation of data trends. Four factors were found which are described in the results section. Subsequently, a
hierarchical cluster analysis was performed to identify the most relevant student profiles. Following Everitt et al.
(2011), we grouped students by their similar responses given according to the four factors previously calculated in
several grouping steps. Differences between the groups or clusters formed in each grouping step and the
subsequent one until all cases were merged hierarchically were calculated with Ward’s method, using factor scores
for each case. We determined five clusters to be an optimal solution (Figure 1): cluster 1 (IN = 71, being 17% of
the total participating students), cluster 2 (IN = 74, 18%), cluster 3 (IN = 128, 30%), cluster 4 (IN = 116, 28%) and
cluster 5 (IN = 30, 7%).

RESULTS

Descriptive Statistics

From the sample, 51% of the participants identified themselves as boys, 43% self-identified as gitls, 5% do not
know or do not want to answer and 1% self-identified as non-binary.
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Table 1. Simplified rotated factor loading matrix (the items have been translated from the original language)
Component
Factor 2
Factor 1 Engineering Factor 3
Mathematics and Science
affinity Technology affinity
affinity

Factor 4

Climate

change
awareness

Statement

Mathematics is important to my life. [M1] .800
I would like to continue studying more mathematics in the future. 796
2] '

I would choose a career that would use math in the future. [M3] 774
A good knowledge of mathematics will be important for my 757
future work. [M4] )

I feel confident when I use mathematics in classroom activities.

[Ms]

I am good at mathematics. [M0] .703
I would like to participate in more activities that use mathematics

to reduce the effects of climate change (e.g., extracurricular .604
activities, optional activities at the center...). [M7]

Mathematics can help lessen the effects of climate change. [M§] 472
I would choose a career that would use technology and / ot

engineering in the future. [T'1]

I would like to continue studying more technology and

engineering in the future. [T2]

A good knowledge of technology and engineering practice will be

important for my future work. [T3]

I would like to take part in more activities that use technology and
engineering practice to reduce the effects of climate change (e.g., 739
extracurricular activities, optional activities at the center...). [T4]

733

.832

.829

781

Technology and engineering practice are important to my life.
[15]

I feel confident when I use technology and take part in
engineering practices in classroom activities. [T6]

I am good at using technology and in engineering practice. [T7] .699

I would like to continue studying more science in the future. [S1] .805

I would choose a career that would use science in the future. [S2] .805

A good knowledge of science will be important for my future 710

work. [S3] )

I am good at science. [S4] .620

Science is important to my life. [S5] .594

I feel confident when I do science in classroom activities. [S6] 574

It is important for me to try to fight climate change. [C1] .828
I feel confident discussing climate change. [C2] .783
I believe that climate change is a current and important issue. [C3] 779

.605

736

720

I am interested in learning more about how to fight climate
change using scientific knowledge or practice. [S7]

Science can help reduce the effects of climate change. [S8] .504
Notes: Extraction method: Principal component analysis. Rotation method: Varimax with Kaiser normalization. Rotation converged in 6
iterations. Loadings less than .40 are not shown and variables are sorted by highest loading. Statements have been translated from Catalan
to English for a better comprehension.

Profiles of Students

Results from the exploratory factor analysis

Results of the Principal Component Analysis resulted in four factors: mathematics affinity (Factor 1)
comprising 8 items (x = .91), engineering and technology affinity (Factor 2) comprising 7 items (o = .91), science
affinity (Factor 3) comprising 6 factors («x = .87), and climate change awareness (Factor 4) comprised 5 factors (o
=.79). The simplified rotated factor-loading matrix can be found in Table 1, containing the correlation between
the variables and the factors.
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Figure 2. Representation of the five students’ profiles (clusters) according to the average distance to the four
factors
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Figure 3. Gender distribution in each of the five clusters

Clustering results

Students’ profiles wete built according to their proximity to the four factors, identifying five different profiles.
A representation of these profiles according to its average distance to each factor can be found in Figure 2.
Additionally, gender distribution in the clusters was analyzed (Figure 3). The proportion of students self-
identifying with the different genders differed by the clusters, 3? (12, N = 419) = 30.714, p < .002.

Students grouped in Cluster 1 (17%) are characterized by displaying significant aversion towards all STEM
areas, especially towards mathematics, but high awareness towards climate change (Figure 2). In this group, there
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from practical STEM

Cluster 4 (28%)
Aware Science girls

STEM aversion « »  STEM affinity

L el
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Figure 4. Overview of the main characteristics of students’ profiles according to their STEM affinity, climate
change awareness or indifference and main gender group (gender symbols and tags are proportional to clusters’
sizes)

is a significantly higher proportion of students self-identifying as girls (Figure 3). Based on their attitudes towards
STEM areas, climate change and distribution of gender, we labelled Cluster 1 as “aware girls outside STEM””.

Students grouped in Cluster 2 (18%) are characterized by displaying high affinity towards mathematics (i.e.,
aspirations, self-efficacy, relevance to their lives and their future) and towards technology and engineering on a
second level. Conversely, students in cluster 2 display a strong aversion towards science and a moderate but also
low awareness towards climate change and its relevance (Figure 2). This cluster is significantly populated by
students self-identifying as boys (Figure 3). We labelled Cluster 2 as “non-aware maths boys”, because of their
affinity towards this STEM area.

Students grouped in Cluster 3, representing the biggest group (31%), are characterized by displaying high
affinity towards technology and engineering practices and towards science on a second level. These students do
not show a positive affinity towards mathematics, but also neither a negative predisposition. Regarding climate
change, these students are positively aware of its relevance and importance for their lives and for the planet
(Figure 2). This cluster is significantly formed by students self-identifying as boys (Figure 3). We labelled Cluster
3 as “aware boys from practical STEM”, because of their apparent affinity towards the applied STEM areas.

Students grouped in Cluster 4 (28%) are characterized by displaying high affinity towards science and a very
small, but positive, affinity towards mathematics. Conversely, these students show an important aversion towards
technology and engineering practices. These students are also positively aware of the issues regarding climate
change (Figure 2). This cluster is significantly formed by students self-identifying as girls (Figure 3). We labelled
Cluster 4 as “aware science girls”.

Students grouped in Cluster 5 (7%) are characterized by displaying a small positive affinity towards technology
and engineering practices, but moderate aversion towards mathematics and science. These students show an
enormous indifference towards climate change and its implications (Figure 2). Moreover, this cluster is
significantly formed by students self-identifying as boys (Figure 3). We labelled Cluster 5 as “non-aware boys
outside STEM”.

Finally, clusters” main traits are outlined with visual representation (see Figure 4), according to their STEM
affinity or aversion, climate change awareness or indifference and main gender group.
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DISCUSSION

In this study, 419 secondary school students from three urban semi-private schools participated in an online
questionnaire aimed at characterizing their attitudes towards STEM areas and climate change. Through an
exploratory methodological approach, students’ answers were analyzed to identify the most relevant student
profiles by using a hierarchical clustering analysis. Results show that students grouped into two clusters (Cluster
2—non-aware maths boys, and Cluster 5-non-aware boys outside STEM), corresponding to the 25% of the sample,
express a little level of concern about climate change. Conversely, 75% of the participating students are concerned
about climate change. These results, which are higher than in previous studies (European Union, 2021; Hermans
and Korhonen, 2017), suggest an increase in the level of climate change awareness among the participants.

It is worth noting that students grouped into Cluster 2 and Cluster 5 have mostly self-identified as boys (61%
and 60%, respectively). On the other side, the cluster where students show the highest level of concern towards
climate change is formed by students self-identifying as girls (Cluster 1-aware gitls outside STEM, formed by 56%
of girls). This result is aligned with previous research that found that gitls are more concerned about climate change
than boys (Dijkstra and Goedhart, 2012), and gender as a variable that influences climate change attitudes in many
countries (Hunter et al., 2004; Jackson et al., 2016; Poortinga et al., 2019; World Bank, 2010). Also, existing research
has shown that common ways of talking about climate change are gendered, as the frequent use of ethical and
environmental justice arguments in the public discourses are attributed to women (Swim et al., 2018). This behavior
is related to hetero-normative gender roles, where girls tend to align more with activities about caring for people
and the environment and boys with instrumental activities related to power, success, and autonomy (Sainz et al.,
2017).

Regarding student attitudes in relation to STEM disciplines, students grouped into two clusters (Cluster 2—non-
aware maths boys, and Cluster 3—aware boys from practical STEM, representing 48% of the sample), express a
positive attitude towards two or more STEM areas. Compared to previous research from similar contexts (Grimalt-
Alvaro et al., 2022), the percentage of students expressing an interest in two or more STEM areas are slightly higher
in the present study. These authors described that only 39% of students considered themselves “STEM people”,
which means showing a positive positioning towards two or more STEM areas (Grimalt-Alvaro et al., 2022). These
differences can be due to the higher rate of students from middle socioeconomic background in the present study
and, consequently, students being more familiar with STEM professions due to contextual issues such as parents’
educational level and jobs, and the city of Tarragona having the largest petrochemical industry in southern Europe
(Rovira et al., 2021). Moreover, Cluster 2 and 3 show differences in stereotyped gender distribution in relation to
STEM attitudes, as both show that the most positive attitudes are mainly from students who self-identify as boys
(61% in Cluster 2-non-aware maths boys, and 63% in Cluster 3—aware boys from practical STEM), and are inclined
towards maths and engineering, and science and engineering, respectively. Students grouped in Cluster 4—aware
science gitls also express positive attitude, but only towards science, being this cluster formed by a higher
proportion of girls (57%). Moreover, regarding students in non-STEM clusters (Cluster 1—aware girls outside
STEM, and Cluster 5—non-aware boys outside STEM) engineering and technology seems to be still the most
attractive area in STEM, especially for Cluster 5 (mostly formed by boys). Although technology is usually
considered as being motivating for students (especially for boys), these gendered differences are aligned with prior
studies where boys also showed a greater interest in engineering and technology and girls in science (UNESCO,
2017), and consequently choose studies related to these disciplines (Wong, 2015). Our results question the
effectiveness of the general educational approach of STEM initiatives to engage and promote STEM literacy
among all students, since engineering and technology, which are the dominant disciplines in STEM education,
would only be more appealing for boys (Martin-Paez et al., 2019).

Another significant aspect is that no cluster was found in which students expressed interests in all STEM areas
equally. Whereas students grouped in Cluster 2 (non-aware maths boys) are mostly inclined towards mathematics
and engineering, students in Cluster 3 (aware boys from practical STEM) are inclined towards engineering and
science, and students in Cluster 4 (aware science girls) are only towards science. Previous studies have shown how
students, even having and expressing a general sense of “being a STEM person”, either self-identify as science or
technology/engineering-related person (Grimalt-Alvaro et al., 2022). However, differences in gender distribution
between clusters discussed above contribute to a better understanding of how boys and gitls relate to STEM.
Hence, boys participating in this study present a positive attitude towards engineering and technology, and show
an interest in mathematics and science, but those two fields are inversely related: a higher interest in mathematics
involves a lower interest in science (Cluster 2), and vice versa (Cluster 3). Regarding this study results, a positive
attitude towards science and a negative towards engineering is evidenced in girls, while mathematics plays a more
neutral role (Cluster 4). These results suggest that students expressing a positive attitude towards science might
have a lower interest in mathematics, possibly due to the instrumental view given to mathematics, reinforced by
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its secondary role in the main approach of STEM activities (Martin-Paez et al., 2019). Therefore, although some
boys express positive attitudes toward mathematics, girls have more difficulties in it.

Considering how attitudes toward STEM and climate change are related, we observe that for STEM clusters,
students with positive attitudes towards science show higher levels of concern about climate change (Cluster 3 and
4). These results confirm previous findings in which weak relationships between climate change attitudes and
science-related attitudes were found, especially for girls (Dijkstra and Goedhart, 2012). In this study, we also
interpret that for boys, positive attitudes towards engineering and technology could also be linked to a greater
concern about climate change (Cluster 3). However, boys who expressed positive attitudes towards mathematics
(Cluster 2) showed little levels of concern about climate change. We cautiously interpret this finding as boys in this
cluster being more aligned with normative gender stereotypes, as mathematics have been shown to have the
strongest attribute of masculinity in STEM fields (Makarova et al., 2019).

Regarding non-STEM clusters, the results of this study show differences in the level of student concern about
climate change between boys-dominated Cluster 5 and girls-dominated Cluster 1. Girls-dominated Cluster 1 shows
a higher level of concern about climate change than boys-dominated Cluster 5, which presents a lower level of
interest and attitude in this topic. These findings suggest that non positive attitudes towards STEM could be related
to traditional gender stereotypes. Further studies could explore how gitls showing lower positive attitudes towards
STEM find other ways of pursuing their climate action goals through non-STEM areas of knowledge. This
information can enrich sustainability and climate change education and STEAM initiatives, expanding the scope
of STE(A)M education, through providing hands-on and transdisciplinary approaches to real-life sustainability
challenges (Taylor, 2010).

The study findings contribute to a better understanding of how climate change education can be promoted
through STEM education, moving from conventional teaching structures and processes to transdisciplinary and
hands-on learning (Nguyen et al., 2020), but also, providing more opportunities for all students to feel engaged.
Therefore, including climate change as a relevant problem in STEM education initiatives. This can contribute to
increasing society and citizens’ climate change literacy, and in turn help increase girls’ interest in STEM, through
the development of more gender-balanced curricula that links abstract concepts with real-life situations (UNESCO,
2017). Moreover, the way in which climate change is addressed in STEM activities also needs to be considered, as
the frequent use of ethics and environmental justice arguments can present barriers for boys (Swim et al., 2018).
Hence, providing a better gender-balanced approach in the curricula also implies the use of more science-business
related arguments in climate change education, which are usually more appealing for boys (Swim et al., 2018),
evidencing the positive and reciprocal influence of STEM education. Climate change education must be connected
to engineering design, as well as to mathematics, as this could also be beneficial for engaging boys (Nguyen et al.,
2020)

This study presents some limitations mainly associated to the study sample and context, conducted with a group
student from three secondary schools in a specific region and context, therefore the results obtained cannot be
generalized to other contexts. Also, we acknowledge that cluster sizes might have influenced the gender differences
found in our study. Thus, the results from this exploratory study provide evidence of main trends in relation to
gender-based differences in students’ attitudes and significant relationships in a specific group of students that can
potentially help improve STEM and climate change education reciprocally. In further research, with a bigger
sample from a wider geographical area and socioeconomic representation, an intersectional approach could be
beneficial to identify more nuanced relationships, as the homogeneity of our sample in terms of socio-economic
and racial background did not make it possible. Hence, further studies could focus on exploring how different
sociocultural contexts might mediate these relationships, for example, by considering the influence of having
parents in STEM jobs. Furthermore, adopting a different method to analyze the data collection could enhance our
comprehension of the situation. At present, we notice variations in factor loadings for different items, but there is
a lack of comprehension regarding the underlying reasons. This hinders our understanding of the connections
between gender differences in climate change and STEM attitudes. In further studies different data collection
methods could be used in combination to triangulate the data obtained including open-ended questions, student
reflections, interviews or focus groups with students from the different identified profiles.

This study, far from secking to reify main gender differences and compare genders, is intended to be a first step
towards developing a more inclusive STEM education that can respond to the complex and current global
problems associated to climate change. Hence, we are aware that to promote girls’ interest towards STEM
education, it is not sufficient to simply include climate change as part of the curriculum. Similarly, if the challenge
is to make male students more interested in climate change, then the solution should not be simply to attract them
through greater focus on engineering and design. Knowing the relationship between both, STEM attitudes and
climate change attitudes, and exploring the gender distribution, enables reframing and reorienting educational
approaches to engage girls and boys as active learners to disabuse gender-based biases and patriarchal discourses
in STEM learning.
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CONCLUSIONS

The aim of this research was to fill in the gap identified in the literature, which refers to the relationship between
secondary school students’ STEM and climate change attitudes through conducing an exploratory study. We
identified five profiles of students (clusters), based on their different attitudes toward STEM disciplines and climate
change action, collected in their answers to a questionnaire. Within these clusters, gendered distribution associated
to traditional stereotypes are found, where gitls express a higher concern about climate change and lower levels of
interest towards STEM, and boys show less interest towards climate change, but more positive attitude towards
STEM, especially regarding engineering and technology. The gender differences in the clusters identified in this
study are an opportunity to develop more inclusive educational initiatives that better contribute to the achievement
of STEM and climate change education goals from a mutual enrichment.
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