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Introduction: The increasing strategic, economic, social and personal value of scientific, technological, engineering and mathematical (STEM) knowledge in current societies highlights the need for STEM professionals. However, the enrolment rates in STEM careers are decreasing, particularly for some STEM specialties, women, and minorities. This lack of STEM vocation has led to worldwide concern, warranting its research, as many factors may influence career decisions. This study analyses the relationships between students’ perceptions of several characteristics of secondary school science classes and their intentions to enroll in STEM careers. It develops a gender perspective on the issue.

Methods: The quantitative methodology surveys thousands of Spanish 15-year-old students who completed the Relevance of Science Education Second (ROSES-Q) questionnaire from 2021 to 2023. Some items about vocational intentions and school science classes were drawn from the ROSES-Q to explore the abovementioned relationships through linear regression analysis.

Results: The results show that students’ intentions to pursue STEM careers approximately amount to one-third of the sample, and boys’ rates are significantly higher than girls’ rates. The items of school science classes reached their agreement peak in “science is interesting,” “increased my curiosity” and “the importance of science for our way of life,” whereas “becoming more critical and skeptical” obtained the lowest score. Most gender differences in these items were not statistically significant. Six school science class items significantly predicted the students’ degree of STEM vocation by sharing 46.1% of their common variance. In decreasing order of prediction power, the six significant predictors are “liking school science better than most other subjects,” “helping to understand sustainability solutions,” “becoming more critical and skeptical,” “importance of science for our way of life,” “difficulty of school science,” and “opening my eyes to new and exciting jobs.”

Discusion: The implications of this study for promoting STEM vocations suggest that teachers carefully cultivate those relevant characteristics of school science classes through appropriate pedagogies and inclusive and equitable contexts for all, especially for girls.
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1 Introduction

At the end of the twentieth century, the emergence of information and communication technologies (ICTs) expanded the STEM field, and in the twenty-first century, artificial intelligence and its associated technologies have created new challenges and demands on the economy, industry, employment, jobs, training and education (Chaurasia and Juang, 2022).

For years, governments (European Commission, 2004), researchers (Blickenstaff, 2005; Caspi et al., 2020; Palmer et al., 2017) and organizations (OECD, 2016b) have followed up on the decreasing rates of STEM enrolment due to its importance for economic and social progress. The development of students’ STEM vocations has now become a common concern of authorities, employers and science educators.

Furthermore, gender studies underline females’ lower participation in STEM and the negative consequences of discarding many capable and valuable women for unjustifiable social, educational and psychologically discriminatory reasons (Danielsson et al., 2023).

Among the multiple factors that influence the choice of a STEM career, this study aims to explore the students’ perceptions of school science classes for several reasons. First, school science classes are currently the most institutional, regulated, systematic, perdurable, and high-quality form of contact with STEM for the vast majority of students, as school science used to be a compulsory subject in school curricula from childhood to youth. Hence, analysing the influence of science lessons on the development of students’ STEM vocations is relevant. Second, school factors fostering STEM vocations can be controlled through designing educational interventions, pedagogies and methodologies. Third, earlier studies revealed that the characteristics of school science classes were empirically more important than other science-related attitudinal factors (Vázquez-Alonso and Manassero-Mas, 2009a,c).

Overall, this study aims to determine Spanish students’ current STEM career aspiration rates, their perception of school science classes, the specific characteristics of school science classes that may influence their STEM vocation, and their variability by gender. Thus, this study is expected to pinpoint the characteristics of school science that may significantly contribute to fostering STEM vocations in youth by strengthening them in science teaching characteristics.



2 Literature review

Current knowledge societies and their personal, job and social challenges are deeply rooted in STEM knowledge. For example, perennial environmental problems run deep, and the COVID-19 pandemic, although the last challenge, is not the least important and pervasive. International organizations such as the OECD (2019) and the European Union (European Commission, 2004), look closely at education, particularly STEM education, because STEM literacy plays a key role in countries’ economic and social development and in the personal, job, cultural and democratic aims of participatory and literate citizenship.

During the 21st century, large-scale international educational evaluations, trends in international mathematics and science studies (TIMSS, Mullis et al., 2021), and the Program for International Student Assessment (PISA; OECD, 2019) presented a striking paradox: the highest-scoring students tended to show low interest and poor attitudes toward science (OECD, 2016a,b). These affective obstacles harm personal and social interests in the long term. In contrast, positive attitudes toward STEM contribute to improved learning and many other affective and social features, such as STEM vocations (Fensham, 2009). López Rupérez et al. (2019) analysed Spanish 2015 PISA data, reporting that the rate of the expectation to land a STEM job at age 30 is 15.3% in Spain and 14.5% in the region of the Balearic Islands.

This literature review involves the main issues of this study, namely, the presentation of the current rates of STEM participation in Spain, the STEM vocation in science education research, the gender gap in STEM, and the relevance of science education project.


2.1 Current STEM participation in Spain

The Spanish educational system presents students with the first important decision to choose study specialties at the end of compulsory secondary education (CSE;10th grade), where they must choose between high school or vocational educational training (VET). For both alternatives, students can choose a science modality in high school or a STEM family of VET (or drop-out). Two years later, the students may access the university, and at this point, they can again choose a STEM career. The current numbers of both selections and their gender differences are computed from the raw data of the official educational statistics of Spain to establish the quantitative frame of STEM choices (Table 1).


TABLE 1 Elaboration analysis of the official statistical data to estimate the choice rate of STEM studies by males and females aged 16 years in the transition from the 4th grade of CSE to the post-CSE year (high school or vocational educational training).


	Source
	Courses
	Variable
	Global
	Males
	Females



	
	
	
	Spain
	Balearic Islands
	Spain
	Balearic Islands
	Spain
	Balearic Islands





	Official statistics
	2020–21
 4th grade CSE
	Enrolment
	467410
	10991
	234484
	5647
	232926
	5344



	Promotion
	410163
	9630
	200460
	4803
	209703
	4827



	2021–22
 high school

	Enrolment
	341654
	7159
	158353
	3299
	183301
	3860



	Sciences
	157295
	3152
	81910
	1666
	75385
	1486



	2021–22
 VET
	Enrolment
	92943
	2388
	52076
	1435
	41237
	953



	Calculated estimates
	Dropout*
	N
	32813
	1445
	24055
	913
	8388
	531



	STEM
 high school
	Science choice rate%
	33.65
	28.68
	34.93
	29.50
	32.36
	27.81



	STEM
 VET branches
	STEM
	54179
	1220
	35307
	839
	18658
	401



	STEM rates%
	58.29
	51.12
	67.80
	58.45
	45.25
	42.11



	Total STEM
	High school
 + VET
	211474
	4372
	117217
	2505
	94043
	1887



	Rate%
	45.24
	39.78
	49.99
	44.36
	40.37
	35.32






*The school dropout rates between 2021 and 2022 were 8% (Spain) and 15% (Balearic Islands) and are applied to compute the figures in this row.




The first-choice rate compares the CSE (10th grade) cohort in 2020-21 and the same cohort the next year, 2021–2022 (Ministry of Education, 2023). Students’ dropout rate is estimated by applying the average dropout rate of Spain from Zancajo and Bueno (2023). The results show that roughly one-third of the students choose high school science (Balearic Islands 29% – Spain 34%), and over half choose STEM in VET (51%–58%). Thus, the total cohort displays a mean STEM orientation (40%–45%) with significant gender differences. Overall, the percentage of students who chose STEM studies (high school science and STEM VET) in the Balearic Islands was 38.78% (males 44.36%; females 35.32%).

The figures of the 2021–22 academic year for higher education show the rate of Spanish STEM choices (Ministry of Universities, 2023). The women’s rate is higher than the men’s rate in undergraduate studies of health sciences (71.8%), education (70%), arts and humanities (62.7%) and social and legal sciences (60.3%). The overall percentage of women in science is balanced (50.8%), lowers in engineering, architecture, science and health is (38.79%), and a minority in engineering and architecture (26.5%), and computer science, industry and construction (15%).

The Survey of Social Perception of Science and Technology [Fundación Española para la Ciencia y la Tecnología (FECYT), 2023] shows that fewer younger people (15–24 years) believe the scientific profession (45%) is attractive than the overall sample. However, youth consider more personal compensation (58%) and also some negative characteristics, such as low pay (51%) and no job stability (56%), so, satisfaction, salary or stability do not seem to be the causes of the scientific profession’s low attraction for young people.

Most 15–18-year-old Spanish students (77%) expressed attraction toward STEM careers and professions despite finding them difficult to learn, but only 33% chose STEM studies. Moreover, some negative gender models related to technologies and engineering were detected (EVERIS, 2012). Gender and sociocultural level are key for choosing STEM studies, as 44% of high-sociocultural level students chose STEM, whereas only 24% of low-sociocultural students chose STEM. In addition, 51% of the boys from high sociocultural backgrounds choose STEM, contrasting with 38% of the girls, and 20% of girls from low-sociocultural backgrounds who choose STEM.



2.2 STEM vocation in science education research

According to 2022 European statistics, the number of people employed in STEM (52% women) has increased by 2.5% compared to 2021. Scientists and engineers of the European Union constitute 23.7% of the total professional category, which also increased by 3.6% compared to 2021. Female scientists and engineers were underrepresented (41% in 2022), but their figures grew by almost 50% the next year1. The European panel data (2013–2018) showed that there were twice as many male STEM graduates as females (Gaweł and Krstić, 2021).

For years, the few students who chose STEM contrasted with the high demand for STEM professionals generated by techno-scientific development. This gap is a cause for international concern due to its social (employability and social mobility), economic (development and competitiveness), cultural (participatory citizenship), labor (employment), educational (literacy) and personal (health) implications (Archer Ker et al., 2013; Bøe et al., 2011; Holmegaard et al., 2014).

The key issue in the analysis of STEM vocation decisions in specialized literature is their multiple influencing factors (sex, age, education, family, social factors, ability, identity, etc.), which have been extensively explored through professional surveys and inventories in many scholarly studies aimed at understanding and explaining the reasons underlying the decisions to pursue STEM fields (e.g., Caspi et al., 2020; Lyons et al., 2012; Palmer et al., 2017; Vázquez-Alonso et al., 2013).

Career choice decisions have long been studied from the psychological, educational and social perspectives (McClelland, 1987), where the social cognitive theory (Bandura, 1997), the self-determination theory (Ryan and Deci, 2000), the vocational personality theory (Holland, 1997) and the gender role theory (Eccles, 2014) are the key theoretical frameworks that inspire the understanding and interpretation of adolescents’ expectations and job choices, as well as their gender and generational differences. Job choice is a dynamic process that develops from birth to working age, along with the complex fit and interactions among individuals’ identities, self-concepts, skills, cognitions, attitudes, interests, expectations, aspirations and needs, and that parallels their perceptions of work, family, society and their mutual relationships.

The STEM career choice model of the ASPIRES project involves multiple factors in three areas: education (schools, teachers, school science and educational guidance), social representations of science (male science, science for intelligent people, etc.) and capital-related inequalities (scientific capital, specific inequalities and risks, and other passions and capitals). The complex interaction between these factors and students’ personal identities and aspirations leads to decisions of recognition, achievement and continuity in STEM (Archer Ker et al., 2013), which recall the motivational needs proposed by McClelland (1987) and Ryan and Deci (2000).

More than 80% of the young people surveyed by Archer Ker et al. (2013) agreed that “scientists are brainy,” and this social representation of scientists and scientific careers discourages many young people, who do not consider themselves intelligent enough, and conclude that STEM careers are not for them (Jenkins and Nelson, 2010). In the same vein, the image of STEM careers concerning gender (male), ethnicity (white) or social class (elitist) projects a problem of inequalities because women, some races and some social classes perceive themselves as misfits in STEM. This is a particular case of a global issue within work and organizational psychology, which highlights the importance of the (real or perceived) (mis)match between jobs and actors’ personal competencies (i.e., sense of self-efficacy) (Kjćrnsli and Lie, 2011; Robbins and Judge, 2016).

Various agencies (schools, teachers, peers, family, etc.) also shape people’s vocational choices. For example, families strongly influence the STEM aspirations of 14-year-old students through the family’s scientific capital, which is based on family members’ STEM qualifications, understanding, knowledge (of science and how it works), interest, and social contacts (e.g., acquaintances who have a STEM job). Students from families with medium or high scientific capital are more likely to study STEM after age 16 (Archer et al., 2015; Archer et al., 2010). The research of Archer et al. (2015) implements the concept of science capital across eight dimensions, namely, scientific literacy; science-related attitudes; values and dispositions; knowledge about the transferability of science; participation in out-of-school science learning contexts; science media consumption; family science skills; knowledge and qualifications; knowing people in science-related roles; and talking about science in everyday life (DeWitt et al., 2013; Moote et al., 2020, 2021).

Other studies underline the key role of the psychological adjustment between identity, personal aspirations, and STEM image as a determining factor in choices. Taconis and Kessels (2009) reported that academic choices can be predicted by students’ perceived similarity with prototypical images of studies. Even when controlling for some traits (consistently related to the inclination toward science), students’ academic choices still depend on their perception of their similarity with their prototype of a science person. Furthermore, many students do not choose STEM because they perceive the field as too rigid, stable and fixed, thus making it too narrow a way to develop and build desirable personal identities. In the case of women, the masculine and brainy image of STEM conflicts with many women’s individual identities (Holmegaard et al., 2014).

The vocational literature also focuses on academic and career guidance to help students make the best career choices. Educational counselors consider that the one-size-fits-all approach does not work (Bondie et al., 2019). Therefore, individuals need different levels and kinds of support at various stages of their schooling (Blenkinsop et al., 2006). Although quality counseling and guidance benefit young people in building on their aspirations, this perspective tends to be cautious and non-specific, as it uses case studies. Hence, some researchers consider that vocational guidance is scarce and tardy, causing young people to have a narrow vision of tasks and professions and limiting their opportunities to imagine themselves as STEM professionals (Archer Ker et al., 2013). In this context, guiding and increasing personal awareness of the variety of STEM careers and professions and the multiplicity of opportunities that can unfold from STEM studies requires offering a broader and more equitable image of science. Personalization requires developing an individual’s capacity to imagine the professional future within STEM and challenging the potential mismatch between one’s identity and the image of STEM professionals (DeWitt et al., 2013; Osborne and Dillon, 2008).

Science education pays special attention to and highlights the influence of educational factors on STEM vocations (e.g., Archer Ker et al., 2013; Vázquez-Alonso and Manassero-Mas, 2008b). This view usually proposes adaptations and adjustments to the form and contents of science courses to meet the interests of those who choose science (and those who do not) to improve their job expectations and aspirations (Holmegaard et al., 2014; Vázquez-Alonso and Manassero-Mas, 2009a), as well as to adequately situate career decision-making in each cultural context (Bøe et al., 2011). From this view, this study aims to analyse students’ choices based on their perceptions of and experiences in school science classes.



2.3 STEM and the gender gap

Inclusion is key to addressing social justice, the lack of diversity in STEM classrooms, and the consequent gaps in different groups of students’ STEM engagement and attainment. The literature widely shows that girls, disabled youth, and students from some ethnic or disadvantaged backgrounds are underrepresented in school STEM education. Gender differences in STEM are the most discouraging findings because they negatively impact the equity, inclusion and social justice of STEM learning and recruitment (Archer Ker et al., 2013; Carlone and Johnson, 2007).

The low proportion of girls in STEM careers and occupations is a major concern in many countries because female talent is lost for negligeable reasons, which contradicts the widely accepted social commitment to gender equity. The report of the World Economic Forum (2017) revealed that, on average, men are underrepresented in the fields of education, and health and wellness, whereas women are underrepresented in STEM fields. The Spanish education system divides studies into vocational studies and high school, with the latter encompassing a majority of girls (53.5%). Subsequently, university students are divided into STEM careers and non-STEM careers, with the former accounting for 52.7% of the girls. Although Spanish global statistics do not reveal any visible gender gap, it is concealed in some STEM careers (physics, engineering or computer science), where women’s rates are very low (see Section 2.1).

Women’s underrepresentation in STEM careers has been heavily researched, and two meta-analyses stand out. Blickenstaff (2005) analysed the gender gap (1970–1991) and proposed nine causal factors: biological differences, academic preparation, attitudes toward STEM, lack of role models, curriculum, pedagogy, “cold” climate in STEM classes, socialization of gender roles, and epistemological differences. Kanny et al. (2014) investigated the STEM gender gap over four decades (1970–2010) and identified the following predominant explanations: individual background, structural barriers in education, psychological factors, values and preferences, family influences and expectations, and perceptions of STEM fields.

The low proportion of women transmits a stereotypical male image and supremacy in STEM, which decreases (increases) the choices of young women (men), leading to the mutual reinforcement of stereotypes and gender gaps in interest in STEM and career-related choices. Penner (2015) grouped the empirically relevant factors of the STEM gender gap along an individual category (psychological and personal preferences, neutral materials, anxiety, self-efficacy, etc.) and a social category (stereotypes, families, teachers, etc.), although the two categories interact with each other (Olmedo-Torre et al., 2018). Furthermore, Cheryan et al. (2017) suggested a three-category model: the stereotypical male image of STEM; the deficit of women’s prior experiences in computer science, engineering and physics; and women’s lower perception of self-efficacy.

The persistent action of the male STEM stereotype has been widely proven because students—especially very interested men and women who are less identified—continue to perceive STEM as a male domain despite the increase in the number of women. This stereotype hinders women’s identification with STEM subjects and studies, negatively affects their self-concept and interests, and impedes their pursuit of a STEM career. Makarova et al. (2019) show that stereotypes drive aspirations for STEM careers, as female and male secondary students perceive mathematics, physics, and chemistry as male subjects,(in decreasing order of masculinity). Furthermore, secondary school females perceive all three subjects as a male domain much more strongly than males do. Women who chose STEM careers as their higher education career perceived the three subjects as less masculine than women who chose other careers did. In sum, a strong male image decreases the likelihood of women choosing a college STEM major.

In summary, the above research reveals the multifaceted complexity and mutual overlap of the factors influencing young people’s STEM choices. For example, in addition to their teaching role, science teachers may jointly perform as social role models of trained scientists and advisers in STEM. A tentative four-category taxonomy may account for factor complexity based on the factors’ main affinity.


	•Personal category: interest and enjoyment, academic ability, self-efficacy and confidence, sex, age, identity, etc.

	•Social category: role models and mentors; family and peer influence; and social and real-world authenticity, value and relevance.

	•Educational category: the quality of STEM education, experiential learning opportunities, career exploration and guidance and teacher influence.

	•Contextual category: cultural and societal factors, exposure to STEM extracurricular activities, cultural stereotypes (gender, race and minorities) and economic factors.




Most STEM vocational literature (i.e., Moote et al., 2020; Carlone and Johnson, 2007) is qualitative and oriented to STEM social inequities, whereas factors intrinsic to STEM education are often overlooked in research. This study empirically researches the impact of science classes on STEM vocation.



2.4 The relevance of science education

At the beginning of the twenty-first century, the Relevance of Science Education project (hereinafter referred to as the Rose-2002) gave voice to students worldwide to express their attitudes toward STEM. Young people in Western countries have expressed a general pattern of disappointment with STEM and shown many gender differences, with a dramatic gap in STEM careers, as few Western adolescents, especially very few girls, want to become scientists or technologists (Schreiner and Sjøberg, 2019; Sjøberg and Schreiner, 2019).

In particular, the profile of responses to items about “science classes in school” revealed that school science was less interesting than other school subjects, with a strong pattern of gender differences (girls from developed countries were far less interested than boys were). The claim that “science has opened my eyes to new and exciting jobs” showed the lowest proportion of agreement in developed countries and large gender differences. Three statements about school science learning (how to take care of my health, increasing my curiosity and showing the importance of STEM for our way of life) showed that in most European countries less than half of the respondents agreed (Schreiner and Sjøberg, 2019; Sjøberg and Schreiner, 2019). This lack of relevance of school science undermines aspiration and interest in STEM, and in the long term, it also harms society. Thus, teaching positive attitudes toward STEM should be an important learning objective, as it is worthwhile for educational, personal, job and social welfare (Fensham, 2009).

Spanish adolescents did not conform to the previous pattern. For example, Spanish gender differences are the lowest in Western countries (Vázquez and Manassero, 2007). Vázquez and Manassero, 2008a; Vázquez-Alonso and Manassero-Mas, 2009b analysed the prediction of students’ STEM choices across some attitudinal factors, gender and type of education, finding that school science attitudes are the most influential factors because they are significant predictors across all subgroups of students.

A replication of the ROSE-2002, called ROSE Second (ROSES-2020), was launched to update the evidence on young people’s attitudes toward STEM worldwide (Jidesjö et al., 2021; Oskarsson et al., 2019). In a renewed, updated and evidence-based framework, the ROSES-2020 project gives voice to students to empirically collect the attitudinal aspects and contexts of their school science. The emphasis on students’ voices means they have a in their education, and the literature on students’ voices recommends paying attention to their opinions and commitments to motivation and learning (Quaglia and Corso, 2014).

The innovation of the ROSES-2020 project shifts from conventional cognitive knowledge (such as the TIMSS and PISA) to the affective and attitudinal criteria for success in education (interest, positive attitudes, willingness to become involved in STEM issues, understanding their importance for personal, job and social goals, appraising their impact on well-being, culture, the environment, etc.). This attitudinal shift in science education is closely linked to fostering sustainable, long-lasting, lifelong outcomes in STEM learning; improving literacy, motivation, and participation in STEM (school subjects, careers and jobs); and increasing gender diversity in STEM teaching.

Aschim et al. (2021) presented some previous results from the ROSES-2020 in school science in Norway. The proportion of Norwegian students who agreed that school science is interesting was high (68%), and the proportion of students who liked school science better than most other subjects increased from 33% (ROSE-2002) to 41% (ROSES-2020). However, other items hardly changed (school science opens one’s eyes to new and exciting job, and school science is useful in daily life). Norwegian boys’ and girls’ perceptions of school science were both nuanced and interesting, as gender differences decreased considerably and even reversed in some respects (school science is useful in daily life and has opened my eyes to new and exciting job).

This study draws on ROSES-2020 Spanish data to explore students’ perceptions of school science classes, their gender differences, and their STEM vocation choices taking into account the previous literature review on STEM participation in Spain, STEM vocations, and the gender gap. The research questions of this study are as follows:


	•What are the current aspiration rates of Spanish students regarding future STEM studies?

	•How do students perceive some characteristics of their school science classes?

	•Which are the best and worst perceived characteristics by gender?

	•How does the perception of school science classes influence future STEM vocation?

	•What school science characteristics are the strongest predictors of STEM vocation by gender and future choices?







3 Materials and methods

This section displays the sample of Spanish participants, the ROSES-2020 research instrument and the procedures and statistics developed in this study.


3.1 Participants

The target group of the ROSES was 15-year-old students (the same as the PISA) because they had just finished their compulsory education and were beginning their choices of future academic trajectories. A convenience, random sample of 2154 students anonymously completed the ROSES-2020 questionnaire (ROSES-Q). They were informed about their freedom to leave questions unanswered, the anonymity of their answers to the survey, and their voluntary participation.

The responses were refined according to various quality criteria described in the Procedures section to eliminate invalid responses. After refinement, the valid sample of this study consisted of 1909 students (959 girls, 868 boys and 82 who preferred not to respond), with a mean age of 14.9 years (Table 2). As the students could leave items unanswered, the sample with complete data was smaller: 1696 students (837 girls, 786 boys and 73 unidentified), with a mean age of 15.0 years (Table 3).


TABLE 2 Distribution of the total valid sample by sex.


	GENDER
	N
	%
	Valid%
	Cumulative%





	Girl
	959
	50.2
	50.2
	50.2



	Boy
	868
	45.5
	45.5
	95.7



	No answer
	82
	4.3
	4.3
	100.0



	Total
	1909
	100.0
	100.0
	







TABLE 3 Distribution of the total valid sample as a function of the next choice variable by gender.


	Next choice*
	Statistics
	
	Gender
	
	Total



	
	
	Girl
	Boy
	No reply
	





	
	N
	268
	304
	22
	594



	Science
	% Columns
	32.00%
	38.70%
	30.10%
	35.00%



	% Row
	45.10%
	51.20%
	3.70%
	100.00%



	N
	185
	129
	20
	334



	Other
	% Columns
	22.10%
	16.40%
	27.40%
	19.70%



	% Row
	55.40%
	38.60%
	6.00%
	100.00%



	N
	384
	353
	31
	768



	It depends
	% Columns
	45.90%
	44.90%
	42.50%
	45.30%



	% Row
	50.00%
	46.00%
	4.00%
	100.00%



	N
	837
	786
	73
	1696



	% Row
	49.40%
	46.30%
	4.30%
	100.00%






*If you have to choose to study between a science or technology subject and a different subject next year, what would you decide? (Answers: science, another subject, it depends).




The surveyed students attended 23 secondary schools (14 public and 9 private) throughout the geography of the island of Mallorca (Spain). According to official Spanish statistics of education (Ministry of Education, 2023), the population involves 23,127 students, and the proportion of students enrolled in public schools is 61.95%. This proportion in our sample is 61.80%, almost the same; furthermore, when computed in the most unfavorable conditions (p = q = 0.50), the sampling error is ± 2.1%. These indicators support the representativeness of the sample concerning the population.



3.2 Materials and instruments

The ROSES-2020 research instrument (ROSES-Q) is an anonymous survey developed by an international team of experts in science education to empirically collect diverse students’ affective data (attitudes, opinions, perceptions and preferences) on their experiences related to STEM education during their compulsory education both within (classes, curricular issues, use of technologies, etc.) and outside the school (future work, extracurricular activities, vocation, etc.) (Jidesjö et al., 2020). The ROSES-Q also collects some personal background variables (e.g., sex, age and future choice of STEM school subjects). Jidesjö et al. (2020) justified the development of the RoseS-Q on the basis of the statistical and validation analysis of a previous version (Sjøberg and Schreiner, 2019) and a piloting of the new version in four countries. RoseS-Q presents 167 Likert-type items considered key for the relevance of science education and grouped by thematic affinity into seven categories.

Each of these experiences is developed in the questionnaire through a specialized scale, which includes interest in curricular content (scales A, C, E), priorities and motivations for a future job (B), views on environmental challenges (D), school science classes (F), perceptions of the role of STEM in society (G), use of ICT at home and in school (H), participation in STEM-related extracurricular experiences (I) and two short open essays. The scale “My science class” asks students, “To what extent do you agree with the following statements?” It then presents ten statements that depict various features of science classes at school. The students’ responses to them show their attitudes and perceptions toward school science and are used in this study (Table 4).


TABLE 4 Descriptive statistics of the responses to the items of the “My Science Class” scale.


	Items
	N
	Range
	Minimum
	Maxim.
	Mean
	Standard
	Std. Dev.
	Skewness
	Standard Error
	Kurtosis
	Standard error





	[1]*
	1675
	3
	1
	4
	2.65
	0.025
	1.012
	−0.165
	0.060
	−1.076
	0.120



	[2]
	1670
	3
	1
	4
	2.98
	0.023
	0.953
	−0.564
	0.060
	−0.675
	0.120



	[3]
	1624
	3
	1
	4
	2.43
	0.025
	1.001
	0.090
	0.061
	−1.056
	0.121



	[4]
	1643
	3
	1
	4
	2.38
	0.028
	1.116
	0.123
	0.060
	−1.350
	0.121



	[5]
	1638
	3
	1
	4
	2.48
	0.023
	0.939
	0.006
	0.060
	−0.887
	0.121



	[6]
	1578
	3
	1
	4
	2.20
	0.025
	0.999
	0.349
	0.062
	−0.962
	0.123



	[7]
	1637
	3
	1
	4
	2.72
	0.026
	1.067
	−0.267
	0.060
	−1.179
	0.121



	[8]
	1615
	3
	1
	4
	2.66
	0.025
	0.992
	−0.186
	0.061
	−1.008
	0.122



	[9]
	1608
	3
	1
	4
	2.44
	0.025
	1.009
	0.042
	0.061
	−1.087
	0.122



	[12]**
	1602
	3
	1
	4
	2.30
	0.024
	0.981
	0.194
	0.061
	−0.995
	0.122






[1] School science is a difficult subject. [2] School science is interesting. [3] Scholl science has opened my eyes to new and exciting jobs. [4] I like school science better than most other school subjects. [5] The things that I learn in science at school will be helpful in my everyday life. [6] School science has made me more critical and skeptical. [7] School science has increased my curiosity about things we cannot yet explain. [8] School science has shown me the importance of science for our way of life. [9] School science has taught me how to take better care of my health. [12] School science has helped me to understand sustainability solutions in my everyday life.

*The scores of this item must be reversed because its content is negative.

**Item not included in the Rose-2002.




The wording of the items is direct, simple and brief, and the responses are rated on a four-point Likert scale (disagree 1-2-3-4 agree). Students mark the number that best represents their attitude in each item. Note that the first sentence (“School science is a difficult subject”) has a negative connotation, as it is a negative perception (difficulty) of school science. The inclusion of phrases with negative content is a common practice in the construction of rating scales to compensate for respondents’ acquiescence bias, which hinders the validity and reliability of the instruments (Suárez-Alvarez et al., 2018). Evaluating negative sentences requires reversing the interpretation of the scores to reach the same meaning and value for positive and negative items.



3.3 Procedures

Data collection was carried out in 2021 and 2022 digitally, anonymously and online. The teachers of each participating school applied the ROSES-Q to their students through online links as a class assignment, all using the same application protocol and with the researchers support and collaboration to clarify doubts and to ensure quality and consistency during the survey process.

The researchers cleaned the database by eliminating individual registers that fit the following criteria: registers with very few or isolated responses (199); humorous, jocose or offensive responses (43); homogeneous response patterns (38); or inconsistent (random) responses (86).

Students’ responses to the My Science Class scale constitute the basic data for this study, whose valid responses were analysed with the SPSS26 package to establish the descriptive parameters of the variables and the statistical significance of the group differences, as well as to perform linear regression and other analyses. Furthermore, the xFactor12.01.02 program develops structural equation models that combine exploratory and confirmatory analysis, applies the Solomon method that splits the sample in two equivalent subsamples for computations, estimates the asymptotic covariance/variance matrix by using bootstrap sampling, determines the number of dimensions through the optimal implementation of parallel analysis (PA), applies the Robust Unweighted Least Squares (RULS) method for factor extraction, and robust Promin rotation to achieve factor simplicity, and assess several indices of reliability. The computations are based on polychoric correlations, which are appropriate for ordinal scores that may violate normality (Ferrando and Lorenzo-Seva, 2017, 2018; Lorenzo-Seva and Ferrando, 2019).

Group comparisons were assessed with the probability of statistical significance for hypothesis testing and the statistical effect size (d, eta-squared) to measure the relevance of group differences. The differences are relevant when Cohen’s d is greater than 0.4 (large differences, d > 0.8) and the eta-squared value is greater than.04 (large differences, η2 > 0.14), although, in education, differences slightly lower than the previous cut-off points are often considered relevant.




4 Results

This section displays the descriptive statistics of the three variables that define scientific vocation and the ten aspects of science classes. Next, group differences in these variables and the empirical correlations between scientific vocation and various aspects of science classes are analysed.


4.1 The STEM vocation

To represent STEM vocation, a new variable (STEM_VOCATION), which is based on three items of the ROSES-Q that embody students’ direct behavioral intentions toward STEM studies, was created. The first two items ask students to indicate their degree of agreement (on a 1–4 Likert scale) with the phrases “I would like to become a scientist” and “I would like to get a job in technology.” The third item asks students about their choice between a science/technology subject and another subject (choice scoring: science/technology, 4 points; another subject, 1 point; it depends, 2 points).

The STEM_VOCATION variable is defined as the sum of the scores of these three variables, so it has a nine-point range (3–12). The highest score (12) corresponds to a profile of maximum STEM vocation, involving the highest score in all three components (choice of the science subject, maximum agreement with the intention of becoming a scientist, and working in technology). The opposite is true for the lowest score (3) and proportionally for the intermediate scores (Table 5).


TABLE 5 Descriptive statistics of the three variables (10, 11 and next choice) that form the STEM_VOCATION variable (proportion of the direct responses and some central parameters).


	Vocation variables/answers
	Valid cases
	Descriptive statistics



	
	N
	%
	Cumulative%
	Score
	Parameters





	10. I would like to become a scientist



	
	1 Disagreement
	775
	47.9
	47.9
	1.96
	Mean



	2
	330
	20.4
	68.3
	0.027
	Std. error



	3
	310
	19.1
	87.4
	1.083
	Std. deviation



	4 Agreement
	204
	12.6
	100.0
	0.666
	Skewness



	Total
	1619
	100.0
	
	−0.967
	Kurtosis



	Missing values
	290
	
	
	
	



	Total
	1909
	
	
	
	



	11. I would like to get a job in technology



	
	1 Disagreement
	650
	40.0
	40.0
	2.13
	Mean



	2
	368
	22.6
	62.6
	0.027
	Std. error



	3
	352
	21.7
	84.3
	1.108
	Std. deviation



	4 Agreement
	255
	15.7
	100.0
	0.434
	Skewness



	Total
	1625
	100.0
	
	−1.211
	Kurtosis



	Missing values
	284
	
	
	
	



	Total
	1909
	
	
	
	



	Next subject choice



	
	4 science/technology
	594
	35.0
	35.0
	2.10
	Mean



	1 Other subject
	334
	19.7
	54.7
	0.022
	Std. error



	2 It depends
	768
	45.3
	100.0
	0.891
	Std. deviation



	Total
	1696
	100.0
	
	−0.202
	Skewness



	Missing values
	213
	
	
	−1.710
	Kurtosis



	Total
	1909
	
	
	
	



	STEM_VOCATION



	
	3.00
	177
	11.5
	11.5
	6.60
	Mean



	4.00
	268
	17.5
	29.0
	0.065
	Std. error



	5.00
	133
	8.7
	37.7
	2,555
	Std. deviation



	6.00
	218
	14.2
	51.9
	0.295
	Skewness



	7.00
	170
	11.1
	63.0
	−0.969
	Kurtosis



	8.00
	161
	10.5
	73.5
	
	



	9.00
	164
	10.7
	84.2
	
	



	10.00
	126
	8.2
	92.4
	
	



	11.00
	69
	4.5
	96.9
	
	



	12.00
	48
	3.1
	100.0
	
	



	Total
	1534
	100.0
	
	
	



	Missing values
	375
	
	
	
	



	Total
	1909
	
	
	
	






The descriptive statistics of the behavioral variables toward a STEM vocation in the sample of students show that a minority of students intend to become scientists, as only 31.7% responded with one of the two agreement options (3–4) on the Likert scale (Table 5). This means that most students (68.3%) would not like to become scientists. Concerning the expectation of getting a job in technology, 37.4% of the students responded with one of the two agreement options on the Likert scale (3–4), whereas 62.6% disagreed. Regarding the choice between a science subject and other subjects, 35% of the students stated that they would choose the science subject, whereas 19.7% indicated that they would choose the other (non-science) subject, and 45.3% suspended their decision (“it depends” on the nature of the non-science subject).

The profile of the composite STEM vocation variable shows that 63% of the students would score in the lower half of this variable’s scale and, complementarily, 37% would fall within the highest scores of its range (8–12). Overall, these results indicate that indicate that 31.7%–37.4% of Spanish 15-year-old students intend to pursue STEM studies.

The above percentage figures can also be expressed in weighted average scores, which synthesize the position of the variables on a single global centralizing parameter within the range of each variable (Table 5, right column). The weighted average of the intention to be a scientist in ROSES-2020 is approximately the same as that in ROSE-2002, but the expectation of a job in technology has significantly increased, and the effect size of the difference was not negligible (d = 0.21).

Table 4 presents the descriptive statistics of the My Science Class scale items in the sample of students, including their weighted averages. The items that achieve the highest average agreement are “School science is interesting” (2), “School science has increased my curiosity about things we cannot yet explain” (7) and “School science has shown me the importance of science for our way of life” (8). On the other hand, the item that obtained the lowest average agreement is “School science has made me more critical and skeptical” (6).



4.2 Comparison with previous results of the ROSE-2002

The average results of the ROSES-2020 were compared with the results obtained in the previous wave (ROSE-2002) across the nine shared items, whose wording was the same in both studies (Figure 1). The main characteristic shows that the profiles of the nine-item averages at the two time points are approximately parallel, despite the insignificant crossings of the two lines. Furthermore, both profiles present the relative maximums and minimums on the same items, showing that the students’ attitudinal patterns across the nine items are quite similar in both waves.


[image: Line graph comparing data from ROSES-2020 and ROSE-2002. The blue line for 2020 shows peaks at points 2 and 7, and a dip at point 6. The red line for 2002 has peaks and dip at the same points  Both datasets fluctuate similarly across the nine points, yet the 2020 blue line scores above the 2002 red line.]
FIGURE 1
Profiles of the weighted averages across the nine shared items between ROSES-2020 and ROSE-2002. Source: authors’ elaboration.


In addition to the overall similarity between the two profiles, Figure 1 also shows that the average scores of ROSES-2020 tend to be higher (higher degree of agreement) than those of their ROSE-2002 counterparts, confirming a slight improvement over the ROSE-2002 results. However, no difference was relevant as the effect size was small (d < 0.20), even in the three items that presented the highest differences (Item 2 “Interesting,” Item 3 “New jobs” and Item 6 “Critical/skeptical”). The only exceptions to this improvement trend were Items 7 (“Curiosity”) and 1 (“Difficulty”), the latter owing to the reversed interpretation of scores for this negatively worded item, yet both show close-to-zero differences.



4.3 Gender differences

The comparison between boys and girls across the items of science classes yields some significant findings (Figure 2). Overall, boys’ means tend to be higher than girls’ means, as in most items (7 out of 10 items), boys score higher than girls. This trend also includes Item 1 (difficulty of science) because, when considering its negative formulation, boys disagreed more than girls about the difficulty of science; that is, boys considered science easier than girls.


[image: Line graph depicting three data sets in blue, red, and green over twelve intervals. All lines show fluctuations, peaking around the second and seventh intervals, with a general downward trend towards the twelfth interval.]
FIGURE 2
Weighted means of the items of the “My Science Class” scale for girls (red line), boys (blue) and the group that did not reveal their gender (green). Source: authors’ elaboration.


Most gender differences are not statistically significant, although a few items display statistically significant main gender effects, such as Item 1 (Difficulty of science, F(2, 1672) = 7.781, p = 0.000, η2 = 0.020), Item 4 (I like school science better than most other subjects, F(2, 1640) = 9.564, p = 0.000, η2 = 0.023) and Item 12 (Sustainable solutions for life, F(2, 1599) = 3.690, p = 0.025, η2 = 0.013). However, the small effect size of the differences (η2 < 0.05) suggests that these statistically significant differences cannot be considered relevant.

Finally, the three items in which the girls scored higher than the boys also showed negligible differences. These three items are: “Things I learn in science classes will be helpful in my everyday life,” “School science has shown me the importance of science for our way of life” and “School science has taught me how to take better care of my health.”


4.3.1 Gender differences in vocation variables

This study operationalizes the new STEM vocation variable as the sum of the scores of the three items that embody students’ direct behavioral intentions toward a STEM vocation (“I would like to become a scientist,” “I would like to get a job in technology” and choose between a science subject and another subject’). This section analyses the gender differences in these four variables, which represent behavioral intentions toward a STEM vocation (Table 6).


TABLE 6 Gender differences in the variables of behavioral intentions toward STEM and STEM vocation.


	Vocational variables
	
	N
	Mean
	Std. Dev.
	Standard Error
	F
	η 2
	p-Sig.





	I would like to become a scientist
	Girls
	813
	1.86
	1.059
	0.037
	7.410
	0.009
	0.001



	Boys
	738
	2.08
	1.095
	0.040



	No data
	68
	1.96
	1.139
	0.138



	I would like to get a job in technology
	Girls
	814
	1.76
	1.001
	0.035
	105.1
	0.115
	0.000



	Boys
	742
	2.53
	1.075
	0.039



	No data
	69
	2.23
	1.178
	0.142



	Next subject choice
	Girls
	846
	2.42
	1.149
	0.039
	6.980
	0.008
	0.000



	Boys
	804
	2.61
	1.158
	0.041



	No data
	77
	2.32
	1.175
	0.134



	STEM_VOCATION
	Girls
	959
	6.04
	2.502
	0.088
	40.99
	0.051
	0.000



	Boys
	868
	7.21
	2.498
	0.094



	No data
	82
	6.55
	2.839
	0.355






The ANOVA of the behavioral intention and STEM vocation variables among the gender groups revealed statistically significant main effects between the three gender groups (girls, boys and undeclared gender) for the three behavioral intention items and the STEM vocation variable (p < 0.001). Boys score higher than girls in all four variables,

The exploration of the differences between pairs of the three gender groups indicates that the differences between boys and girls are significant for all four variables. Furthermore, the differences between boys (p < 0.001) and the undeclared gender group (NR) are also significant for the STEM vocation variable. The choice variable includes boys with the highest mean score, the undeclared gender group with the lowest score, and girls with an intermediate score. However, the girl-boy differences are still significant (p < 0.01), albeit irrelevant (negligible effect size). The effect size of the gender differences is large only in the expectation of obtaining a technology job (η2 = 0.115), moderate in the STEM vocation variable (η2 = 0.051), and irrelevant in the case of the aspiration to be a scientist or choosing the school subject variables (η2 < 0.05).




4.4 Correlational analysis of STEM vocation

Some previous analyses of the correlations between the items of scientific vocation and all the items of the Roses-Q showed that the items of the My Science Class scale had the highest correlations with the STEM vocation items compared to the remaining Roses-Q items. This confirms the general intuition that STEM vocation may be deeply forged in science classes and supports this study’s decision to restrict the analyses to science class items.

This section empirically analyses the relationships between STEM vocation and the items of science classes as potential predictors of vocation. The mutual correlations between the science class items and their factor analysis results are presented. The relationships between the STEM vocation and the science class items are subsequently studied in depth through linear regression (Table 7).


TABLE 7 Correlations between science class items (Pearson coefficients in the upper triangle and polychoric coefficients in the lower triangle); the last row presents Pearson’s coefficients between science class items and STEM vocation.


	Science class items
	1
	2
	3
	4
	5
	6
	7
	8
	9
	12





	1
	
	−0.199
	−0.163
	−0.317
	−0.152
	−0.111
	−0.147
	−0.133
	−0.037
	−0.088



	2
	−0.257
	
	0.581
	0.570
	0.497
	0.402
	0.570
	0.534
	0.369
	0.422



	3
	−0.203
	0.677
	
	0.620
	0.552
	0.550
	0.574
	0.547
	0.436
	0.512



	4
	−0.376
	0.679
	0.702
	
	0.490
	0.491
	0.534
	0.489
	0.319
	0.428



	5
	−0.183
	0.592
	0.626
	0.573
	
	0.516
	0.494
	0.550
	0.476
	0.539



	6
	−0.130
	0.502
	0.630
	0.577
	0.598
	
	0.536
	0.532
	0.448
	0.528



	7
	−0.173
	0.671
	0.663
	0.624
	0.582
	0.635
	
	0.627
	0.412
	0.496



	8
	−0.169
	0.624
	0.630
	0.581
	0.635
	0.624
	0.711
	
	0.518
	0.548



	9
	−0.052
	0.449
	0.519
	0.400
	0.555
	0.530
	0.506
	0.608
	
	0.562



	12
	−0.112
	0.511
	0.585
	0.506
	0.611
	0.605
	0.583
	0.635
	0.639
	



	STEM vocation
	−0.236
	0.446
	0.502
	0.641
	0.426
	0.457
	0.444
	0.449
	0.302
	0.434






All the correlations are statistically significant at p < 0.001 (bilateral), except for Items 1 and 9 (non-significant). The valid cases for correlations stand within the range of 1600 > n > 1536 due to incomplete pairs with missing responses.




The most significant finding of the correlations between the science class items is that all correlations are statistically significant (p < 0.001 bilateral), except for the correlation between Items 1 (“Difficult subject”) and 9 (“Learning to take care of health”). The highest correlations (r > 0.70; e.g., between Items 3–4 and 7–8) indicate a high proportion of shared variance (r2 ≅0.50) between these items. At the other extreme, Item 1 (“Difficult subject”) displays the lowest correlations with the remaining items, which are also negative, as can be anticipated from the negative formulation of Item 1.

These overall high correlation coefficients suggest reducing the factors of the science class items. The Kaiser-Meyer-Olkin (KMO) sampling adequacy test (0.933) and Bartlett’s sphericity test (p = 0) yielded excellent scores to perform factor analysis. xFactor applied the Solomon method that splits the sample in two equivalent subsamples (Ratio Communality Index of subsample equivalence 0.997) and the sampling adequacy indices (MSA) for the ten science class items are excellent (nine MSA > 0.9) suggesting all items measure the same domain and none should be removed (MSA < 0.50).

The eigenvalues of the correlation matrix showed a dominant eigenvalue (5.83) and a second eigenvalue close to 1, which suggests a solution of one single empirical factor that explains a significant proportion of variance (0.583) (Table 8). The parallel analysis based on minimum rank factor analysis advises the number of dimensions to one and the closeness to unidimensionality assessment suggest that data can be treated as essentially unidimensional as the mean of item residual absolute loadings (0.215 < 0.30), the explained common variance (0.895 > 0.85), and the confidence interval (0.916, 0.958) of the unidimensional congruence (0.932) includes the thereshold (>0.95). As these parameters acceptably satisfy the one-dimensional criteria, the My Science Class scale can essentially be treated like a unidimensional scale.


TABLE 8 Parameters of factor analysis of the ten science class items through RULS method of xFactor.


	Factor eigenvalues
	Factor variance%
	Item loadings
	Science class items





	5.83
	58.3
	−0.240
	1. School science is a difficult subject.



	1.11
	11.1
	0.769
	2. School science is interesting.



	0.65
	6.5
	0.824
	3. School science has opened my eyes to new and exciting jobs.



	0.47
	4.7
	0.765
	4. I like school science better than most other school subjects.



	0.43
	4.3
	0.772
	5. The things I learn in science classes will be useful in my everyday life.



	0.38
	3.8
	0.758
	6. School science has made me more critical and skeptical.



	0.34
	3.4
	0.813
	7. School science has increased my curiosity about things we cannot yet explain.



	0.28
	2.8
	0.823
	8. School science has shown me the importance of science for our way of life.



	0.27
	2.7
	0.665
	9. School science has taught me how to take better care of my health.



	0.25
	2.5
	0.748
	12. School science has helped me to understand sustainability solutions in my everyday life.






The robust goodness-of-fit statistics indicate that the robustness of the single-factor model is good, as the parameters that are independent of the sample size are very good and above the usual criteria (>0.95): normed fit index (NFI = 0.973), comparative fit index (CFI = 0.979), and goodness-of-fit index (GFI = 0.992). The statistics that depend on sample size are acceptable, albeit moderate, and are likely influenced by the large sample size (χ2 = 219.43, p = 0.00001), root mean square error of approximation (RMSEA = 0.089 close to threshold < 0.08), and χ2/df = 6.3 (close to threshold < 5). Some residual parameters are also considered appropriate to support the model’s goodness of fit: the weighted root mean square residual (WRMR = 0.0599; criterion < 1.0) and the root mean square residual (RMSR = 0.0583, acceptable if close to 0.026).

The ten items of the My Science Class scale reveal excellent scale consistency through different reliability indices: standardized Cronbach’s alpha (α = 0.913), McDonald’s omega (ω = 0.919) and the expected a posteriori reliability (0.933).


4.4.1 Regression analysis of STEM vocation

The correlational analysis revealed that the items of the science classes were significantly correlated, forming a one-dimensional construct. To study their relationships with scientific vocation, the correlations of the science class items with the STEM vocation variable were computed (last row of Table 7). All these correlations were significant (p < 0.001) and positive, except for Item 1 (difficult subject), which was negative because of its negative formulation and presented the lowest correlation.

The linear regression analysis discriminates the most significant items for predicting a dependent variable (in this case, the STEM vocation variable). The stepwise method eliminates those items whose contribution to the dependent variable is no longer significant (p > 0.05), and allows us to identify the most significant predictors of a scientific vocation. Table 9 shows the results of this analysis, with STEM vocation as the dependent variable, the ten items about science classes as predictors and the stepwise method to introduce the variables.


TABLE 9 Results of the linear regression analysis with STEM vocation as the dependent variable and the ten items about science classes as the independent variables (predictors) for the total sample, the gender groups (girls, boys) and the subject choice groups (science, other, it depends).


	Groups
	Statistics
	Significant predictors (Items)
	R2



	
	
	[4]
	[12]
	[6]
	[8]
	[1]
	[3]
	





	TOTAL
	Beta*
	0.456
	0.113
	0.095
	0.073
	−0.050
	0.062
	0.461



	Sig°
	0.000
	0.000
	0.000
	0.004
	0.014
	0.026
	



	Ordera
	1
	2
	3
	4
	5
	6
	



	GIRLS
	Beta*
	0.423
	0.130
	0.121
	
	−0.076
	0.115
	0.469



	Sig.°
	0.000
	0.000
	0.001
	
	0.010
	0.003
	



	Ordera
	1
	2
	3
	
	5
	4
	



	BOYS
	Beta*
	0.454
	0.103
	0.078
	0.167
	
	
	0.445



	Sig.°
	0.000
	0.006
	0.035
	0.000
	
	
	



	Ordera
	1
	3
	4
	2
	
	
	



	SCIENCE/
TECHNOLOGY
	Beta*
	0.285
	0.198
	0.114
	
	
	
	0.219



	Sig.°
	0.000
	0.000
	0.021
	
	
	
	



	Ordera
	1
	2
	3
	
	
	
	



	OTHER
	Beta*
	0.406
	0.275
	0.197
	
	
	
	0.502



	Sig.°
	0.000
	0.000
	0.000
	
	
	
	



	Ordera
	1
	2
	3
	
	
	
	



	IT DEPENDS
	Beta*
	0.300
	0.129
	0.148
	0.087
	
	
	0.262



	Sig.°
	0.000
	0.002
	0.000
	0.039
	
	
	



	Ordera
	1
	3
	2
	4
	
	
	






*Standardized coefficients obtained via stepwise linear regression. °Statistical significance of the standardized coefficient.

aInput order of the predictor in the stepwise linear regression method (in italics, the order number for predictors whose input order is different from the order in which they appear in the table). R2 Variance explained by the linear regression model. [4] I like school science better than most other subjects. [12] School science has helped me to understand sustainability solutions in my everyday life. [6] School science has made me more critical and skeptical. [8] School science has shown me the importance of science for our way of life. [1] School science is a difficult subject. [3] School science has opened my eyes to new and exciting jobs. Tests for assumptions of linear regression: autocorrelation (Durbin-Watson, p = 0.132), multicollinearity (VIF < 1.3), normality of residuals (probability graphic adequate), normality (ShapiroWilks, p < 0.01), homoscedasticity (Levene, p = 0.032).




The results of the linear regression analysis for the total sample reveal a model with six significant predictors that explain almost half of the variance in STEM vocation (R2 = 0.461). The standardized linear regression coefficients indicate that the most important predictor is “I like school science better than most other subjects” (4), as it has a standardized regression coefficient over four times greater than the remaining predictors. This predictor accounts for only half of the explained variance in this regression model, with its 6 significant predictors. In order of decreasing significance, the remaining significant predictors, are sustainable solutions, critical and skeptical, the importance of science for our way of life, the difficulty of the science subject, and opening eyes to new and exciting jobs. The equation of the linear regression model is (non-standardized coefficients):
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Additional linear regression models were similarly calculated for the groups of boys and girls, yielding two different models. The linear regression model for predicting girls’ STEM vocation is analogous to the model of the total sample, as it explains a similar amount of variance (0.469) with practically the same significant predictors, except for the “importance of science classes for our way of life,” which does not enter into the linear regression model for girls’ STEM vocation. The boys’ model is comparable to the general linear model because the total variance of the regression is very similar (R2 = 0.445), and the first four predictors are also the same ones. However, some predictors (“difficult subject” and “new and exciting jobs”) do not enter, and the order of importance slightly changes.

Comparing boys’ and girls’ linear regression models, both models share the most powerful predictors of the general model (the first three predictors: liking the subject, sustainable solutions, and critical and skeptical). However, the following predictors are different: the rest of the girls’ significant predictors were “science as a difficult subject” and “new and exciting jobs.” These predictors do not appear in the boys’ model, which includes “the importance of science for our way of life” (non-significant in the girls’ model).

Furthermore, some linear regression models were computed for the three groups of the variable of choosing between a science subject and another subject (choose science, choose another subject and choose depending on the other subject). The results indicated that the predictive models of these three groups hardly presented any differences in their structure: all three groups shared the three main predictors of the total sample (“I like school science better than most other subjects,” “sustainable solutions” and “critical and skeptical”). The only difference was the addition of a fourth significant predictor (“the importance of science for our way of life”) in the “it depends” group, which was not significant in the other two groups.

The most important difference in predicting STEM vocation among the three groups of the variable of choosing a subject is quantitative, as the magnitude of the explained common variance in STEM vocation was quite different among the groups. The “choose another subject” group reaches the maximum explained variance of its STEM vocation (R2 = 0.502), whereas the common explained variance in the other two groups (science and “it depends”) is much lower (R2 = 0.219 −0.262), amounting to half of the common variance explained in the other regression models (0.461 −0.502).

This result seems counterintuitive because it indicates that the three most powerful science class predictors of STEM vocation display the weakest predictive power in the two groups that could choose science (“science” and “it depends”). Conversely, a stronger predictive power was found in the “choose another subject” group (whose behavioral intention manifestly rejects STEM studies) because the explained variance of the STEM vocation in this non-science group is twice the explained variance in the other two groups. However, these two groups (“science” and “it depends”) display the greatest behavioral intention for STEM. Therefore, the relative weakness of the STEM vocation prediction in these groups leaves room for the influence of other significant factors (outside of the science class) on the students with greater behavioral intentions toward STEM.





5 Discussion

This study analyses the relationship between students’ perceptions of science classes and their future expectations about STEM careers and courses within the framework of a gender-equitable perspective. In this context, this study addresses the ten items that comprise the My Science Class scale, which involves educational (e.g., Blickenstaff, 2005; Kanny et al., 2014), social (e.g., Archer Ker et al., 2013) and cultural factors (e.g., Blickenstaff, 2005) related to STEM vocation.


5.1 Findings

The rates of students’ behavioral intentions toward STEM show that the intention to become a scientist is low (31.7%), the expectation of obtaining a job in technology is slightly higher (37.4%), and the choice of a science subject stands in between (35%). The profile of the STEM vocation variable shows that approximately 37% of the students obtain upper-half scores. Thus, these survey data suggest that the intention of 15-year-old Spanish students to pursue STEM studies ranges from 31%–37%. On the other hand, the statistical enrolment rate in STEM (39.78%, Table 1) of the 10th–grade CSE students of the Balearic Islands is consistent with the surveyed data presented above. Furthermore, these results concerning Spanish students’ intentions toward future STEM studies (31%–38%) are consistent with those of several previous studies (EVERIS, 2012). Still, they are much higher than those reported by the PISA 2015 for Spain (López Rupérez et al., 2019).

The analysis of the gender differences across the four STEM vocation variables reveals that the differences between boys (usually the highest-scoring group) and girls (usually the lowest-scoring group) are significant. The effect size scores are large for the expectation of obtaining a technology job (η2 = 0.115), moderate for the STEM vocation variable (η2 = 0.051), and irrelevant for the expectation of becoming a scientist or choosing a science subject (η2 < 0.05). In sum, boys obtain better STEM participation rates than girls; however, the results confirm the small science gender gap among Spanish students, as reported years ago (Vázquez and Manassero, 2007). Furthermore, the observed variability of students’ answers to items describing different forms of participation in STEM advocates avoiding a single question to assess STEM vocation because it is unreliable, as the answer depends on the kind of question.

Concerning the second research question, the best and worst aspects of school science classes have been identified. The items “school science is interesting,” “increases curiosity” and “shows the importance of science for our way of life” achieve the highest mean agreement. The lowest mean agreement appears for the item “School science has made me more critical and skeptical.” Overall, students perceive their experiences in school science positively because most items have mean scores near or above the midpoint of the agreement scale. These results mirror similar outcomes reported for the ROSE-2002, as the profiles of the average of school science class items in 2002 and 2020 are similar, although the mean scores in the ROSES-2020 tend to be slightly higher than those in the ROSE-2002 (Vázquez and Manassero, 2007). However, the differences are not relevant for any item because the effect size is small (d < 0.20).

Most gender differences in the perceptions of science classes are not statistically significant, and only a few items display statistically significant main effects in favor of boys (higher agreement), such as “science is difficult,” (reversed) “I like school science better than most other subjects” and “sustainable solutions for life.” However, the differences are not relevant because of their low effect size.

Another finding of this study is the good psychometric properties, validity and reliability of the ten-item My Science Class scale. The internal consistency is excellent (alpha = 0.913), and the goodness-of-fit statistics and the residuals support the robustness of the empirical single-factor model of the scale. However, the RMSEA and chi-square statistics that depend on sample size are acceptable albeit moderate because they may be impaired by a large sample size (Ferrando and Lorenzo-Seva, 2017). The whole scale can be considered unidimensional, as the parameters of closeness to one-dimension support this trait.

Furthermore, the main objective of this study is the correlational analysis of the items of school science classes in terms of their predictive power for students’ STEM vocation. The linear regression analysis of STEM vocation establishes a global model in which six significant predictors explain 46.1% of the STEM vocation. This large and unusual amount of common variance between the STEM vocation and school science predictors reveals important findings. The most powerful predictor is “I like school science better than most other subjects,” which accounts for half of the common variance of STEM vocation. Other significant predictors are “sustainable,” “critical and skeptical,” “importance of science for our way of life,” “difficulty of the science subject” (negative relationship) and “opens my eyes to new and exciting jobs.”

The linear regression models for predicting the STEM vocation of boys and girls are slightly different. The girls’ model is similar to the global model, as only one significant predictor of the global model is non-significant for girls (“the importance of science classes for our way of life”). However, the boys’ model excludes two predictors (“difficult subject” and “new and exciting jobs”). Thus, the prediction models of the STEM vocation of boys and girls share three main predictors, yet they differ in the role of the remaining three predictors. Again, this reveals some gender differences in STEM vocation (Archer Ker et al., 2013; Carlone and Johnson, 2007).

The linear regression models for the three groups of subject-choice variables are simpler than the previous ones and hardly show qualitative differences in the predictor structure. That is, the three groups share the three main predictors of the global model, and only the “it-depends” group adds a fourth predictor. The main difference between the three groups of subject-choice is quantitative: the explained variance of the STEM vocation of the group choosing non-scientific subjects is greater than 50%, whereas the other two groups (choosing “science” or “it depends”) represent half this percentage. The finding shows the highest predictive power of STEM vocation for the group of students who do not choose science, whereas the predictive power is much weaker for the other two groups (choosing “science” and “it depends”), which is similar to that obtained by Bøe et al. (2011) when comparing students who choose science or humanities. A tentative interpretation of this finding regarding STEM vocation suggests that school science classes are more deterrent for those who do not choose STEM than they are persuasive for those who choose STEM.



5.2 Practical implications

The results of this research have a clear implication for school science education. The significant predictors identified in this study should be integrated into the overall design of school science education to address the scarcity of STEM careers. The strongest predictor is “I like school science better than most other subjects.” The extensive literature on students’ interest in scientific topics is undoubtedly concerned with students’ appraisal of school science subjects (Dierks et al., 2014). Thus, science teaching should be preferentially oriented toward increasing students’ interest in science issues, namely, making them enjoying the classes, feel comfortable and satisfied in science classrooms, instead of rejecting science learning as dull or boring. These elements (enjoyment, comfort, and satisfaction) may contribute to maintaining students’ future career prospects (Kang et al., 2019; Palmer et al., 2017).

The second significant predictor of STEM vocation is “school science has helped to understand sustainable solutions,” and the consequences for practice also seem direct and immediate in reinforcing the sustainability content of this predictor. This implies being in tune with the proposals of the United Nations, the Decade (2005–2014) of Education for Sustainable Development (ESD) and, subsequently, the 2030 Agenda (United Nations, 2015), which prioritized 17 Sustainable Development Goals (SDGs) for the next years. Our study further demonstrates that ESD is a powerful predictor of STEM vocation and, therefore, provides an additional reason to reinforce the UN’s universal proposal within the pedagogy of school science education. However, teaching sustainable solutions means practical and functional ESD, perhaps not as focused on teaching specific and monographic topics on sustainability as on developing the ESD theme across all school science education, transversally and interdisciplinary (Bencze et al., 2020; Zoller, 2011). Certainly, some topics (e.g., energy) are closer to sustainability than others, but our proposal permeates all school science subjects (physics, chemistry or biology) with sustainable solutions (Wan and Bi, 2020).

The item “making me more critical and skeptical” is another significant predictor of a STEM vocation. The prescription here seems clear: students in science education should be trained to think critically and skeptically. Although critical thinking and skepticism are not common or comfortable aspects of school curricula or school science, research on the nature of science and the application of thinking skills (argumentation, reasoning, problem-solving, decision-making and creativity) within science classrooms has recommended making science classes more critical and skeptical for years. The main reason for encouraging this orientation arises from the very nature of science as a continuous process of confirming and falsifying hypotheses based on evidence and previous knowledge and, thus, validating better knowledge (Kampourakis and McCain, 2019; Mcintyre, 2019). This goal would require a large innovation and pedagogical change to move from a dogmatic content-based science education to a more epistemic one based on scientific and critical thinking (MacRitchie, 2018; Osborne et al., 2004; Schmaltz et al., 2017).

The predictor of “opening students’ eyes to new and exciting jobs” is rarely considered in science classes; therefore, addressing it is innovative. Specifically, school science classes should contribute to showing students the potential of STEM studies for their educational, professional and job development. This means giving students opportunities to learn about STEM-related careers and jobs, showing them the work of scientists, presenting scientists to talk about their job, attending scientific public events, considering the value of science as a job, etc., (Blenkinsop et al., 2006). Furthermore, special attention should be given to female and minority scientists to address the mismatch between women’s or misrepresented groups’ identities and the image of STEM and professionals (DeWitt et al., 2013; Osborne and Dillon, 2008).

The “difficulty of school science” is another significant and negative predictor (the greater the perceived difficulty, the more rejection and fewer vocations). The difficulty of science is externally reflected in school grades that are more demanding in some subjects (e.g., Physics or Chemistry), which, consequently, are not much chosen by students (Kjćrnsli and Lie, 2011; Lyons and Quinn, 2010). Overwhelmingly, difficulty lowers the perception of competence and self-efficacy in school tasks. According to the self-determination theory (Ryan and Deci, 2000), difficulty demotivates students because it deteriorates their perception of competence and disengages them from science. Thus, difficulty contradicts the original aim of implementing school science as a proactive and engaging school subject (e.g., engaging in learning and attracting more scientists). In fact, it contributes to disengaging many students from science. The construct scientific literacy for all has contributed to making science simple and valuable for learners, and has been deployed in many investigations, adopted by curriculum designers in many countries and taken up by the PISA (OECD, 2019) and TIMSS (Mullis et al., 2021). However, innovations to foster literacy and lower differences should persist (National Academies of Sciences, Engineering, and Medicine, 2016).



5.3 Conclusion

Certainly, STEM vocations are a worldwide concern, and all the efforts carried out through many non-formal and informal initiatives developed by various organizations (research centers, companies, foundations, institutions, educational authorities, universities, etc.) to cover the multifactor origin of STEM vocation are welcome (e.g., DeWitt et al., 2013). These initiatives usually assume that students’ participation in STEM-embedded activities will positively affect their achievement, attitudes and confidence in STEM careers and courses, but not much confirmatory evidence has been gathered (Mujtaba et al., 2018). In summary, the main finding of this study confirms the importance of school science education for STEM vocations. which invites to recentre the efforts to foster the quality of school science education. The main finding of this study is the sound predictive power (close to 50%) of six school science factors for STEM vocation. As students spend most of their time in school, this confirms the importance of school science education for STEM vocations. Schools should be reframed as powerful STEM vocation promoters and recentre their efforts to improve the quality of school science education, aligning with the significant predictors identified here.

Other findings of this study indicate some significant gender differences across STEM vocations and their predictors. The insufficient attention to diversity in school science classrooms and curricula denies many students the opportunity to learn science, which, in turn, has harmful consequences for the economy and society. The challenge is to adopt an inclusive pedagogy and language and overcome stereotypes and bias in school science classrooms, making STEM relevant and significant for the future of all students (Makarova et al., 2019; Penner, 2015; World Economic Forum, 2017).

The implications of the overall findings are twofold: for STEM-related activities and STEM vocational research. The former implies that school science education should promote the significant factors and address the professional aspects of science as unavoidable commitments for science teachers to increase the relevance of science education for all students within their science classes. Likewise, the same recommendation is also transferable to a myriad of non-formal STEM programs (science centers, museums, zoos, science organizations, etc.), which aim to improve the relevance of science education but lack any evaluation of their impact (Mujtaba et al., 2018). The significant predictors identified here may inspire program and assessment criteria designs to improve program’s efficacy in promoting STEM vocations and STEM vocational research.

Overall, the findings presented here indicate specific factors that may significantly influence youngsters’ STEM aspirations. Thus, both formal school science education and non-formal programs should be planned accordingly to enhance their relevance and impact and to assess their effectiveness in students’ STEM participation and vocations.



5.4 Limitations and future directions

The main limitation of this study is the format of the ROSES-Q instrument used to assess the ten items of school science classes and the students’ STEM intentions and STEM vocation, as well as the Likert response format. A different list of scientific features and other response formats could undoubtedly expand and verify these results and even improve them. It is also worth noting that the STEM vocation variable meets the linear regression assumptions, except for normality, although the analysis of its histogram indicates that this is due just to a single value in the variable range that deviates from the profile of the normal curve, so a review of the scores could renormalize this limitation.

The future directions for research on STEM are a consequence of the significant factors found here and the high amount of common variance with STEM vocation, which establish qualitative and quantitative benchmarks for future research. The quantitative nature of the significant factors may help researchers plan new guidelines and directions for future research, for example, to clarify the authentic efficacy of the many factors influencing STEM vocations suggested in the literature (Cheryan et al., 2017; Holmegaard et al., 2014; Kanny et al., 2014; Makarova et al., 2019; Moote et al., 2020, 2021; Penner, 2015).
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