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Abstract 

Background Females are underrepresented in Science, Technology, Engineering, and Mathematics (STEM) fields 
all over the world. To encourage more girls to choose STEM majors and careers, it is critical to increase their inter‑
est in STEM careers. Many studies have investigated the factors that influence females’ entry into STEM fields, 
but few studies have explored the gender differences in the relationships between these factors. Therefore, based 
on the Social Cognitive Career Theory, this study explored the gender differences in the effects of environmental 
factors (school education, informal education, social support, and media) on high school students’ interest in STEM 
careers through the mediating roles of STEM self‑efficacy and STEM careers perceptions.

Results A questionnaire survey was conducted among 1240 high school students in Hunan Province, China, 
and the results of t‑test, regression analysis, and structural equation model multi‑group comparison showed that: 
Firstly, the scores of male students in all the dimensions except for STEM career perception were significantly higher 
than those of female students. Secondly, the environmental factor that had the greatest effect on male and female 
students’ interest in STEM careers was different. Finally, there were gender differences in the mediating roles of STEM 
self‑efficacy and STEM careers perceptions between environmental factors and interest in STEM careers.

Conclusions This study revealed the influence mechanisms and gender differences in male and female students’ 
interest in STEM careers in the context of Chinese Confucian culture, and the conclusions are as follows: (1) Male 
students’ interest in STEM careers was significantly higher than that of female students; (2) The environmental factors 
that had the greatest effect on male and female students’ interest in STEM careers were social support and media, 
respectively; and (3) Environmental factors could affect male students’ interest in STEM careers through the mediat‑
ing roles of STEM self‑efficacy and STEM career perception, while environmental factors could affect female students’ 
interest in STEM careers through the mediating role of STEM self‑efficacy. Finally, the mediating mechanisms of STEM 
self‑efficacy and STEM career perception between environmental factors and interest in STEM careers, and the impor‑
tance of STEM self‑efficacy for female students were discussed.
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Introduction
With the advent of the fourth industrial revolution, 
STEM workers are more important than ever in sup-
porting national economic development and improving 
the quality of human life. Many countries have enacted 
relevant policies to promote STEM education and re-
skill workers to make them relevant for STEM related 
industries. Despite changes in policies to support STEM 
industries and workers, one issue of equity and equality 
persists—the problem of underrepresentation of women 
in STEM fields remains widespread. Female students 
account for only 35% of the total number of students 
in STEM-related fields in higher education all over the 
world (UNESCO, 2017). The attrition rate of females 
is particularly high during their studies, job search, and 
even in their careers, which results in a serious underrep-
resentation of women in STEM fields. For example, only 
11% of positions in STEM fields in the UK are held by 
women (Kirsten, 2019). Women with a bachelor’s degree 
or higher make up 44.2% of the STEM workforce, while 
women without a bachelor’s degree make up 25.8% in 
the US (National Science Board, 2022). The China Sci-
ence and Technology Statistical Yearbook 2021 shows 
that women account for only 26.27% of research and 
development personnel and 5.79% of the total number 
of academicians of the Chinese Academy of Sciences and 
Engineering in China (China Bureau of Statistics, 2022).

Education equity and gender equality are not only 
important components of the United Nations 2030 
Agenda for Sustainable Development (United Nations, 
2015), but also catalysts for achieving other sustainable 
development goals. Ensuring equal access for females to 
STEM education and increasing their representation in 
STEM fields are imperative. From a human rights per-
spective, all people are equal, and females should also 
have equal opportunities to study and work in STEM 
fields. From a scientific development perspective, the 
inclusion of females can unlock greater development 
potential from diverse perspectives and reduce bias in 
knowledge and solutions. From a long-term societal per-
spective, gender equality in STEM will ensure that males 
and females have equal access to skills and opportunities 
to contribute and benefit equally in STEM.

Interest in STEM careers could possibly predict 
whether a student will pursue a STEM career in the 
future (Bahar & Adiguzel, 2016; Miller, et  al., 2018; 
Nugent et al., 2015). To encourage more girls to choose 
STEM majors and careers, it is critical to increase their 
interest in STEM careers. Studies have shown that the 
high school level is a critical period for the development 
of interest in STEM careers (Lindahl, 2007; Maltese & 
Tai, 2011; Sadler et al., 2012). Therefore, analyzing gender 
differences and exploring the key influencing factors in 

high school students’ interest in STEM careers are par-
ticularly important in bridging the gender gap in STEM 
fields.

Literature review
Gender differences in STEM are a long-standing and 
pervasive problem. The proportion of females in STEM 
fields in higher education, especially in computing and 
engineering, remains low (Sax et  al., 2017; Shi, 2018). 
Males are more likely to work in natural sciences such as 
physics, while females are more likely to work in humani-
ties and social sciences such as education and health 
care (Kang et al., 2018; Su & Rounds, 2015). Females of 
all racial/ethnic backgrounds are less likely than males 
to find a future career in math (Howard et  al., 2011). 
Young women may underestimate their abilities in math-
related fields because of the general perception that these 
fields are male-dominated (Riegle-Crumb & Peng, 2021). 
According to the survey of Shi and Huang (2018), 20.5% 
of boys want to pursue science-related careers in the 
future compared with only 6.3% for girls. Numerous fac-
tors intersect and together influence female participation 
in STEM fields. Referring to the relevant report released 
by UNESCO (2017), this study reviewed these influenc-
ing factors at the individual, family, school, and societal 
levels.

Influencing factors at individual level
At the individual level, stereotypes, belonging, self-
efficacy, and interest, are possible factors that influence 
whether girls enter STEM fields. Firstly, gender stereo-
types about STEM are prevalent in the socialization of 
children’s gender roles, and these biases negatively affect 
girls’ STEM learning and career interest at an early age 
(Bian et  al., 2017; Luo et  al., 2021; Sadler et  al., 2012). 
Females are less likely to have a sense of identity and 
belonging in STEM fields compared to males (Dasgupta 
& Stout, 2014; Smith et al., 2013). Secondly, self-efficacy 
significantly affects individuals’ academic performance 
in STEM fields and their interest in related careers (Lv 
et al., 2022; Mohtar et al., 2019; Nugent et al., 2015; Wang 
et  al., 2020). The PISA2015 results show that boys have 
significantly higher self-efficacy than girls in mathematics 
and science (OECD, 2015), and those females with strong 
gender stereotypes have significantly lower self-efficacy 
than males (Rabenberg, 2013). Finally, girls’ choices of 
STEM majors and careers are strongly influenced by their 
interest in STEM careers (Su et al., 2009), and individual 
interest in STEM careers is directly influenced by self-
efficacy and perceptions of STEM careers, and indirectly 
by environmental factors such as parents, peers, schools, 
and media (Wang & Duan, 2021).
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Influencing factors at family and peer level
At the family and peer levels, family members such as 
parents and peers significantly influence girls’ self-effi-
cacy, interest in STEM, and whether they pursue STEM-
related careers in the future. First, parents who hold 
traditional gender perceptions will constantly regulate 
their children’s behavior to conform to popular gender 
stereotypes (Bandura & Bussey, 2004). Parents’ differen-
tiated treatment and support for boys and girls will lead 
to children’s stereotypical perceptions of gender and 
STEM ability, which further lead girls to stay away from 
STEM fields (Wang & Degol, 2013). Second, in families 
with higher socioeconomic status, parents can break the 
shackles of traditional notions of gender roles and career 
choices, are able to provide more academic support for 
their children and they also have higher academic expec-
tations for their children (Tenenbaum & Leaper, 2003). 
In comparison, families with lower socioeconomic status 
may not be able to provide opportunities for children to 
learn and experience STEM due to lack of funds, time or 
access. Studies have found that parents who engage in 
STEM careers will have an influence over their daughters’ 
decisions to enter the STEM field, because these parents 
have more access and resources to provide more sup-
port to familiarize their daughters with STEM careers 
and to break the traditional concept that STEM careers 
and family life cannot be balanced (Tan et  al., 2013). In 
addition, peers are important social relationships for 
adolescent girls, and whether girls choose STEM fields is 
also affected by peers’ perceptions of STEM subjects and 
careers to some extent (Robnett, 2013).

Influencing factors at school level
At the school level, teachers, teaching strategies, cur-
riculum, and textbooks can also influence girls’ interest 
and achievement in STEM. First, teachers are important 
socializing agents who promote positive beliefs towards 
STEM fields, and their quality is positively associated 
with both student math and science achievement and 
motivation (Ekmekci & Serrano, 2022; Lee & Lee, 2020). 
Female teachers not only serve as role models for girls, 
but also break the stereotypes that males have innate 
abilities in certain areas, coupled with the fact that female 
teachers are more nuanced than male teachers and more 
concerned about gender equity in classroom instruc-
tion (Rabenberg, 2013). Therefore, female teachers can 
have a positive impact on girls’ STEM education. Teach-
ers’ beliefs and attitudes, as well as their expectations 
of students (i.e., pygmalion effects; LaCosse et al., 2021; 
Rosenthal & Jacobson, 1968; Vedder‐Weiss & Fortus, 

2013), can profoundly affect girls’ academic performance, 
interest in learning, and career aspirations in STEM sub-
jects. Teachers’ biases about gender competence may lead 
to gender inequality in the classroom and may also cause 
these gender stereotypes to be transmitted to students 
through instruction, reducing girls’ self-efficacy in STEM 
fields and ultimately negatively impacting girls’ participa-
tion in STEM. In addition, effective science and mathe-
matics teaching strategies can create a favorable learning 
environment that motivate and attract girls into STEM 
fields (Hampden-Thompson & Bennett, 2013; Kang & 
Keinonen, 2017). Finally, the way male and female roles 
are represented in textbooks can also directly or indi-
rectly convey gender differences in STEM competencies 
to students, further reinforcing gender stereotypes and 
discouraging girls from pursuing STEM careers (Bena-
vot, 2016).

Influencing factors at informal learning level
Compared with formal learning, informal learning refers 
to learning activities that take place outside of the class-
room and in other informal settings, such as participa-
tion in STEM competitions and camps, and visits to 
science and technology museums and galleries (Eshach, 
2007). Some studies have shown that informal learning 
experiences could increase students’ interest in STEM 
careers (Kitchen et  al., 2018; Burack et  al., 2019; Miller 
et  al., 2018) and also increase students’ STEM self-effi-
cacy and STEM careers perceptions (Halim et al., 2017; 
Vela et  al., 2020). Students who participate in STEM 
programs or competitions have higher interest in STEM 
careers than those who do not, and they are more likely 
to choose STEM-related courses and majors in col-
lege (Burack et  al., 2019; Miller et  al., 2018). Students 
who participate in summer STEM programs are 1.4 
times more likely to pursue STEM careers in the future 
(Kitchen et  al., 2018). There is little research on gender 
differences in the impact of informal learning experiences 
on boys’ and girls’ interest in STEM careers. Research 
has shown that informal activities where female students 
interact with female STEM experts not only improve 
girls’ academic performance in STEM and mitigate gen-
der stereotypes, but also increase their interest in STEM 
(McGuire et  al., 2021). However, compared with girls, 
boys are given more opportunities for informal activi-
ties (Bonnette et al., 2019) and receive more explanations 
from their parents during informal scientific activities 
(Crowley et al., 2001). The reason for girls’ lower interest 
in STEM is usually because they do not have equal access 
to STEM-related activities at home and in other settings 
(Sammet & Kekelis, 2016).
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Influencing factors at societal level
At the societal level, sociocultural norms influence girls’ 
perceptions of self-efficacy, social roles, and aspira-
tions for career and life. STEM fields are often consid-
ered a "chilly climate" for female development (Seymour 
& Hewitt, 1997) and the reasons are as follows: Firstly, 
men play a dominant role in these fields, which is detri-
mental to women’s development. Secondly, women are 
often perceived to be less competent than men in STEM 
fields. Furthermore, the society has different role expec-
tations for men and women, and almost every country’s 
sociocultural traditions assume that women’s family 
responsibilities should take precedence over their social 
responsibilities (Wang & Degol, 2017). Some studies have 
suggested that the absence of females in STEM fields is 
caused by sociocultural factors rather than biological fac-
tors (Yang & Shen, 2020). Gender stereotypes portrayed 
in the media are easily internalized by both children 
and adults, which will affect the way they view them-
selves and others. Media has an important influence on 
adolescents’ perceptions of scientists, shaping the image 
of scientists. Similarly, media also promotes students’ 
understanding of STEM careers, which in turn affects 
students’ expectations for STEM careers (Tan et  al., 
2015). Girls’ perceptions of self-competence and inter-
est in STEM careers are strongly influenced by gender 
stereotypes in the media, especially the image of STEM 
professionals portrayed by the media has a great impact 
on adolescent girls, because they are in a critical period 
of career identity and choice (Steinke, 2017). In addi-
tion, Wyss et al. (2012) studies have shown that watching 
videos of STEM professionals could improve students’ 
interest in STEM careers and promote students’ STEM 
careers perceptions.

Gender differences in interest in STEM careers in Chinese 
culture
Due to the long-standing influence of Confucianism, tra-
ditional Chinese gender norms assume that men should 
dominate outside matters and women are more respon-
sible for taking care of the family and completing house-
hold chores (Jia & Ma, 2015; Liu, 2014; Yi et  al., 2010). 
There are significant gender differences in STEM fields 
in China. In universities, although the number of female 
university students in China is slightly higher than that 
of male students (Ma et  al., 2016), learners in STEM 
majors are mainly composed of male students, account-
ing for more than 80%, while learners in social science-
related majors are mainly composed of female students, 
and the number of females in these majors is approxi-
mately twice that of males. In primary, middle, and high 

schools, there are also gender differences in interest in 
STEM careers between boys and girls. For example, the 
proportion of boys and girls who want to pursue STEM-
related careers in the future is 20.5% and 6.3%, respec-
tively (Shi & Huang, 2018). In a study conducted on 7th 
grade students in Zhejiang Province, the percentages of 
boys and girls who would like or very much like to be a 
scientist in the future were 43.3% and 19.6%, respectively, 
and boys had significantly higher science self-efficacy and 
participation in extracurricular science activities than 
girls (Zhai & Zhu, 2015). Influenced by Confucianism, 
most parents believe that girls should be good wives and 
mothers (Jia & Ma, 2015), and having stable jobs that can 
take care of the family are the best choice for girls, such 
as being teachers and doctors (He et  al., 2020). Confu-
cian culture emphasizes respecting teachers and valu-
ing teaching, so students are mostly passive receivers of 
knowledge in the classroom. In addition, under the influ-
ence of pressure such as from examinations, teachers 
pay more attention to teaching academic knowledge and 
neglect the development of students’ attitudes, interests, 
and career planning (He et al., 2020). Research has shown 
that current science curricula and teaching in China have 
not improved students’ attitudes towards STEM (Zhou 
et al., 2019).

Overall, although many studies have explored gender 
differences and their influencing factors in STEM fields, 
most of them are limited to western cultural contexts. In 
addition, few studies have simultaneously explored the 
structural relationships between various environmen-
tal factors, individual psychological factors and interest 
STEM careers among different gender groups, especially 
in the context of Chinese Confucian culture. Therefore, 
this study used a structural equation model (SEM) multi-
group comparison approach to explore the influence 
mechanisms and gender differences in Chinese culture 
that affect interest in STEM careers, which can provide 
guidance for us to design gender-responsive interven-
tions and learning experiences in the future. This work 
has important implications for addressing the underrep-
resentation of women in STEM fields not only in China, 
but also internationally, as there are significant similari-
ties in the global education issues.

Theoretical framework and research questions
This study is guided by the Social Cognitive Career The-
ory (SCCT) that was developed by Lent et al. (1994). The 
SCCT is designed under the influence of Bandura’s social 
cognitive theory. The theory integrates external influ-
ences such as social and economic factors and individual 
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cognitive factors (e.g., self-efficacy, outcome expecta-
tions, and career goals) to dynamically reveal the process 
of career choice, and has become one of the most explan-
atory theories for career choice and has been widely used 
in STEM career-related research (Bahar & Adiguzel, 
2016; Kang & Keinonen, 2017; Kier et al., 2014; Maiorca 
et al., 2021; Mohtar et al., 2019; Nugent et al., 2015; Wang 
et al., 2021).

According to SCCT, external environmental fac-
tors can further influence career choices by affecting 
individuals’ self-efficacy and outcome expectation. In 
addition, outcome expectation could also be affected 
by self-efficacy (Lent et  al., 1994). For example, when 
an individual believes that he/she has the ability to 
complete an activity, he/she will have positive expecta-
tions for the outcome of the activity, which will make 
him/her interested in the activity. As outcome expec-
tation refers to an individual’s perceptions of what 
would happen if he or she engaged in a certain career, 
it is often replaced by career perceptions (Mohtar 
et  al., 2019; Wang et  al., 2021). As such, self-efficacy 
and career perceptions play key mediating roles in the 
formation of career interest and are the basis for the 
development of career interest (Wang et  al., 2021). 
Environmental factors refer to the physical and social 
conditions in which individuals live and guide their 
lives. Due to the intricacies of environmental factors, 
this study classified the environmental factors (EF) 
that influence high school students’ interest in STEM 
careers (ISC) into four aspects: school education, 

informal education, social support, and media, accord-
ing to the division of environmental factors in a rele-
vant study (Mohtar et  al., 2019). Related studies have 
shown that school education, informal education, 
social support, and media can affect students’ STEM 
self-efficacy (SSE) or students’ STEM careers per-
ceptions (SCP), which in turn affects their interest in 
STEM career (Kang & Keinonen, 2017; Mohtar et  al., 
2019; Nugent et al., 2015; Tan et al., 2015; Wang et al., 
2021).

Overall, based on SCCT, this study explored the gen-
der differences in the effects of the environmental fac-
tors (formal learning experiences, informal learning 
experiences, social support, and media) on high school 
students’ interest in STEM careers through the medi-
ating roles of STEM self-efficacy and STEM careers 
perceptions. The constructed theoretical framework 
of high school students’ interest in STEM careers is 
shown in Fig.  1. The three research questions (RQ) 
that guided this study are as follows:

RQ1 Are there differences in interest in STEM 
careers between male and female students?

RQ2 Which environmental factor has the greatest 
effect on male and female students’ interest in STEM 
careers respectively?

RQ3 Are there gender differences in the mediating 
roles of STEM self-efficacy and STEM careers percep-
tions between environmental factors and interest in 
STEM careers?

Fig. 1 Theoretical framework of the effect of environmental factors on interest in STEM careers
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Research methodology
Participants
In China, basic education consists of 12 grades, among 
which grades 1–9 are compulsory (including grades 1–6 
in primary school and grades 7–9 in middle school), and 
grades 10–12 are high school which is non-compulsory. 
At the end of high school education, students take the 
college entrance exam, which allows them to enter dif-
ferent universities based on their scores. Chinese high 
schools are divided into provincial demonstration high 
schools, municipal demonstration high schools and other 
high schools according to their comprehensive level in 
descending order. At present, STEM subjects (including 
mathematics, physics, chemistry and biology) are com-
pulsory courses in Chinese high schools, and integrated 
STEM curriculum is not yet popular. Only a few schools 
carry out integrated STEM education in the form of 
school-based curriculum.

In this study, 10th grade students in Hunan Province, 
mainland China, were selected for the following rea-
sons: Firstly, high school in China includes the  10th–12th 
grades, and in the context of the new Chinese col-
lege entrance examination reform, 10th grade students 
(who are usually 15 or 16  years old as Chinese educa-
tion authorities require that students should be at least 
6 years old to enter the first grade) need to choose their 
high school courses and subjects according to the col-
lege majors they are aiming for. By the 10th grade, the 
students would have already thought deeply about their 
career interests. Secondly, compared to younger stu-
dents, high school students have more independent and 
stable thinking ability, and can assess the influence of 
various factors on their career interest relatively accu-
rately. Finally, compared with other grades in high school, 
10th grade students have less academic pressure and have 

enough time to answer the questionnaire carefully, thus 
ensuring the reliability and validity of the data.

Taking the differences in educational resources and 
levels in different regions, 10th grade students from 5 
schools in Changsha, Changde, and Xiangxi Autonomous 
Prefecture in Hunan Province, China, were selected for 
the on-site questionnaire survey in this study. Changsha 
is the provincial capital of Hunan Province with a good 
economic and educational level, Changde is a medium 
non-capital city of Hunan Province with a medium eco-
nomic and educational level, and Xiangxi is a mountain-
ous area in the western part of Hunan Province with a low 
economic and educational level. In this study, students 
from 3, 1 and 1 schools (we selected 1Grade 10 class 
from each school) in the above three cities respectively 
were selected as participants. To protect the privacy of 
the participants, the questionnaires were anonymized 
after consent was obtained. The participants completed 
the questionnaires within a specified time (about 20 min) 
and the results were collected on-site after comple-
tion. In addition, a teacher in each class explained the 
instructions and requirements to the participants. Com-
rey and Lee (1992) suggested that a sample size greater 
than 1000 is optimal in the structural equation model, 
so a total of 1240 paper questionnaires were collected in 
this study and the data was input in SPSS23.0 software. 
After inspection, 108 questionnaires were excluded as 
they were incomplete. The final number of valid ques-
tionnaires was 1132, accounting for 91.29% of the total 
number of questionnaires collected. Among them, 549 
were male students (48.5%) and 583 were female students 
(51.5%), and the number of students in provincial dem-
onstration high schools, municipal demonstration high 
schools and other high schools were 382 (33.7%), 369 
(32.6%), and 381 (33.7%), respectively.

Table 1 Constructs of the questionnaire

Construct Sub-construct Number of items Examples of item

EF Formal learning experiences 4 In class, teacher introduce STEM careers to us

Informal learning experiences 4 I have participated in STEM‑related competitions

Social support 4 My parents encouraged me to pursue a STEM career

Media 4 I often read STEM‑related books, magazines, newspapers, etc

SSE Science 4 I can carry out scientific experiments properly

Technology 4 I can use everyday technological products easily

Engineering 4 I can repair a broken toy

Mathematics 4 I can draw a graph from the provided data

SCP Careers prospects 3 Those in STEM fields can get jobs easily

Skills required 3 STEM careers require creative problem‑solving skills

Self‑development 3 STEM careers are conducive to self‑development

ISC 4 I want to pursue a STEM career in the future
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Instrument
The questionnaire was divided into four parts: EF, SSE, 
SCP and ISC (Table  1). All items are measured using 
the 5-point Likert scale, from "1-strongly disagree" to 
"5-strongly agree". Among the constructs, the EF and 
SCP parts were adapted from the instrument developed 
by Mohtar et al. (2019). The SSE part was adapted from 
the instruments developed by Buday et  al. (2012), Kier 
et al. (2014) and Nugent et al. (2015). The ISC part was 
adapted from the instrument developed by ASPIRES 
Project Group, King’s College London, UK (Archer et al., 
2013). In order to avoid the differences in Chinese and 
English expressions, the original English questionnaires 
were translated into a Chinese questionnaire by a profes-
sor with an overseas study experience. Each item of the 
Chinese questionnaire was subsequently discussed and 
revised by the group made up of two experts engaged 
in scientific education, one expert engaged in educa-
tion statistics, and three high school teachers. Finally, 
the backtranslation was conducted by a graduate stu-
dent majoring in English, and the back translated ques-
tionnaire and the original English questionnaire were 
compared, discussed and revised, so as to align it to the 
original text as much as possible and conform to the Chi-
nese cultural background and expression (Brislin, 1986). 
After that, there were three demographic variables and 
46 items in the original questionnaire (See Appendix 
Tables 8 and 9). Firstly, exploratory factor analysis (EFA) 
was performed on each construct and item ISC5 was 
deleted. Then some items were parceled (Landis et  al., 

2000), and the EFA was performed again on all con-
structs. The EFA result showed that the Kaiser–Meyer–
Olkin (KMO) was 0.911, and the value of Bartlett’s test 
of sphericity is 10,888 (df = 105, p < 0.001), meeting the 
judgement standards (KMO > 0.70, p < 0.05) proposed 
by Howard (2016). The item factor loading of each con-
struct was between 0.525 and 0.891, indicating that the 
structure of the questionnaire was well divided. The final 
constructs of the questionnaire shown in Table  1. EF, 
SSE and SCP include four, four and three sub-constructs 
respectively, and the score of each sub-construct was cal-
culated by the average score of the items it includes. For 
example, the four sub-constructs of SSE are science self-
efficacy, technology self-efficacy, engineering self-efficacy 
and mathematics self-efficacy. Each sub-construct of SSE 
contained four items, and the score of each sub-construct 
was calculated by the average score of the four items.

The reliability and validity of the questionnaire are 
shown in Table  2. First, the overall Cronbach’s α reli-
ability coefficient of the questionnaire was 0.952, and 
the Cronbach’s α of each part EF, SSE, SCP, and ISC were 
0.818, 0.833, 0.834, 0.929 respectively, indicating that the 
questionnaire had high internal consistency and high 
reliability. Second, confirmatory factor analysis (CFA) 
was used to test the validity. The results show that the 
standardized factor loading of all items were between 
0.546 and 0.935, which reached the standard of 0.5 to 
0.95, indicating that the items and constructs were effec-
tive. The composite reliability (CR) > 0.8 and the average 
variance extracted (AVE) > 0.5, indicating each construct 

Table 2 Reliability and validity of the questionnaire

The bold number refers to the square root of AVE in each construct;  EF: Environmental factors; LE: Learning Experiences; SS: Social Support; SSE: STEM self-efficacy; 
SCP: STEM careers perceptions; ISC: Interest in STEM careers

Construct Item Factor loading Skew Kurtosis Cronbach’s
α

CR AVE EF SSE SCP ISC

EF FLE 0.733 − 0.131 − 0.308 0.818 0.824 0.823 0.538 0.733
ILE 0.769 0.732 − 0.072 0.812

SS 0.755 − 0.066 − 0.532 0.766

Media 0.673 − 0.298 − 0.426 0.891

SSE Science 0.846 − 0.170 − 0.333 0.833 0.839 0.830 0.557 0.603 0.746
Technology 0.546 − 1.067 0.729 0.835

Engineering 0.691 − 0.260 − 0.737 0.822

Mathematics 0.858 − 0.110 − 0.358 0.813

SCP Prospects 0.618 − 0.463 0.655 0.834 0.762 0.839 0.640 0.373 0.384 0.800
Skills 0.846 − 1.467 2.585 0.911

Development 0.907 − 1.131 1.280 0.867

ISC ISC1 0.916 − 0.195 − 0.806 0.929 0.929 0.768 0.581 0.352 0.404 0.876
ISC2 0.935 − 0.121 − 0.880

ISC3 0.813 0.169 − 0.781

ISC4 0.835 − 0.386 − 0.757
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had high convergent validity. The correlation coefficient 
between the constructs was less than the square root of 
AVE in each construct, indicating that the questionnaire 
had good discriminant validity. From the fitting index, 
RMSEA = 0.060 < 0.08, SRMR = 0.075 < 0.08, and all other 
goodness-of-fit indexes were greater than 0.9, indicating 
that the data fitted well. Finally, the absolute value of the 
skew of each item was less than 2 and the absolute value 
of the kurtosis was less than 7, indicating that the data 
conformed to normal distribution (Kline & Little, 2011).

Data analysis
SPSS23.0 and AMOS23.0 were used for data analysis. 
Firstly, the Harman single factor test (Podsakoff et  al., 
2003) was performed to ensure that there was no serious 
common method deviation in this study, and the intra-
class correlation analysis was conducted to determine 
whether cluster data analysis and multi-level SEM analy-
sis were necessary. In order to answer the three research 
questions in this study, the following methods were used: 
(1) For RQ1, the t-test was used to judge whether there 
were significant differences in the scores of male and 
female students in each construct, and the Cohen’s d was 
used to judge the effect size (Cohen, 1988). (2) For RQ2, 
the correlation analysis was used to analyze the correla-
tion between variables, and regression analysis was used 
to compare the effect size of each sub-construction of 
EF on ISC. (3) For RQ3, a multi-group comparison of 
the structural equation model was carried out and the 
fitting degree of the model was judged by the goodness-
of- fit indexes. The p-value was used to judge whether the 
direct effects were significant, and the size of the effects 
were analyzed by the standardized path coefficient(β). To 
test whether the indirect effects were significant, the 95% 
confidence interval of Bootstrap mediation test (Preacher 
& Hayes, 2004) included 0 was used. The critical ratios 
(CR) for differences between parameters were used to 
judge whether the difference between male and female 
students on each path was significant.

Results
Common method bias test
To avoid common method bias, Harman’s one-factor test 
was used to test the common method bias in this study 
(Podsakoff et  al., 2003). The results showed that there 
were four factors with eigenvalues greater than 1, and 
parallel analysis results also suggested that four factors 
can be extracted (Franklin et al., 1995; O’Connor, 2000), 
which explained 74.27% of the variation in total, and the 
explanation rate of the largest factor variance was 46.12%, 
which was less than the 50% judgment standard recom-
mended by Hair et al. (2014), indicating that there was no 
serious common method bias in this study.

Intraclass correlation analysis
Considering that the participants in this study came from 
5 schools, participants from the same school may lead 
to biased results due to similar education levels (Geiser, 
2013). Therefore, an intraclass correlation analysis was 
conducted to determine whether the data were clus-
tered by the intraclass correlation coefficients (ICCs) of 
all constructs (Bowen & Guo, 2011; Silva et  al., 2019). 
The results showed that the clustering effects for all con-
structs were not significant (ICC of EF = 0.022, p = 0.760; 
ICC of SSE = 0.003, p = 0.451; ICC of SCP = 0.010, p = 618; 
ICC of ISC = 0.033, p = 0.139) and their design effects 
were all less than 2, indicating that most observations 
were independent (McNeish & Stapleton, 2016). In addi-
tion, this study focuses on analyzing gender differences 
in structural relationships among EF, SSE, SCP, and ISC. 
Based on the above analysis, cluster data analysis and 
multi-level SEM analysis was not necessary.

Descriptive statistics and independent sample T-test
The descriptive statistical results such as the mean and 
standard deviation of each main variable and the t-test 
results are shown in Table 3. On the whole, the mean of 
ISC is 3.16, which shows that students’ ISC are not high. 
The mean of EF is 2.89, which is slightly lower than the 
neutral level (In the questionnaire of this study, 3 means 
neutral). The mean of formal LE (M = 3.25) and Media 
(M = 3.45) are slightly higher than the neutral level, while 
the mean of informal LE (M = 2.04) is at a lower level, and 
the mean of SS (M = 2.83) is slightly lower than the neu-
tral level. The mean of SSE was 3.49, slightly higher than 
the neutral level. The mean of SCP is 4.03, which is at a 
relatively high level. From the results of the independ-
ent sample t-test, the scores of male students in all the 
constructs are significantly higher than those of female 
students, except for SCP where there was no significant 
gender difference. Cohen (1988) suggested that the criti-
cal values of small, medium and large effects were 0.2, 
0.5 and 0.8, respectively. Further from the d-values, there 
were small effect size gender differences in Environmen-
tal Factors, Media, STEM Self-efficacy, Science Self-effi-
cacy, Engineering Self-efficacy, Mathematics Self-efficacy, 
and Interest in STEM Careers.

Correlation analysis
The correlation matrix for male and female is shown 
in Table  4, and all variables were significantly corre-
lated. For male, EF (r = 0.647, p < 0.001), SSE (r = 0.414, 
p < 0.001), and SCP (r = 0.491, p < 0.001) were all signifi-
cantly correlated with the male students’ ISC, and the 
correlations sizes between EF sub-constructs and ISC in 
descending order were as follows: SS (r = 0.602, p < 0.001), 
Media (r = 0.566, p < 0.001), informal LE (r = 0.504, 



Page 9 of 21Wang et al. International Journal of STEM Education           (2023) 10:59  

p < 0.001), and formal LE (r = 0.423, p < 0.001). For female, 
EF (r = 0.566, p < 0.001), SSE (r = 0.399, p < 0.001), SCP 
(r = 0.377, p < 0.001) were also all significantly correlated 
with the female students’ ISC, and the correlations sizes 
between EF sub-constructs and ISC in descending order 
were as follows: Media (r = 0.553, p < 0.001), SS (r = 0.507, 
p < 0.001), informal LE (r = 0.381, p < 0.001), and formal 
LE (r = 0.338, p < 0.001). Overall, there are significant cor-
relations between all variables for both male and female, 
so further structural equation model testing could be car-
ried out. In addition, in order to further explore “Which 
environmental factor (EF) has the greatest effect on male 
and female students’ ISC respectively?”, regression analy-
sis was also needed.

Regression analysis
The results of the regression analysis of EF and ISC are 
presented in Table 5. For males, the regression equation 
model passed the F-test (F = 110.242, p < 0.000) and the 
model fit was good (R2 = 0.448). The effect sizes of EF 
sub-constructs on the male students’ ISC in descending 
order were as follows: SS (β = 0.329, p < 0.000), Media 
(β = 0.295, p < 0.000), and ILE (β = 0.143, p = 0.001), while 
the effect of FLE (β = 0.024, p > 0.05) on the male students’ 
ISC was not significant. For females, the regression equa-
tion model passed the F-test (F = 86.515, p < 0.000) and 
the model fit was good (R2 = 0.375). The effect sizes of EF 
sub-constructs on the female students’ ISC in descend-
ing order were as follows: Media (β = 0.387, p < 0.000), SS 
(β = 0.279, p < 0.000), while the effect of ILE (β = 0.043, 
p > 0.05) and FLE (β = 0.010, p > 0.05) on the female 

students’ ISC was not significant. In short, the environ-
mental factors that had the greatest effect on male and 
female students’ ISC were SS and Media, respectively.

Multi-group comparison of structural equation models
To further investigate the relationships among all vari-
ables and whether there were gender differences in the 
mediating roles of SSE and SCP between EF and ISC, 
this study used a structural equation modeling multi-
group comparison to construct the following three mod-
els in AMOS 23.0 with gender as the grouping variable. 
First, the unconstrained model M1 was constructed (the 
parameters of each group were estimated freely); then, 
the model M2 was constructed on the basis of M1 (the 
measurement weights of each group were equal); finally, 
the model M3 was constructed on the basis of M2 (the 
measurement weights and path coefficients of each group 
were equal). The fit fitness and model comparison results 
of the three models are shown in Table  6. In the struc-
tural equation model, when the sample size is larger 
than 200, it is easy to cause the cardinality value of the 
model to be inflated, resulting in poor model fit (Bol-
len & Stine, 1993), so other goodness-of-fit indicators 
are recommended to evaluate the model (Bentler, 1990). 
Although the χ2/df of this model was slightly higher than 
the standard value of 5 due to the large sample size, the 
other fit indicators were at adequate levels (CFI > 0.9, 
TLI > 0.9, IFI > 0.9, NFI > 0.9, RMSEA < 0.08, SRMR < 0.08) 
(Hu & Bentler, 1999; Keith, 2014; Wu, 2009), which indi-
cated that the constructed model better reflected the 
effect mechanism of ISC of high school students. The 

Table 3 Descriptive statistics and t‑test for all variables by gender

*** p < .001; **p < .01; *p < .05. d means Cohen’ d; d > .2 means small effect size; d > .5 means medium effect size; d > .8 means large effect size

Construct/sub-construct Full sample 
(N = 1132)
M ± SD

Male 
(N = 549)
M ± SD

Female 
(N = 583)
M ± SD

t p d

Environmental factors (EF) 2.89 ± 0.75 3.00 ± 0.78 2.79 ± 0.71 4.56 *** 0.281

Formal learning experiences (FLE) 3.25 ± 0.89 3.31 ± 0.92 3.20 ± 0.85 2.08 0.038* 0.124

Informal learning experiences (ILE) 2.04 ± 0.89 2.12 ± 0.94 1.96 ± 0.82 3.06 0.002** 0.181

Social support (SS) 2.83 ± 0.97 2.91 ± 1.01 2.76 ± 0.93 2.52 0.012* 0.155

Media 3.45 ± 0.99 3.65 ± 0.98 3.26 ± 0.96 6.84 *** 0.402

STEM self-efficacy (SSE) 3.49 ± 0.74 3.65 ± 0.73 3.34 ± 0.73 7.29 *** 0.425

Science self‑efficacy 3.13 ± 0.90 3.33 ± 0.89 2.95 ± 0.87 7.21 *** 0.432

Technology self‑efficacy 4.25 ± 0.80 4.33 ± 0.80 4.18 ± 0.80 3.02 0.003** 0.188

Engineering self‑efficacy 3.28 ± 1.05 3.49 ± 1.04 3.08 ± 1.02 6.65 *** 0.398

Mathematics self‑efficacy 3.22 ± 0.90 3.41 ± 0.90 3.03 ± 0.86 7.34 *** 0.432

STEM careers perceptions (SCP) 4.03 ± 0.71 4.03 ± 0.75 4.04 ± 0.68 − 0.22 0.826 − 0.014

Careers prospects 3.67 ± 0.81 3.66 ± 0.82 3.67 ± 0.80 − 0.22 0.824 − 0.012

Skills required skills 4.32 ± 0.81 4.31 ± 0.86 4.32 ± 0.75 − 0.33 0.743 − 0.012

Self‑development 4.22 ± 0.85 4.24 ± 0.89 4.21 ± 0.81 0.47 0.635 0.035

Interest in STEM careers (ISC) 3.16 ± 1.12 3.39 ± 1.12 2.95 ± 1.08 6.72 *** 0.399
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model comparison results showed that the differences 
between M1 and M2 were not significant (△χ2 = 12.523, 
△df = 11, p > 0.05), indicating that the measurement 
weights of each question item in the questionnaire were 
equal across groups in the male and female samples, fur-
ther indicating that the questionnaire was appropriate for 
both male and female students; the differences between 
M2 and M3 were significant (△χ2 = 15.252, △df = 5, 

p < 0.05), indicating that there were gender differences in 
the path coefficients. The specific paths that have gender 
differences needed to be analyzed in the next step.

The structural equation models for the total sam-
ple, male students, and female students are shown in 
Fig.  2. The numbers on each arrow in turn represent 
the path coefficients for the total sample, male stu-
dents, and female students. From the total sample, all 

Table 5 Regression analysis of EF and ISC

*** p < 0.001, **p < 0.01; F means Ratio of mean square between groups to mean square within groups

Independent variable Male (N = 549) Female (N = 583)

β t p β t p

Formal Learning Experi‑
ences (FLE)

0.024 0.583 0.560 0.010 0.234 0.815

Informal Learning Experi‑
ences (ILE)

0.143 3.194 0.001** 0.043 0.946 0.345

Social Support (SS) 0.329 7.223 *** 0.279 6.312 ***

Media 0.295 7.350 *** 0.387 9.800 ***

R2 0.448 0.375

F 110.242*** 86.515***

Table 6 Model fit indices for multi‑group comparison

** p < .01; M1 is the unconstrained model; M2 is the model with equal measurement weights; M3 is the model with equal measurement weights and structural weights

Model χ2 df χ2/df CFI TLI IFI NFI RMSEA SRMR △χ2 △df p

M1 969.928 170 5.705 0.925 0.907 0.925 0.911 0.065 0.075 – – –

M2 982.451 181 5.428 0.925 0.913 0.925 0.910 0.063 0.076 12.523 11 0.326

M3 997.702 186 5.364 0.924 0.914 0.924 0.908 0.062 0.080 15.252 5 0.009**

Fig. 2 Structural equation models for full sample, male and female
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five path coefficients were significant, and the model 
explained 39% of the variance in ISC of the total sam-
ple. For male students, all paths were significant except 
for "SSE → SCP", and the model explained 44% of the 
variance in ISC of male students. For female students, 
all paths were significant except for "EF → SCP", and the 
model explained 33% of the variance in ISC of female 
students.

All direct paths coefficients and indirect paths coef-
ficients for the total sample, male and female, and their 
significance are shown in Table  7. In this study, Criti-
cal Ratios (CR value) for differences between param-
eters was used to test whether there was a significant 
gender difference in each direct path coefficient. If the 
absolute CR > 1.96, the difference in direct path coef-
ficients was significant. The results showed that there 
were significant gender differences in the two paths 
EF → SCP (CR = −  2.078) and SSE → SCP (CR = 1.987). 
Specifically, on the path EF → SCP, the path coefficient 
of male students (β = 0.413, p < 0.001) is significantly 
higher than that of female students (β = 0.013, p > 0.05); 
on the path SSE → SCP, the path coefficient of female 
students (β = 0.474, p < 0.001) is significantly higher 
than that of male students (β = 0.154, p > 0.05). In order 
to test whether there are gender differences in the indi-
rect effects of EF on ISC, that is, whether there are gen-
der differences in the mediating roles of SSE and SCP 
between EF and ISC, this study further used the Boot-
strap mediating effect test (Preacher & Hayes, 2004) 
with repeated sampling 5000 times and calculating 95% 
confidence intervals. If the 95% confidence interval did 

not include 0, the mediating effect of the path was sig-
nificant. The mediating test results are shown in Table 7. 
The three mediation paths of the total sample are all sig-
nificant. For male, the two mediations path were signifi-
cant except for EF → SSE → SCP → ISC (β = 0.052, 95% 
CI [−  0.039, 0.128] including 0), indicating that EF can 
affect the ISC of male students through the following two 
mediating paths (EF → SSE → ISC, EF → SCP → ISC). 
For female, the two mediating paths were significant 
except for EF → SCP → ISC (β = 0.004, 95% CI [− 0.077, 
0.127] including 0), indicating that EF could affect the 
ISC of female students through the following two medi-
ating paths (EF → SSE → ISC, EF → SSE → SCP → ISC). 
In summary, there are gender differences in the effect 
mechanisms of EF on ISC, that is, there are gender dif-
ferences in the mediating role of SSE and SCP between 
EF and ISC.

Discussion
Based on SCCT, this study investigated gender differ-
ences in high school students’ ISC and answered three 
research questions: RQ1 Are there differences in inter-
est in STEM careers between male and female students? 
RQ2 Which environmental factor has the greatest effect 
on male and female students’ interest in STEM careers 
respectively? RQ3 Are there gender differences in the 
mediating roles of STEM self-efficacy and STEM careers 
perceptions between environmental factors and interest 
in STEM careers? In response to these three questions, 
the specific discussion and conclusions of this study are 
as follows.

Table 7 The direct and indirect effects test for full sample, male and female

C.R. critical ratios for differences between parameters, EF environmental factors, SSE STEM self-efficacy, SCP STEM careers perceptions, ISC interest in STEM careers
*** p < 0.001, **p < 0.01, *p < 0.05

Path Full sample Male Female C.R

β Bootstrap
95% CI

β Bootstrap
95% CI

β Bootstrap
95% CI

Lower Upper Lower Upper Lower Upper

Direct effects

EF → SSE 0.858*** 0.842*** 0.872*** 1.241

EF → SCP 0.290*** 0.413*** 0.013 − 2.078*

SSE → ISC 0.408*** 0.360*** 0.386*** 0.800

SSE → SCP 0.228** 0.154 0.474*** 1.987*

SCP → ISC 0.320*** 0.401*** 0.275*** − 1.680

Indirect effects

EF → SSE → ISC 0.350** 0.281 0.420 0.303*** 0.201 0.408 0.337*** 0.243 0.439

EF → SCP → ISC 0.093* 0.019 0.184 0.166** 0.051 0.310 0.004 − .077 0.127

EF → SSE → SCP → ISC 0.063* 0.005 0.114 0.052 − 0.039 0.128 0.113** 0.046 0.195

Total effects 0.506*** 0.450 0.561 0.521*** 0.438 0.598 0.454*** 0.375 0.530
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RQ1: Are there differences in interest in STEM careers 
between male and female students?
The results of descriptive statistics and independent sam-
ple t-tests showed that there were gender differences in 
high school students’ ISC. Specifically, male students 
have significantly higher ISC than female students, which 
is consistent with the results of similar studies (Archer 
et  al., 2012; Lv et  al., 2022) and with the current global 
underrepresentation of females in STEM fields. In addi-
tion, male students scored higher than female students 
on all environmental factors (school education, infor-
mal education, social support, media) and STEM self-
efficacy, which is consistent with previous findings 
(Archer et  al., 2012; Du, 2020; Li & Xie, 2016; Lv et  al., 
2022; Shi & Huang, 2018), indicating that girls are treated 
more or less unfairly in terms of school education, infor-
mal education, social support, and media. The results 
also showed that both male and female students scored 
relatively high and did not differ significantly in STEM 
careers perceptions. As the STEM careers perceptions 
questionnaire in this study was adapted from Mohtar 
et al. (2019), which includes three sub-dimensions "career 
prospects," "skills needed," and "self-development", the 
findings suggest that there is no gender difference in the 
perception of the value of STEM careers. That is, female 
students also believe that STEM careers have better pros-
pects and are beneficial for their long-term self-develop-
ment. Since there is no gender difference in the students’ 
perceptions of the value of STEM careers, why are many 
female students still reluctant to enter STEM fields in 
the future? This study suggests that the reason may be 
due to the influence of environmental factors and STEM 
self-efficacy, which was also confirmed by Archer et  al. 
(2012), who found that although most girls rated science 
highly, they were still reluctant to choose science-related 
careers. This is because STEM fields were generally per-
ceived as "smart" and "masculine" fields, and this stereo-
type can be transmitted explicitly or implicitly through 
parents, teachers, peers, and the media (Fulcher, 2011).

RQ2: Which environmental factor has the greatest effect 
on male and female students’ interest in STEM careers 
respectively?
The results also showed that the environmental factors 
that had the greatest effect on male and female students’ 
interest in STEM careers were different. Specifically, the 
environmental factor that had the greatest effect on male 
students’ interest in STEM careers was social support, 
while that for female students was media. The reason may 
be that, under the deep-rooted influence of traditional 
Confucianism, Chinese society generally believes that 
men are responsible for external affairs and women are 
responsible for internal affairs, and stable, low-intensity, 

family-centered careers are more suitable for females 
(Liu, 2014). Studies have found that parents tend to 
underestimate girls’ ability in STEM subjects and overes-
timate boys’ ability in the field (Eccles & Wigfield, 2002; 
Gunderson et  al., 2012), and some teachers believe that 
mathematics is a male field and have higher expectations 
for boys’ mathematical ability (Gunderson et al., 2012; Li, 
1999). Therefore, parents and teachers are more likely to 
provide additional support and expectations for boys in 
STEM fields. As such, social support largely affects boys’ 
interest in STEM careers. Under the influence of the slo-
gan "women can hold up half of the sky" in China’s early 
socialist stage and the one-child policy implemented in 
China since the 1980s, parents hold the same educational 
expectations for girls and increase investment and sup-
port for their education (Tsui & Rich, 2002). However, 
gender stereotypes widely existing in social and cultural 
norms still largely affect girls’ interest in STEM careers 
and identity through a variety of media (e.g., most scien-
tists in the media and textbooks are male). For example, 
through an assessment of curriculum frameworks in 78 
countries, UNESCO found gender bias in many math and 
science textbooks and learning materials (Benavot, 2016). 
Tan et al. (2015) have divided media into entertainment 
media (such as movies and TV entertainment programs) 
and science media (popular science magazines, sci-
ence documentaries, etc.). Although some media, espe-
cially entertainment media, convey sociocultural norms 
and gender stereotypes, positive and scientific media 
still could improve students’ perceptions and interest 
in STEM careers (Wyss  et al., 2012), and are useful for 
designing interventions to increase students’ interest in 
STEM careers. For both boys and girls, school education 
had the least effect on their interest in STEM careers. A 
similar conclusion was obtained from a study in China 
that school factors had no significant effect on Chinese 
students’ intention to pursue science-related careers (Xue 
et al., 2015). The reason may be that under the influence 
of exam-oriented education in China, teacher pay more 
attention to the teaching of academic knowledge, while 
ignoring the cultivation of literacy, self-efficacy, and 
career planning education (Lv et  al., 2022; Zhou et  al., 
2019). In addition, this study and related studies have 
found that informal education has a greater impact on 
high school students’ STEM career interest than school 
education (Halim et al., 2017; Kitchen et al., 2018; Miller 
et  al., 2018; Wang et  al., 2021); therefore, educators 
should actively seek interventions in informal education 
(museum education, summer camps, etc.) to improve 
students’ interest in STEM careers. The study also found 
that the effect of informal LE on female students was 
not significant, possibly because female students had 
less access to informal LE, for example, they do not have 
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equal access to STEM-related activities at home and in 
other settings (Sammet & Kekelis, 2016). Studies have 
shown that compared with girls, boys are given more 
opportunities for informal activities (Bonnette et  al., 
2019) and receive more explanations from their par-
ents during informal scientific activities (Crowley et  al., 
2001). Informal education could offer the possibility for 
girls to be exposed to female STEM role models, which 
can eliminate gender stereotypes of girls in STEM fields, 
increase their STEM self-efficacy and positive percep-
tions of STEM careers, and in turn increase their interest 
in STEM careers. Parents should provide more oppor-
tunities and support for girls to participate in informal 
STEM education, as parents generally act as gatekeepers 
in the choice of their children’s participation in informal 
education, deciding whether to support their children’s 
participation in a particular informal STEM activity.

RQ3: Are there gender differences in the mediating roles 
of STEM self-efficacy and STEM careers perceptions 
between environmental factors and interest in STEM 
careers?
From the results of a multi-group comparison of struc-
tural equation model, there were gender differences in 
the effect mechanism of high school students’ interest 
in STEM careers. In terms of the explanatory rate of the 
model, the model constructed in this study explained 44% 
of the variance in male students’ ISC and 33% of the vari-
ance in female students’ ISC, respectively, indicating that 
the effect mechanism of in female students’ ISC is more 
complex. In addition, in terms of effect paths, the direct 
path (SSE → SCP) was not significant in the male group, 
and the direct path (EF → SCP) was not significant in the 
female group. EF could affect male students’ ISC through 
the following two mediated paths (EF → SSE → ISC; 
EF → SCP → ISE), while EF could affect female stu-
dents’ ISC through the following two mediated paths 
(EF → SSE → ISC; EF → SSE → SCP → ISE). In other 
words, male students’ ISC could be mediated by SSE 
or SCP, while the two mediating paths of female both 
include SSE, illustrating the importance of SSE in the 
formation of girls’ ISC. A large number of studies also 
showed that women with low STEM self-efficacy are 
less likely to pursue STEM careers (Britner, 2008; Har-
tung et al., 2005; Litzler et al., 2014). A study by Cimpian 
et al. (2020) found that a large number of low-performing 
male students were majoring in STEM majors, the pro-
portion of boys choosing STEM majors is much higher 
than that of girls among lower-performing students, and 
girls who enter STEM fields generally have better aca-
demic performance and higher self-efficacy. This also 
confirmed the importance of STEM self-efficacy for 
girls to pursue STEM. Based on all the above analysis, 

in order to improve girls’ interest in STEM careers, it is 
crucial to develop girls’ STEM self-efficacy. According to 
Bandura (1986), the information sources of self-efficacy 
include four major aspects: performance accomplish-
ments, vicarious learning, social persuasion, and emo-
tional arousal. First, performance accomplishments refer 
to the successful experience of individuals participating 
in activities in a certain field, and therefore girls need to 
be provided with more access to STEM projects to gain 
more successful experiences in problem solving in a real-
world context. Second, vicarious learning refers to the 
experience of individuals seeing people similar to them-
selves, or role models complete a certain task. Due to 
the underrepresentation of women in STEM fields, girls 
need to be provided with more female role models and 
mentors to guide them. Third, social persuasion refers 
to the affirmation or encouragement of an individual’s 
successful performance in a certain field by those whom 
the individual trusts and is close to, especially when the 
individual is self-doubting. Therefore, parents and teach-
ers should give more affirmation and encouragement to 
girls in STEM subjects and fields, especially to encourage 
girls to break out of the traditional boundaries and break 
the gender stereotypes in STEM fields. Fourth, emotional 
arousal refers to the negative or positive emotional states 
that individuals experience when they are engaged in a 
task, so teachers, parents, and communities should create 
more positive emotional experiences for girls in STEM 
instruction or activities. The learning environment such 
as participation in STEM extracurricular activities, early 
experiences with STEM and family involvement in STEM 
have influence on students’ decision to enroll in course 
with STEM as the major (Gossen & Ivey, 2023).

In addition, the mechanisms and potential causes of 
the mediating effects of SSE and SCP deserve further 
analysis. For both boys and girls, EF could positively 
influence SSE, and SSE could further influence ISC, 
which is consistent with SCCT and similar studies (Lent 
et  al., 1994; Lv et  al., 2022; Mohtar et  al., 2019; Wang 
et  al., 2021). The reason may be as follows: In Chinese 
high schools, STEM-related subjects (mathematics, phys-
ics, chemistry, biology, etc.) are all compulsory courses 
and included in the college entrance examination. There-
fore, Chinese society, schools, parents, and students give 
support and efforts to STEM-related subjects, so there 
is no significant difference between boys and girls in the 
academic performance of STEM subjects. For example, 
the results of PISA2015 showed that the difference in 
math performance among Chinese adolescents was not 
significant (OECD, 2015). As both boys and girls were 
exposed to positive environmental factors in STEM sub-
jects learning, these environmental factors would posi-
tively affect their SSE. SSE refers to individuals’ judgment 
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or confidence in their ability to engage in STEM jobs or 
complete STEM tasks, which would affect his/her inter-
est in STEM careers positively (lv et  al., 2022; Mohtar 
et  al., 2019; Wang et  al., 2021). However, SCP is a little 
different in groups of different genders. Specifically, for 
male students, EF could positively affect SCP, while for 
female students, the effect of EF on SCP was not signifi-
cant. The reason may be that boys have more access to 
positive environmental factors related to STEM careers 
and activities than girls. For example, boys have more 
teacher support and parental support in STEM fields 
(Crowley et  al., 2001; Lv et  al., 2022), more access to 
informal education opportunities (Bonnette et  al., 2019; 
Sammet & Kekelis, 2016), and the majority of scientists 
portrayed in the media are male (Steinke, 2017). The 
above positive environmental factors would promote 
the SCP of male students. However, for female students, 
the positive environmental factors of STEM careers they 
acquired were less, so the direct effect of EF on SCP was 
not significant. Although the path EF → SCP of female 
students was not significant, EF could still affect SCP 
through the mediating effect of SSE. The reason may be 
that the higher a girl’s SSE is, the more positive and con-
fident she is and can resist gender stereotypes in STEM 
fields, and then have a more positive perception of STEM 
careers. SCP could positively affect ISC for both male 
and female students, because when individuals have 
more positive perceptions of STEM careers and better 
outcome expectations, they are more interested in STEM 
careers (Mohtar et al., 2019; Wang et al., 2021).

Limitation and future research
The following limitations in this study still exist. Firstly, 
although the sample size of this study far exceeds the 
basic requirements of data analysis, the sample does not 
cover all provinces and cities in China due to the limita-
tion of time, resources and labor. Generally speaking, 
Hunan Province belongs to a province with a moderate 
level of economic development in China, so the generali-
zation of the conclusion of this study needs to be further 
verified, and further verification, improvement and gen-
eralization should be carried out in future studies in the 
provinces and cities with developed economic levels as 
well as those with more backward economic levels. Sec-
ondly, individual career interest will not be unchanged, 
and students’ interest in STEM careers will also fluctuate 
from primary school to middle school and then to high 
school. Therefore, future studies can conduct long-term 
follow-up studies to find the points where girls’ inter-
est in STEM careers fluctuate more, and then select the 
corresponding age or grade to carry out targeted STEM 
career interest cultivation. Thirdly, a curriculum and 

teaching framework aimed at cultivating girls’ interest 
in STEM careers can be designed and implemented in 
the future. Finally, based on the core constructs of Social 
Cognitive Career Theory (such as self-efficacy, outcome 
expectation, career interest, etc.) and the instruments of 
outcome expectation in related studies (Kier et al., 2014; 
Mohtar et al., 2019), this study did not include self-iden-
tity in the questionnaire design. However, self-identity 
is a very important factor contributing to an individual’s 
interest in STEM, so future research on gender differ-
ences in STEM should include the self-identity construct 
in the questionnaire or include it in the outcome expecta-
tion construct.

Conclusions
Based on the Social Cognitive Career Theory, this study 
explored the gender differences in the effects of the envi-
ronmental factors (school education, informal educa-
tion, social support, and media) on high school students’ 
interest in STEM careers through the mediating roles of 
STEM self-efficacy and STEM careers perceptions. The 
results of t-test, regression analysis, and structural equa-
tion model multi-group comparison showed that: Firstly, 
male students’ interest in STEM careers was significantly 
higher than that of female students. Secondly, the envi-
ronmental factor that had the greatest effect on male and 
female students’ interest in STEM careers were social 
support and media, respectively. Thirdly, environmen-
tal factors could affect male students’ interest in STEM 
careers through the mediating roles of STEM self-effi-
cacy and STEM career perception, while environmental 
factors could affect female students’ interest in STEM 
careers through the mediating role of STEM self-efficacy. 
Finally, the mediating mechanisms of STEM self-efficacy 
and STEM career perception between environmental 
factors and interest in STEM careers and the importance 
of STEM self-efficacy for female students were discussed.

Although this study was conducted at the high school 
education level in China, there are significant similarities 
at the global education level, particularly the underrepre-
sentation of females in STEM fields and the low interest 
in STEM careers among girls. The findings of this study 
could provide some reference for teachers and policy 
makers in the STEM field, especially for researchers who 
want to conduct research on STEM career interest inter-
vention for girls.

Appendix
See Tables 8 and 9.
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Table 8 Overview of items used in the questionnaire in English

EF environmental factors, SSE STEM self-efficacy, SCP STEM careers perceptions, ISC interest in STEM careers

No. Items Strongly 
disagree

Disagree Neutral Agree Strongly
agree

EF1 In the lab or at school, I often conduct experiments or STEM projects 1 2 3 4 5

EF2 In class, I learned how to analyze experimental results 1 2 3 4 5

EF3 In class, the teacher introduced us to STEM careers 1 2 3 4 5

EF4 In class, I often do exploratory activities with my group 1 2 3 4 5

EF5 I have entered many STEM contests 1 2 3 4 5

EF6 I have entered many STEM summer camps 1 2 3 4 5

EF7 I often visit STEM venues (such as Science and Technology Museum planetari‑
ums, museums, botanical gardens)

1 2 3 4 5

EF8 I have joined STEM associations 1 2 3 4 5

EF9 My parents encouraged me to pursue a STEM career 1 2 3 4 5

EF10 My parents encouraged me to participate in STEM activities outside of school 1 2 3 4 5

EF11 Many of my friends want to pursue STEM careers in the future 1 2 3 4 5

EF12 I have family members in STEM occupations 1 2 3 4 5

EF13 I like reading STEM books, magazines, newspapers and so on 1 2 3 4 5

EF14 I like watching STEM TV programs 1 2 3 4 5

EF15 I like watching STEM movies 1 2 3 4 5

EF16 I like browsing information about STEM on the Internet 1 2 3 4 5

SSE1 I do well in STEM. (Science, Technology, Engineering, Mathematics) 1 2 3 4 5

SSE2 I can write the experiment report correctly 1 2 3 4 5

SSE3 I can gather information about STEM concepts properly 1 2 3 4 5

SSE4 I can conduct STEM experiments correctly in the laboratory 1 2 3 4 5

SSE5 I can download pictures or videos from the Internet 1 2 3 4 5

SSE6 I can use daily technology products skillfully. (e.g. microwave oven) 1 2 3 4 5

SSE7 I can use digital devices correctly. (e.g. smart phone, iPad, computer) 1 2 3 4 5

SSE8 I can use social media correctly. (e.g. WeChat, QQ) 1 2 3 4 5

SSE9 I can build a robot out of Lego 1 2 3 4 5

SSE10 I can assemble small furniture (e.g. shoe racks, closets) 1 2 3 4 5

SSE11 I can design electronic circuits 1 2 3 4 5

SSE12 I can fix broken toys 1 2 3 4 5

SSE13 I do well in math 1 2 3 4 5

SSE14 I can collect and record data accurately 1 2 3 4 5

SSE15 I can draw a chart based on the data provided 1 2 3 4 5

SSE16 I can use a scientific calculator skillfully 1 2 3 4 5

SCP1 I think all STEM careers have a high reputation 1 2 3 4 5

SCP2 I think STEM careers pay well 1 2 3 4 5

SCP3 I think students majoring in STEM will find it easy to get a job 1 2 3 4 5

SCP4 I think STEM careers require high level thinking skills 1 2 3 4 5

SCP5 I think STEM careers require creative problem solving 1 2 3 4 5

SCP6 I think STEM careers require collaboration 1 2 3 4 5

SCP7 I think STEM careers are very fulfilling 1 2 3 4 5

SCP8 I think STEM careers can promote my long‑term development 1 2 3 4 5

SCP9 I think STEM careers can contribute to human development 1 2 3 4 5

ISC1 I hope to pursue a career in STEM 1 2 3 4 5

ISC2 I will choose a major of STEM in college 1 2 3 4 5

ISC3 I want to be a scientist 1 2 3 4 5

ISC4 I want to work in a field where I can use STEM knowledge in the future 1 2 3 4 5

ISC5 I want to be a medical worker or work in medicine 1 2 3 4 5
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Table 9 Overview of items used in the questionnaire in Chinese

注: EF: 环境因素; SSE: STEM自我效能感; SCP: STEM职业认知; ISC: STEM职业兴趣。

序号 题目 完全
不符合

比较
不符合

一般 比较
符合

完
全
符
合

EF1 在实验室或学校中, 我经常进行实验或STEM项目。 1 2 3 4 5

EF2 在课堂上, 我学会了如何分析实验结果。 1 2 3 4 5

EF3 在课堂上, 老师会给我们介绍STEM相关的职业。 1 2 3 4 5

EF4 在课堂上, 我和小组经常一起进行探究活动。 1 2 3 4 5

EF5 我多次参加STEM相关的竞赛。 1 2 3 4 5

EF6 我多次参加STEM相关的夏令营。 1 2 3 4 5

EF7 我经常参观STEM相关的场馆 (如科技馆、天文馆、博物
馆、植物园) 。

1 2 3 4 5

EF8 我参加了STEM相关的社团。 1 2 3 4 5

EF9 我的父母鼓励我从事STEM相关职业。 1 2 3 4 5

EF10 我的父母鼓励我参加与STEM有关的校外活动。 1 2 3 4 5

EF11 我的很多朋友以后都想从事STEM相关职业。 1 2 3 4 5

EF12 我的家庭成员中有人从事STEM相关的职业。 1 2 3 4 5

EF13 我喜欢阅读与STEM相关的书籍、杂志、报刊等。 1 2 3 4 5

EF14 我喜欢看与STEM相关的电视节目。 1 2 3 4 5

EF15 我喜欢看与STEM相关的电影。 1 2 3 4 5

EF16 我喜欢在网上浏览与STEM相关的信息。 1 2 3 4 5

SSE1 我的STEM (科学、技术、工程、数学) 成绩很好。 1 2 3 4 5

SSE2 我能正确地写实验报告。 1 2 3 4 5

SSE3 我能恰当地收集STEM方面的信息。 1 2 3 4 5

SSE4 我能在实验室中正确地进行STEM实验。 1 2 3 4 5

SSE5 我可以从网上下载图片或视频。 1 2 3 4 5

SSE6 我可以熟练使用日常科技产品(如: 微波炉)。 1 2 3 4 5

SSE7 我能正确使用数字设备(如智能手机、iPad、电脑) 1 2 3 4 5

SSE8 我能正确使用社交媒体(如: 微信、QQ)。 1 2 3 4 5

SSE9 我能用乐高积木造一个机器人。 1 2 3 4 5

SSE10 我会组装小型家具 (如: 鞋架、衣柜) 。 1 2 3 4 5

SSE11 我能设计电子电路。 1 2 3 4 5

SSE12 我会修理坏了的玩具。 1 2 3 4 5

SSE13 我的数学成绩很好。 1 2 3 4 5

SSE14 我能准确地收集并记录数据。 1 2 3 4 5

SSE15 我可以根据所提供的数据绘制图表。 1 2 3 4 5

SSE16 我能熟练使用科学计算器。 1 2 3 4 5

SCP1 我认为STEM相关职业都享有盛誉。 1 2 3 4 5

SCP2 我认为STEM相关职业收入很高。 1 2 3 4 5

SCP3 我认为STEM相关专业的学生很容易找到工作。 1 2 3 4 5

SCP4 我认为STEM相关职业需要高层次思维能力。 1 2 3 4 5

SCP5 我认为STEM相关职业需要创造性解决问题的能力 1 2 3 4 5

SCP6 我认为STEM相关的职业需要合作能力。 1 2 3 4 5

SCP7 我认为STEM相关职业很能实现自我价值。 1 2 3 4 5

SCP8 我认为STEM相关职业可以促进我的长远发展。 1 2 3 4 5

SCP9 我认为STEM相关职业可以为人类发展作贡献。 1 2 3 4 5

ISC1 我希望以后从事STEM相关职业。 1 2 3 4 5

ISC2 读大学时我将选择STEM相关的专业。 1 2 3 4 5

ISC3 我想成为一名科学家。 1 2 3 4 5

ISC4 我未来想从事可以运用STEM知识的工作。 1 2 3 4 5

ISC5 我想成为一名医护人员或从事医药方面的工作。 1 2 3 4 5
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SS  Social support
SSE  STEM self‑efficacy
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EFA  Exploratory factor analysis
CFA  Confirmatory factor analysis
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CFI  Comparative fit index
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NFI  Normed fit index
RMSEA  Root mean square error of approximation
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95% bootstrap CI  95% Bootstrap confidence interval
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