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Abstract

Encouraging students to enter and persist in science, technology,
engineering and mathematics (STEM) programs in higher education has been
the focus of STEM education worldwide. To promote social equality
particular attention has been given to including student groups such as women,
ethnic minorities, and students with low economic status that have long been
underrepresented in STEM education. The aim of this research was to examine
gender differences in students’ entrance into and persistence in STEM
programs in Swedish higher education through the lens of social cognitive
career theory (SCCT). Through a quantitative secondary analysis of Interest
and Recruitment in Science (IRIS) project data collected in Sweden, a total of
2372 responses were validated and analyzed, including 1530 males (65%) and
842 females (35%). The main findings showed that female students valued
previous learning experiences in formal education contexts and social
influences more than males, with a significant difference of (p<0.05). Male
students valued informal learning experiences more and presented self-
efficacy and choice goals to a higher degree, with a significant difference of
(p<0.05). No significant gender differences were found with regard to
appreciation of current study life. The discussions and implications of the
findings and previous research are presented.
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Introduction

Combinations of attitudes, knowledge and skills in science,
technology, engineering and mathematics (STEM) have been considered
critical competencies in the knowledge economy. On a national scale, STEM
fields have been recognized by the U.S. government as “areas of national
need” that are “crucial to national innovation, competitiveness, and well-
being” (Goan et al. 2006, p. 1). Similarly, the European Commission
incorporated key competencies such as “mathematical competence and basic
competencies in science and technology” and “digital competence” as key
objectives for the reference framework for lifelong learning in European
countries’ national curricula (European Commission 2018). At the individual
level, STEM education not only prepares individuals with competencies for
problem solving and innovation in their daily lives, but also actively involves
them in solving complex challenges faced by their societies with critical and
creative thinking (Hazelkorn et al. 2015). The implications for STEM
educational policies around the world lie not only in promoting scientific
literacy among citizens, but also in attracting people to participate in STEM
disciplines in secondary and higher education, and further to pursue STEM-
related professions and/or research-scientific careers for international
competition (Hazelkorn et al. 2015; Laugksch 2000).

Despite the fact that the numbers of students pursuing higher education
degrees have been increasing, the percentage of students in STEM disciplines
remains relatively low. The shortage of students pursuing STEM disciplines
has been recognized globally. In Europe, it has been pointed out that one
million additional researchers are needed in STEM studies by 2020 to sustain
economic growth (Hazelkorn et al. 2015). On the other hand, many students
view studying STEM in higher education as a pathway to careers that are not
directly related to STEM disciplines. For example, many students in the U.S.
view majoring in biology or chemistry as a way to become medical doctors
rather than biologists or chemists. Some students see mathematics and science
as their stepping-stones to the worlds of business, finance or entrepreneurship.
Engineering studies sometimes provide backgrounds for students aspiring to
careers as patent lawyers (Sadler et al. 2012). As a country considered being
among the foremost when it comes to gender equality (UNDP 2015), Sweden
has broadened the educational pathway for more students to engage in higher
education. Specifically in STEM education, completing the natural science
program in upper secondary school is regarded as the ideal way to prepare for
a STEM field of study in higher education in Sweden (Skolverket 2000).
However, despite abundant opportunities for entering STEM disciplines and
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the government’s flexible combination of grants and loans for financial
support in Swedish higher education (Langen and Dekkers 2005), only 25%
of 25-34 year-olds chose to participate in STEM disciplines in year 2016
(OECD 2017). According to OECD statistics for year 2015, only 38% of total
enrollment and 22% of STEM higher education graduates are women
(OECD.Stat n.d.). Although gender equality and equal treatment for men and
women have been actively promoted in Sweden for decades, gender disparities
in STEM course participation persist. To understand the gender gap in STEM
education and careers, it is important to investigate how students’ academic
and career choices developed over time, and the crucial factors that have both
direct and mediating effects on their decision-making. Understanding what
factors drive students of both genders to step onto the STEM pathway and
whether they remain on it can help educators and policy makers identify more
efficient ways of encouraging students to enter the STEM domain and keep
them there.

Early attitudes developed in adolescence play a fundamental role in
determining students’ aspirations for future careers (Ormerod and Duckworth
1975; Tai et al. 2006; Lindahl 2007; as cited in DeWitt et al. 2011). By the age
of 13 or 14, most students’ attitudes towards science are well established and
become progressively harder to change (DeWitt et al. 2011). Thus, secondary
education is regarded as a critical period in attaining and developing students’
interest in STEM disciplines so that they will choose to study STEM-related
majors in higher education. After students enroll in STEM majors, their
interests then influence their retention. Students may subsequently drop out
due to a lack of interest in STEM, concern over the occupational lifestyle, or
a growing interest in other disciplines (Heilbronner 2011). On the other hand,
related learning experiences in STEM are believed to contribute to the
development of self-efficacy beliefs that indicate individuals’ confidence in
studying mathematics and science subjects. Students’ self-efficacy beliefs
further influence their interests, behavior, and intention to enter or persist with
STEM disciplines. Bloom (1985) investigated high-achieving individuals in
neuroscience to uncover factors that influenced their choice of career. He
discovered that for many the learning experience of setting up their own
experiments and investigations, and enjoyment of exploring what they could
discover, helped them build a strong interest in science from a young age (as
cited in Sosniak 1985). However, STEM-related learning experiences are
influenced by many environmental factors, such as the economic, social and
cultural capitals that specifically relate to science. Financial security and social
prestige also influence students’ choices of desirable professions (Wong
2012). DeWitt and Archer (2015) emphasize that a social connection to
science, such as having family members working in science, is seen as
particularly important for female students or students from ethnic minority
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groups. Positive attitudes towards science and encouragement during the
academic process from important social relations such as parents and peers
can influence students’ own attitudes and interest in science and inspire them
to pursue STEM careers.

Accordingly, the aim of this research is to investigate important
learning experiences, the self-efficacy beliefs and choice goals that relate male
and female first-year STEM students’ entrance into and persistence in STEM
studies in Swedish higher education, based on a secondary analysis of an EU
project, Interest and Recruitment in Science (IRIS). The specific research
guestions are:

e Are there any differences between male and female students relating
to previous learning experiences that were important factors in
choosing their current majors?

e Are there any differences between male and female students’
responses regarding their current learning experiences?

e Are there any differences between male and female students’ self-
efficacy beliefs and choice goals?

Literature Review

Students’ academic choices related to STEM education have gained
increasing scholarly attention in the last decade. Numerous studies have
explored critical contextual, cultural and cognitive factors influencing
students’ entrance into, persistence in and completion of STEM disciplines
(e.g., Wang 2013; Byars-Winston et al. 2010; Lent et al. 2008). Following, in
relation to the study, we explore the main factors including self-efficacy and
learning experiences, as well as external social and environmental factors that
are identified in previous studies as promoting or impeding students’” academic
choices in STEM.

Self-efficacy and Outcome expectations in STEM

Self-efficacy beliefs are considered to constitute the most central and
pervasive mechanism of personal agency that helps individuals to determine
their choices of activities and environments (Bandura 1986). Self-efficacy
beliefs also contribute to effort expenditure, persistence, thought patterns and
emotional reactions when confronted by obstacles (Lent et al. 1994). Outcome
expectations are another important factor that influences individuals’ behavior
intentions. Studies of self-efficacy are either further specified in specific
STEM subjects like math, science and engineering, or are combined as general
academic self-efficacy. Lopez and Lent (1992) investigated 50 high school
students’ sources of math self-efficacy beliefs. They applied the sources of
math efficacy scale (SMES), originally developed by Lent et al. (1991), to
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capture the students’ four primary sources of self-efficacy beliefs as described
by Bandura (1986).

Learning Experiences Relate to STEM

Related learning experiences in STEM are believed to contribute to the
development of interests in STEM disciplines. When examining students’
entrance into STEM, various studies point out that high school preparation in
math and science plays a critical role in developing students’ interests in
STEM studies (e.g., Wang 2013; Blickenstaff 2005; Maltese and Tai 2011).
As Blickenstaff (2005) points out, selection and completion of math and
science courses during high school were essential in developing students’
predispositions toward choosing STEM studies at post-secondary level. Also,
students who perceive their high school math and science courses to have
adequately prepared them for college are likely to choose a STEM major
(Wang 2013). A more rigorous high school program is considered significant
in students’ attainment of college degrees (Maltese and Tai 2011). Regarding
gender differences in high school course participation, Tyson et al. (2007)
found that women completed more advanced coursework than their male
peers, but were less likely to complete the highest-level courses (i.e., advanced
physics or calculus). However, the identification of learning experiences
varies with difference approaches.

Learning experiences outside of classrooms are recognized as
opportunities for young people that complement and extend beyond the
resources available in school (DeWitt and Archer 2017). DeWitt and Archer
(2017) identify three types of science education engagement outside of the
classroom. School-led science enrichment includes taking science-related
school trips, attending presentations about science or after-school science
clubs; “informal’ science activities concerns visiting zoos, doing experiments,
and going to science centers or museums; ‘everyday’ science engagement
includes watching science programs on TV, reading science books, or going
online to find out about science. Science and math education can happen in
diverse contexts - not only from pedagogical interventions in school - but also
in casual, spontaneous, non-structured places in informal settings (Kim and
Dopico 2016). However, it has been shown that the participation of children
in informal science learning and how much they gain from it are not only
driven by their own interests in the activities, but also fundamentally shaped
by physical (activity location), economic (associated costs), social (support
from important family members), and cultural factors as well as their science
capital (DeWitt and Archer 2017). The combination of these factors can either
open up or shut down children’s access to and participation in science
education in informal settings.
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Lent et al. (1994) proposed social cognitive career theory as a
sociocognitive approach to people’s interests and academic/career choices.
Developed from Bandura’s (1986) social cognitive theory, social cognitive
career theory emphasizes not only the means by which individuals exercise
personal agency in the academic choice and career development process, but
also the extra factors enhancing or constraining personal agency (Lent et al.
1994). In particular, learning experiences have been described by Lent et al.
(1994) as directly informing and shaping academic and career-related self-
efficacy. Lent and colleagues (1994, 2000) posited that learning experiences
do not occur in isolation. They are under the influence of contextual variables,
either distal background factors preceding learning experiences such as
gender, race and socioeconomic status, or proximal factors playing a role at
critical choice points such as peers and teachers (Ferry et al. 2000).

Contextual Factors Influencing Learning Experiences

Contextual factors such as one’s cultural, social and economic
background are considered to have direct impact on one’s learning
experiences. Analysis by DeWitt and Archer (2015) revealed structural factors
including gender and it was discussed that ethnicity and cultural capital
strongly influence students’ attitudes, experience and participation of science
in school and out of school. Archer et al. (2014) define science capital as a
conceptual device that combines various types of economic, social and
cultural capital that specifically relate to science. Wong (2015) points out that
these resources related to science learning could strengthen or weaken
students’ interests towards, and identifications with, science and science
careers. Having family members using science in their work is particularly
important for students in ethnic minority groups to aspire to a science career.
Results from DeWitt and Archer (2015) showed that students who have a
family member working in a science-related job are 2.16 times more likely to
fall into the group that strongly aspired to a science career than those who do
not.

Wang (2013) identifies several aspects of a postsecondary context of
supports and barriers including academic interaction, receipt of financial aid,
enrollment intensity, graduate degree expectations, remediation, and external
demands. Among these, academic interaction was measured by how
frequently students interact with faculty about academic matters, meeting with
advisors about academic plans, and studying in school libraries. Receipt of
financial aid was regarded as a dichotomous variable based on students’ first-
year aid status. Enrollment intensity was examined by asking whether
students’ enrollment was full-time or part-time. In addition, students’ graduate
degree expectations were divided into whether students expected to earn a
graduate degree or not (Wang 2013).
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Theoretical Framework: Social Cognitive Career Theory

This study aims to analyze and compare learning experiences that are
perceived by male and female students to be important to their entrance into
and persistence in STEM programs, as well as their self-efficacy beliefs and
future educational choice goals. The focus is on the complex interplay of
person, environment, and behaviors leading to people’s interests and
academic/career choices. Social cognitive career theory (SCCT), proposed by
Lent, Brown, and Hackett (1994), provides a useful theoretical framework for
the study. Derived primarily from Bandura’s (1986) general social cognitive
theory, SCCT closely explores Bandura’s (1986) concepts, including self-
efficacy, outcome expectations, and goal mechanisms, and the complex
interrelating systems of these concepts with other personal (e.g., gender, race),
contextual (e.g., support systems), and experiential/learning factors (Lent et
al. 1994). Concerning the application of SCCT Choice Model in the Study,
Figure 1 shows how the choice model of SCCT is incorporated in the context
of this study. Specifically, SCCT’s choice model provides an explanatory
theoretical framework to understand how students’ academic and career
related choices are developed over time. Participants in this study were
students studying STEM majors at first-year university level. The first half of
the theoretical framework examined students’ ‘pre-higher educational
settings’ experiences, such as the formal and informal learning experiences
and social influences, which encouraged them to choose their current majors.
The second half of the framework investigated students’ perceived current
‘higher education’ learning experiences as well as their self-efficacy beliefs
and choice goals. SCCT was applied to enable discussion about how students
perceived their current learning experiences to be influenced by, for example,
their social relations with peers and teachers, which further impact students’
self-efficacy beliefs and intentions about persisting in STEM programs.

Contextual Influences Contextual Influences
Person Input:
Gender \
Learning i | sTEm Current Learning Self-efficacy Choice Goals
¢ Experiences | V_ > Interests _‘_V 3 _;.Enirance ________ Experiences > Beliefs I _v >
Background
Contextual / | |
Affordance Formal Informal

Pre-ligher Education Higher Education
Figure 1. Application of SCCT choice model to the study

In Figure 1, solid lines indicate direct influence while dotted lines
demonstrate moderate influence between two constructs. Gender is regarded
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as a person input and has a reciprocal relation to background contextual
affordance such as socioeconomic status. These two elements directly
influence one’s learning experiences during secondary education, including
formal learning experiences and informal learning experiences. Learning
experiences indirectly impact on one’s interest in STEM disciplines through
self-efficacy beliefs and outcome expectations, which further influences one’s
decision about entering a STEM major. At the same time, contextual factors
such as the supports and barriers the student experiences have a mediating
effect on his/her decision-making process. After enrolling in STEM majors,
the student perceives current learning experiences (including his/her
evaluation of the learning experiences), and comparison with his/her
expectation, to directly influence his/her self-efficacy beliefs about their
ability to study a specific subject. His/her self-efficacy beliefs, interests, and
outcome expectations have an indirect impact on the choice goals about
whether to engage further in the course of study.

Contextual influences mediate students’ choices about enrolling in
STEM programs in higher education and persisting with STEM studies. The
study primarily examined students’ perceived contextual influences such as
the importance of learning experiences and social connections. Due to the
design of the IRIS questionnaire, the study did not distinguish distal and
proximal environmental factors when discussing contextual influence.
Namely, this study applied the term “pre-higher education” to describe the
timeline of previous learning experiences in the questionnaire. In the pre-
higher education environment, contextual influences may encourage or hinder
the development of students’ self-efficacy beliefs and interest in science and
mathematics. This includes social and family cultures regarding gender
stereotypes and the culture/environment of science/math classrooms. In higher
educational settings, contextual influences mediate students’ persistence with
chosen STEM subjects. Friendly or hostile peer/teacher environments within
current programs, perceived obstacles, and external opportunities or support
all influence decisions about whether to leave or stay in the program.

Methods
Research Strategy

This study applied a quantitative research strategy for a secondary
analysis of collected responses to the Interest and Recruitment in Science
(IRIS) questionnaire in Sweden. Bryman (2016) points out that secondary
analysis entails the analysis of existing data that the researchers probably have
not been involved in collecting. This secondary analysis was attempting to
offer new interpretations of the Swedish IRIS data from the theoretical
framework of SCCT. Specifically, this study aims to discover the significant
gender differences in (1) the important previous learning experiences in pre-
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higher education that affect students’ entrance into STEM programs, (2)
important current learning experiences while studying STEM programs in
higher education, and (3) self-efficacy beliefs, positive and negative goals for
persisting with STEM programs.

Research Instrument

As the content of secondary analysis, this study explored the Swedish
students’ responses to the questionnaire designed in the IRIS project, which
has been conducted in many countries, including Sweden. Nearly 7000 first-
year university students studying STEM disciplines in Norway, the United
Kingdom, Slovenia, Italy, and Denmark completed the IRIS questionnaire
during year 2010-2011 (IRIS 2012). Since then, the IRIS questionnaire has
been administered in other countries such as Sweden to examine students’
interest in and recruitment into STEM programs. The IRIS questionnaire
comprises 17 questions examining previous school experiences, sources of
inspiration for educational choice, current experiences as a first-year STEM
student, expectations for future jobs, and attitudes to gender equity in STEM
studies (IRIS 2012). Apart from the first five questions about participants’
basic information, the remaining 12 questions consist of 8 Likert-scale
questions comprising 65 Likert-type items and 4 open-ended questions.

Likert-scale questions in the IRIS questionnaire generally offer a five-
point scale ranging from “Not important” to “Very important” and “Strongly
disagree” to “Strongly agree”. Only one question offered a three-point Likert
scale labeled “worse than expected”, “as expected” and “better than expected”
(question 11). In this study, six Likert-scale questions were selected for
analysis according to their relevance to the aim of the study.

Participants and Data collection
According to IRIS project working document 2.2 (2010), the target
population of the IRIS project was students toward the end of their first year
of study in a limited number of STEM courses at higher education level.
Criteria include:
e central or typical STEM education/subject;
general recruitment challenge;
gender imbalance;
easy to identify corresponding education/program across countries;
well-defined education/program (not cross-discipline programs such
as “technology, organization and learning”); and
o preferably large numbers of students in a small number of
institutions/programs (to facilitate sampling and administration) (IRIS
2010).
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Following the general guideline of the IRIS project, the target
population for this study was first-year university students studying STEM
courses in 10 different Swedish universities during the data collection period.
The majority of students were born in the 1990s. Nearly one third of students
had experiences of studying at other universities (Jidesjo et al. 2015). The
original version of the IRIS questionnaire is in English, and it was translated
into Swedish following the IRIS project back-translation procedure (IRIS
2010). The IRIS questionnaire was in electronic format and was sent out to
over 10 000 students via email. After excluding invalid responses, and
selecting responses based on consent and convenience, a total number of 2 372
responses were selected, with 1 530 males (65%) and 842 females (35%).

Data Analysis

Based on the comparative lens of gender perspective, “female” was
coded as “0” and “male” was coded as “1” when analyzing the data. For
question numbers 6, 7, 8, 10, and 12 that used a five-point Likert scale, scores
1-5 were coded to measure participants’ responses from “Not important” to
“Very important”; and to responses from “Strongly disagree” to “Strongly
agree”. For question number 11, which used a three-point Likert scale, scores
1-3 were coded to measure students’ responses among “worse than expected”,
““as expected”, and “better than expected”. The item concerning “the effort you
have to spend on studying” in question 11, and the item “I will probably decide
to leave this course before | finish” in question 12, were both negatively
worded questions compared to the other positively worded questions.
Therefore, reverse scoring was applied to these two items. Descriptive analysis
was conducted to demonstrate the mean scores and standard deviations of all
six Likert scale questions via Statistical Program for the Social Sciences
(SPSS) version 25. To compare the difference between two gender groups, a
non-parametric technique was adopted for several reasons. First, samples were
selected for convenience (non-random sampling) so data did not follow
normal distribution. Secondly, samples obtained from populations were not of
equal variance because two group sizes were not reasonably similar. The ratio
of largest group size to smallest group size was larger than 1.5 and thus
violated the assumption of homogeneity of variance in the parametric
technique (Stevens 1996, as cited in Pallant 2016). The Mann-Whitney U test
was used (Lared statistics n.d.) in this study to determine whether there were
significant differences between the mean scores of formal learning
experiences, social influence, informal learning experiences, current learning
experiences, current learning experiences compared to expectations, self-
efficacy beliefs, and choice goals. Statistically significant difference between
two gender groups, if p<0.05.
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Quiality Criteria of the Study

Reliability, validity and replicability are viewed as three of the most
critical criteria for evaluating the quality of quantitative social research
(Bryman 2016). The Cronbach’s alpha for internal reliability of the Swedish
IRIS questionnaire response data was 0.83, which demonstrates good internal
reliability. Validity is about whether a set of indicators devised from a concept
really measures the concept (Bryman 2016). The IRIS questionnaire addresses
important factors that influence students’ educational choice making in
STEM, and is based on the achievement-related choices model proposed by
Eccles et al. (1999) and Bandura’s theories on the role of self-efficacy beliefs
(Bandura 1997; as cited in Elster 2004). The theoretical framework of the
secondary analysis on the IRIS responses data was Social Cognitive Career
Theory developed by Lent et al. (1994), which was derived from Bandura’s
(1986) theories on self-efficacy beliefs. The external validity deals with the
generalization of findings, which concerns the representativeness of samples
(Bryman 2016). Convenient sampling has been applied in the collection of the
Swedish IRIS data though online surveys that yielded an approximately 20-
25% response rate. Mandreda et al. (2008) point out that the response rate of
online surveys is on average 11% lower than that of other modes of sampling
such as postal questionnaire surveys (as cited in Bryman 2016). However, as
Bryman (2016) states that it is the absolute size of a sample that is important
relating to the degree of its precision. This study analyzed usable responses
from a sufficiently representative sample of 2 372 STEM students in higher
education in Sweden.

We may assume the replicability of the study, given that, as at January
2014, the IRIS questionnaire had been administered in at least 15 countries, in
addition to the five comprising the IRIS consortium (Henriksen et al. 2014).
In early 2010, a pilot study of the IRIS questionnaire was administered in
various formats, including electronic media, pencil and paper, and focus group
discussions (Henriksen et al. 2014). After finalizing the master version of the
IRIS questionnaire in English, translation into other languages followed a
standardized, quality-assured procedure (Henriksen et al. 2014).

Ethical Considerations

This project (IRIS project number 230043) strictly observed the ethical
assurance procedures as set out in the EU FP7 Collaborative Project grant
agreement. The collection of IRIS data in Sweden followed the general IRIS
program framework (2008) and the ethical guidelines of the Swedish research
council. Students who wished to remain anonymous did not give contact
details. Personal information and responses have been kept strictly
confidential; no participant will in any way be recognized in any publication
through the project.
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Limitations of the Study

As pointed out by Bryman (2016), one limitation of conducting
secondary analysis is lack of familiarity with and control over the structure
and contours of the data. In this study, the IRIS questionnaire has already been
designed on the basis of the original theoretical frameworks and administered
in multiple countries. Thus when attempting a secondary analysis on the
original data from another theoretical perspective, some key variables may be
absent. For example, the IRIS questionnaire did not include students’ expected
outcomes of studying STEM majors. However, this study has no intention to
investigate relational or causal paths among all variables based on the applied
theoretical framework. Instead, this study used the theoretical framework as a
guideline and explanatory framework among all variables. Namely, variables
that are missing in the theories will not have an impact on the quality or the
practical implications of this study. Another limitation is the data collection
period, which spanned the years 2010 through 2012, so the findings cannot
mirror the current situation today. However, it may be worthwhile for
researchers in higher education to consider these findings and plan for
subsequent surveys in the context of a longitudinal study.

Results
Previous Learning Experiences

The first research question examined students’ previous learning
experiences that they perceived to be important in choosing their current
STEM programs. The examination comprised three aspects of experiences,
including social influences in both formal and informal educational learning
settings. Both male and female students emphasized the important influence
of formal learning experiences on their academic choices and played down the
influence of informal learning experiences. As shown in Figure 2, a significant
gender difference was found in all three aspects (p<0.05). Female students
considered formal learning experiences and social influences more important
influencers than the male students did. On the other hand, male students
considered learning in informal settings more important for them than did the
female students.
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Figure 2. Results of previous learning experiences (*, p<0.05).

Formal learning experiences

Looking at specific experiences in formal educational settings,
interests were regarded as the most important factor in choosing their current
majors, while both male and female students considered fieldwork or
excursions the least important. A significant gender difference was found in
the perceived importance of previous attainment, fieldwork or excursions,
lesson content showing the relevance of the subject to society, and receiving
clear feedback when getting the right answers (p<0.05). As shown in Figure
3, the female students regarded previous attainment as more important than
did the males. Female students regarded fieldwork or excursions as more
important than did their male peers. The female students considered lesson
content connecting to the relevance of the subject to society more important
for them than the males did. Lastly, female students valued the importance of
receiving clear feedback when getting the right answer more than the males.

Social influence

Both male and female students regarded having good teachers as the
most important social influence on their academic choice. The second and
third most important social connections were father/step-father and
mother/step-mother, followed by the influence of friends and siblings or other
relatives. The importance of career advisors at school was considered the least
important for both sexes. Significant gender differences were found in the
social influence of mothers or step-mothers, fathers or step-fathers, good
teachers, friends, other relatives and career advisors (p<0.05). With mean
scores and standard deviations shown in Figure 4, the female students
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considered all sources of social influence more important for them than the
male students.
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Figure 3. Results of formal learning experiences (*, p<0.05).

Informal learning experiences

In informal educational settings, both male and female students
considered watching popular science TV channels or programs such as
Discovery channel most important for them as informal learning experiences.
As shown in Figure 5, male students considered watching films or TV drama
series as the least important experiences, while female students considered
playing computer games least important. Significant gender differences were
found in informal learning experiences, including reading science books or
magazines, watching science fiction/films, playing computer games, and
watching science TV channels/programs (p<0.05). The females valued
visiting museums/science centers and watching films/drama TV slightly
higher than the males.

Current Learning Experiences

The second question examined students’ responses to their current
learning experiences, including to what degree they agreed with the statements
about their current student life and how their current student life was going
compared to their expectations. As shown in Figure 6 and 7, no significant
gender difference was found in students’ overall responses to their current
learning experiences, including their current study life and study life compared
to expectations.
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current student life in STEM majors, male and female students agreed on two
aspects: what they enjoyed most was the company of other students; what they
enjoyed least was lack of personal feedback from lecturers and teachers when
they needed it. As shown in Figure 8, significant gender differences were
found in statements regarding university working condition and the relevance
of learning content (p<0.05). The male students perceived better working
conditions at universities than the females did, and the male students
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considered learning content to have greater relevance than did the female
students.
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Figure 8. Results of current student life in aspects (*, p<0.05).

Current student life compared to expectations

Both male and female students perceived current student life to be
exceeding their expectations. Figure 9 illustrates that the overall experience of
being a student on the course exceeded their expectations the most, while the
quality of teaching exceeded their expectations the least. It was worth noting
that both male and female students considered that they had to spend more
effort on studying than they had expected, while female students reported
slightly higher effort than their male peers did. A significant gender difference
was found in the social relationship with fellow students as female students
regarded this aspect of student life more positively than the male students did
(p<0.05).

Self-efficacy Beliefs and Choice Goals

The third research question concerned students’ self-efficacy beliefs
on the course and their intentions about persisting with STEM studies. As
illustrated in Figure 10, a significant gender difference was found in male
students expressing more confidence in their abilities and positive intentions
about doing better in the future than female students did (p<0.05). When
looking into specific statements concerning self-efficacy beliefs, Figure 11
shows that male students expressed significantly higher self-efficacy beliefs
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than female students, believing themselves able to do better in the course, able
to easily learn the subject matter and good enough in the course (p<0.05). At
the same time, both male and female students expressed a relatively low
intention to leave the course before they finished.
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Figure 9. Results of current student life compared to expectations in aspects (*, p<0.05).

5.00
4.00
3.00
2.00
.00 +—
3.77 3.62
+0.75 +0.76
0.00 T
Male Female

Self-efficacy & Choice Goals *

Figure 10. Results of self-efficacy beliefs & choice goals (*, p<0.05).
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Figure 11. Results of self-efficacy beliefs & choice goals in aspects (*, p<0.05).

Discussions

Results of this study complement various previous research studies in
other geographic contexts. The following section explores different aspects of
crucial learning experiences as well as important social and environmental
impacts on students’ academic choices that emerged from both the findings
and the previous research. The discussion adopts a gender perspective as well
as the application of SCCT.

Learning Experiences in STEM

This study shows that learning experiences in formal settings is pivotal
to students’ academic choices in STEM studies. Items examined in the IRIS
questionnaire regarding formal learning experiences focused on direct
engagement between students and their learning content. Formal learning
experiences provided students with opportunities for developing mastery
experiences in STEM related studies. Mastery experiences include math and
science preparation in secondary school that play a critical role in developing
students’ self-efficacy beliefs and further influence their interest in pursuing
STEM studies to an advanced level. Preparation includes the number of math
and science courses taken, direct engagement in solving math problems or
doing scientific experiments, and the attainment from these courses (Wang
2013). However, as Brandell et al. (2008) identified when examining the
curriculum gap in math education during the transition from secondary
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education to higher education in Sweden, certain math constructs that students
were expected to be familiar with in higher education, however, remained
lacking in their secondary school curriculum. At the same time, students’
direct participation in solving math problems such as constructing proofs, are
largely limited in secondary level math classes, while these problem-solving
skills are essential in higher education math. As Brandell et al. (2008) point
out, the lack of proper preparation during secondary school leads to prolonged
or unsuccessful studies or even causes students to quit their mathematics
studies at tertiary level. For female students, inadequate early preparation in
math and science courses is problematic, particularly resulting in low math
achievement and decreasing the number of math courses taken, further
limiting their potential to enter advanced-level math and science courses in
higher education (Shapiro and Sax 2011).

Mastery experience can also occur in informal educational settings,
such as doing scientific experiments in science centers. Activities that
demonstrated significant differences in this study spoke to students’ indirect
engagement with their learning content, such as receiving STEM-related
knowledge from TV programs, science books, or playing computer games. In
this case, modeling as another source of self-efficacy beliefs, plays an
important role in informal learning experiences. Certain role models that
students observe in science books or TV programs can build on or impede
their confidence in STEM fields. Self-identification with role models helps
students form a social standard to reflect their own capabilities and aspirations
to the competencies displayed by the proficient models (Bandura 1994). In
this study, informal learning experiences played a more important role in the
study choices of male students than female students. One explanation could
be that young female students have fewer role models to emulate in informal
learning settings simply because the majority of scientists and engineers across
countries and cultures are currently men (Blickenstaff 2005). The low
proportion of women in STEM-related disciplines sends a message to girls
that these studies are unattractive and discourages them from developing an
interest to participate.

Self-efficacy and Interest in STEM

Self-efficacy beliefs, especially math self-efficacy beliefs developed
and strengthened from learning experiences, play a significant and positive
role in shaping students’ interests and further intent to engage in STEM studies
(Wang 2013). Although the IRIS questionnaire did not explore students’ math
and science self-efficacy beliefs during pre-higher education, other studies
have shown that male students are more self-efficacious in math than female
students despite their comparable achievements (Eccles 1994; Pajares 2005;
Watt 2006; as cited in Wang 2013). Similarly, Sax (1994, 2008) states that
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female students consistently express lower levels of academic and
mathematical confidence than male peers even when they demonstrate equal
academic and mathematical abilities (as cited in Shapiro et al. 2011). In other
words, women may not enter or leave STEM disciplines because lack of
academic ability, but rather because of the lack of academic self-efficacy
beliefs (Brainard and Carlin 1998).

Blickenstaff (2005) points out that one of the most common reasons
that girls gave to explain their interest in life sciences as opposed to physical
science was their desire to care for people or animals, which was also regarded
a “public relations” concern for science as a discipline. One key claim in
science education, particularly in Physics and Chemistry, is that students in
particular are insufficiently interested in not motivated to pursue science
subjects because of the lack of perceived “relevance” of science for themselves
and for the society in which they live and operate (Stuckey et al. 2013). The
results of this study echoed this point that female students showed more
concern about lesson content that shows the relevance of science to society.
For women, having access to real-world applications of science may be
particularly important in reinforcing their decision to pursue STEM disciplines
(Shapiro et al. 2011). Their disregard of STEM as a vehicle for improving the
human condition may discourage them from persisting with STEM. (Sax
1994, 2011; as cited in Shapiro et al. 2011). In order to keep students,
especially female students, interested in and motivated to study science, it is
of great importance to imbed the true importance of science in a techno-
scientific world as well as its related applications with regard to ecological,
economical and societal development (Stuckey et al. 2013).

Social Influence in STEM

Social influence can be regarded as comprising two sources of self-
efficacy beliefs (modeling and social persuasion) and important contextual
factors as supports or barriers for students’ academic choices in STEM
disciplines. The results of this study show that female students regarded social
influences on choosing STEM studies as more important than their male peers.
At the same time, after they enrolled in STEM majors, female students valued
the social aspects of learning experiences such as whether they enjoyed the
company of other students or fitted in socially more than male students.

Parental influence

As for important social influences on and expectations for women to
enter and retain STEM majors, Shapiro et al. (2011) emphasize the role-
modeling effect of parents. Having one or both parents in STEM careers
increases the likelihood of both men and women pursuing STEM studies,
specifically, having practical role models, and mentors are important for
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women due to the under-representation of professional women in STEM.
Ferry et al. (2000) states that parental encouragement in math and science
significantly influences learning experiences. However, Vetter (1996) argues
that parental influence is not always positive. The gendered stereotypes of
parents can lower educational expectations and aspirations for daughters and
negatively affect their academic achievements (as cited in Shapiro et al. 2011).
Science capital is defined as a conceptual device that combines various types
of economic, social and cultural capital that specifically relate to science
(Archer et al. 2014). These recourses related to science learning can either
strengthen or weaken students’ aspirations towards, and identifications with,
science and science careers (Wong 2015). Having important family members
in STEM disciplines is particularly important for students from
underrepresented groups to aspire to science career and receive the additional
resources to guide their pathways. Results showed that students with a family
member working in a science-related job are 2.16 times more likely to develop
a strong interest in and aspiration to science careers than those who do not
(DeWitt and Archer 2015).

Teachers and career advisors

In this study, good teachers were found to have the most important
social influence on students of both genders. Shapiro et al. (2011) point out
that quality of teachers and pedagogy strongly influence students’ interest and
retention in STEM majors, especially women students. Female faculty
members perceived as role models can likewise bolster women’s interest in
STEM (Ibid). However, teachers with sexist predispositions can foster a
“chilly climate” in classrooms that discourage female participation in science
and math classes in secondary education (Blickenstaff 2005). Warrington and
Younger (2000) found that some science teachers still harbor sexist attitudes
and different expectations for academic achievement of male and female
science students, and they tend to be overly generous in predicting boys’
science achievement while underestimating that of girls (noted by Blickenstaff
2005). In the higher education context, academic interaction between students
and teaching faculty may help students better integrate into the college
environment and assist them in better aligning their academic aspirations with
actual choices (Wang 2013). This study showed that both male and female
students were most unhappy about not receiving personal feedback from
faculty members when they needed it. Not being able to receive help when
needed increases both stress and the possibility of dropping out. On the other
hand, the “chilly climate” also exists in higher education, especially in fields
that are traditionally viewed as masculine disciplines, such as science and
engineering. Some interactions between students and instructors have negative
ramifications for students’ interest and retention in STEM majors, particularly
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disadvantaging women (Hall and Sandler 1982; as cited in Shapiro et al.
2011). Poor teaching and lack of interest in the subject are often cited as
reasons for leaving by female students who dropped a science or engineering
track (Blickenstaff 2005).

Peer influence and social culture

Peer culture influences women’s choices in and commitment to STEM
disciplines both within and outside educational settings (Shapiro et al. 2011).
The competitive environment fostered by STEM classroom pedagogies
promotes an emphasis on individual success rather than on collaborative
learning (Strenta et al. 1994; Astin and Sax 1996; Seymour and Hewitt 1997;
as cited in Shapiro et al. 2011). In this study, both male and female students
put high value on enjoying the company of other students in the course.
Female students were more satisfied with these social relationships than their
male peers were. However, Colbeck et al. (2001) suggest that peer interactions
can result in greater “chilly climate” feelings for female students than they get
from student-faculty interactions. Female engineering students are more likely
to report different treatment from male students both in general and in
collaborative learning situations. Cohoon (2001) reported that departments
with a higher proportion of females such as computer science were more likely
to retain those women at a rate comparable to men (as cited in Shapiro et al.
2011). Margolis et al. (2000) add that women often find the peer environment
in STEM majors such as computer science unwelcoming. Interactions with
male students can unravel women’s confidence and make them feel that they
are taken less seriously. Margolis et al. (2000) observed that male students
make derogatory comments that may reinforce women’s sense of not
belonging, for example “You only got into computer science because you are
agirl” (Ibid, p. 117). The influence of peer culture extends beyond classrooms.
The friendships among high school girls influence their advanced-course-
taking patterns, particularly in math and science (Riegle-Crumb et al. 2006).
Specifically, a combination of female friends and performance in math and
science in friendship groups facilitate women’s persistence in taking advanced
courses such as calculus and physics. Peer interaction provides women with
the environment to exchange information, find study partners, and create
informal peer role models (Hyde and GessNewsome 2000; Kahveci et al.
2007; as cited in Shapiro et al. 2011).

Conclusion

The decision to pursue a STEM major, and later a related career, is a
longitudinal process that builds during secondary education and carries on into
postsecondary studies (Wang 2013). Thus, appreciating the combined effects
and experiences of secondary and higher education levels is crucial to better
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understanding what shapes students’ academic and career choices in STEM
(Wang 2013). The SCCT choice model (Figure 1) shows how students’
learning experiences in both formal and informal pre-higher education settings
are influenced by person input (gender in this case) and background contextual
affordances like science capital (socioeconomic status, social connections and
cultural factors) in relation to STEM fields. Several factors and their various
combinations influence the formation of interests in STEM fields through self-
efficacy beliefs and outcome expectations: They include learning experiences
(like science and math preparation at school) where one can acquire mastery
experiences, modeling experiences (self-identification with role models in
formal and informal education), and social persuasion from important social
connections and anxiety. All of them encourage the student to choose STEM
as subject in higher education. After entering STEM studies, students’ current
learning experiences, including social aspects (whether they fit into the
program), teaching aspects (connection with faculty), university facilities
(regarding research equipment), and stresses experienced during studies,
directly impact the self-efficacy beliefs which mediate the formation of choice
goals that determine whether they persist with or leave the program.

Contextual factors from the environment exert influence on the process
of academic choice making. SCCT categorizes distal and proximal contextual
factors according to the relative proximity of these influences on the
academic/career choice making. This study has found that environmental
factors such as social connections are particularly important for women. On
the other hand, more proximal factors such as the competitive environment of
STEM studies, the “chilly climate” female students perceive, and the stress
they experience during studies are more likely to make them less confident in
their STEM abilities and thus increase the potential for dropping out of STEM
disciplines and careers. As was suggested earlier, a longitudinal study would
update our understanding of the current situation, while more qualitative
research would contribute depth to the analysis.
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