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Perceptions, barriers, and
aspirations: understanding Grade
9 girls’ interest in STEM through
three-day enrichment programs

Rahul Choudhary'*, Maria Parappilly! and Richard Woodman?

!College of Science and Engineering, Flinders University, Adelaide, SA, Australia, ?College of Medicine
and Public Health, Flinders University, Adelaide, SA, Australia

The underrepresentation of women in university science programs highlights the need
to understand factors influencing schoolgirls’ Science, Technology, Engineering, and
Mathematics (STEM) career choices. We applied the socio-cognitive career theory
(SCCT) model and a structured STEM enrichment framework to design a three-day
intervention for Grade 9 female students. The intervention included presentations by
female role models, hands-on STEM workshops, and industry immersion tours. This
study explored the students’ aspirations and perceptions toward STEM as an educational
subject and/or career, both before and after their exposure to the intervention. Data
were obtained via structured and unstructured career interest surveys. Analyses included
association analysis and factor analysis of quantitative data, and thematic analysis of
qualitative data for N = 337 subjects. Factor analysis revealed “Barriers and Enablers”
and “STEM Career Interest” as two key constructs driving the observed changes.
Confidence in STEM abilities (factor loadings >0.70) and financial concerns (0.78)
emerged as strong influences in the first group, while high loadings for enjoyment
of STEM careers (0.84) and interest in further STEM studies (0.72) were observed in
the second. Engineering and sustainability workshops were particularly effective in
increasing interest in STEM careers. The thematic analysis provided complementary
findings suggesting that a multifaceted approach is required to fully understand the
reasons for improving confidence and aspirations toward STEM as a career. These
findings suggest that barriers to participation are diverse but can be addressed through
well-designed STEM enrichment activities, which effectively increase interest in STEM
careers among 13—-14-year-old girls.
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1 Introduction

Participation in STEM majors in higher education in Australia has declined over the years
(Australian Government Department of Education, 2023), leading to a significant
underrepresentation of women in STEM careers. Data for 2024 from the Australian
Government Department of Science and Industry Equity Monitor show that only 37% of
STEM enrolments in Australian universities are among women, and only 15% of STEM-
qualified jobs in Australia are held by women. These gaps are acute in physics, engineering,
and Information Technology (IT), with only 23-25, 22-26, and 16-22% of enrolments for
physics, engineering, and technology, and IT, respectively, being women from 2013 to 2023.

Research suggests that girls’ attitudes and interests toward STEM careers are shaped
by a range of “social” and “environmental” factors (Hill et al., 2010; Wang et al., 2022;
Damodar et al., 2024). Charlesworth and Banaji (2019) explain how biological and
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sociocultural influences on perceived STEM abilities create
disparities in STEM. Further, explicit and implicit workplace
biases diminish women’s perceptions and confidence in their work.

One key factor is the persistence of gendered stereotypes in
STEM education, which affects students’ self-perceptions,
interests in STEM, and aspirations for STEM careers (Wegemer
and Eccles, 2019; Eaton et al., 2019; Makarova et al., 2019; Starr
and Simpkins, 2021; Sebastian-Tirado et al., 2023). In particular,
the perception of science as a “masculine domain” can discourage
girls from pursuing STEM (Cheryan et al., 2017; Sebastian-Tirado
et al.,, 2023).

Another challenge relates to bias and representation. The
absence of female role models (Middlecamp and Subramaniam,
1999), the prevalence of male-dominated school pedagogy
(Blickenstaff, 2005), societal pressures conforming to gendered
roles (Reinking and Martin, 2018), and entrenched unconscious
bias in STEM (Piloto, 2023) contribute to limiting girls’
participation. Empirical studies reinforce this: in their study
involving Irish university students (N = 70; 33 women, 37 men),
Farrell and McHugh (2020) found gender bias among participants
favoring men in STEM fields. Similarly, among 40 women and 39
men, Nosek and Banaji (2002) observed differences in attitudes
toward math and science, with female participants displaying
more negative attitudes toward mathematics and science than arts
and language. Together, these studies underline the persistence of
gendered biases within STEM, even among women.

Therefore, it is important to improve girls’ confidence and
self-efficacy in STEM, particularly among middle-school female
students. This phase represents an inflection point in their
educational trajectory, when they “begin to think” about their
future career paths (Tai et al., 2006; Maltese and Tai, 2009). During
this stage, students develop their sense of identity and aspirations
toward STEM (McDonald, 2016; Australian
Department of Education, 2025). Moreover, it is during the
middle-school years until the age of 14 (~Grade 9) that girls’
attitudes toward STEM start to decline sharply (Murphy and
Beggs, 2005; Tai et al., 2006; Lindahl, 2007; Christidou, 2011;
McDonald, 2016).

Despite policy efforts, women remain underrepresented in
STEM in Australia, highlighting the persistence of the leaky
pipeline. Intervening at middle-school is critical, as students in
Grades 9-10 make subject selections that shape future STEM
pathways. By focusing on this stage, our study addresses a gap in

Government

existing interventions that often target senior secondary or
tertiary levels. The novelty of this study lies in its design: a multi-
component enrichment model combining role model engagement,
hands-on workshops, and industry immersion, specifically aimed
at early adolescence. The primary aims of the study were,
therefore, to:

A. Determine current career interest in STEM among Grade
9 girls.

B. Determine the socio-cognitive factors that shape Australian
Grade 9 school girls’ perceptions and interest in STEM studies
and careers.

C. Determine the potential of 3-day STEM-intensive enrichment
activities to improve Grade 9 girls’ self-efficacy, confidence, and
interest in STEM.
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2 Theoretical framework

We employed the SCCT model to interpret the factors that shape
girls’ career aspirations and confidence. It is a widely applied
framework for studying student aspirations and career trajectories
across the world (e.g., Tang et al., 2008; Inda et al., 2013; Zhang et al.,
2019; Gibbons et al., 2020; Mwaura, 2020; Wang et al., 2023). Derived
from Albert Banduras Social Cognitive Theory (1986), it states how
factors such as self-efficacy, outcome expectations, and personal goals
(Wang et al., 2022) interact with environmental factors to shape a
person’s career interests (Figure 1).

In SCCT, self-efficacy pertains to an individual’s conviction in
their capacity to succeed. For example, positive experiences such as
achieving success through constructive feedback and support from
educators and parents can enhance the self-efficacy and confidence of
a student. This can lead to greater engagement and achievement in
science and the overall improvement in attitude toward the subject.
Research studies have obtained empirical evidence that favors this
notion. Boaler et al. (2021) demonstrated that a novel “mathematical
mindset approach” to teaching and learning enhanced middle-school
students’ self-efficacy in math. Similarly, Tang et al. (2008) found that
practical learning activities can play a key role in improving girls’
self-efficacy.

Outcome expectations define the anticipated benefits or rewards
that motivate individuals to work toward a goal. For instance, seeing
peers or role models receive praise or recognition can inspire others
to adopt similar behaviors. Gladstone and Cimpian (2021) found that
exposure to role models can have a broad and positive effect on
students’ attitudes, especially among those from traditionally
underrepresented groups.

Personal goals refer to an individual’s determination to achieve a
certain task or performance level, such as earning a university degree
or achieving a desired grade in an academic subject. These goals are
intimately linked to self-efficacy and outcome expectations. Research
supports this connection. For example, Myint and Robnett (2023)
found a significant correlation between academic motivation and
career choices in their study on students (N = 629) from an Eastern
American demographic. Similarly, Arhin (2018) posits that a person’s
belief in their ability to accomplish a task and the anticipated results
directly influence their personal goals, thereby determining an
individual’s career aspirations.

Lastly, the environmental factors signify the process whereby a
student’s behavior or attitude toward a subject is influenced by
observational learning, such as observing their parents, teachers, and
peers, and the media. For example, Devi et al. (2016) interviewed
Australian parents and educators to develop strategies for effective
STEM enrichment programs for school students. One of their findings
revealed that students from mining communities were more inclined
to pursue a career in mining because of the observational learning
from their environment.

Our program development adopted the logical framework
approach by Devi et al. (2016) to implement STEM enrichment
programs across Australian Grade 7-10 schools. This framework
emphasizes four key principles for designing an effective enrichment
program as outlined in Table 1. First, it advocates for building
students’ confidence and self-esteem through interactive, inquiry-
based, and problem-solving activities. Second, it recommends that
programs need to align with the school curriculum. Third, it suggests
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FIGURE 1

STEM Career Interest
Development

Factors that influence STEM career interest (adapted from Bandura, 1986, 2001; Lent et al., 1994).

>

TABLE 1 Logical frameworks for designing STEM enrichment programs.

STEM Enrichment
Academy’s logical

Objectives and goals Inputs

framework —targeted

Outputs Outcomes

toward Grade 9 girls

Boost student confidence,
provide engaging STEM
experiences in a supported
environment, and reduce the

perceived barriers in STEM.

3-Day STEM Enrichment
Conference,

e.g., role model talks, hands-
on workshops, and STEM

industry immersion tours.

Results after the enrichment

activities.
Long-term benefits.
e.g., Improved interest and
e.g., Improvement in female
confidence in STEM, new
STEM enrolment in Grade 11.
knowledge, and broader

perspectives in STEM

Adapted from: an evaluation framework for STEM enrichment programs by Devi et al. (2016).

incorporating informal learning experiences and industry engagement
into the program. Lastly, it underlines the importance of having a
strong connection between the objectives and outcomes of the
enrichment programs to ensure their effectiveness.

Because our aims mirror these principles, the framework
provides an evidence-based structure for the development and
evaluation of our program. By mapping our objectives, inputs,
outputs, and outcomes to the Devi et al. model (Table 1), we ensure
methodological rigor and comparability by testing it in another
Australian cohort.

3 Methods

The research design draws on a mixed-methods approach (see
Figure 2 for an overview), combining a pre- and post-intervention

Frontiers in Education 03

design with the triangulation of quantitative survey data and
qualitative results to minimize any limitations associated with the
absence of a control group.

3.1 The STEM-enrichment academy
program

This phase II study was conducted building upon the success of
the Australian Government-funded Phase I of STEM Enrichment
Academy (STEM-EA) in increasing Grade 9 girls’ STEM interest.
Specifically, STEM-EA provides an engaging STEM experience in a
supported environment for girls to reduce perceived barriers in STEM
and boost their confidence. The enrichment activities include monthly
one-day STEM enrichment workshops and a three-day annual STEM
enrichment conference.
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POST-SURVEY

INTERVENTION

PRE-SURVEY

STEM Enrichment
Program Evaluation
Framework

FIGURE 2

DATA ANALYSIS

RESULT
INTERPRETATION

Research methods underpinned by the intersection of relevant methodological frameworks as informed by Devi et al. (2016), Kier et al. (2013), Braun
and Clarke (2006, 2022), Kline (2013), Bandura (1986, 2001), and Lent et al. (1994).

Given the program exclusively targets Grade 9 girls to motivate
them to pursue STEM subjects upon entering Grades 10 and 11,
running a control group study without offering an enrichment
program to a separate cohort would have conflicted with the project’s
goal of providing equal opportunity to all students.

Hence, the three-day STEM Enrichment Conference held in 2023
and 2024 served as the interventions in this study to measure the
impact of the annual conference on improving participants’ self-
efficacy and confidence in STEM studies and determining their
interest in STEM careers. The components of the conference were
identical in each year, which is briefly explained below.

3.1.1 Role models

During each conference, several presentations and Women in
STEM Breakfast/Brunch events were held to showcase more than 15
inspiring female role models. The role model sessions were aimed at
boosting girls' confidence in STEM, especially those from low
socioeconomic backgrounds. Therefore, the role model speakers were
scientists and/or researchers in STEM from diverse backgrounds.
Each presenter highlighted the vast potential of STEM careers and
shared their stories of overcoming challenges and building successful
STEM careers.

3.1.2 Workshops

Each conference held 12 hands-on workshops at State-of-the-art
University facilities. The workshops covered a range of topics in
physics, engineering, chemistry, technology, sustainability, IT, and
cybersecurity, complemented by networking opportunities allowing
participants to gain practical insights. Delivery was by university
faculty members as well as external presenters from government
research institutes.

Frontiers in Education

3.1.3 Industry immersion tours

The industry immersion tours were led by professionals in
cutting-edge industry facilities related to automation and advanced
technologies in space and defense. The tours enabled girls to broaden
their perspectives and experience the real-world applications
of STEM.

3.2 Participants

All study participants were Grade 9 girls from metropolitan and
regional areas of South Australia (SA) and the Northern Territory
(NT) in Australia. A survey information sheet outlining the purpose
and procedure of the study was provided to participants and their
teachers, and guardians. Consent from participants was obtained
before administering the surveys, and it was explained that their
participation was entirely voluntary. No participant names or explicit
identifiers were recorded.

Participants were from a mixed cohort of public and private
schools in SA and NT, selected by the schools or teachers. Each school
used its own methods and assessment criteria for selecting suitable
girls for attendance. For example, some students were “hand-picked”
by their teachers, and some were chosen through their own writing
exercises. Low-SES in this study was inferred using school type and
location. Public and regional schools typically score lower on the
ICSEA compared with metropolitan independent schools (Larsen and
Rowe, 2024). Therefore, participants recruited from these schools (11
out of 15) were considered to be from low-SES backgrounds for the
purpose of this study.

This study was approved by the University Human Research
Ethics Committee (Project Number: Ethics Approval #: 5997) and was
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conducted in accordance with the Australian National Statement on
Ethical Conduct in Human Research (2007) (updated 2018).

3.3 Survey tool and data collection

Our study explored career interest in STEM among Grade 9 high-
school students by using a wide variety of both quantitative and
qualitative tools. Data were obtained from a large group of participants
who were representative of schools in the region in both 2023 and
2024. Collecting data for the same set of questions both before and
after each of the two conferences allowed us to evaluate the potential
impact of the conferences on the girls’ attitudes toward studying
STEM subjects at school and establishing a career in STEM.

The STEM Career Interest Survey (STEM-CIS), which is based on
the SCCT model (Lent et al., 1994; Wang et al., 2022), was used as the
research instrument for this study. STEM-CIS is a 5-point Likert scale
(strongly disagree = 1, strongly agree = 5) developed by Kier et al.
(2013) to measure the career interests and motivation of secondary
school students. It consists of four sections (Science, Technology,
Engineering, Mathematics) with 11 questions on each topic (see
Supplementary Appendix 1). The STEM-CIS was modified to capture
additional information related to our research aims.

SCCT (Lent et al., 1994) guided mapping (see Table 2), but the
closed vs. open-ended distinction comes from STEM-CIS (Kier et al.,
2013). Both closed and open-ended questions (Tables 3, 4). Two
questions (I have scientists or engineers in my family, and my family has
encouraged me to study STEM subjects) were only included in the
pre-conference survey.

We adapted SCCT to better reflect the design of our intervention,
emphasizing role models, enrichment activities, and contextual
influences. While SCCT includes broader constructs, we streamlined
the model to align with our survey items and qualitative themes. This
adaptation allowed clearer mapping of our findings to the
intervention context.

TABLE 2 Survey questions were aligned to the SCCT.

Measured SCCT  Sample Question type
aspects questions
A career in STEM would

enable me to work with
Outcome expectation 5-point Likert scale

others in a meaningful

way.

I would enjoy a career in
science.

Self-efficacy Do you think science Likert scale
and math at school is

interesting? Why?

I am interested in further

STEM studies.

Personal goals Likert scale

A career in STEM is
more common for men

than for women. 5-point Likert scale
Environmental factors
When you think about Open-ended

“scientists,” who comes

to your mind first?
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TABLE 3 Types of questions within the career interest survey.

Description Question type

Original survey questions

29 questions—see Table 4 for the list. 5-point Likert scale

Additional Career Interest Questions

I will make it into university and major in Math/
Engineering/Physics/Technology/Other Sciences Multiple choice
(you can select more than one option)
What is your favorite subject at school? Open-ended
When you think about “scientists,” who comes to

Open-ended
your mind first?
What inspires you to study science? Open-ended
What inspires you to have a science career? Open-ended

3.3.1 Data collection

The survey was administered to all conference participants a week
before and just after they attended the 3-day conference via the online
Qualtrics platform. Participants completed the pre-conference survey
either in their classroom or at home, depending on the instructions
received from their coordinating teachers. The post-conference survey
was completed by the participants either at the conference venue or at
their schools.

3.4 Data analysis

Prior to analysis, the data were cleaned and processed to ensure
consistency and eliminate any outliers. This included checking for
missing values and response frequencies, appropriate coding, and
identifying unengaged responses through standard deviation analysis
(Kothari, 2004). While our design included both quantitative and
qualitative data, this study represents a convergent descriptive design
rather than a fully integrated mixed-methods approach. The two data
types were analyzed in parallel and interpreted together to provide
complementary insights.

3.4.1 Likert-scale survey questions

A descriptive analysis of the survey questions was performed
using the mean (+SD) for both pre- and post-survey responses.
Differences in the mean scores for each question between pre- and
post-surveys were assessed using paired f-tests. Analysis was
performed using SPSS (Version 29.0) in conjunction with Microsoft
Excel. There were missing data from participants who completed only
one of the two surveys, so responses from participants who completed
both surveys were only considered for analysis. Items were reverse-
coded for negatively worded statements.

3.4.2 Factor analysis

In addition to the comparison of means and frequencies for
questions in Table 4, we also performed an exploratory factor analysis
(EFA) on post-survey responses to explore how students’ perceptions
and underlying constructs may have been shaped following their
participation in the program.

Prior to EFA, we assessed measures of sampling adequacy using
the Kaiser-Meyer-Olkin (KMO) measure (= 0.858) and Bartlett’s
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TABLE 4 Pre- and post-mean scores of participant responses to the modified STEM-CIS survey in a 5-point Likert scale (1 = strongly disagree,
5 = strongly agree).

2023 2024
Questions Pre Mean Post Mean p-value! Pre Mean PostMean n  p-valuel
(+ SD) (+ SD) (+ SD) (+ SD)

My science classes are interesting. 4.06 (0.48) 4.01 (0.58) 97 0.200 3.96 (0.55) 4.01 (0.62) 154 0.189
My science classes teach me new knowledge and 97 136

4.32 (0.40) 4.26 (0.32) 0.319 4.25 (0.44) 4.21 (0.46) 0.216
skills.
My math classes are interesting. 3.73 (0.99) 3.73 (0.88) 97 0.5 3.71 (0.99) 3.76 (0.96) 149 0.221
My school provides me with more STEM 96 136

3.85(0.47) 4.00 (0.42) 0.03 3.86 (0.47) 4.08 (0.49) <0.001
opportunities/resources.
I would like to work with people who make 96 134

3.76 (0.77) 3.87 (0.75) 0.102 3.88 (0.70) 4.09 (0.55) <0.001

discoveries in science.

I am inspired by people in science. 3.87 (0.59) 4.17 (0.52) 97 <0.001 3.86 (0.73) 4.21 (0.44) 133 <0.001
A career in STEM would enable me to work with 95 142

3.81 (0.59) 4.06 (0.46) <0.001 4.02 (0.46) 4.21 (0.36) <0.001
others in a meaningful way.
If T perform well in science and math subjects, it 97 138

4.34 (0.58) 4.19 (0.67) 0.050 4.30 (0.63) 4.34 (0.60) 0.246
will help me in my future study/career.
Having a career in STEM would be challenging. 3.83(0.51) 3.97 (0.48) 97 0.002 3.83 (0.36) 3.97 (0.35) 142 0.011
A career in STEM will be financially rewarding. 4.06 (0.41) 4.10 (0.38) 96 0.270 3.87(0.48) 4.14 (0.45) 140 <0.001
I am interested in further STEM studies. 3.93 (0.79) 3.82(0.92) 96 0.144 4.03 (0.69) 4.13 (0.53) 132 0.058
I would enjoy a career in STEM. 3.74 (0.63) 3.78 (0.64) 97 0.346 3.79 (0.65) 4.11 (0.48) 141 <0.001
My friends see a science career as dull. 2.84(0.97) 2.57(0.89) 97 0.010 2.57 (0.88) 2.60 (0.84) 133 0.386
A career in STEM is more common for men than 97 125

3.90 (0.64) 3.78 (0.64) 0.105 3.81 (0.58) 3.93 (0.64) 0.039
for women.
Science is only for smarties. 2.89(1.18) 2.72 (1.31) 96 0.074 2.81(1.17) 2.69 (1.11) 127 0.113
Scientists are generally depicted as being dull. 2.87 (0.84) 2.86 (0.91) 97 0.460 2.84 (0.73) 2.81(0.84) 125 0.401
I will get a job in science-related area. 3.50 (0.94) 3.47 (0.85) 96 0.328 3.43 (0.91) 3.69 (0.66) 139 <0.001
I do not think I am clever enough to understand 97 148

. 2.40 (1.04) 2.40 (1.06) 0.5 2.35(0.86) 2.29 (1.14) 0.209

science.
I can perform well in science activities. 3.97 (0.42) 4.04 (0.33) 97 0.306 4.02 (0.40) 4.06 (0.49) 135 0.258
I like activities that involve engineering. 3.60 (0.73) 3.54 (0.71) 97 0.486 3.74 (0.75) 3.77 (0.71) 126 0.326
I can perform well in activities that involve 97 142

3.65 (0.64) 3.59 (0.59) 0.194 3.69 (0.49) 3.80 (0.59) 0.045
technology.
I'am able to learn new technologies. 3.95 (0.50) 3.90 (0.44) 96 0.229 3.98 (0.32) 4.12 (0.28) 141 0.002
1 wish there were more females in science. 4.02 (0.51) 4.02 (0.44) 0.50 4.15 (0.59) 4.31 (0.39) 112 0.003
University is too expensive for me. 2.72 (1.04) 2.73(1.01) 97 0.441 2.62 (0.92) 2.64 (0.90) 140 0.343
I have scientists or engineers in my family. 3.06 (1.34) NA 95 NA 3.09 (1.33) NA 128 NA
My family has encouraged me to study STEM 3.7 (0.97) NA 94 NA 3.75 (0.09) NA 133 NA
subjects.
The STEM Enrichment Conference taught me NA 4.29 (0.67) 113 NA NA 4.38 (0.66) 156 NA
new knowledge and skills.
The STEM Enrichment Conference increased my NA 4.07 (0.77) 113 NA NA 4.31 (0.65) 156 NA

confidence in following a STEM career.

The STEM Enrichment Conference increased my NA 4.01 (0.81) 113 NA NA 4.21 (0.68) 156 NA
confidence to choose STEM subjects in Years

10-12.

'p-value for comparison of pre- and post-means using paired t-test.

test of sphericity (y*> = 1681.78, df = 276, p < 0.001), confirming the ~ identify underlying factors, followed by Varimax rotation to
data were suitable for factor analysis (Kline, 2013). Factor extraction ~ maximize interpretability and account for potential correlations
was performed using the Principal Axis Factoring method to  among factors.
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To retain the appropriate number of factors, we applied the Scree
plot and Elbow method (Thorndike, 1953). Factor loadings were
examined, with items loading above 0.40 retained, ensuring a
meaningful structure. To assess the reliability of the identified factors,
Cronbach’s alpha was calculated for each construct, with values above
0.7 considered acceptable for internal consistency. The final factor
structure was interpreted based on item content, aligning with key
STEM-CIS constructs such as self-efficacy, career interest, and
perceptions of STEM fields.

3.4.3 STEM preferences and favorite subjects
Participants’ selections of one or more options between “Math,”

» o«

“Physics,” “Engineering,” “Technology,” and “Other Sciences” for
STEM majors were calculated in percentages. Their choices for
favorite subjects were categorized into STEM (e.g. Science,
Mathematics) and non-STEM subjects (e.g., Music, Psychology, Arts).

Questions related to the perception of science and scientists
(When you think about “scientists”, who comes to your mind first?) were
evaluated qualitatively using a Word Cloud from a Microsoft Office
Plug-In viz. Pro Word Cloud to visually represent their sentiment

emerging from the dataset.

3.4.4 Qualitative evaluation of open-ended
questions

The responses to the open-ended questions from the survey were
evaluated qualitatively through reflective thematic analysis following
the procedure devised by Braun and Clarke (2006, 2022) and
exemplified by Byrne (2022). These steps are briefly described
as follows:

Step 1: We conducted a thorough reading and re-reading of the
entire text to obtain an intimate understanding of the open-
ended responses.

Step 2: We developed initial codes by applying semantic coding
Byrne (2022) to the text responses by searching for patterns and
meaning across the data. In semantic coding, we identify the explicit
meaning of the text responses that are relevant to each specific
question. This is different from latent coding, where a researcher would
attempt to find any hidden meaning within a sentence (Byrne, 2022).

Step 3: We identified initial candidate themes from the generated
codes. We examined how different codes could be grouped under a
broader umbrella to reflect a common theme or sub-theme. The
codes were carefully reviewed and analyzed to determine whether
they converged toward an overarching meaning (sub-theme). These
sub-themes were developed by organizing the codes around a
central commonality or a “central organizing concept” (Braun and
Clarke, 2019), outlined in Table 5 with a few examples.

Step 4: We constructed a thematic map illustrated in Figure 3 to
present a coherent picture emerging from the themes. A recursive
review process was undertaken to refine the candidate themes into
fewer unique themes wherever possible. This iterative process of coding,
candidate themes, and sub-theme classification ensured accurate
capturing of the participants’ perspectives into meaningful narratives.

Step 5: The identified themes were compared with the quantitative
results obtained from the data.

The map illustrates relationships between themes, showing how
students’ perceptions of role models, sustainability, and barriers
interconnect. This visualization helps address the study aims by
linking qualitative findings to SCCT constructs.
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4 Results
4.1 Career interest survey

Table 4 describes the mean responses from the career interest
survey questions before and after attendance at the conference, and
for each of 2023 and 2024. Since the participants in each year were
separate, we performed separate t-tests for each cohort. We analyzed
2023 and 2024 separately because the program design evolved, with
additional engineering/technology workshops and new role models
introduced in 2024. To account for these qualitative differences,
separate analyses were conducted.

For the 2023 data, questions related to the hypothesized construct
of STEM experience in school did not change significantly with
conference participation except for the question relating to the
provision of STEM opportunities and resources by the school. The
findings for the 2024 data were the same.

There were significant increases between pre- and post-survey
responses for 2 of the 3 items related to “Inspiration to work with
people in STEM” for the 2023 dataset, and there was a positive shift
for all items related to this construct in the 2024 dataset.

Regarding STEM career aspiration, 4 of the 5 questions demonstrated
an increase in mean scores in either 2023 or 2024. These changes were
all positive, assuming that an increase in the perception that a career in
STEM would be challenging is also a positive change, as students often
associate challenge with intellectual stimulation and opportunities for
growth, rather than as a deterrent. This suggests that participants
increasingly viewed STEM careers as engaging and worthwhile.

There were no changes to questions related to career stereotypes,
except for the view that a career in STEM is more common among
men than among women in 2024.

Scores for self-efficacy questions did not change in 2023, but
several questions increased in 2024, including the intention to get a
science-related job, and confidence in being able to perform well in
learning and performing activities related to technology.

Concerning female representation and financial affordability of
STEM education, mean scores for the 2023 conference showed no
changes following conference participation. Mean scores of items
related to STEM role models within the family were overall neutral for
both the 2023 and 2024 datasets, indicating that some students may
have role models within their families. For the item, “My family has
encouraged me to study STEM,” the mean scores of 3.7 and 3.75
suggest that most girls receive moderate to high encouragement from
family members to pursue STEM.

Participant ratings exceeded 4 on a 5-point Likert scale for
questions related to the STEM Enrichment Conference experience.

4.2 Exploratory factor analysis

The EFA on the Likert scale items identified two factors (Figure 4)
as significant based on the Scree plot shown in Figure 5 and the Elbow
method (Thorndike, 1953). Although the first seven extracted factors
together explained 62.3% of the total variance, only the first two
factors demonstrated adequate reliability.

The first factor, consisting of 7 items, had a Cronbach’s alpha of 0.87,
indicating high internal consistency. The second factor, with four items,
had a Cronbachs alpha of 0.71, meeting the acceptable reliability
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threshold. The remaining five factors had Cronbach’s alpha values below
0.7, suggesting inadequate reliability. Based on these findings, we retained
the two most reliable factors. These two factors accounted for 28.35% of
the total variance (Factor 1 = 18.1%; Factor 2 = 10.2%), supporting their
relative importance in representing post-intervention constructs.

4.2.1 Factor labeling

Barriers and Enablers (Factor 1): This factor captures
participants’ perceptions of both challenges and motivations related
to STEM studies and careers. There were high factor loadings (>
0.70) for items such as “I am able to learn new technologies” (0.83),
“I can perform well in science activities” (0.79), “A career in STEM
will be financially rewarding” (0.73), and “I like activities that
involve engineering” (0.70). This suggests that confidence in
abilities, financial incentives, and a positive attitude toward
technology and science activities are strongly associated with
this factor.

Items with slightly lower loadings, such as “My math classes are
interesting” (0.60) and “Having a career in STEM would
be challenging” (0.62), suggest these items are less strongly related to
the underlying factor than the other 5 items in the factor. The item
“University is too expensive for me” loaded strongly onto this factor
(0.78), highlighting that the underlying construct of enablers and
barriers related strongly to financial concerns as a significant barrier
to pursuing STEM studies.

STEM Career Interest (Factor 2): The item “I would enjoy a career
in STEM” (0.84) had the highest loading, indicating that the factor
strongly relates to this item. Other items, such as “I am interested in
further STEM studies” (0.72), also loaded strongly, whereas lower-
loading items included “A career in STEM would enable me to work
with others in a meaningful way” (0.59) and “I am inspired by people
in science” (0.50).

10.3389/feduc.2025.1685063

4.3 Subject preferences 2023 and 2024

Responses to questions regarding subject preferences pre- and
post-conference are described in Figure 6. Preference for
Engineering increased between pre- and post-conference in 2023
from 26.4 to 37% and in 2024 from 24.6 to 34.8%. In Technology,
preferences increased in 2023 from 17.6 to 25.9% while in 2024, it
improved from 17.9 to 29.2%. In 2024, there was also an increase
in the selection of Physics (16.4-23.0%), a larger increase than in
2023 (25.6-26.9%). There was little change from pre- to post-
conference in the preference for Other Sciences, which had high
pre-conference scores. Moreover, “Other Sciences” was a survey
option not further specified by respondents. Based on available
responses, this category primarily reflects Biology, though other
sciences may also be included. It is worth noting that the response
rate for this question was significantly greater than that of the Likert
scale items.

4.4 Favorite subjects

In 2023, 60% of participants (N = 141) reported a STEM-
related subject as their favorite before the conference, and 61.3%
(N =119) after the conference. In 2024, participants selecting a
STEM subject increased from 41% (N = 195) pre-conference to
50.1% (N = 161) post-conference. The p-value of 0.226 indicates
there was no statistically significant difference in pre- and post-
survey scores.

A difference in the percentages of favorite subject selection
between cohorts may be attributed to demographic differences. The
2024 sample comprised a substantially larger proportion of
students from regional areas (N = 81) compared to the previous

TABLE 5 Examples of sample texts and identified factors after coding based on student responses to the question, “What inspires you to have a science

career?.”

Identified (sub)
themes

Sample text responses

STEM Career is appealing because

Equity, curiosity, pay

“Having more women in STEM, it is interesting and pays well”

it is financially rewarding. Equity in

STEM is necessary.

Service to humanity,

role models, inspiration

“Being able to work with animals and some of the presenters at (...) University because of how strong and

brave they are for continuously going for a specific career throughout the roadblocks through their lives.”

Role models inspire them to

overcome challenges

Curiosity, role models

“The books I read and documentaries I watch mainly on forensic science, has always interested me. Also, a

family friend is in that field as well and inspires me to pursue that career path also.”

Inspiration is drawn from media

and family.

Curiosity, satisfaction,
adventure, problem-

solving

“Only the individuals who engage in it catch my attention. I'm constantly drawn to these scientific videos on
crimes and topics like them, and I cannot get enough. The thrill of learning about actual events, murders, and

various problems keeps me hooked. However, overall, I believe that one day I aspire to turn into a detective.”

Their intrinsic interest in crime and
adventure motivates them toward

STEM-related careers.

Service to humanity,

Breaking stereotypes

“I want to help people with mental health and their well-being. Also, make this topic more common and
comfortable to talk in general. Make people more open mind about this topic and help them understand

themselves.”

Helping people and reducing

stigma.

Personal interest

“I do not really want a science career”

Disinterest in STEM.

Passion for science and

future aspiration

“Science is a very interesting subject that has loads behind it. I love to study science in high school and would

definitely continue on with it later in my life”

A long-term interest in STEM.

Influence of teachers

My teacher (...) has both encouraged me to do science and given me many science opportunities this year

Teacher influence on science

engagement
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cohort (N = 41). Given that individual interests and classroom
experiences often influence subject preferences, it is reasonable to
assume that these preferences remain invariant to a single
intervention. It is likely that demographic factors, rather than the
intervention itself, may be driving the observed differences in
subject selection.

4.5 Perception of “science” and “scientists”

Participants’ perceptions of scientists were assessed through
the open-ended question, “When you think about “scientists,” who
comes to your mind first?” For the pre-conference data, the names
of famous scientists such as Albert Einstein (pre = 45%, post 44%)
and Marie Curie (pre = 10%, post 13%) persistently featured in
their responses as illustrated in the Word Cloud visualization
(Figure 7). The participants largely associated scientists with
discoveries and laboratories before the conference. Notably, there
were frequent references to science TV shows and pop-culture
characters such as The Big Bang Theory and Sheldon Cooper,
respectively, which can be an environmental factor leading to the
stereotypical depiction of scientists.

After the conference, there was increased recognition of
scientists as not only iconic figures but also everyday individuals
working collectively toward a common goal. For example, one
participant described scientists as “People who have a passion and
enjoy it” At the same time, another noted, “People who are
interested in researching, learning, and understanding about the
environment around them.” The names of role model speakers (e.g.,
Stefania, Assaad) are also featured prominently in the post-
conference Word cloud.

Frontiers in Education

4.6 Inspiration to study science and have a
science career

Thematic analysis of the open-ended questions identified several
important factors, including family, teachers, the media, and the
financial benefits associated with STEM careers, as influencing girls’
interest in STEM. While some themes were more commonly expressed
than others, the emphasis in our analysis was on the depth and nature
of responses within each theme rather than their numerical distribution.
The key themes that emerged from the coded texts are discussed below,
in line with the SCCT model (Lent et al., 1994) as depicted in Figure 8.

Social influence (environmental factors): Students frequently
referred to their siblings or parents pursuing science careers as
inspiring them toward STEM and to their teachers. They were
motivated by scientists such as Marie Curie and Albert Einstein, and
contemporary figures such as Bill Nye. Collectively, their interaction
with family members and teachers, historical figures, and media
personalities was key to shaping their interest in science. Two
examples that support this theme in response to the question, “What
inspires you for a science career?” were:

“My environment: school friends, family, and other experiences”

“My teacher (...) I love how she is so interested and knows
everything about science, but in the future, I don’t think my job
will include science”

Curiosity (self-efficacy and personal goals): For the pre-conference
data, natural curiosity, including the ability to discover new things and
understand the world, was included as one form of inspiration to pursue
science. Enjoyment of the practical aspects of science was another factor

frontiersin.org


https://doi.org/10.3389/feduc.2025.1685063
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Choudhary et al. 10.3389/feduc.2025.1685063

\

/

[ lam able to learn new :/0.83
technologies. N

: 7
It.:an perfo.rrln.well in [ 0.79
science activities. L

Unive(sity is too ( 0.78
expensive for me. \ /

’/0.84 \ | would enjoy a career in
\_/STEM.

A career in STEM will be // A
g . . | 0.73
financially rewarding. \ /

STEM

Barriers

(072 ) I am interested in further ]
\ /

— and Career STEM studies.
| like activities that
involve engineering. \ 070 Enablers Interest -
- / \ A career in STEM would
“ 0.59 ) enable me to work with
7N E _/ others in a meaningful way.
Having a career in STEM ‘/ - -

would be challenging. \\ /

N —— -
050 ) I:.am inspired by people in ]
\_~_/ science.

My maths classes are [ \
B . | 0.60
interesting. )
N
FIGURE 4

The correlation between the factors and the retained survey items, showing factor loadings.
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FIGURE 5
Scree plot with 24 variables.

driving interest. A subset of participant data showed that students were The post-conference responses further highlighted the keen
interested in careers related to engineering and technology, medicine,  interest in exploring questions related to the “why” and “how” of
and biology. However, their interest in engineering subjects was more  various phenomena within science. For example, one student wrote,
visible post-conference and supported the findings relating to subject ~ “I am inspired by the world around us and how everything functions.
preferences for university studies. Science is the basis of life and explains the world we live in and more.
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I am also inspired by scientific discoveries and how there is so much
more we have yet to discover and learn about.”

Another student wrote: “Growing up, I have always had an interest
in different sciences, and watching TV shows such as Bones has made
me want to become a doctor of sorts and discover the unknown. I also
want a job where I can make a change in the world and help people in
the field of science, so whether that be through a job in medicine or any
other science, I'm happy”

Service to mankind (personal goals): There was a strong motivation
to bring positive change in the world by serving humanity, addressing
contemporary challenges of climate change, and learning about
artificial intelligence (AI).

Their responses also showed how participants enjoyed the
practical and hands-on nature of science, and their enjoyment of the
problem-solving aspects offered by STEM was evident. A subset of
students mentioned sustainability as a key aspect that inspires them
to pursue STEM, likely influenced by the sustainability workshops at
the conference (e.g., “I want to make a difference by reducing plastic use
or creating something from recycled plastics”; “I am most interested in
engineering and Al because I think they could be very useful in
the future.”).

It was evident that girls recognized the gender gap in science
before the conference. They were motivated to solve the problem of
low representation of women in STEM by studying science. A
recurring theme that emerged in their post-conference responses was
the inspiration drawn from stories of successful women in STEM. They
were inspired by learning about the journeys and experiences of
women in the field and how they overcame the challenges. This was
likely an outcome of their interactions and exposure to role models at
the STEM Enrichment conference, as discussed before.

10.3389/feduc.2025.1685063

Two quotes exemplify this sentiment: “Being able to work with
animals and some of the presenters at (...) University because of how
strong and brave they are for continuously going for a specific career
throughout the roadblocks through their lives.”

“Meeting new people and their different knowledge. It is an
interesting career, and I will always be doing hands-on activities. The
pay is good as well. To have equality with males and females.”

Financial Incentives and Diversity (outcome expectations and
personal goals): The most recurring theme before and after the
conference was the financial incentives associated with STEM careers,
as girls recognize the potential for comparatively higher-paying jobs
within STEM fields. Moreover, they were attracted to the diverse
opportunities that science offers (e.g., “The international aspect and
multi-diversity of the people you are able to work with.”)

5 Discussion

5.1 Aim 1: determine current career interest
in STEM among Grade 9 girls

Baseline scores for items related to STEM career aspirations were
already high, creating a ceiling for post-conference improvement. An
increase in the perception that STEM careers can be challenging
following the conference may reflect an increased awareness and
understanding of the rigor involved in science. This may also be due
to students seeing how few role models were able to build successful
careers in STEM despite facing challenges during school education.

PARTICIPANT SUBJECT PREFERENCES IF THEY MAKE IT TO
UNIVERSITY
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FIGURE 6
Participants’ selection of STEM-based subject choices before and after the conferences, when asked about their subject preferences, if they study at a
university. Here, the pre- and post-values vary depending on the respondents.
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Participant responses to explicit questions regarding gender
roles (for example, “A career in STEM is more common for men
than for women”) showed that there were relatively few
stereotypical beliefs about STEM careers and, therefore, only
minor changes after the conference were observed. Thus, there
were modest improvements in self-efficacy and confidence scores
based on the 2024 data but smaller changes in the 2023
quantitative data, as well as in qualitative data.

Local and international contextual factors also shaped
students’ interests. For example, Lyons and Quinn (2010) found
that rural Australian students’ attitudes toward science are
significantly lower than those of their metropolitan counterparts.
Given that 34.3% of participants (n = 376) were from a regional
or rural location, contextual factors such as low prior interest
might be affecting the outcomes. However, Roberts et al. (2024)
argue against treating rural-metro differences as a binary, instead
emphasizing the complexities of Australian rurality.

Together, these findings suggest that girls’ baseline interest in
STEM was relatively strong, with modest gains possible in the
short term due to ceiling effects and contextual influences.

5.2 Aim 2: determine the socio-cognitive
factors that shape Australian grade 9
school girls’ perceptions and interest in
STEM studies and careers

Our findings highlight three key influences consistent with
Social Cognitive Career Theory (SCCT).

Self-efficacy and confidence: There was an increase in
responses related to “Inspiration to work with people in STEM,”
suggesting that direct engagement with STEM professionals and
role models had a positive impact on participants’ aspirations.
This consistent pattern across both datasets highlights the
effectiveness of interventions that provide opportunities for
students to connect with individuals working in STEM,
reinforcing the importance of mentorship and real-world
exposure in shaping career interests.

Personal goals and outcome expectations: Students’ increased
awareness of how STEM skills translate into future careers,

10.3389/feduc.2025.1685063

especially those that are financially rewarding or beneficial for
society, was reflected in both quantitative and qualitative data.
Survey results showed an increase in girls’ interest in engineering
and technology careers following the program. This quantitative
shift aligns with qualitative responses, where girls expressed
motivation to solve contemporary issues such as climate change
and sustainability. These findings resonate with Diekman et al.
(2010) work, which shows women’s preference for STEM careers
related to community development.

Year 9 students have minimal exposure to engineering-related
2016). Direct
engagement with engineering and technology-related activities,

topics in many Australian schools (Devi et al,

such as workshops and industry immersion tours, may therefore
have contributed to a greater improvement than for other topics.
Conversely, traditional science topics did not show comparable
gains, possibly due to prior familiarity or weaker contextual
relevance. The minimal change in preference for mathematics as
a career could also be linked to the absence of explicit
mathematics-related activities during the conference.

Environmental influences: The findings suggest that while the
conference did not significantly shift students’ perceptions of their
STEM experience in school, there was a notable improvement in
how they perceived their school’s provision of STEM opportunities
and resources. This indicates that external enrichment activities
may raise students’ awareness of STEM support within
their schools.

A subtle shift in participants’ perspectives on scientists was
also observed. Initially, many students held stereotypical views,
citing famous figures like Albert Einstein or Marie Curie. After
engaging with role models and workshops, however, they
increasingly described scientists as “ordinary individuals” working
toward goals. This implicit change was clearer in qualitative
responses, underscoring the importance of visible role models and
the inclusion of open-ended questions in evaluations.

While most girls lacked direct STEM role models within their
families, they still reported encouragement from family members
to pursue STEM studies. Hence, peripheral and distant spheres of
influence (Campbell et al., 2020), such as role model intervention
and school support, may play a significant role in shaping girls’
STEM career interests and aspirations.
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5.3 Aim 3: determine the potential of 3-day
STEM-intensive enrichment activities to
improve Grade 9 girls’ self-efficacy,
confidence, and interest in STEM

Although several p-values reached statistical significance, the
absolute differences in mean scores were relatively small. These small
changes may reflect modest but consistent shifts in students’ attitudes,
which could still be meaningful in the context of a short-term
intervention. Importantly, several items did not show significant
change, suggesting that some aspects of students’ attitudes, such as
subject selection and immediate career choices, may be more resistant
to short-term interventions.

Qualitative findings complement these results. For example, the
increased interest in engineering and technology careers observed in
the surveys was echoed in students’ qualitative comments, particularly
about sustainability and problem-solving workshops. This indicates
that contemporary, real-world topics resonate more strongly than
traditional science content.

In addition, our factor analysis identified areas for future
interventions, including addressing financial barriers, fostering
confidence in STEM skills, and making subjects like mathematics
more engaging to reduce perceived challenges. The analysis also
highlighted the importance of cultivating inspiration through role
models and emphasizing collaborative, meaningful aspects of STEM
careers. It should be noted, however, that because exploratory factor
analysis was conducted only on post-intervention data, the factor
structures reflect post-program conceptual groupings rather than
baseline latent constructs.
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International comparisons further contextualize our findings. For
example, DeWitt and Archer (2015) found that students’ ideas of “who
does science” solidify at primary school, and they recommend linking
science to future career relevance rather than presenting vague messages
of utility. Similarly, De Meester et al. (2020) found that emphasizing
STEM’s role in addressing environmental issues fosters student interest,
paralleling our results regarding sustainability workshops.

Together, the evidence suggests that short-term enrichment can
generate meaningful though modest gains in STEM attitudes,
particularly when linked to socially relevant topics and visible
role models.

Quantitative and qualitative findings converge to show that girls’
STEM aspirations are influenced by a mix of baseline interests,
exposure to role models, contextual factors, and program design.
While ceiling effects limited the scale of measurable gains, the
enrichment program was effective in sparking interest in engineering
and technology and in shifting perceptions of scientists. The alignment
between program content, such as sustainability themes, and students’
values highlights the importance of tailoring interventions to resonate
with participants’ lived experiences.

6 Limitations and strengths of the
study

A large sample size and the use of repeated data collection allowed
for a comparison of students’ subject and career preferences before
and after the intervention. The diverse sample enhances the
representativeness of the findings. Although our paired-sample
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analysis considered only completed pre- and post-survey responses,
this may not fully represent the entire cohort since students who
answered both surveys may be more motivated, leading to the
possibility of attrition bias. Therefore, future research may benefit
from conducting EFA on pre-intervention data or comparing pre- and
post-factor structures using confirmatory factor analysis.

Additionally, the study is observational, for which we cannot infer
causality. For example, the changes in subject preferences may
be influenced by factors beyond intervention, such as external
experiences or broader educational influences. Hence, a control group
analysis would be more useful to draw strong causal inferences in
future studies. Another limitation includes the potential influence of
peer-learning and behavior modification in conference settings, which
may have affected participant responses. Furthermore, the short
duration of the 3-day STEM conference may not have captured long-
term impacts, and future studies could benefit from longer
observation periods.

Finally, the high baseline scores on several measures raise the
possibility of ceiling effects, which may have constrained the extent of
observable improvement. It is possible that some selected students
were already interested in STEM, while others were nominated based
on teacher judgment. This may have biased results, potentially
inflating baseline interest or limiting observable change.

7 Future directions

While the current study provides initial evidence of the program’s
impact, future studies should incorporate a control group design to
more rigorously evaluate causality and rule out alternative
explanations. In addition, extending the factor analysis to include both
pre- and post-intervention data, ideally using confirmatory factor
analysis, would provide stronger evidence for the stability and validity
of the constructs identified. Addressing these methodological
refinements would substantially enhance the robustness and
generalizability of future findings. Moreover, the 3-day duration may
not have been sufficient to shift more entrenched constructs such as
long-term career commitment. Future work should examine longer or
repeated interventions to assess sustained impacts.

8 Conclusion

The findings from our study offer empirical evidence on the
distinct factors that are associated with Grade 9 girls’ STEM-related
career aspirations and perceptions toward STEM in Australia. The
changes in perception were especially reflected in qualitative data and
therefore underline the importance of incorporating qualitative
questions into a survey instrument to enable a more holistic
understanding of the factors influencing students’ STEM career
aspirations and perceptions.

Our results highlight the potential influence of targeted programs
that combine role models with hands-on activities, especially in
engineering, technology, and sustainability. These results reinforce the
need for continued investment in STEM enrichment initiatives that
not only expose students to diverse role models but also provide
meaningful, hands-on experiences, which may help strengthen their
confidence and sense of belonging in STEM fields.
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For policymakers and curriculum developers, this study
recommends developing STEM programs that build upon students’
enthusiasm for cutting-edge topics such as climate change and
sustainability. By making these topics visible through hands-on
workshops, industry immersion tours, and diverse role model
engagements, the program appeared to engage the students and their
curiosity, support more positive attitudes toward STEM, and deepen
their interest.

Together with role models, financial incentives associated with
STEM remain key enablers for girls’ pursuit of STEM education. To
conclude, this study provides both quantitative and qualitative
empirical data on student career interests (Wang et al., 2022) through
the lens of SCCT by providing a comprehensive overview of girls’
interests in STEM studies and aspirations for STEM careers. Our
findings can also guide the design and effective intervention of
programs aimed at increasing girls’ participation in STEM, providing
valuable insights for researchers and policymakers working to close
the gender gap in STEM fields.
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