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Abstract: This paper explores the motivations and optimism of undergraduate students enrolled in
engineering and non-engineering science, technology, engineering, and mathematics (STEM)
programs in Indonesia. Using quantitative analysis of data collected via an online survey distributed
through social media platforms, the study finds that engineering students reported higher levels of
confidence than non-engineering STEM students, while females more frequently reported
career-related motivations. In contrast, non-engineering STEM students exhibited more varied
motivational profiles, with male students showing stronger intrinsic value and female students
reporting stronger utility and attainment value. Notably, engineering students of both genders
expressed strong confidence in their future, while in the case of non-engineering STEM students,
female participants reported greater confidence than their male peers, which may reflect an
association between external factors and optimism. Understanding the aspirations of students and the
factors that affect their confidence is essential for sustaining student engagement and progressing
inclusive STEM education strategies that benefit the development of Indonesia.
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1. Introduction

As an emerging economy, Indonesia strives to develop industrialization, digital transformation,
and global competitiveness. Development policies in Indonesia have emphasized science, technology,
engineering, and mathematics (STEM) disciplines as drivers of technological advancement and
infrastructure development [1]. Engineering education, in particular, plays a vital role in the
cultivation of a technically skilled workforce [2]. Understanding student motivation is essential for
building a robust and inclusive STEM workforce [3], motivated not only by career prospects but also
by a desire to innovate, discover, and contribute to society [4]. Motivation not only influences
academic performance and persistence but also shapes long-term engagement with the profession [5].
By fostering passion, supporting inclusivity, and highlighting the benefit of STEM careers to the
community, institutions can not only empower students to pursue STEM but also to persist when
they are facing challenges [6].

Motivation in STEM higher education is shaped by students’ beliefs about their likelihood of
success and the value they attach to their studies. In education, expectancy-value theory has been
widely used to explain why students choose STEM programs [7]. This theory explains how people
decide whether or not to engage in an activity based on how likely they believe they are to succeed, or
the expectancy, and how much they value the task. Eccles’ [8] expectancy-value theory added a
“situated” component, as it considers the circumstances surrounding students when they make
decisions, such as experiences in the past and social context surrounding them including family and
community. In this study, we apply expectancy-value theory and examine how these situational
factors, including passion, community value, family encouragement, and future career, influence
students when choosing their study program. This study also examines students’ expectancies for
success, reflected in their confidence about their future with the STEM degree they are pursuing.

Within the expectancy-value framework, students’ interest in STEM subjects reflects their
intrinsic value, while perceptions of future career opportunities represent utility value. Family and
community influences contribute to students’ attainment value and shape how important they feel it
is to succeed, but they also can reduce intrinsic value if students feel forced into a field of study that
does not align with their interests [9]. On the other hand, families that encourage exploration and
communities that support autonomy can strengthen students’ intrinsic value for STEM tasks and
reinforce positive expectations of success [10,11]. For instance, parents who engage in
science-related conversations, provide access to educational materials, or support participation in
extracurricular activities, such as coding camps, can amplify students’ interest and passion [12]. In
the context of Indonesia, factors like perceived career prospects and influences from family and
community shape students’ task values, particularly their utility value and attainment value. They are
powerful drivers, in addition to passion as an intrinsic value.

The impact of these factors can differ between male and female students and can shape their
decisions when choosing their fields of study [13]. Among Indonesian engineering students in
particular, academic choices are often tied to expectations of long-term career stability and the desire
to contribute to social development, which shapes how they interpret these influences [14]. However,
whether they then continue in this field of study is also affected by the challenges that they face and
the support they are able to access. Universities’ culture and teaching practices also play a role, for
example, engineering programs that provide practical applications, allowing students to enjoy a
learning process that is more relevant to their daily life, may become more popular than other
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programs [15]. Universities that promote and support diversity may also reduce attrition rates of
women STEM students [16].

STEM careers are generally more appealing to male students than female students in
Indonesia [17]. However, when there are family members working in STEM fields, females are more
likely to be influenced to pursue STEM studies than males [18]. Nonetheless, even in STEM subjects
where female students outperform their male peers, there is a lack of recognition of women’s
achievements that might detract from long-term engagement [19].

As a developing nation, Indonesia strives to establish a good education system, since
empowering students contributes not only to individual success but also to national progress [17].
Students’ confidence in their future reflects both how well students believe their education aligns
with their long-term aspirations and the likelihood of contributing meaningfully to national
technological development and economic growth [20]. In addition, students who feel supported tend
to experience lower levels of anxiety and are more likely to persist when facing challenges in their
studies [21]. In Indonesia, while the research on STEM education at the primary and secondary level is
extensive, it is still limited at the tertiary level [22]. The aim of this research project is to address this
gap in the literature on undergraduate STEM students in Indonesia.

Research on Australian engineering students [23] found that what makes students stay motivated
and engaged with their study was different for different student types, for example by gender. They
also found that different groups thought differently about their future and were more or less confident.
Understanding these differences is crucial for designing inclusive education that supports diverse
student populations.

By examining the motivations and confidence in the future of engineering and non-engineering
STEM students and considering gender differences, this study provides a nuanced understanding of
the factors that influence educational choices in Indonesia. These insights can inform policy
decisions, curriculum design, and outreach efforts aimed at strengthening inclusive STEM higher
education in Indonesia. The research questions addressed in this paper are the following:

(1) What factors shape the motivation of engineering and non-engineering STEM students, and
how do these differ by gender?

(2) How do engineering and non-engineering STEM students, across gender groups, differ in their
confidence about their future?

2. Methods

An online survey consisting of Likert scale items and open-ended questions was employed,
adopting a primarily quantitative approach with qualitative support. The online survey targeted
undergraduate students enrolled in engineering and non-engineering STEM programs at higher
education institutions in Indonesia. The survey was distributed across all provinces using social media
platforms, with data collected via Microsoft Forms.

The survey invitation was posted on a popular engineering education-focused Instagram account in
Indonesia, @anakteknikindo (529,000 followers, as of July 2024), a science and technology-focused
Instagram account, @warstek (106,000 followers, as of July 2024), and distributed between students
via WhatsApp. The survey was distributed from July to November 2024.

For a total population of approximately 635,000 students, based on equation 1, a sample size of
384 was determined to be statistically sufficient. In this equation, z denotes the z-score associated with
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the selected confidence level (e.g., 1.96 for a 95% confidence level), p represents the estimated
proportion of the population exhibiting the characteristic of interest (commonly set at 0.5 when the true
proportion is unknown), e refers to the margin of error expressed as a decimal (e.g., 0.05 for a 5%
margin of error), and N indicates the total population size [24].
z2p(1—
B e2+z21;((1—1;))/1v 1)

We collected responses from 718 online survey participants representing 26 out of 38 provinces in
Indonesia. Because recruitment relied on voluntary responses to social-media invitations, the sample
represents a nonprobability, self-selected group rather than a statistically representative cross-section
of Indonesian STEM undergraduates. Although the final sample size exceeded the minimum
requirement, the results should be understood as representing the characteristics of individuals who
elected to participate rather than those of the broader undergraduate STEM population in Indonesia.

To explore inclusive strategies that may enhance student engagement, we included demographic
questions, including province of origin, gender, age, field of study, and university attended. This paper
focuses on fields of study and gender; other demographic factors will be discussed in future work.

The question regarding the field of study, “What study program/degree are you taking?”, offered
several predefined options and an open-ended response where respondents could specify an exact
program. We received a wide range of responses to the field of study question, from simply
“engineering” or ‘“science” to more specific entries, such as mining engineering, industrial
engineering, geology, agrotechnology, and soil science. Based on these responses, we categorized
308 participants into the engineering group and 389 into the non-engineering STEM group.
Twenty-one students did not disclose any study programs. For the purposes of this paper, we
categorized these responses into two groups: engineering and non-engineering STEM, to identify
differences between engineering and other STEM students. Engineering was analysed as a separate
category because it represented the largest proportion of participants and reflects a particularly
prominent enrolment trend in Indonesia.

The non-engineering STEM category included a wide range of disciplines (e.g., pharmacy,
psychology, nutrition, science education, and other science-based programs). We acknowledge that
these fields differ substantially in terms of career pathways, gender representation, and motivational
profiles. However, due to limited sample sizes within individual disciplines, further dis-aggregation
was not feasible without compromising statistical power and stability of estimates. Grouping these
disciplines therefore enabled a meaningful comparison between engineering and other STEM
pathways while maintaining analytic robustness. As such, findings relating to the non-engineering
STEM category should be interpreted as representing broad trends rather than discipline-specific
patterns.

For the gender question, we used an open-ended format, “How do you describe your gender?”.
Among participants who provided a response, 320 were female, 376 were male, and one participant
did not disclose a gender. Twenty-one participants did not respond to any demographic information,
including gender.

The survey was designed to take approximately 10 minutes to complete, and participants were
instructed to submit only one response. It consisted of 14 Likert scale items to generate quantitative
data, 4 open-ended questions for qualitative analysis, and 9 demographic questions. Items measuring
students’ feelings were adapted from a previously published survey with undergraduate engineering
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students in Australia [23]. Other questions were reviewed by experts to establish face validity. Given
that these items were designed to capture specific constructs grounded in expectancy-value theory, and
the aim of this study was to examine responses to individual items rather than to identify latent factors
or reduce dimensionality, exploratory factor analysis was not undertaken. Instead, analysis focused on
descriptive statistics and comparisons across groups. All questions were presented in Indonesian, with
translations by a native speaker. The Likert-scale questions used a six-point scale ranging from
"strongly disagree" to "strongly agree", with no neutral midpoint. This paper focuses on responses to 4
out of 14 Likert-scale items and 1 out of 4 open-ended questions related to students’ motivation.

Quantitative data from the survey were analysed in Microsoft Excel and in Python (Jupyter
Notebook) with the pandas, numpy, and scipy.stats libraries. Frequency distributions for the responses
to the Likert scale items were generated using the “COUNTIF” function to show how often each
response option appeared. For the descriptive statistic, average responses to the Likert scale items were
calculated. Each of the six response options, strongly disagree, disagree, moderately disagree,
moderately agree, agree, strongly agree, was converted to a numerical value ranging from 1 to 6,
respectively, and averages were then calculated. The use of a six-point Likert scale without a neutral
midpoint requires respondents to indicate agreement or disagreement, as reported in the survey design
literature [25,26]. Associations between categorical variables were examined using chi-square tests
applied to the full response distributions. For each analysis, we report the chi-square statistic, degrees
of freedom, p-value, and Cramer’s V as an effect size. Mean responses and percentage agreement are
presented as descriptive summaries to aid interpretation and are not used for statistical inference.
Statistical significance was evaluated using a conventional threshold of p < 0.05. Cramer’s V values
were interpreted using conventional guidelines (approximately 0.10, 0.30, and 0.50 for small,
moderate, and large effects), with particular attention to identifying effects of limited practical
magnitude. Each chi-square analysis represents a single test of association; however, multiple such
tests were conducted across different variables, which increases the overall risk of false-positive
findings. We acknowledge this limitation and interpret statistically significant findings with caution.

This paper reports on part of a larger study that uses a mixed-methods approach, using both
qualitative and quantitative data from surveys, and also uses interview data from STEM students and
academic staff in Indonesia. The survey and interviews ask about students’ motivations, confidence,
challenges and support. Here, we focus on survey data pertaining to motivation and confidence. The
findings on challenges and support are presented elsewhere [21].

3. Results and discussion
3.1 Motivation
3.1.1 Field of study

Figure 1 presents a comparison between the responses of engineering students and those from
other STEM disciplines for the two Likert scale statements “I chose this field of study because I am
passionate about it” (Figure la) and “I chose this field of study because it is valued by my
community” (Figure 1b). The response distribution in Figure 1(a) shows that, for both engineering
and non-engineering students, agreement with the statement was common. In contrast, Figure 1(b)
indicates a tendency toward disagreement. For both respondent groups, descriptively, the overall
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agreement with the passion-related statement was higher than 90% and with the community-related
one was less than 50% (see Table 1). Because the non-engineering STEM group comprises diverse
disciplines, the results reported here represent aggregated trends and should not be interpreted as
applying uniformly across all individual fields.
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Figure 1. Responses to the statement "I chose this field of study because | am passionate
about it" (a) and “I choose this field of study because it is valued by my community” (b)
by study program, comparing engineering (308 participants) and non-engineering STEM
(389 participants) students.

Further, while there were no differences between the two groups' responses to the passion-related
statement, there is a difference in their responses to the community-related statement. A chi-square
test of independence indicated a statistically significant association between field of study and
response distribution to the community-related statement (see Table 1), however, the effect size was
small, indicating that although statistically significant, the difference between groups is modest and
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of limited practical significance. Engineering students appeared more influenced by community
perceptions than students in the aggregated non-engineering STEM group. This may reflect that
engineering is often perceived as more prestigious, both in terms of its competitiveness and good
career prospects. The community perception of engineering as a challenging and rewarding
discipline may contribute to a stronger external influence on students’ decisions when choosing their
study program [27]. In the case of participants in this study, the influence of community plays a more
significant role for engineering students compared to those in other STEM fields.

Table 1 shows the percent agreement and average response, descriptively, to each statement about
motivation for choice of STEM discipline. The statements about passion and future career benefits
showed very high levels of agreement, with over 90% of participants in both engineering and other
STEM qgroups agreeing. Conversely, when asked about choosing their field of study based on its
value to the community, participants tended to “moderately disagree,” and fewer than half expressed
agreement.

Family encouragement was in-between, with three quarters of respondents agreeing that their
family had encouraged them to choose their field of study. From this, it can be inferred that family
suggestions regarding the selection of their study program were an important, but probably not
primary, factor influencing their decision. Nevertheless, these results indicate that family still plays a
role. This is consistent with previous research showing that family support can foster interest and
passion for STEM [18].

Table 1. Comparison of motivation for choosing field of study between engineering and
non-engineering STEM students.

Statement “I chose this field | “I chose this field “My family “I am certain my
of study because | of study because | encouraged me to studies will be
| am passionate | itisvalued by my | choose this field | beneficial for my
about it” community”’ of study” future career”
Cohort Eng. | Non-Eng | Eng. | Non-Eng | Eng. | Non-Eng | Eng. | Non-Eng
.STEM .STEM .STEM .STEM
Average 491 4.87 3.40 3.18 4.10 4.07 5.10 4.90
% Agreement 94 92 45 41 75 70 96 93
Y2(df, n); 2.56 (5, 697); 13.31 (5, 697); 4.61 (5, 697); 11.00 (5, 697);
p-value 0.78 0.02 0.47 0.05
Cramer’s V 0.06 0.14 0.08 0.12
[95% CI] [0.04, 0.16] [0.09, 0.23] [0.05, 0.18] [0.08, 0.21]

The level of agreement with the statement “I am certain my studies will be beneficial for my
future career” was very high for both groups. This item does not directly measure students’
motivations for choosing their field of study, and therefore we cannot infer a causal link between
degree choice and career considerations from this response alone. Instead, the result reflects students’
confidence that their studies, regardless of how closely their coursework aligns with their intended
career, will provide some form of career benefit. Additionally, this result is consistent with existing
literature that identifies career motivation as one of main reasons STEM students, including those in
engineering, choose their study programs [28].
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We also observed that for the statements regarding passion and family encouragement, the
p-values indicated no statistically significant association was found between field of study and
response distribution (see Table 1), indicating that the pattern of responses is similar across groups.
This suggests that there is no difference in sentiment between engineering students and those from
other STEM disciplines regarding passion and family perspectives on STEM fields, whether the
student is in engineering or another STEM discipline.

Differences in perception regarding the importance of community value and future career were
observed between engineering students and other STEM students. For community value, a chi-square
test of independence indicated a statistically significant association between field of study and
response distribution (see Table 1), however, the effect size was small, suggesting that although
statistically significant, the difference between groups is modest and of limited practical significance.
For future career benefit, the association between field of study and response distribution was
marginally significant, and the effect size was again small, indicating that any group differences are
weak and of limited practical importance. These may reflect broader differences in community
perceptions of the value of engineering compared with other STEM fields. Engineering is often
regarded more favorably by communities due to its higher earning potential, wider career
opportunities, and more relevant practical applications with social impact [29]. These distinctions
could contribute to the observable differences in how these Indonesian students responded to
statements concerning community value and future career prospects.

Responses to the open-ended question, “Is there anything else you’d like to tell us about how you
feel about your studies, or why you chose the field that you did?”, further illustrated that some
participants cited passion when selecting their study program. The quotations provided here are
direct translations of responses in Indonesian by a native Indonesian speaker and are included as
examples of responses to the open question for illustrative purposes.

Participant 178, an informatics engineering student, stated, "l want to deepen my knowledge in
informatics™. Participant 265, an architectural engineering student, shared, “I'm interested in learning
about architecture”. Participant 515, a chemical engineering student, noted, “Because | liked
chemistry in high school”. These responses reflect a strong intrinsic value, suggesting that these
students have genuine interest in the subject matter. However, passion is not a fixed trait, it is a
dynamic process shaped by experiences [30]. For instance, a student may develop an interest in
information technology after attending a coding camp or become fascinated by robotics after
receiving a robot toy from their parents. These formative moments of discovery can spark interest
and lead to sustained academic engagement. Therefore, educational environments that nurture
curiosity and autonomy are essential for cultivating passion [31].

We also observed community-related responses. Participant 36, an engineering student, said
“Indonesia really needs more graduates in STEM fields”. Participant 203, an agrotechnology student,
said “Because | want to return to my village and develop agriculture there”. These responses
illustrate that community value is an important driver for some students.

Responses related to family were also observed. Participant 584, an internet engineering
Technology student, stated, “I want to make my parents proud”. Here, we see that parental
expectations can serve as a source of strength rather than pressure. Another response from Participant
703, an engineering student, was “l was inspired by my father”, illustrating how a family member
can motivate a student by serving as a role model, fostering interest in engineering through
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inspiration and example. Participant 177, from informatics engineering, shared: “Because of full
support from my family”. Pursuing an engineering degree often involves significant financial
demands to provide laptops, textbooks, and other academic resources [31]. Parental support can play
a vital and constructive role in students’ academic progress.

Some participants also reported career-related motivations. Participant 648, a chemical
engineering student, stated “There are many job opportunities”. Participant 707, studying
informatics engineering, shared a clear personal goal: “l want to become a programmer”. Another
engineering student, Participant 281, noted, “l want to become a skilled technician”. These findings
also align with a previous study that found that Indonesian students in engineering programs often
associate their academic choices with long-term career stability and social impact [14].

In summary, the survey data revealed that approximately 90% of the respondents had passion for
their chosen field of study. Both engineering and non-engineering STEM students reported receiving
similar, high levels of encouragement from their families when selecting their study programs.
However, engineering students were more likely to be driven by community values. According to
expectancy-value theory, the high levels of encouragement reported by all participants suggest strong
expectancy for success and high levels of passion reflect strong intrinsic value. In the case of
engineering students, higher attainment value was reflected in the perceived importance of
engineering within their social environment [8]. Engineering students were also more certain that
their studies would be beneficial to their careers than students in other STEM fields.

3.1.2 Gender

We analyzed whether there were differences in responses between genders regarding their
motivation for choosing a study program. Among the engineering program respondents, there were 97
female and 210 male students, while in the non-engineering STEM programs, there were 223 female
and 166 male students. One engineering student did not disclose gender and was therefore excluded
from this analysis.

We note that the proportion of female students is lower in engineering than in non-engineering
STEM fields. According to data from the World Bank [32], the percentage of women enrolled in
engineering higher education programs in Indonesia increased from 21.6% in 2015 to 24.9% in 2018.
In the broader STEM disciplines, female student participation rose from 36.1% in 2015 to 37.4% in
2018. This upward trend over the three-year period indicates a shift toward greater female
representation in STEM fields and reflects ongoing progress in promoting women's involvement in
STEM higher education. However, there is still a large gender gap in participation in STEM, and
particularly in engineering, in Indonesia.

To address this participation gap, it is important to understand what motivates both male and
female students to choose engineering and other STEM fields. Figure 2 shows the responses of male
and female engineering and other STEM students to the statement “I chose this field of study
because it is valued by my community”. “Disagree” was the most common response, with a higher
percentage of female engineering students expressing this response compared to their male
counterparts, as shown in Figure 2(a). However, results of the chi square test show that the difference
in the response distributions was not statistically significant (see Table 2). Figure 2(b) shows the
response distribution for STEM students outside of engineering. For these students, “disagree” was
also the most common response. However, in contrast to the engineering students, the difference in
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the distributions was statistically significant and, descriptively, male students showed a higher level
of disagreement than female students (see Table 3).
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Figure 2. Responses to statement "I chose this field of study because it is valued by my
community" by gender of engineering (a) and non-engineering STEM (b) students.

Although the association was not statistically significant, the observed pattern may be understood
in light of previous studies indicating that Indonesian society tends to view engineering as a field
more suited to men than women [33]. This might be reflected in the higher proportion of female
engineering students who reported that community values did not influence their choice of study. On
the other hand, male engineering students are more likely to be socially rewarded for choosing
engineering, which may explain why nearly half of them expressed agreement with the statement.
The opposite trend appears in non-engineering STEM fields. Among the participants, many of the
women were in health-related disciplines, particularly nursing and allied health, which society often
perceives as more appropriate for women than men [34]. Therefore, it is understandable that a
relatively high number of female non-engineering STEM students expressed agreement. Within an
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expectancy—value theory perspective, social perceptions shape the attainment value students attach to
study programs. Unlike engineering, many non-engineering STEM fields, especially health-related
disciplines, carry stronger social and attainment value for women, which may be reflected in the
responses of the female student participants.

We can also see in Table 2 that among engineering students, both female and male respondents
generally agreed with the statement “I chose this field of study because I am passionate about it,”
with agreement rates exceeding 90% for both groups with no statistically significant association with
gender. Among non-engineering STEM students (Table 3), both female and male respondents also
tended to agree with the statement, but the percentage of agreement among female students was
below 90% while male students showed nearly 100% agreement. A chi-square test indicates a
statistically significant difference by gender among non-engineering STEM students for this
statement, however, a small effect size indicates a weak association. This suggests that among
engineering students, regardless of gender, respondents demonstrated similarly strong passion for
their chosen field of study. In non-engineering STEM fields, male students are more likely than their
female peers to have chosen their field of study because they are passionate about it. This suggests
that their chosen field has notable intrinsic value for them, from the point of view of
expectancy-value theory.

Figure 3(a) shows a similar pattern among male and female engineering student respondents to
the statement “My family encouraged me to choose this field of study”. In contrast, as shown in
Figure 3(b), and Table 3, female non-engineering STEM students showed stronger agreement with
this statement than their male peers. For all questions we saw significant gender differences among
the non-engineering STEM students, but for none of the questions among the engineering students.

However, it is important to recognize that the non-engineering STEM cohort was highly diverse,
and the patterns of difference by gender that we observe may correlate with the particular degrees
that the participants were enrolled in.

Table 2 shows that, for the statement regarding family encouragement, there is again no
statistically significant association between responses and gender for engineering students. Table 3
indicates statistically significant association between gender of non-engineering STEM students and
the response distribution, however, the effect size for this item was small to moderate, indicating a
modest association. Descriptively, the difference in percent agreement exceeded 10%, with male
students showing a lower level of agreement. These findings suggest that both female and male
engineering students receive similar levels of family encouragement when selecting their study
program. Among non-engineering STEM students, on the other hand, females receive greater family
encouragement compared to their male peers.
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Figure 3. Responses to statement “My family encouraged me to choose this field of
study” by gender of engineering (a) and non-engineering STEM (b) students.

For the statement, “I am certain my studies will be beneficial for my future career,” for both
engineering students (Table 2) and non-engineering STEM students (Table 3). The results show
strong agreement across both groups and genders. Although the strongest agreement was observed
among women engineering students, the difference was not statistically significant (p = 0.13). In
contrast, for the non-engineering STEM students the result is significant with a p-value < 0.05,
although the effect size is relatively small and represents only weak association.
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Table 2. Comparison of motivation for choosing field of study between female and male
engineering students.

Statement “I chose this field | “I chose this field “My family “I am certain my
of study because | | of study because | encouraged me to studies will be
am passionate it is valued by my | choose this field | beneficial for my
about it” community”’ of study” future career”
Cohort Female | Male | Female | Male | Female | Male | Female | Male
Average 4.85 4.95 3.36 3.40 4.23 4.04 5.22 5.05
% Agreement 91 95 42 47 77 73 98 95
x2(df, n); 7.66 (5, 307); 4.35 (5, 307); 1.81 (5, 307); 8.43 (5, 307);
p-value 0.18 0.50 0.87 0.13
Cramer’s V 0.16 0.12 0.08 0.17
[95% CI] [0.10,0.28] [0.08, 0.26] [0.06,0.22] [0.10,0.26]

Table 3. Comparison of motivation for choosing field of study between female and male

non-engineering STEM students.

Statement “I chose this field | “I chose this field “My family “I am certain my
of study because | | of study because | encouraged me to studies will be
am passionate it is valued by my | choose this field | beneficial for my
about it” community”’ of study” future career”
Cohort Female | Male | Female | Male | Female | Male | Female | Male
Average 4.84 4.96 3.36 2.95 4.27 3.81 5.01 4.75
% Agreement 88 97 45 37 75 63 94 91
y*(df, n); 13.00 (5, 389); 14.37 (5, 389); 17.95 (5, 389); 12.28 (5, 389);
p-value 0.02 0.01 <0.01 0.03
Cramer’s V 0.18 0.19 0.22 0.18
[95% CI] [0.13,0.27] [0.13,0.30] [0.15, 0.32] [0.11,0.28]

Overall, female engineering students showed the highest percent agreement, while male
non-engineering STEM students showed the lowest with the statement “I am certain my studies will
be beneficial for my future career”. Descriptively, within both discipline cohorts, the females agreed
with the statement more strongly than their male peers. From the point of view of expectancy-value
theory, female respondents value the outcome of their studies, and they expect to succeed in
achieving their career goals [7]. Their expectancy of a good career may be associated with the salary
for jobs in STEM being relatively higher than jobs in other sectors that are traditionally available for
women [35], and particularly high for graduate engineers. For the non-engineering STEM students,
the specific fields of study of the female respondents may be important. Many of the female
respondents were enrolled in study programs, such as science education, pharmacy, midwifery,
nutrition, and psychology. In Indonesia, jobs in, for example, nutrition, child health and counselling,
are dominated by women [36]. These are also fields of study that are more directly vocational and
lead to a specific career. Hence, it is understandable that the stronger agreement expressed by female
non-engineering STEM respondents may reflect their alignment with specific career trajectories that
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offer perceived opportunity for women.

Summing up, within the engineering cohort, very few gender differences were observed, and
none that were statistically significant. Both male and female engineering students expressed equal
enthusiasm for their chosen fields and received comparable levels of family encouragement. It is
worth noting that there was no difference in level of family encouragement for females and males,
and females expected a promising career in engineering, despite the stereotype that engineering is
more suitable for males [3]. The women engineering students did not give different patterns of
responses to the males.

Among non-engineering STEM students, there were significant differences for all questions.
However, it is important to note that the effect sizes were small, indicating that these differences are
modest and represent weak associations between gender and responses. Descriptively, male
participants tended to show greater passion for their field of study, whereas female participants were
more influenced by community values and family encouragement, and had greater certainty that their
degree would be of benefit to their career.

Overall, the gender differences between male and female engineering students are much smaller
than between male and female non-engineering STEM students, which may be associated with more
similar expectancies for success and more aligned values, such as prestige, within the engineering
cohorts [5]. The gender differences for the non-engineering STEM students may be associated with
the different career opportunities or fields of study, as this grouped category includes a diverse set of
disciplines with different gender norms, career trajectories, and participation patterns. However,
other factors may also contribute and warrant further investigation.

3.2 Confidence in the future

We analyzed the responses to the statement “I am confident about my future because of my
STEM degree”. This question addresses students’ optimism about their future, as it relates to their
current studies. Understanding optimism is important because it can help students persist when
facing challenges. Confidence is related to motivation, because students who are already motivated
are more likely to develop confidence, which in turn can lead to sustained engagement over time [37].
Within the framework of expectancy-value theory, the confidence students have in their own ability
to succeed shapes their expectancy beliefs [9]. As with the questions about motivation, we compared
engineering to non-engineering STEM students, and male to female students within those two
cohorts.
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Figure 4. Responses to statement "I am confident about my future because of my STEM
degree” by study program, comparing engineering and non-engineering STEM students.

Figure 4 demonstrates the optimism expressed by both engineering and other STEM students
regarding their future. The most common response to this statement was “agree” for both engineering
and other STEM students. While for both groups the level of agreement was high, a chi-square test
indicated a statistically significant association between field of study and confidence in the future
(see Table 4). This difference suggests that engineering may be perceived as offering more secure
career pathways. Engineering is often viewed as a prestigious field associated with development of
modern industrial systems [38]. However, the effect size was small, suggesting that the difference
between groups is modest and of limited practical significance.

In Figure 5, we can see that among both engineering students (Figure 5a) and students from other
STEM fields (Figure 5b), the female students generally agreed slightly more strongly than the males
with the statement. The difference in the distributions was significant for non-engineering STEM
students but not engineering students (Table 4). A statistically significant association was observed
between gender and confidence in the non-engineering STEM group, however, the effect size was
small, indicating a weak association and limited practical difference. On the other hand, no
statistically significant association was observed between gender and confidence among engineering
students, indicating similar response distributions across genders. This pattern may be associated
with the absence of significant difference in the salaries received by entry level male and female
STEM graduates in Indonesia, compared to the gender pay gap of approximately 23% across all
types of employment [39]. The understanding that their professional opportunities and compensation
are not hindered by gender-based differences, at least within the context of entry-level positions, may
be associated with their optimism [40].
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Figure 5. Responses to statement “I am confident about my future because of my STEM
degree” by gender of engineering (a) and non-engineering STEM (b) students.

The data in Table 4 shows a high rate of confidence for all of the respondent groups. And again,
we see a statistically significant gender difference for students in non-engineering STEM fields,
although the effect size was small, but not for engineering students. In some respects, female
engineering students appear more similar to their male peers than female non-engineering STEM
students do to theirs. Additionally, female student participants who chose to study engineering were
entering a male-dominated field, suggesting they may already represent a group characterized by
comparatively higher confidence.

In contrast, many of the non-engineering STEM fields represented in the sample, for instance
health and science education, tend to be associated with relatively lower wages [41]. For women,
these roles may still be financially preferable compared to domestic responsibilities. However, for
men in Indonesia, who often bear the responsibility of being the primary breadwinner in a family,
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low-paying jobs may be linked to lower confidence about their future [42]. Moreover, these are
fields that are female dominated which may be more culturally comfortable for women. In Eccles’
expectancy-value framework, gender-roles as influenced by social environment can shape attainment
value [43], and this includes encouraging women to value caring more than men [44,45], which may
be associated with their motivation in choosing a future career.

Table 4. Responses to the statement “I am confident about my future because of my
STEM degree” by respondents’ field of study and gender, comparing engineering and
non-engineering STEM students, female and male engineering students, female and male
non-engineering STEM students.

Non-Eng. Female Male Female Male
Cohort Eng. STEM (Eng)) (Eng.) (Non-Eng. | (Non-Eng.
' ' STEM) STEM)
Average 4.96 4.75 5.11 4.90 4.86 4.62
% Agreement 96 93 98 94 93 91
v2(df, n); 12.51 (5, 697); 6.58 (5, 307); 11.89 (5,389);
p-value 0.05 0.25 0.04
Cramer’s V 0.14 0.15 0.17
[95% CI] [0.09,0.22] [0.10, 0.26] [0.11, 0.28]

We found many responses to open-ended questions that illustrate the observation that these
students are optimistic about their futures. Participant 280, a female engineering student, stated, “I'm
confident that engineering majors can thrive anywhere”. Similarly, Participant 71, a male
engineering student, expressed the same enthusiasm: “The future seems promising.” Participant 544,
a female non-engineering STEM student, wrote, “It makes it easier for me to achieve my dreams”,
while Participant 317, a male non-engineering STEM student, shared, “I'm optimistic about a bright
future”.

To summarize, the quantitative data showed that confidence in future prospects varied across
disciplines. Descriptively, engineering students expressed higher levels of confidence in their future
compared to non-engineering STEM students. This may be associated with the perceived security
and prestige of engineering career pathways in Indonesia, which are often reinforced by industry
partnerships and government initiatives [46]. There was no significant difference by gender for the
engineering students. In contrast, among non-engineering STEM students, female participants
descriptively reported greater confidence in their future than male participants.

4. Conclusions

This research addresses the research questions “What factors shape the motivation of engineering
and non-engineering STEM students, and how do these differ by gender?” and “How do engineering
and non-engineering STEM students, across gender groups, differ in their confidence about their
future?”. The findings revealed diverse motivational drivers and varying degrees of confidence in
future prospects of undergraduate students pursuing engineering and non-engineering STEM
programs in Indonesia. While passion for their chosen fields and family encouragement was consistent
across both groups, reflecting comparable intrinsic and attainment value, distinctions were found in
other sources of motivation and confidence. Among students in the aggregated non-engineering STEM
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group, males exhibited stronger intrinsic value, while females were more driven by utility and
attainment value, and reported higher confidence in their future. These patterns suggest that external
support systems and career clarity may be associated with optimism. Finally, confidence in their future
was high for all respondents, but higher among engineering than other STEM fields students, and
higher for female non-engineering STEM students than male non-engineering STEM students. We
suggest that institutions consider whether expanding support networks and improving the clarity of
career pathways could strengthen student motivation and confidence, while recognizing that these are
suggested by observed patterns rather than direct testing of these relationships. Nevertheless, these
findings should be interpreted with caution, as the non-engineering STEM category encompasses a
heterogeneous set of disciplines.

5. Limitations and future work

Inevitably, this study has several limitations. The survey relied on voluntary participation, which
may introduce self-selection bias, so it is likely that this research was unable to fully capture the
perspectives of students who are disengaged. In addition, because the survey was distributed through
social media, participants were largely those who are socially active online, limiting insight into
students who are socially isolated or disconnected from major networks. Furthermore, the
cross-sectional design limits the ability to draw causal conclusions. Longitudinal research would
provide deeper insight into how students’ experiences evolve over time. Socio-economic background
was not measured in the present study; however, it is important to acknowledge that students’
financial circumstances may intersect with their motivations and confidence in pursuing STEM
degrees. Future research incorporating socio-economic indicators would provide a more
comprehensive understanding of how structural conditions interact with individual motivations
among Indonesian STEM students.

An important limitation of this study is the aggregation of diverse non-engineering STEM
disciplines into a single category. Fields, such as pharmacy, psychology, nutrition, and science
education, differ in terms of career pathways, gender representation, and student motivations. While
this grouping was necessary to ensure sufficient sample sizes for statistical analysis, it may obscure
discipline-specific patterns. Therefore, the findings for non-engineering STEM students should be
interpreted as indicative of broad trends rather than precise representations of individual fields.
Future research with larger or more balanced samples should examine these disciplines separately.

Additionally, the study is subject to potential social desirability bias, as participants may have
responded in ways they perceived as favourable. Unequal subgroup sizes may also have influenced
the stability of the statistical estimates. Finally, the survey items were treated as single-item
indicators rather than validated multi-item scales, and the available evidence for their construct
validity is limited. Future research would benefit from using instruments with stronger measurement
validity.
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