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Introduction 

Cultivating a strong contingent of proficient graduates in science, tech-
nology, engineering, and mathematics (STEM) is imperative, with a height-
ened focus on understanding and stimulating student engagement in these 
disciplines and related career pathways. As the job market increasingly leans 
on technological and engineering expertise, the necessity for STEM-educated 
professionals is poised to escalate further (World Economic Forum, 2017a). 
Projections highlight a significant growth differential between 2019 and 2029, 
with STEM occupations forecasted to expand by 8.0%, overshadowing the 
3.4% growth anticipated for non-STEM positions (U.S. Bureau of Labor Statis-
tics, 2020). However, the influx of college students pursuing STEM disciplines 
fails to match the surging demand within the STEM job sector (CPST, 2007; 
Lowell & Regets, 2006). Consequently, it is crucial to delve into the students’ 
STEM attitudes, encompassing self-efficacy and expectancy-value in STEM 
domains in higher education, as well as career interests.

Learning experiences may play an important role in developing stu-
dents’ STEM self-efficacy, expectancy-value, and career interest, which are 
fundamental stepping stones towards achieving STEM career aspirations 
(Lent et al., 1994). Vocationally-oriented polytechnics and universities offer 
distinct learning experiences that may significantly influence the nurturing 
of students’ STEM self-efficacy, expectancy-value and career interest. This 
investigation sheds light on the differences in STEM self-efficacy, expec-
tancy-value, and career interests observed among students enrolled in the 
vocationally-oriented polytechnic versus the university. These varied experi-
ences can either facilitate, enhance, or hinder the path towards obtaining 
a STEM degree. By unraveling these differences, educators gain insights to 
foster conducive connections and rectify impediments. Such understanding 
equips educators and policy makers with the tools they need to strategically 
address the evolving requirements of society.
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Literature Review

STEM self-efficacy and expectancy-value 

Students’ attitude towards an academic domain is often construed as a composite of self-efficacy and 
expectancy-value beliefs, which serve as integral parts of their motivation for academic achievement (Eccles & 
Wigfield, 2002). Self-efficacy, which was introduced by Bandura (1977), encapsulates a student’s conviction in their 
capacity to triumph within a designated task or learning area. When self-efficacy is applied to STEM, it refers to 
students’ self-appraisal of their competence in mastering STEM-related subjects. Expectancy-value theory posits 
that an individual’s impetus to undertake various activities is determined by two factors, which are the expecta-
tion of the likelihood of successfully accomplishing the task and the personal value he attributes to the task. STEM 
expectancy-value pertains specifically to how students continually gauge their possibility of excelling in particular 
STEM domains and evaluate the value derived from such achievements.

The significance of self-efficacy and expectancy-value in shaping behavior renders them crucial elements 
influencing career interest. Extensive research has validated their importance in stimulating interest in STEM fields 
(Brown et al., 2016; Ferry et al., 2000), influencing decisions to embark on STEM careers (Halim et al., 2018; Moakler 
& Kim, 2014), and maintaining dedication to STEM pursuits (Chemers et al., 2011; Larson et al., 2015). Lent (2018) 
reported that a meta-analysis consolidating 196 studies grounded in social cognitive career theory highlighted 
the crucial role of self-efficacy and value-expectations in predicting STEM-related interests.

Assessing self-efficacy and expectancy-value within STEM domains poses challenges due to the diverse sub-
domains, and tasks may appear disconnected to novice learners (National Research Council, 2000). For instance, 
science, including subjects such as physics, biology and chemistry, shares fundamental skills and principles, yet 
these subjects diverge significantly in content. Engineering is similarly fragmented into specialties dealing with 
mechanics, electronics, chemicals, environmental studies and more. Mathematics, habitually treated as a single 
entity, comprises distinct competencies such as geometric proof, algebraic reasoning, and numerical understand-
ing. Self-efficacy in executing one task does not automatically translate to proficiency in another domain, and 
the influence of self-efficacy on behavior varies across contexts (Eccles, 1994; Zimmerman, 2000). Furthermore, 
enhancements in self-efficacy within one academic area do not correlate with similar improvements in other areas 
(Bong & Skaalvik, 2003). This insight carries profound implications for educators striving to enhance self-efficacy 
towards STEM subjects.

Commonly in previous research, the STEM domain is approached as a unified whole when assessing students’ 
self-efficacy and expectancy-value. A general method divides the STEM domain into its fundamental segments: sci-
ence, engineering and technology, and mathematics, and independently evaluates students’ self-efficacy and value 
expectations within three specialized areas. Notably, the link between self-efficacy, expectancy-value, and career 
interest exhibits variance across disciplines. Past studies (Hackett & Betz, 1989) have revealed that mathematics 
self-efficacy is positively correlated with intentions to pursue STEM careers. Luzzo et al. (1999) further substantiated 
the impact of both mathematics and science self-efficacy on career goals within STEM. Further exploration into 
specific STEM domains exposes that a positive attitude towards science is paramount, and engineering attitude 
also carried significant weight in shaping STEM career decisions. Additionally, it is revealed that both science and 
engineering attitude, along with mathematics interests to a lesser degree, constituted crucial elements in opting 
for a STEM profession. This research implies that the extent to which students’ self-efficacy, expectancy value and 
level of interest predict their intention to pursue careers in STEM domains.

The impact of learning experience on STEM attitude 

The acquisition of knowledge is a gradual process that unfolds through diverse learning experiences and con-
texts throughout time. These learning experiences mold an individual’s comprehension of specific subjects, foster 
their interests and objectives, and impact their self-perception of abilities. Learning experiences, often manifested 
through in-class exercises within a school setting (Maltese & Tai, 2010), play an important role in determining both 
the content and methodology of learning. Nonetheless, it is the cumulative effect of these personal experiences, 
intertwined with individual values, beliefs, and the broader impacts of cultural environments, that collectively 
facilitate the growth of one’s knowledge and the formation of their identity (Allen & Peterman, 2019).

Research has highlighted the significance of in-school STEM activities in fostering students’ self-efficacy 
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and expectancy-value. Kang et al. (2018) emphasized that learning experiences across diverse settings uniquely 
contributed to the development of STEM career interest. Petersen’s study (2014) within a college STEM environ-
ment revealed that robust classroom instruction paired with engagement in extracurricular activities significantly 
influenced students’ decisions to embark on STEM pathways. Beier et al. (2018) further demonstrated that favor-
able early college learning experiences bolstered positive attitude towards STEM fields. More specifically, the STEM 
courses that bridge theory with practical applications in technology, computing, and engineering, were shown to 
enhance the likelihood of students pursuing STEM careers (Gottfried & Bozick, 2016; Sasson, 2020). Cumulatively, 
these findings underscore the importance of various learning experiences in cultivating a strong attitude towards 
STEM, and numerous students develop their interests as a direct outcome of their learning experiences in classroom. 

In-school learning experiences, offering a range of course choices, highly qualified educators, well-resourced 
laboratories and classrooms, produce students who are better equipped for pursuing STEM field at the college level 
(Steenbergen-Hu & Olszewski-Kubilius, 2017; Thiry, 2019). The classroom stands out as a paramount arena where 
learning experiences transpire. It serves as a platform for students to grasp STEM concepts while concurrently shap-
ing their perceptions and attitudes towards STEM. The classroom may improve students’ attitude towards STEM 
through teacher interaction and mentorship, and the particular curriculum students undertake. However, despite 
exposure to STEM content, not all in-school experiences engender positive attitude among students. Given that 
the classroom is a universal access point for STEM education, it is crucial to comprehend the influence of different 
learning experiences in the higher education system. 

Different learning experiences in vocationally-oriented polytechnic and university

In the higher education system, the influence of learning experiences on STEM self-efficacy and expectancy-
value illustrates differences across colleges. Vocationally-oriented polytechnic holds a significant position as a distinct 
non-university sector within the higher education of OECD countries, operating in parallel with traditional universi-
ties. In Finnish, the establishment of polytechnic primarily aimed to address emergent labor market demanding for 
specialized vocational competencies (Ministry of Education, 1990). Integral to the polytechnic reform was the dual 
objective of stimulating regional development and catering to localized higher education requirements (OECD, 
2003). Germany introduced its polytechnics back in the 1960s, and the United Kingdom maintained an expansive 
polytechnic sector spanning from 1965 to 1992 (Pratt, 1997). By 1970, community colleges in the United States 
enrolled a notable proportion of post-secondary students, constituting around a quarter of the total enrollment 
(Gill & Leigh, 2000). The Netherlands established Hogescholen in 1986 through the integration of university colleges 
and secondary schools, and Norway founded many vocationally-oriented polytechnics in 1994 (Kyvik, 2002). Since 
the 1990s, China has embarked on a robust effort to establish a comprehensive modern vocational and technical 
education system. In some countries non-university higher education sector has expanded more recently. Usually, 
polytechnic degrees, emphasizing vocational training, are typically college-based programs completed within two 
to three years, in contrast to the four-year duration of a conventional university degree.

It is important to acknowledge that students enrolling in vocationally-oriented polytechnics versus universities 
often exhibit variations in their academic backgrounds and educational ambitions. Furthermore, they encounter 
dissimilar institutional settings due to the distinct educational configurations provided by two- or three-year pro-
grams at polytechnics and the traditional four-year curriculum at universities. University students, benefiting from 
a four-year curriculum, tend to be more inclined to transform their learning experiences with math and science into 
a keenness for choosing a STEM field compared with students in vocationally-oriented polytechnics. Polytechnic 
programs typically encompass a broad range of vocationally oriented education and prepare students for spe-
cific occupations. A key distinction from universities lies in their more pragmatic and hands-on approach, which 
is tailored to fulfill the immediate needs of local economies (Kyvik, 2004). Given the notable differences among 
students in terms of their academic and career objectives, expectations, and aspirations, it is logical to expect that 
students studying at polytechnics and universities would follow distinct developmental trajectories and pursue 
varied STEM paths (Cohen & Brawer 2008).

There were a number of informative studies contributing to our understanding of STEM education. However, 
a significant portion of these studies, such as those by Herrera and Hurtado (2011), Hurtado et al. (2012), and Her-
rera et al. (2011), concentrated primarily on interest and completion within four-year STEM programs. Empirical 
research in higher STEM education was largely skewed towards four-year universities, whereas scholarly literature 
inadequately represented polytechnics. As demonstrated by research by Bailey et al. (2003) and Wang (2009), poly-
technic is a major entry point into higher education, and they represent a unique opportunity to train the future 
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STEM workforce, reflecting the diverse structure of a country’s workforce (Dowd, 2012). A substantial portion of the 
effort to widen engagement in STEM fields depends on the vocationally-oriented polytechnic and studies examin-
ing the STEM educational pathway should necessarily take into account the integral role of polytechnic. Thus, the 
aim of this study was to explore the differences of STEM self-efficacy, expectancy-value and career interest among 
students who have equivalent preparatory knowledge but distinct learning experiences in vocationally-oriented 
polytechnic and four-year university.

Research Methodology

General Background

This study aimed to explore the differences in STEM attitudes, specifically self-efficacy and expectancy-value, 
among students with comparable academic backgrounds but different learning experiences in vocationally-
oriented polytechnic and four-year university. In China, the National College Entrance Examination serves as a 
pivotal benchmark for assessing student proficiency. High school students taking the National College Entrance 
Examination are usually confronted with an alternative choice: those inclined towards art, humanities and social 
sciences must choose history as a compulsory curriculum, while those pursuing science, engineering and tech-
nology must choose physics as a mandatory subject. Focusing on students’ STEM attitude, this study targeted 
participants who chose physics in the National College Entrance Examination. To accommodate students with 
different learning experiences, the study considers selecting students who have undergone nearly two years of 
study in the vocationally-oriented polytechnic or in the university. Consequently, those who enrolled in 2022 and 
were currently in their fourth semester were chosen as the research sample.

Participants

The participant sample was drawn from a province in the Southern part of China, where 399,000 candidates sat 
for the physics as the mandatory examination in 2022. All of these students were channeled into either universities 
or vocationally-oriented polytechnics, with 58.3% of the students meeting the cutoff for undergraduate programs 
in four-year universities, while 41.7% qualified for vocationally-oriented polytechnics. However, even some students 
who achieved the threshold for university may opt for vocationally-oriented polytechnic. Finally, only approximately 
49.7% of students enrolled in universities, indicating that roughly 10% of candidates who achieved the threshold 
for university elected to enroll in top-tier vocationally-oriented polytechnics. Consequently, the study selected 
students ranked approximately between the 45th and 55th percentiles in the province to ensure a comparable 
average level of knowledge. Among the participants, some enrolled in the university, forming the university group 
of this study, and others opted for the vocationally-oriented polytechnic, constituting the polytechnic group. Both 
the university and polytechnic groups consisted of students in science and engineering related majors. These stu-
dents were all in the fourth semester of study, having not only completed nearly two years of coursework in the 
field of their majors, but also familiarized themselves with the teaching methodologies, practical training systems, 
and prospective career paths within their respective fields. The sample sizes for the university and the polytechnic 
groups stood at 248 and 239 respectively. After excluding invalid data, the university group comprised 226 stu-
dents, with 183 males and 43 females, and the polytechnic group included 238 students, with 190 males and 48 
females. The average age of participants in both groups was around 20 years old. All participants in the research 
were provided with informed consent before the survey.

Measurement Instrument

To explore students’ STEM attitudes, this study adopted the S-STEM survey as the measurement instrument, 
encompassing self-efficacy and expectancy-value, as well as their career interest. The instrument was originally 
developed from North Carolina State University (Unfried et al., 2015) and extended by previous research (Xu & 
Zhou, 2022; Zhou et al., 2019; 2021) to cover the whole K-12 education system. The version of S-STEM was employed 
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in this research to explore students’ attitudes towards STEM specific domains, including mathematics, science, 
engineering and technology, covering students’ self-efficacy and expectancy-value in each domain. In line with 
the approaches used in previous research (Xu & Zhou, 2022; Zhou et al., 2019), engineering and technology were 
integrated together in the present study, named engineering/technology. Additionally, there was an item probing 
students’ career interest in each STEM specific domain. Consequently, through students’ self-assessments on the 
survey, the study can understand their STEM attitudes across domains, including domain-specific self-efficacy, 
expectancy-value, and career interest.

Data Analysis

For the inter-group analysis, an independent t-test was employed to analyze differences in STEM attitudes 
between the university and polytechnic groups. Meanwhile, within each group, ANOVA (analysis of variance) test 
was used to examine variations in students’ attitudes towards individual domains. To ensure adequate statistical 
reliability, the G*Power was utilized to determine that a minimum of 86 participants per group would be required 
for an independent t-test to detect a medium effect size of .50 at a 90% power level with a significance level (α) 
at .05 for comparisons between the university and polytechnic groups. Furthermore, ANOVA test was employed 
to examine the differences in STEM attitudes and interests towards the three domains of mathematics, science, 
engineering and technology within each group. A minimum of 207 participants per group was required to detect 
a moderate effect size of .25, ensuring 90% statistical power while maintaining a significance level (α) at .05. The 
sample size of the current study, with 238 valid participants in the university group and 226 in the polytechnic 
group, satisfied the statistical power requirements and ensures reliability and accuracy of the research findings.

Research Results

Horizontal Comparison of STEM Attitudes between Polytechnic Group and University Group

Table 1 presents the horizontal comparison of students’ STEM attitudes between the polytechnic group 
and the university group. Overall, university students exhibited a more positive attitude towards STEM (M = 3.58, 
SD = .38) compared to polytechnic students (M = 3.41, SD = .43) (t = 4.403, p < .001). University students demon-
strated greater perceived competence in studying STEM domains and had higher self-efficacy (t = 8.752, p < .001). 
However, it is noteworthy that no significant difference was detected between the two groups concerning their 
STEM expectancy-value.

In terms of learning attitudes across various academic disciplines, student performances varied depending on 
different disciplines between the polytechnic group and the university group. Regarding mathematics attitude, there 
was no significant difference between the two groups (t = 1.484, p = .139). Although university students reported 
significantly higher self-efficacy in mathematics (t = 3.393, p < .001), there was no significant difference between 
the two groups in their expectancy-value of mathematics (t = 0.307, p = .759). It suggests that undergraduates 
from university perceived themselves as better equipped to learn mathematics, but their expectations regarding 
learning outcomes did not exceed those of polytechnic students, implying that higher self-assessment self-efficacy 
does not necessarily equate to higher expectation-value belief.

In terms of science attitude, the polytechnic group scored significantly lower than the university group 
(t = 7.184, p < .001). Similarly, the polytechnic group showed significantly lower self-efficacy and expectation-value 
in science compared to the university group (t = 6.246, p < .001 and t = 6.893, p < .001, respectively).

Regarding the attitude towards engineering/technology, the polytechnic group was more positive than the 
university group, with a statistically significant effect observed (t = 2.029, p < .05). More detailed evidence reveals 
that the difference in self-efficacy belief towards engineering and technology was minimal between the two groups 
(t = .394, p = .694), yet the polytechnic group held significantly higher expectation-value belief towards engineer-
ing/technology compared to the university group (t = 3.643, p < .001). It can be seen that self-efficacy belief does 
not lead to expectation-value belief.
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Table 1 
Students’ STEM Attitudes between Polytechnic Group and University Group

STEM attitudes
M (SD)

Self-efficacy
M (SD)

Expectancy-value
M (SD)

Vocational 
College Group

University 
Group

Vocational 
College Group

University 
Group

Vocational 
College Group

University 
Group

N 238 226 238 226 238 226

Overall 3.41(.43) 3.58(.38) 3.18(.45) 3.54(.44) 3.57(.45) 3.63(.40)

t (p) -4.403(<.001) -8.752(<.001) -1.522(.129)

Mathematics 3.15 (.77) 3.26(.75) 3.20(.86) 3.47 (.84) 3.00(.80) 2.98(.88)

t (p) -1.484(.139) -3.393(<.001) 0.307(.759)

Science 3.52(.62) 3.91(.54) 3.42(.61) 3.77(.60) 3.57(.69) 3.98(.57)

t (p) -7.184(<.001) -.6.246(<.001) -6.893(<.001)

Engineering/ Technology 3.54(.43) 3.46(.44) 3.50(.50) 3.48 (.55) 3.59(.49) 3.43(.46)

t (p) 2.029(<.05) .394(.694) 3.643(<.001)

Longitudinal Comparison of STEM Attitudes among Specific Domains in both  
Polytechnic Group and University Group

The longitudinal comparison of students’ STEM attitudes among specific domains in both the polytechnic 
group and the university group is shown in Table 2. Among vocationally-oriented polytechnic students, there 
were significant differences in STEM attitudes across the domains of mathematics, science, and engineering/
technology (F = 29.08, p < .001, η² = .08), reaching a medium effect size. Post hoc multiple comparisons indicate 
that polytechnic students held a lower attitude towards mathematics compared to both science (p < .001) and 
engineering/technology (p < .001). It suggests that polytechnic students have the least positive attitude towards 
mathematics. Meanwhile, there was almost no difference between their attitudes towards science and engineer-
ing/technology (p = .974). 

In terms of career interest, the trends across various domains in the polytechnic group were consistent with 
that of STEM attitudes. There were also significant differences in the three domains (F = 21.70, p < .001, η² = .06), 
indicating a moderate effect size. Post hoc multiple comparisons revealed that students’ perceptions of career 
interests related to science and engineering/technology were exceedingly similar (p = 1.000) and notably higher 
than their interest in mathematics professions (p < .001).

In terms of the university group, there were also significant differences in STEM attitudes across different 
domains with a large effect size (F = 72.32, p < .001, η² = .18). Post hoc multiple comparisons reveal that university 
students also held a lower attitude towards mathematics compared to both science (p < .001) and engineering/
technology (p < .001). Unlike the polytechnic group, university students demonstrated a significantly higher attitude 
towards science than engineering/technology (p < .001). Overall, among the three domains, students exhibited 
the most positive attitude towards science, followed by engineering/technology, with the least positive attitude 
towards mathematics in the university group.

From the perspective of STEM career interest, there were also significant differences among mathematics, sci-
ence and engineering/technology with a large effect size (F = 54.16, p < .001, η² = .14). Post hoc multiple comparisons 
demonstrate that the university group had the highest career interest in science, significantly higher than in the 
mathematics domain (p < .001) and the engineering/technology domain (p < .001). However, the difference in 
their career interests between mathematics and engineering/technology was not statistically significant (p = .073).
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Table 2 
Students’ STEM Attitudes among Specific Domains in both Polytechnic Group and University Group

STEM attitudes Career interest

Specific 
Domains F p-value η² Post hoc M (SD) F p-value η² Post hoc

Vocational 
College 
Group

Mat

N=238 29.08 <.001 .08
Mat<Sci (p<.001)
Mat<E&T (p<.001)
Sci=E&T (p=.974)

2.95 (.89)

21.70 <.001 .06
Mat<Sci (p<.001)
Mat<E&T (p<.001)
Sci=E&T (p=1.000)

Sci 3.42(.90)

E&T 3.43(.96)

University 
Group

Mat

N=226 72.32 <.001 .18
Mat<Sci (p<.001)
Mat<E&T (p=.002)
Sci>E&T (p<.001)

2.98 (.97)

54.16 <.001 .14
Sci>Mat (p<.001)
Sci>E&T (p<.001)
E&T=Mat (p=.073)

Sci 3.80 (.86)

E&T 3.13 (.8)
Notes: Mat = mathematics attitude; Sci = science attitude; E&T = attitude towards engineering/technology.  

Discussion

In the present study, university students’ overall attitude towards STEM was more positive than those of 
vocationally-oriented polytechnic students, indicating that students had different attitudes towards STEM under 
two different learning experiences. The learning experience in university seems to have brought a more positive 
STEM attitude to the students. The participants in the university group and the polytechnic group initially exhibited 
comparable academic performance in the National College Entrance Examination, which is widely recognized as a 
nationwide academic selective examination in China. However, a divergence in students’ STEM attitude emerged 
following nearly two years of learning experiences in their respective institutions. It suggests that varying educa-
tional experiences shape students’ different STEM attitudes. This result aligns with the viewpoints in the previous 
research (Beier, 2018; Kang, 2018; Petersen, 2014). Kang et al. (2018) argued that learning experiences in different 
environments played a significant and unique role in the development of student STEM identity. Petersen sug-
gested that strong STEM classroom experiences and participation in activities were important factors for students 
to decide to pursue STEM (Petersen, 2014). Beier et al. (2018) also indicated that positive learning experiences lead 
to a better attitude towards STEM. It should be noted that students are presented with diverse learning experiences, 
such as different institutional environments and varying curricula in universities and polytechnics, which would 
contribute to the differences in their STEM attitudes.

Specifically, university students tended to have a more positive attitude towards science than engineering/
technology in the study, while those from vocationally-oriented polytechnic had a similar attitude towards both 
science and engineering/technology. Generally, students from four-year universities are more inclined to cultivate 
a positive STEM attitude towards science, driven by their exposure to cutting-edge scientific developments and 
research achievements. A distinguishing characteristic of vocationally-oriented polytechnics is the emphasis on 
practical training with a diverse array of vocational education courses tailored to meet specific career demands 
(Kyvik, 2004). Consequently, students enrolled in vocationally-oriented polytechnics tended to exhibit a more 
favorable attitude towards engineering/technology. 

Another significant finding of this study was that regardless of the educational learning experience of students 
from vocationally-oriented polytechnic and university, their mathematics attitude consistently ranked the lowest. The 
reason might be related to the students’ level of proficiency in mathematics. The participants in the present study 
ranked between 45% and 55% among approximately 400,000 candidates in the whole province. As a fundamental 
domain, mathematics requires students to focus on in-depth theoretical learning, but participants at this particular 
level may not be particularly captivated by intricate mathematical theories. Students may struggle to gain a sense 
of accomplishment in mathematics learning and do not anticipate substantial mathematical achievements. This 
finding aligns with the arguments made by Bong and Skaalvik (2003). Bong and Skaalvik (2003) demonstrated that 
variations in self-efficacy in a specific academic domain do not necessarily correlate with changes in self-efficacy 
in another. Therefore, regardless of whether the learning experience is more theoretical in universities or more 
practical in polytechnic, neither is particularly effective in fostering a more positive learning attitude towards 
mathematics among the present participants. Since learning attitude in a domain is often the primary motivating 
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factor behind choosing to study it, fostering students’ positive attitude in mathematics becomes a crucial point 
of intervention for policies and practices aimed at broadening the STEM pipeline. It is apparent that enhancing 
students’ mathematical proficiency, exposing them to a more diverse array of mathematics courses, and fostering 
a positive mathematics attitude are all essential paths forward.

The differences in students’ STEM self-efficacy and expectancy-value between university and polytechnic 
students were intricate across various domains. As noted in prior research, due to the inherently robust theo-
retical foundation in mathematics, university education excels in fostering students’ mathematical theory and 
enhancing their proficiency in mathematical modeling, thereby facilitating their more proficient mastery of 
mathematics. Furthermore, it has been reported that STEM activities in schools are pivotal in fostering students’ 
STEM self-efficacy and expectancy-value (Halim et al., 2018). In this study, the university group exhibited a higher 
self-efficacy of mathematics compared to the polytechnic group, indicating a greater confidence in their ability to 
master the mathematics. However, there was no significant difference in students’ expectancy-value of mathemat-
ics between the two groups, indicating that the university group did not demonstrate a superiority in forecasting 
their mathematics learning outcomes over polytechnic students. On the other hand, while university education 
consistently fostered a high sense of students’ STEM self-efficacy and expectancy-value in science, polytechnic 
education also boasted its own unique benefits that offered richer educational scenarios and case studies closely 
tied to engineering/technology. Although polytechnic students maintained similar perceptions as those under 
university education when assessing their ability to achieve good performances in engineering/technology, a 
greater number of polytechnic students believed that they had a more positive expectancy-value of their learn-
ing outcomes in this domain of engineering/technology. In summary, university education cultivates a sense of 
proficiency in science, whereas polytechnic education affords students a deeper and more thorough evaluation 
of their accomplishments in engineering/technology.

Among university and polytechnic students, there existed a discernible correlation between their STEM attitude 
and career interest across various specific domains. Students from vocationally-oriented polytechnic demonstrated 
a preference for both science and engineering/technology as potential career choices, showing little distinction 
between the two. However, they held a less favorable opinion when considering mathematics as a future career 
path. Conversely, university students exhibited a more optimistic outlook towards future career interest in science-
related fields, with a higher willingness to pursue such paths. However, they tended to be less inclined towards 
mathematics and engineering/technology. This reveals that students do not automatically equate their proficiency 
in a STEM specific domain with their desire to pursue a career in such a domain. 

Upon considering students’ STEM attitudes across various domains and their aspirations for future careers, it 
emerges that learning attitudes towards mathematics and science hold high predictive power in shaping students’ 
career interests. Specifically, both university and polytechnic students who exhibited a less favorable learning 
attitude towards mathematics, characterized by low self-efficacy and expectancy-value, tended to have a lower 
chance of choosing mathematics as their future career path. This observation is in line with previous research 
(Betz & Hackett, 1983; Scott & Mallinckrodt, 2005), which posited that an individual’s beliefs in their mathematics 
self-efficacy correlated with their choice of majors within STEM fields. Likewise, students from both university and 
vocationally-oriented polytechnic tended to rate their science learning attitude highly, and they also demonstrated 
a strong inclination towards pursuing careers that are science-related. Notably, science self-efficacy serves as a 
positive indicator, predicting stronger intentions towards STEM careers. The present results confirm the claim of 
Luzzo et al. (1999), who established that both mathematics and scientific self-efficacy had a significant impact on 
individuals’ aspirations for STEM careers.

Additionally, university students tended to have a more favorable learning attitude towards engineering/
technology than mathematics, but their interest in pursuing engineering-related careers was not significantly 
higher than that in mathematics-related careers. Existing research also indicates that the predictive value of ex-
pected engineering/technology outcomes is relatively low. The finding highlights disparities in the extent to which 
students’ confidence in their success across diverse STEM domains and their anticipation of employing different 
STEM domains in their professions can predict their intention to pursue STEM specific domain-related careers. In 
other words, having a good learning attitude towards a particular domain, such as engineering/technology does 
not necessarily lead to a tendency for students to choose it as their future career. Students may harbor positive 
sentiments towards multiple domains, but when contemplating their future professional paths, they must ulti-
mately choose the domain that offers the highest self-efficacy and value expectancy among the various options.
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Conclusions

The study delved into exploring variations in STEM self-efficacy, expectancy-value, and career interest among 
students with equivalent preparatory knowledge but differing in learning experiences at vocationally-oriented 
polytechnic and university. Following approximately two years of diverse educational experiences, university stu-
dents exhibited a more positive overall STEM attitude compared to those at vocational-oriented polytechnic. To be 
specific, university students demonstrated greater STEM self-efficacy than polytechnic students, but no significant 
difference in STEM expectancy-value was detected between the two groups. It is worth noting that the university 
group performed significantly higher than the polytechnic group in science attitude, while the polytechnic group 
was more positive than the university group in engineering/technology attitude. From the perspective of inter-group 
comparison, university education consistently cultivated a high level of STEM self-efficacy and expectancy-value 
in science among students, while polytechnic education boasted its own advantages in fostering strong attitudes 
towards both science and engineering/technology. Both university and polytechnic students displayed a less en-
thusiastic learning approach towards mathematics. In terms of career interest, students from vocational-oriented 
polytechnic favored both science and engineering/technology as potential career paths. In contrast, university 
students showed a more optimistic view towards future career interests in science-related fields. Both groups 
held a less favorable stance when considering mathematics as a potential career choice. This finding highlights 
the disparities in how students’ confidence in their success across various STEM domains and their anticipation of 
utilizing these domains in their professions can predict their intention to pursue STEM-specific careers. 

There are also certain limitations in the present research. Firstly, the selection of participants was solely based 
on the National College Entrance Examination scores, focusing on students’ overall comparable academic perfor-
mance, rather than considering their specific achievements in a particular STEM domain. Secondly, the sample 
size comprised just 464 college students, therefore, the conclusions drawn from the study need to be validated 
through further research with a more diverse participant pool. Moreover, the study did not delve into the details 
of students’ varying learning experiences during their nearly two-year stay in vocational-oriented polytechnic and 
university, including the specific learning contents, methodologies, and the teaching interaction between teachers 
and students. Further, the study has not been concerned with the potential consequences of individual differences in 
students’ physiology and personality, which are avenues for deeper investigation in subsequent research endeavors.
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