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1. Introduction

The fourth industrial revolution’s background has posed the education sector with the task of
preparing high-quality human resources in STEM fields (science, technology, engineering, and
mathematics) as a premise for scientific and technological development, enhancing economic
competitiveness, and meeting the increasing demand for integration of each country and nation [1].
In line with the global trend, Vietnam has implemented various policies, strategies, and orientations
to encourage students to pursue STEM careers. These include Directive No. 16/CT-TTg on
strengthening the capacity to access the fourth industrial revolution [2], Vocational education
project and student stream orientation in general education for the period 2018 — 2025 [3], The
2018 general education curriculum [4], The experiential and vocational activities curriculum [5],
Official letter 3089/BGDBT-GDTrH on the implementation of STEM education in secondary
education [6], The scientific seminar “Training high-quality human resources in the fields of
science, technology, engineering, and mathematics (STEM), implementing strategic breakthroughs
in human resource development according to the 13th National Party Congress Resolution” [7], etc.
However, only 28.7% of Viethamese students choose to study STEM in 2021, according to the
Ministry of Education and Training’s report summarizing enrollment and training for the 2021—
2022 academic year [8]. This is much less than those of other countries in the region and in Europe,
such as Germany (39%), Singapore (46%), Malaysia (50%), Korea (35%), Finland (36%), etc.

According to the social cognitive career theory (SCCT), career interest plays a crucial role
in individuals’ career choice decisions [9], [10]. This theory has been widely accepted and
applied by researchers in studies related to STEM career choice [11] - [15]. Therefore,
investigating and clarifying the state of students’ STEM career interests is essential for timely
guiding students to choose STEM careers, and improving the shortage of STEM human
resources in Vietnam. Based on the SCCT model, Kier et al. (2014) developed the STEM
Career Interest Survey (STEM-CIS) to provide a valuable tool for assessing students’” STEM
career interests and related factors [13]. Specifically, it is a four-scale instrument for science,
technology, engineering, and mathematics, including 44 Likert questions with five levels,
focusing on examining six SCCT aspects: self-efficacy, outcome expectation, interest, personal
goal, contextual support, and personal input. Among these, self-efficacy and outcome
expectation directly influence the interest aspect. Additionally, contextual support and personal
input are factors affecting personal goals, which in turn are directly related to career interests
[9], [10]. STEM-CIS is a reliable tool used by researchers worldwide at various grade levels. It
can be flexibly used in whole or in part for various purposes, such as assessing the state of
students” STEM career interests [16] - [19]; evaluating the suitability of STEM-CIS in different
countries [20] - [22]; assessing the impact of STEM programs and activities on STEM career
interest and related SCCT components [23] - [26]; using individual SCCT components in the
instrument for other research models [27], [28]; etc.

In Vietnamese education, the 2018 general education curriculum emphasizes that the high
school level is where career guidance education needs to be focused [4]. Therefore, the state of
STEM career interests of grade 10 and 11 students studying under the 2018 program will be even
more valuable scientific data, contributing to the evaluation, adjustment, and orientation of the
implementation of the general education program. Within the scope of grade 10 and 11 students
in some high schools in Ho Chi Minh City, the article uses the STEM-CIS instrument to focus on
answering the following research questions:

(1) What is the state of students’ STEM career interests and SCCT aspects?

(2) Is there a correlation of interest between the science, technology, engineering, and
mathematics fields?

(3) Are there any differences in STEM career interest and SCCT aspects regarding gender and
grade level?
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2. Methods
2.1. Measurement

In this study, the STEM-CIS instrument was translated into Vietnamese and evaluated on a
10-level Likert scale (in which level 1 is completely disagree and level 10 is completely agree)
[13]. The study converted from the Likert 5 scale to the Likert 10 scale to expand the scope of
assessment, increase the distinction between levels, and allow more accurate data collection from
participants. Then, a sample of 31 students at a school in Ho Chi Minh City was interviewed to
ensure that the statements in the questionnaire were clear and accurately reflected the study's
objectives. After making necessary adjustments, the final scale achieved a Cronbach’s Alpha of
0.872 for the 44 items of STEM-CIS. Furthermore, the item-total correlation ranged from 0.402
to 0.753, with no observed variables having a correlation of less than 0.3. Thus, this instrument is
suitable for surveying the current state of STEM career interests of students.

2.2. Sampling and participants

From October to November 2023, 988 high school students from five different high schools in
Ho Chi Minh City, Vietnam, participated in the study. These students were randomly selected using
a convenience sampling method. Data cleaning was conducted to eliminate instances in which
students selected only one level for every Likert scale question or did not respond to any of the
questions. After data cleaning, the final sample comprised 909 students with 43.9% male, 56.1%
female (statistics by gender) or 48.5% in grade 11, and 51.5% in grade 10 (statistics by grade level).

2.3. Data analysis

After performing the descriptive statistics, we discovered that each component’s mean (M)
and median (Med) values were nearly equal. The research investigation included parametric
testing with R software. The average value of component trends was observed using descriptive
statistics methods, and the influence of SCCT components on students’ career trends was
interpreted using Pearson correlation analysis. The t-test approach was used to look for variations
in grade levels and gender in STEM career interest and SCCT features.

3. Results and discussions
3.1. STEM-CIS results in each STEM field

Analysis results show that the average STEM-CIS in each student’s STEM field ranges from
6.72 to 7.55 (Figure 1). Specifically, the highest average level of career interest is in the
technology field, and the lowest is in the engineering field. This result is similar to the studies
with learners in Indonesia [18], [19], [29]. However, when compared with students in Turkey and
Kazakhstan, although engineering is still the least interesting field for students, technology is
ranked behind science and mathematics [16], [30]. Therefore, it is necessary to pay attention to
integrating career education into STEM activities, especially those related to engineering, to
promptly improve students’ state in Vietnam and other countries in general.
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Figure 1. General career interest in each STEM field
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3.2. Current status of each aspect of Social cognitive career theory

First, the average score of SCCT values in the STEM fields decreases in the order of outcome
expectation, personal goal, self-efficacy, interest, personal input, and contextual support (Table
1). This coincides with the research results on both middle school students and pedagogical
students in Indonesia [18], [19], [29]. Besides, compared with high school students in Turkey, the
results are only consistent with the two lowest values: personal input and contextual support. In
contrast, the highest value belongs to self-efficacy [30]. Overall, this is a good result because the
three aspects with the highest average scores are: outcome expectation, personal goal, and self-
efficacy, which are all factors directly related to students’ STEM career interests [9], [10].
However, Table 1 also shows that the scores of contextual support and personal input are quite
low. This reflects the fact that students do not have many opportunities to interact with
individuals in the STEM field or have ideal career role models inside or outside the family. In
addition, the average value of each SCCT aspect in the technology field is the highest (except for
personal goal), and vice versa for engineering. Furthermore, although the average score of all
SCCT aspects of mathematics (Muathematics = 7.26) is greater than that of science (Msgience = 7.18)
(Figure 1), the scores of some aspects of science are still higher. Each aspect of SCCT in science,
technology, engineering, and mathematics will be clarified below.

Table 1. Descriptive statistics of each aspect of Social cognitive career theory

Science Technology Engineering Mathematics STEM
Mean SD Mean SD Mean SD Mean SD Mean SD
SE 7.20 1.765 7.81 1.672 7.05 1.801 7.45 1.777 7.38 1.247
PG 7.50 1.939 7.61 1.780 6.76 1.877 7.82 1.763 7.42 1.323
OE 7.74 1.812 8.38 1.507 7.33 1.668 1.74 1.812 7.77 1.288
INT 7.00 2.077 7.28 1.846 6.61 1.938 6.92 2.192 6.95 1.510
CS 6.68 2.086 6.90 2.105 6.10 2.357 6.55 2.221 6.56 1.667
Pl 6.93 2.532 7.12 2.364 6.18 2.754 6.96 2.488 6.80 1.794

3.2.1. Self-efficacy

The average value of self-efficacy in STEM fields ranges from 7.05 to 7.81 (in which
Mrechnology > Mumathematics > Mscience > Mengineering)- 1t Can be said that students have a certain
confidence in STEM subjects and activities. Although in Vietnam, Technology at the high school
level is not a compulsory subject, students still feel confident when using technology in activities
and when learning how to use new technology applications. However, students need more self-
confidence when participating in and completing engineering-related activities. This is also the
general situation in other countries [18], [19], [29], [30].

3.2.2. Personal goal

The average value of personal goals in STEM fields ranges from 6.76 to 7.82 (in which Myamematics
> Mrechnology > Mscience > Mengineering). This result shows that students have certain plans to use STEM-
related knowledge and skills in their future careers. From there, motivate yourself to study hard in
STEM subjects and participate in STEM activities inside and outside of school. However, it is
possible that many students do not clearly understand the nature of technical professions [31], so
engineering is still the field with the lowest personal goal compared to other fields.

3.2.3. Outcome expectation

The outcome expectation is the only aspect expectation of SCCT with an average value
greater than 8, specifically ranging from 7.33 to 8.38 (in which Mrechnotogy > Mscience = Mmathematics
> Mengineering)- This shows that students realize the future STEM career prospects and will receive
support from their families and relatives when pursuing these careers. Students tend to think that
using technology will be very useful for their future careers and have better career prospects than
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in other fields. This result also partly reflects the current context with the rapid development of
technology, typically artistic intelligence is a field that many educational researchers are
interested in integrating into their professional future students [32].

3.2.4. Interest

The average value of interest in STEM fields ranges from 6.61 to 7.28 (in which Mrechnotogy >
Mscience > Muathematics > Mengineering). TNis data shows that students' interest in engineering-related
activities or engineering-related careers is quite low. This is not just a problem for Vietnam but
also for other countries such as Indonesia [18], [19], [29], Turkey [30], Kazakhstan [33], etc.
Therefore, countries can work together to find appropriate solutions to improve this situation.

3.2.5. Contextual support

The average value of contextual support in all areas is the lowest compared to the remaining
aspects of SCCT ranging from 6.10 to 6.90 (in which Mrechnology > Mscience > Mmathematics >
Mengineering)- This reflects that there are still many students who do not have role models in STEM
careers in general, or most worryingly, careers related to engineering. Specifically, students’
families have few members pursuing STEM careers, and at the same time, students do not have
the opportunity to interact with professionals in this field. To overcome this situation, schools and
educational units need to implement career counseling programs with the participation of people
working in STEM fields to inspire students [13].

3.2.6. Personal input

The average value of personal input, varying between 6.18 and 7.12, is relatively low
compared to the other SCCT aspects (in Which Mrechnology > Mutathematics > Mscience > Mengineering)-
This data reflects that students feel uncomfortable talking and sharing with people working in the
STEM field. This can be explained by the fact that students do not have many opportunities to
interact and participate in activities with them, or a small number of students may encounter
psychological difficulties and be uncomfortable when sharing. Therefore, schools need to come
up with appropriate solutions to overcome this situation promptly.

3.3. Correlations of interest across STEM fields

Table 2. Pearson correlations of interest across STEM fields

Science Technology Engineering
Technology Pearson Correlation 486"
Sig. (2-tailed) 0.000
Engineering Pearson Correlation 506" 580"
Sig. (2-tailed) 0.000 0.000
Mathematics P€arson Correlation 598" 439" 398"
Sig. (2-tailed) 0.000 0.000 0.000

The results of Pearson correlation analysis (Table 2) show that the four fields of science,
technology, engineering, and mathematics are all correlated, with p < 0.05. There is a strong
positive correlation between science and mathematics, with r = 0.598, showing that students
interested in science are also interested in mathematics. The correlation between technology and
mathematics (r = 0.439) and between engineering and mathematics (r = 0.398) are both average
positive correlations. This result is quite similar to the study of Japashov et al. (2022), in which r
= 0.54 for science and mathematics and r = 0.42 for technology and engineering [16]. Another
similar result is from the study of Sellami et al. (2023) which analyzed data from 1,500 students
in Tunisia showing a strong science-mathematics correlation, a moderate engineering-
mathematics correlation, and a moderate technology-mathematics correlation, with r = 0.61, r =
0.45, and r = 0.40, respectively [17]. Therefore, students’ learning tasks in STEM educational
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activities need to be designed to be both differentiated and specialized for each field of STEM. In
addition, it is necessary to ensure the systematicity and integration of these four elements
together to achieve the best results in STEM career orientation for students.

3.4. The difference between STEM career interest and SCCT aspects across genders and grades

In terms of gender, research results show that there is a difference in STEM-CIS results in
each STEM field and SCCT in STEM careers for males and females (p < 0.05). Based on the
results in Table 3, it can be seen that most aspects of males are higher than those of females.
Specifically, the highest gap in STEM careers is in the science field (Mmyae = 7.46; Mremae =
6.95), and in the SCCT components are personal inputs (Mmae = 7.01; Meemaie = 6.63). This is
consistent with the research results of Japashov et al. (2022) [16], especially in the technology
sector. Some possible reasons for this are that females’ interest in STEM careers is still related to
the ability to balance career and family, and issues related to social status in perspectives of each
region and each country [34]. Faced with this situation in Vietnam, it is necessary to increase the
participation of female students in the STEM field, clearly identifying the career values in the
STEM field that need to guide students and the considered issues on career guidance education to
help students determine their career path by their abilities, strengths, and personal interests, while
also meeting the requirements of future STEM careers [35].

Table 3. T-test on the difference between STEM career interest
and SCCT aspects across gender and grade level

Gender N Mean SD sig Grade N Mean SD sig

. Male 399 746 1496 10 465 720 1522

Science Female 509 695 1524 °2000 g a4 715 1545 0648
Male 399  7.76  1.338 10 465 758 1310

Technology  roaie 500 7.38 1320 2000 g a4 751 1365 0428
- Male 399 691 1.383 10 465 676 1413

Engineering  roole 500 657 1383 9090 11 444 667 1409 0399
) Male 399 755 1457 10 265 731 1590

Mathematics oo 500 7.08 1537 290 11 444 721 1449 0309
Male 399 750 1.208 10 465 738 1212

SE Female 509 729 1273 2900 11 414 738 1285 9977
Male 399 7.65 1.240 10 465 746 1331

PG Female 509 7.25 1361 292 11 414 739 1316 0436
Male 399  7.06 1272 10 465 7.80 1.309

OE Female 509 7.62 1280 2990 11 a4 774 1267 0014
Male 399 739 1.398 10 465 701 1538

INT Female 509 661 1508 %090 11 444 690 1479 0266
Male 399 682 1.648 10 465 661 1639

cs Female 509 634 1653 9090 11 444 600 1479 0328
Male 399 701 1.748 10 465 687 1749

Pl Female 509 663 1815 %090 11 444 672 1839 019

Regarding grade levels, analysis results found no difference in STEM-CIS results in each
STEM field and SCCT aspects in STEM careers for grades 10 and 11 because p > 0.05 (Table 3).
This matches the previous research by Japashov et al. (2022), in the fields of science, technology,
and engineering but not mathematics [16]. However, it is contrary to the other research by
Dénmez & Idin because the results show that as the age group increases, students are more
interested in STEM career fields, and the age of high school students is an important age to
influence and guide STEM careers [30]. In the case of Vietnam, current 10th and 11th-grade
students are the first generation to follow the 2018 general education program to emphasize
vocational education [4]. Therefore, the program needs time to adjust and complete to be more
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effective in career orientation for students in general or careers in the STEM field in particular.
Specifically, Luong et al. (2022). mentioned the main difficulty when implementing vocational
education is that current school plans are implemented in grade levels that do not have a clear
classification of knowledge and competencies to determine a suitable career [36].

4. Conclusion

This study examined the current state of STEM-CIS elements of grade 10 and 11 students in
five high schools in Ho Chi Minh City, Vietnam, using the STEM-CIS instrument. The findings
indicated that there was a moderate to high range of career interest, from 6.72 to 7.55, in the four
STEM fields (science, technology, engineering, and mathematics). Interests in STEM careers
were correlated with science and engineering showing the largest positive association. Male
students also showed greater interest in STEM careers and SCCT components than did female
students. However, there was no difference in these aspects between grade levels. The results
presented above will contribute to providing suggestions and orientations for high schools in
implementing and developing STEM education activities to meet the goal of improving students’
STEM career interests and guiding them to pursue STEM careers in the future. In future studies,
we will conduct research and experiment with specific measures to improve students’ STEM
career interests and use the STEM-CIS instrument to evaluate their effectiveness.
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