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1. INTRODUCTION

Science, technology, engineering, and mathematics (STEM) education, which was pioneered by the
National Science Foundation (NSF), is a synthesis of four distinct disciplines: science, technology,
engineering, and mathematics [1]. STEM-based education is designed to provide students with critical
thinking skills that will enable them to solve problems even after they enter the workforce [2]. According to
Muzana et al. [3], the utilization of the STEM learning in science has a significant impact on technological
literacy and can improve students’ problem solving skills. By applying the STEM model from an early age,
students are technologically literate and ready to face STEM competencies in the future. However, based on
Organization for Economic Co-operation and Development (OECD) research in the Program for
International Student Assessment (PISA), it was explained that the achievement of 15-year-old students in
mathematics and science in Indonesia scored lower than the OECD average in terms of reading, mathematics,
and science. Furthermore, only 40% of Indonesian students reach level 2 in science (the OECD average is
78% [4]. Meanwhile, according to the NSF, for the next ten years, approximately 80% of jobs will require
competence in science, technology, engineering, and mathematics [5]. As a result, for many years, scientists,
particularly scientific researchers, have been attempting to discover ways to persuade adolescents to pursue
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STEM fields [6], [7]. As a beginning point for this effort to act on them, a comprehensive analysis of the
factors influencing this choice is required. Given these situations, the Government of Indonesia should
attempt on integration of STEM-based learning into the current education system.

Students must have attitudes toward STEM for the education system to be successful in Indonesia.
Students' attitudes toward STEM fields arise to be largely positive [8], [9]— with several resulting from
interactions on ethnicity, gender, and particular subject [7], [L0]— but their interest in becoming researchers
is low. Meanwhile, as the educational system progresses, students' attitudes to science tend to deteriorate.
Therefore, it is very important to develop students' positive attitudes toward science from an early age [11].
Based on a study Toma and Greca [12], students' attitudes towards STEM, for example, in terms of STEM
learning and career interests in the STEM field, are directly influenced by grade level. This result is
reinforced by research Zhou et al. [13] that students' attitudes toward STEM in elementary schools show
better performance than students above elementary school. This means that the higher the grade level, the
student’s attitudes toward STEM tend to decrease.

On the other hand, DeWitt et al. [14] found that interest in science careers tends to decrease with
age. Students do not consider a career in science when they are 14 or 15 years old. Several countries,
including the United States, Australia, and Malaysia, have also seen a decrease in student interest in the
STEM field. According to Ministry of Education (MOE) data from 2017, STEM-related majors are less
appealing to students than non-STEM majors. In 2017, only 45.74% of students majored in STEM, while the
remaining 54.26% majored in non-STEM Fields [15].

Student readiness for STEM careers is a driving force in school systems across the country, as
reform efforts are designed to meet the needs of children in the 21st and 22nd centuries [16]. It is known that
the relationship between student attitudes and career interests in STEM fields shows a positive relationship
for middle-class students in Turkey. Thus, it can be said that students who have a positive attitude toward
STEM tend to be interested in careers in physics, engineering, and mathematics [17]. This is reinforced by
research Wiebe et al. [18] shows there is a strong correlation between students' attitudes toward career
interests in the STEM field. The United States Department of Economic Administration and Commerce
Statistics, the government agency that tracks job growth figures, noted that STEM-related jobs grew more
rapidly from 2019 to 2009 than non-STEM jobs. According to the US Bureau of Labor Statistics (BLS)
employment projections for 2019, employment in STEM fields is expected to grow 8% by 2029, compared to
3.7% for all occupations [19]. As a result, STEM education is critical to the future economy.

Unfortunately, in terms of curriculum content as well as infrastructure, access to education in
science and technology is less evenly distributed in rural areas [20]. According to a Google and Gallup [21],
rural students have the same interest in STEM-related subjects as urban students, but their access is much
more limited. When asked if they are interested in studying the field of computer science at the university
level, they are enthusiastic about the field regardless of where they live. Rural areas with lower economic
capabilities are more interested in STEM fields because future STEM wages will be significantly higher than
in non-STEM fields [17]. Meanwhile, students in urban areas have more positive attitudes toward ICT than
students in rural areas, according to the study findings [22]. This is because urban areas in developing nations
have greater access to technological resources like the internet, communication devices, and electricity than
rural ones do. So, a person's interest in something (technology) increases as more people interact with it.
Furthermore, rural schools typically have fewer students than urban and suburban schools. As a result, rural
teachers earn less than their urban and suburban counterparts on average, which makes it challenging to
preserve and hiring elevated teachers in rural schools [23].

The exploration of the progression of STEM Career interest in Indonesia is uncommon. Researchers
report their findings. Meanwhile, the advancement of STEM career interest while increasing interest in
STEM careers in Indonesia must be studied. The urgency is related geographically the area in Indonesia is
divided into three areas, namely rural, suburban, and urban areas. More journal analyses can help other
researchers expand their understanding of STEM education in Indonesia. As a result, the values for
increasing STEM career interest in school areas have been investigated.

Based on preliminary studies, about 48% of students at schools in rural areas at the junior high
school level are more interested in continuing their education at the senior/vocational high school level with
STEM majors, 34.4% choose non-STEM majors, and 16.8% are still confused in choosing majors. When
asked about wanting to continue to college, students in schools in rural areas have a desired percentage of
63.4%, those who do not want to have a desire are 14.5%, and the rest are still confused. Meanwhile, for
students at schools in suburban areas, 54.2% are more interested in continuing their education at the
senior/vocational high school level in STEM majors, 18.3% choose non-STEM majors, and 27.5% are unsure
of choosing majors. Around 77.1% of students in schools in suburban areas want to continue their education
to college, 6.1% do not want to continue their education to college. While 62.4% of students at schools in
urban areas at the junior high school level are more interested in continuing their education at the
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senior/vocational high school level in STEM majors, 10.6% choose non-STEM majors, and the remaining
27% are unsure of their choice. Then on average, students in schools in urban areas are interested in
continuing to college with a percentage of 97.2%, and the rest are not sure about continuing to college.

Boyolali Regency is one of the regencies with 25 sub-districts in Central Java Province, Indonesia.
Boyolali Regency is located on the island of Java and is not directly adjacent to the sea. In addition, Boyolali
Regency is located at an altitude of 75-1500 masl [24]. Based on research data Dewi et al. [25] related to the
growth of rural areas to cities, there are regional divisions in Boyolali Regency. For example, urban areas
include: Boyolali, Ngemplak, Sawit, Teras, and Mojosongo, urban areas to villages include: Banyudono,
Klego, and Sambi, rural areas are only Selo. The division of this area is based on regional access and people's
livelihoods. For example, in Selo District, which is geographically located in the mountainous area of the
slopes of Merapi, almost part of the population works as farmers. Therefore, it can be said that Selo District
is included in the rural zone.

Based on the facts and circumstances, this study intends to investigate students’ passion for STEM
careers in terms of their attitudes and school areas. The study’s specific objectives are to: i) identify students’
attitudes toward STEM fields and school areas; ii) explore students’ interest in STEM fields and school areas;
and iii) identify the correlation between students’ attitudes toward STEM, school areas, and STEM career
interest among students.

2. RESEARCH METHOD
2.1. Research design

This study aimed to determine: i) student attitudes toward the STEM field in each school area;
ii) STEM career interest among students in each school area; and iii) the correlation between student attitudes
towards the STEM and school area with STEM career interest among students as illustrated in Figure 1. This
is a quantitative study that used a cross-sectional survey design. The methodology of cross-sectional survey is
a cross-sectional or rapid survey that collects data separately at one time [26]. This study uses a dual
paradigm with two independent variables: students’ attitudes towards the STEM field and the school area and
one dependent variable: students' interest in STEM careers.

Students’ attitudes

towards STEM r1
fields
\R> Students’ interest
towards STEM careers
r2

School areas

Figure 1. Research framework

2.2. Sample

This study's samples were selected from three junior high school districts in Boyolali Regency,
Indonesia. The research samples were drawn from grades 7 to 9 using a proportional stratified random
sampling technique. There were 1,514 students from three school districts represented in this study, but the
sample size was only 90 (24.9%) students from rural junior high schools, 131 (36.2%) students from district
junior high schools, and 141 (39%) students from urban junior high schools. The research location was
chosen based on the geographical conditions of each school based on previous research [25].

2.3. Instruments and data analysis

The data collection method employed a non-test measurement tool in the form of a survey. The
research questionnaire was adapted from an instrument developed by Faber et al. [27] to assess students'
attitudes toward STEM and their interest in STEM careers. The research survey on student attitudes toward
STEM consists of 35 statements, including six statements regarding student attitudes toward science, nine
statements about student attitudes toward mathematics, nine statements concerning student attitudes toward
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engineering and technology, and 11 statements about student attitudes toward 21st-century learning. The
student interest questionnaire in STEM careers contains 12 statements that refer to students' future STEM job
interests. The statements were rated from 1 to 5 on the Likert scale: 1=strongly disagree, 2=disagree,
3=elements, 4=agree, and 5=highly agree. In urban, suburban, and rural schools, Google Forms were used to
collect data on students' views about STEM and their interest in STEM jobs. Table 1 contains the summary
of the student attitude questionnaire regarding the STEM field, while Table 2 contains the student’s interest
in a career in the STEM sector.

Table 1. Instrument outline for students’ attitudes towards STEM

Aspect Indicator
Student attitudes towards Passion for mathematics, learning achievement in mathematics, interest in a career in
mathematics field mathematics in the future, the importance of mathematics in daily life.
Student attitudes towards science  Passion for science subjects, learning achievement in science subjects, interest in a career in
field science in the future, the importance of science in daily life.
Attitudes towards technology and  Interest in technology and engineering, Confident in technology and engineering, Creative in
engineering field finding and creating things.

Student attitudes towards 21st  Critical thinking, creative thinking, working together, communicative.
century learning

Table 2. Instrument outline for students’ interests towards STEM careers
Aspect Indicator
STEM-related jobs  Interest in working in the fields of physics, environment, biology and zoology, veterinary
medicine, mathematics, pharmacy and medicine, geosciences, computers, medicine, chemistry,
energy, engineering in the future.

Prior to usage, the research instrument underwent validity and reliability testing. The Gregory
formulation is used by the expert to confirm the validity of the instrument. With a score of 0.92, the
instrument was deemed valid by two experts in the fields of biology education and science education. Later,
45 students from the population other than the research sample were examined using the instrument.
Cronbach’s alpha coefficient is used to assess the instrument’s reliability. The dependability score for the
student attitude survey on the STEM fields was 0.902. While the reliability of the student interest
questionnaire in STEM careers is 0.831. According to the reliability test results, the student attitude
questionnaire toward the STEM field and students’ interest in STEM careers are in the high category,
allowing them to be used for research [28]. The data was then analyzed to provide an answer to the problem
formulation. The Kolmogorov-Smirnov test was used to determine normality, and the F test was used to
determine homogeneity. The Spearman Rank test is used to test partial correlation hypotheses and multiple
correlation hypotheses. As shown in Table 3, the data are grouped according to the grouping rubric to
determine students’ attitudes toward STEM and interest in STEM careers.

Table 3. Research data categorization rubric

Category Criteria interval
Very low x <M-1.5 Sd
Low Mi-1.5 Sd< x < Mi-0.5 Sd

Moderate Mi-0.5 Sd < x < Mi +0.5 Sd
High Mi +0.5 Sd < x < Mi +1.5 Sd
Very high X<M+15sSsd

3. RESULTS AND DISCUSSION
3.1. Student attitudes towards STEM fields

The obtained data on students’ attitudes toward the STEM field was then statistically described,
including central tendency measurements and dispersion. The mean (x), median (Me.), and mode (Mo.) are
measures of central tendency, while the minimum (Min.), maximum (Max.), estimates (JD), and standard
deviation (o) are measures of dispersion. After obtaining the central tendency and dispersion, the data on
student attitudes toward the STEM field were then categorized according to Azwar [29]. The data
categorization of student attitudes towards the STEM field on each indicator can be seen in Figure 2.
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Figure 2. Categorization of student attitudes towards the STEM field on each indicator

Based on Figure 2, the results of the categorization of students' attitude scores towards mathematics
include 5.8% of students classified as very low, 22.9% of students classified as low, 41% of students are
moderate, 31.5% of students are high, and 4.4% are very tall. The results of the categorization of students'
attitude scores towards the science field include 6.1% of very low students, 21.3% of students classified as
low, 37% of students being moderate, 29% of high students, 6.6% as very high. The results of students’
attitude scores towards the field of engineering and technology, among others, were 6.9% of students in the
very low group, 17.1% of students were classified as low, and 41.4% of students were classified as moderate,
30.1% of students were high, and 4.4% were very high. The results of the categorization of student attitudes
towards 21st-century learning include 7.7% of students in very low groups, 25.3% of low students, 31.5% of
moderate students, 31% of high students, and 4.4% of very high students. From the graph, conclusions can be
drawn, which can be seen in Table 4.

Table 4. Categorization of student attitude data towards the STEM fields

No Indicator Percentage Level

1  Students’ attitudes towards mathematics 41.2 Moderate

2 Students’ attitudes towards natural science 37 Moderate

3 Students’ attitudes towards engineering and technology 41.4 Moderate

4 Students’ attitudes towards 21st century learning 315 Moderate
Total 37 Moderate

Based on the results of the analysis contained in Table 4, students' attitudes towards the STEM field
were the highest on the indicators of students' attitudes towards the engineering and technology fields with a
percentage of 41.4 (moderate category). Meanwhile, students' attitudes towards mathematics got a percentage
of 41.2 or were in the medium category, students' attitudes towards the science field got a percentage of 37 or
were in the medium category, students' attitudes towards 21st century learning got a percentage of 31.5 or in
the medium category. Overall, students' attitudes towards the STEM field were dominant in the moderate
category with a percentage of 37. These findings support the findings of Perdana et al. [30], who found that
total students' attitudes toward STEM and 21st-century skills are moderate.

Based on these findings, students' attitudes toward the engineering and technology field are more
positive than other indicators. This is due to the fact that engineering and technology are more advanced
disciplines than mathematics and science [31]. Engineering and technology are used in STEM-based learning
to develop STEM literacy and motivation, as well as to provide a real-world context for studying
mathematics and science concepts through the process of engineering design [32]. Engineering and
technology are also used by students to be creative and innovative by developing and introducing engineering
and technology-based activities in science and mathematics learning.
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On the other hand, mathematics is a subject that is quite difficult for students to master, so students
who master mathematics tend to be less than other fields. This is supported by research conducted by Siregar
[33], which states that about 45 of students in Indonesia consider mathematics as a subject that is quite
difficult to master. Then science in STEM-based education is used to identify principles or concepts obtained
from all natural phenomena that exist around them through empirical evidence and logical evidence [34].

However recently, due to the pandemic, the online learning process has resulted in learning that,
initially, students could interact directly with the environment has now become limited, for example, in
laboratory activities. This can lead to a decrease in students' interest in STEM fields and mastery of
21st-century skills. As we know, students' attitudes toward STEM fields are critical in 21st-century learning.
Students' attitudes toward STEM are a significant factor in their motivation to learn STEM disciplines and
pursue a career in STEM fields in the 21st century [35]. This is because STEM-based education was created
to address the challenges of the 21st century, in which students must be both cognitively smart and
skilled [36]. Then, Figure 3 depicts the average student attitude toward STEM fields.

Urban

Suburban

School areas

Rural

212 214 216 218 220
Average

Figure 3. Average student attitudes towards STEM fields in each school area

Based on Figure 3, the highest average student attitude toward the STEM field is the student’s
attitude towards the STEM field at schools in urban areas, with an average of 218.4. Meanwhile, the average
student attitude toward the STEM field at schools in rural areas was 214.47, and the average student attitude
toward the STEM field at schools in suburban areas was 216.09. This result is supported by Ugras [9] which
states that students’ attitudes toward science tend to decrease with progress in the education system.

The Indonesian education system is generally more advanced in urban schools than in rural ones.
Meanwhile, urban areas in developing countries have greater access to technological resources such as the
internet, communication tools, and electricity than rural areas. As a result, the more people interact with
something (technology), the more interested they become. Additionally, rural schools have fewer students
than urban and suburban schools. As a result, rural teachers earn lower average salaries than their urban and
suburban counterparts, making it difficult for most rural schools to attract and retain quality teachers, which
has a significant impact on students’ attitudes toward STEM [19].

3.2. Student interest in STEM careers by school area

In this section, students’ interest in STEM careers is described based on the location of the school
area. There were 362 students who were divided into 90 students at schools in rural areas, 131 students at
schools in suburban areas, and 141 students from schools in urban areas. The results of data categorization of
student interest in STEM careers in each school area can be seen in Table 5.

Table 5. Categorization of student interest data in STEM careers

No School area Percentage Level

1 Rural schools 50 Moderate

2 Sub urban schools 389 Moderate

3 Urban schools 36.2 Moderate
Total 40.6 Moderate
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According to the analysis in Table 5, students in rural schools have the most significant interest in
STEM careers, with a percentage of 50 (moderate category). The student's interest in STEM careers was
lowest among students in urban schools, with a percentage of 36.2 in the moderate category. Meanwhile,
students' interest in schools in suburban areas was 38.9%, which was in the moderate range. Overall, student
interest in STEM careers from all regions is most prevalent in the moderate category (40.6%), with the rest
dispersed across all categories.

3.3. Correlation between students’ attitudes toward the STEM field and students’ interest in STEM
careers

The significant normality test results were computed using Kolmogorov-Smirnov. A data normality
test value of 0.200 is greater than 0.05. The results of the homogeneity test had a significance of 0.648 in the
data on student attitudes toward the STEM field in the school area. Simultaneously, the homogeneity test of
student interest in STEM careers with school areas had a significance of 0.452. If the significant value is
greater than 0.05, the two groups are homogeneous. Students' attitudes toward STEM are associated with
their interest in STEM careers after passing the prerequisite hypothesis test in this section. The relationship
between students’ opinions toward STEM fields and their interest in STEM careers was then examined using
the Spearman Rank correlation technique. Results of the Spearman Rank correlation test is shown in Table 6.

Table 6. Correlation between students’ attitudes and students’ interest in STEM

Spearman Students’ attitudes Student interest
Rank towards STEM fields in STEM careers
Students’ attitudes Correlation 1 0.548
towards STEM fields coefficient
Sig. (2-tailed) 0.000
N 362 362
Student interest in Correlation 0.548 1
STEM careers coefficient
Sig. (2-tailed) 0.000
N 362 362

Calculations were done, resulting in a Spearman rank coefficient of 0.548 and a significance level of
0.000. The degree of correlation between X1 and Y is in the 0.51-0.75 range. According to these findings, the
significance level (0.000) is 0.05, and the correlation coefficient is 0.548. At the 0.01 level, this appears to
indicate a significant and positive correlation between students' attitudes toward STEM and their interest in
STEM careers. This implies that the more positive students' attitudes toward STEM fields are the more
students will be interested in STEM career opportunities in the future. The Spearman Rank correlation
technique was then used to determine the relationship between students' attitudes toward STEM fields and
their interest in STEM careers [16], [17].

3.4. Correlation between school area and student interest in STEM careers

This section examines the correlation between school districts, which include rural, suburban, and
urban schools, and students' interest in STEM careers. The Spearman rank analysis technique was used to
determine the correlation between school area and students' interest in STEM careers. Table 7 displays the
correlation Spearman rank test results.

Table 7. Correlation between school area and students’ interest in the STEM fields

Spearman School area Student interest in
Rank STEM careers

School area Correlation coefficient 1 -0.152
Sig. (2-tailed) 0.004
N 362 362

Student interest in Correlation coefficient -0.152 1
STEM careers Sig. (2-tailed) 0.004

N 362 362

The results of calculations with a Spearman Rank correlation coefficient of -0.152 with a
significance of 0.004. Based on the degree of correlation, the relationship between school area and student
interest in STEM careers is in the interval 0.10-0.25. These results indicate that the significance (0.02)<0.05
and the correlation coefficient of -0.152 means that there is a negative and significant relationship at the 0.01
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level between the relationship between school area and student interest in STEM careers. with the level of
correlation that is very weak.

In general, the more advanced a region is, the more positive attitudes toward the STEM field will
grow. This is demonstrated by the fact that the average attitude of STEM students in urban schools is higher
than that of students in rural schools, as shown in Figure 2. This, however, is very different from the
outcomes of students' interest in STEM careers. According to the analysis findings in Table 7, the further
away students are from urban areas, the more interested they are in pursuing a future career in the STEM
field. These findings are supported by research from other developing countries, such as Kazakhstan. There
are significant differences in STEM career interest in rural, suburban, and urban school districts. STEM
careers are more appealing to rural students than to urban students. This finding is consistent with
Chachashvili et al. [37], who discovered that students from rural areas are more interested in STEM careers.
People in rural areas, according to Peterson et al. [38], genuinely believe that STEM education can solve
some of their most difficult economic and social problems; as a result, most rural students are interested in
STEM careers [38], [39].

Astalini’s research [40] found significant differences in science career interest between students in
rural and urban schools, which supports this finding. Rural students are more interested in careers in science
than urban students. Students living in rural areas have high self-confidence when pursuing a career in
science [41]. Knowing the differences that students possess allows the government to create regulations that
will assist schools and educators in deciding which teaching methods to implement.

3.5. Correlation between student attitudes towards the STEM field and the school area with student
interest in STEM careers
This section describes the multiple correlation test that was conducted to determine the relationship
between students’ attitudes toward the STEM field and school area with students’ interest in STEM careers.
The correlation test used Spearman’s Rank test. Multiple correlation test results can be seen in Table 8.

Table 8. Correlation analysis

Change statistic
R Rsquare  Adjusted Rsquare  Std. Error of the Estimate R square change  Fchange dfl  df2  Sig F change
0.589  0.347 0.342 7.296 0.347 95.196 2 359 0.000

The results of calculations get a correlation coefficient of 0.589 with a significance of 0.000. The
rante 1S 0.102 with a significance of 5%, which means that reount > ranie. Meanwhile, the value of rsquare is 0.347.
These results indicate that the significance (0.000)<0.05 and rcount (0.589)> repie (0.102) means that there is a
positive and significant relationship between students' attitudes towards the STEM field and the school area
and students' interest in STEM careers.

Based on these findings, it is possible to conclude that the tendency of students’ positive attitudes
toward the STEM field and school area is followed by student interest in STEM careers. In contrast, the
tendency of students’ negative attitudes toward the STEM field and school area is followed by a decrease in
student interest in STEM careers. Thus, both internal and external factors influence student interest in STEM
careers. The r square value was 0.347, according to the regression test. It is possible that students’ attitudes
toward the STEM field and the school environment influence students’ interest in the STEM field by 34.7%.
While its remaining 65.3% is influenced by factors other than students’ attitudes toward STEM and school
areas.

Students’ interest in a field is strongly influenced by motivation. Students who tend to be motivated
in a subject tend to persist in studying the topic to a stronger level of understanding [42]. Meanwhile, the
amount of experience in certain fields, especially in the STEM field can cause the level of interest and self-
efficacy of students to be higher, so that later it can increase students’ motivation and attitudes regarding the
STEM field and their career choices in the STEM field in the future [43]. It can be said that students who can
enjoy and have a positive attitude towards STEM fields regardless of where they come from are most likely
to choose jobs in the same field in the future.

4. CONCLUSION

The study’s novelty is that it was initiated in three distinct areas with rural, suburban, and urban
backgrounds, concentrating on students’ attitudes towards STEM and STEM careers interest. Based on the
research results and discussions, it is reasonable to draw the conclusion that students’ attitudes toward the
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STEM fields are generally in the medium range, with technology and engineering representing the greatest
percentage. The results show that students’ attitudes toward the STEM field at urban schools are more
favorable than those at rural and sub-urban schools, which can be distinguished based on the location of the
school. Students in rural schools are more interested in STEM jobs than students in urban and sub-urban
schools in terms of interest.

There is, however, a significant and positive correlation between junior high school students’
attitudes toward STEM and interest in STEM careers in Boyolali Regency, with a r correlation coefficient of
0.548 (strong correlation) and a significance of 0.000. In Boyolali Regency, moreover, there is a significant
and negative correlation between school location and student interest in STEM careers, with a correlation
coefficient of -0.152 (very weak correlation) and a significance of 0.002. Then, in Boyolali Regency, there is
a significant and positive correlation between junior high school students’ attitudes toward STEM and the
school area and students’ interest in STEM careers together or in groups with r count=0.589>0.102 r table
and the significance of f change is 0.000.

This research also implies that students who study in rural, suburban, and urban areas can cultivate a
positive attitude toward the STEM field so that later it can generate interest in being able to work in the
STEM field in the future. This is because 80% of future jobs require expertise in the STEM field. Meanwhile,
for future research, the data collection process is carried out with the same method so that researchers can
control the respondent’s work process properly and optimally.
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