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Abstract

The low number of students studying or applying for
STEM subjects and workforce demand has been prioritized
in almost all countriespolicies. This study intended to exam-
ine factors that influenced American and Turkish students to
pursue a degree or career in STEM related fields. Participants
of the study were 86 high-ability students selected from two
high schools in the United States (n = 39) and Turkey (n =
47). Afive-part survey was used and its original version was
administered to American participants while its translated
version was conducted to Turkish students. Results revealed
that sel-motivation was found to be the most influential
factor of STEM interest for American students while mother
was for Turkish students. In addition, regarding primary
reasons for interest in STEM career, self-motivation was the
most important reason for interest in STEM career for Amer-
ican students while income of occupation was the one for
Turkish students. By stimulating needs for STEM fields, this
study will help increase the awareness of the gap between
growth in graduates and STEM-related vacancies. Academic
institutions will potentially use findings of this study to
revise their enrollment policies, with the aim of enhancing
enrolment for STEM areas.

Keywords: STEM interest and career, high ability, compara-
tive Study, Turkey, United States

Most innovations that enhance the quality oflife come
from contribution of science, technology, engineering
and mathematics (STEM) related fields (Kuenzi, 2008).
As the technology advances, leadership, influence, and
economy of nations are increasingly determined by
effective practice of STEM-related skills. STEM education
is beliefs and skills that are developed in collaboration
by intersecting various subjects in STEM (Corlu, Capraro
& Capraro, 2014). Therefore, concepts in STEM focus on
finding solutions to the global issues and put emphasis on
project-based systems of education. The main reason for
developing STEM education is to enhance technological
development as well as research and innovation (Uttal &
(Cohen, 2012).

The current global economy, which is increasingly
shifting toward technological development, has posed a

great challenge to the education system to produce skillful
experts to fit into the job market (Brown et al., 2011). A
further impetus in demand for STEM skills is the emerg-
ing practice of the idea of knowledge economy, which
requires the most specialized skills to take to fill the
vacancies. The significance of technology is its ability to
enhance the competitiveness of a nation, and support the
quality of jobs and exports. In addition, the demand for
STEM experts extends to other fields because of diffusion
of technology to non-STEM fields (Nicholls et al., 2007).
Other significances of technological development include
enhancing the living conditions of the community and
its working conditions. However, workers and the society
can only benefit from the advantages produced by tech-
nological innovation by acquiring appropriate skills and
knowledge, which are necessities for effective working
in the STEM-related jobs (Bybee, 2010a). This reveals that
the competitiveness of a nation is determined by its ability
to innovate and develop new means of working.

In America, 20 percent of all vacancies require STEM-
related experts and it is projected to increase. For instance,
there are a potential 2.8 million job openings by 2018
(Hawley et al., 2013). The gap in employment relates to a
four percent increase in the number of vacancies, which is
opposed to two percent increase in STEM graduates. Tur-
key also experiences a similar scenario (Maltese, 2008).
In this case, Turkey has 18 percent of all national vacan-
cles for STEM-related experts. The number of graduates
in the same field is growing by three percent while the
output of graduates is growing by 1.5 percent (Saxton
etal., 2014). The disparity in growth in the graduate and
STEM-related vacancies indicates a widening gap, which
suggests an increasing level of demand for STEM experts.
The chances of employments are high for STEM gradu-
ates. For instance, Uttal and Cohen (2012) revealed that
graduates with STEM-related areas have 84 percent more
chances of succeeding in life compared to other graduates
from other fields. Additionally, STEM jobs are priced highly
to motivate people to seek them. For instance, petroleum
engineers earn five times the amount earned by counsel-
ing psychologists. Furthermore, whereas the demand for
specializing in STEM-related fields increases, the enroll-
ment at the graduate level is continuously recording a

decline, which creates employment gaps.

Actions for STEM Motivation

The adaption of the acronym STEM was done in the
1990s by National Science Foundation. Its popularity
emerged after its 2001 mention with the National
Science Foundation’s call and the relevance of STEM
has continuously increased with the development in
technology and globalization. In practice, the origin
of STEM can be traced back to the19™ century (Hawley
et al,, 2013). Major inventions and progress in science
and technology during 19" and 20™ century, including
the launch of Sputnik, the Russian satellite, in 1957,
ignited rigorous competitions among developed nations
(Milgram, 2011), which led more focus on STEM fields.
By the mid-1980s, American Engineering Commission
was recording 80 thousand graduates in STEM-related
majors annually.

Because STEM is one of the competitive areas
that determine the future status of nations, most
governments have taken powerful initiatives to promote
STEM  awareness and motivation. These initiatives
aim at promoting the number of graduates to fill the
growing vacancies in STEM-related fields (Bybee,
2010b). Compared to other areas, occupations in STEM
are growing rapidly, highly paying, and the driver of
innovation and economic growth. Through numerous
initiatives, many countries have been willing to motivate
youth to improve STEM career interest. For example, with
the purpose of enhancing enrollment of the marginalized
into STEM courses, USA has created more than two
hundred programs in its education system, which are
legalized through various legislations such as No Child Left
Behind Act and Project GRAD (Crisp et al., 2009), as well
as Educate to Innovate (Sahin, Ayar & Adiguzel, 2014).
Despite increasing investments in STEM careers, deficit
of qualified employees still emerges, so that America has
increased its investments in STEM-related fields to fill the
available vacancies. For instance, the annual growth rate
in the budget allocation for STEM careers in America since
2008 has been 3 percent (Huelskamp, 2010).

On the other hand, Turkey has initiated various
programs to promote interest in STEM careers. For
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instance, through the exchange program between the
Turkish and American governments, most students
have been motivated to consider STEM careers (Bybee,
2010b). Further, the Turkish government has introduced
industry-colleges partnership, especially in STEM-related
fields, to enhance awareness among students about the
available vacancies in various industries. Just like America,
Turkey has also introduced scholarship programs to the
best performers in STEM-related subjects, as well as
the potential candidates from poor background (Kuenzi,
2008). In addition, the 2010-2014 Strategic Plans and
Vision 2023 Project placed strong emphasis on STEM
related fields (Corlu etal., 2014). To strengthen the quality
of STEM education in Turkey, Turkish Industry and Business
Association (TUSIAD) has also started various initiatives,
such as enhancing employment, quality of education, and
the welfare of the society, to promote its global position
in STEM education and also to reduce mismatch between
labor market and skills (Avci, 2015).

Factors Influencing Interest in STEM Career
The theoretical framework of this study is the Social
Cognitive Career Theory (SCCT) that was theorized by Lent,
Brown and Hackett (1994). According to the SSCT, career
interests, choices, and educational and occupational suc-
cess have been influenced by thoughts, beliefs, and per-
sonal and environmental factors (Petersen, 2014). More
specifically, career interests were shaped by self-efficacy,
outcome expectations, and goal orientation (Brown,
2002). Factors included in this study were selected based
on the idea that students’ STEM career interests have
been shaped by major constructs including self-efficacy,
outcome expectations, and goal orientation as the SSCT
suggested. However, instead of these major constructs,
factors that could be considered as sub-constructs includ-
ing people (family, teachers, peers, relatives, etc.), school-
related factors (courses, clubs, competitions/fairs, etc.),
self-motivation, and occupational expectations were used.
Prior studies have identified several important factors
that influenced students” interest in STEM careers. For
example, Christensen et al. (2015) found that factors
influencing student interest in STEM and STEM careers
included a students own self-motivation, a parent
or family member, science and mathematics courses
offered in school and a high quality, motivating teacher.
In a similar study, Sheppard et al. (2010) found parental
motivation for students studying engineering was
significantly correlated with having a parent or sibling
in engineering. In addition to influencing STEM interest,
parents, teachers, school-related factors were frequently
named to be playing important roles in students
motivation for learning science (Breakwell & Robertson,
2001, Olitsky, Loman, Gardner & Billup, 2010; Sjaastad,
2012). In another study, findings in regard to parental
occupation suggested that students with at least one
parentin a STEM field chose to major in STEM at a higher

rate than students without parents in STEM-related jobs
(Harwell & Houston, 2012). However, the authors also
suggested that a students’ choice of college major was
greatly influenced by their parents, regardless of parent’s
occupation (Harwell & Houston, 2012).

Other factors that can be considered under cognitive
category are the perception of students about science,
influence of teachers on this perception and students’
expectations, classroom culture and personal beliefs,
and identity of student (Huelskamp, 2010). Heilbronner
(2009) suggested that attitudes and preferences, as well
as parental perception and mentoring, also determine
career choice. In a quantitative study to examine educa-
tional factors, Crisp et al. (2009) examined determinants
of career choice among STEM subjects. Out of a sample
of 50 respondents, 22 ranked appropriate instructional
environment first. Overall, school-related factors includ-
ing classes, curriculum, course materials, instructional
techniques, and after school activities were found to be
enhancing students'interest in STEM subjects.

A primary purpose of this study was to analyze factors
that influenced American and Turkish students to pursue
a degree or career in STEM related fields. The following
research questions were addressed to satisfy this purpose:
To what extent are high-ability American and Turkish
students different in regard to the (1) Factors influencing
their present STEM interest and (2) Resons for their aspira-
tions in STEM-related careers?

Method

This study was part of a larger project that was de-
signed to investigate STEM perception of high ability
students who have interest in STEM careers. Quantitative
method was used for the exploration of potential com-
parisons and relationships among variables and numerical

data were collected through a cross-sectional survey.

Participants

Participants of the study were students who were
selected from two high schools in the United States and
Turkey respectively. Of the 86 participants (n = 39 and
n,, =47), 28 were female and 58 were male. The students
that participated in this study were high ability students
who declared that they were motivated to pursue a career
in STEM.

The school from Turkey was one of the top private
schools, which has a focus on science and technology
mainly. Students in this school were placed through a
nation-wide high school entrance exam and only top %1
of the test takers were accepted to this school. All students
from the school were invited to take a survey and 47 of 76
students accepted to take part in the study.

The school from the United States was a public school
focusing on math and science, which was located in one
of the Southwestern states. The school has been consis-
tently recognized as the top performing school by the
state authorities. Students who had high performance at
one of the STEM-related Advanced Placement (AP) tests
(with a passing score 4 or 5) were invited to participate
in the study and 39 of 57 students accepted to take part
in the study. Information in regard to background of par-
ticipants and variables that may potentially related to their
STEM career is displayed across by the countries inTable 1.

Instrument

A five-part survey, designed by the authors for a
larger project to examine STEM perception of high abil-
ity students in STEM focused high schools in the U.S., was
used to compare the factors that influenced American and
Turkish students’ STEM interests. For the purpose of this

Table 1. Participants’ demographics
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Factors
influenced
present STEM
interest

Reasons for
aspirations in
STEM-related
careers

Table 2. Descriptive statistics: Comparison between American and Turkish students

study, while the original version of the survey was admin-
istered to American participants, its translated version was
conducted to Turkish students. Two professors in the field
of Education —one certified Turkish elementary teacher
and one doctoral student in the field of educational psy-
chology— reviewed the Turkish translation of the survey
for the content validity and wording. After the reviewing
process, the authors made some minor changes on the
wording of the translation to make the survey items rel-
evant for Turkish students. However, they did not change
the format and content of the items.

Responses for only Part 1, Part 4, and Part 5 were used
and analyzed in this study. Part 1 of the survey focused on
personal and demographic background of the student. The
questions in this part either included yes-no or open-ended
type items. Part 4 included items to explore the importance of
factors that influenced students'interests in STEM. In this part
students were asked to rate specific influences on their career
considerations using a seven-point Likert scale from 1 (no
influence) to 7 (very strong influence). The areas of influence
included factors such as people (family members, teachers,
friends, and other), classes, clubs, competitions, and personal
attitudes. Part 5 of the survey allowed students to rate how
pre-determined factors were important in developing their
current career interests in STEM from 1 (not important) to 7
(very important). This section included factors such as social
status of occupation, income of occupation, self-motivation,
attainable lifestyle, and ease of occupation.

Data Collection and Analysis

The study of the American group was conducted dur-
ing reqular class time in late spring semester. Participants
in Turkey took part in the study while they were taking
summer classes. The surveys were delivered to the schools
and each teacher was provided with a survey packet that
contained copies of the survey with an introductory letter
having detailed instructions for administering the surveys.
Surveys were distributed to the students and instructions
covering each part of the survey were given by school
teachers. Students were told not to put their names on
the paper for the sake of confidentiality. The students were
asked to print answers for the first part of the survey. For
the fourth and fifth part of the survey, students were told
to rate the given factors, which were designed in a 7-point
Likert-type scale format. Fach participant completed the
survey in 15 to 30 minutes.

The participants' responses to the survey items were
transferred into a spreadsheet and analyzed with SPSS
software. Descriptive analysis was employed and a series
ofindependent samples t-tests were conducted to answer
research questions and examine if there were any differ-
ences in response to surveyed variables.

Results
Comparison of Influential Factors for

Students’ Present STEM Interest

The first research question was designed to explore
the most important influential factors in participants’
STEM interest. Specifically, mean differences of responses
between two distinct groups, American and Turkish stu-
dents, were investigated (Table 2 and 3). Among the factors
rated, sel-motivation (naturally inclined) was found to be
the most influential for American students (M = 5.85, SD
= 1.48) while mother was found to be the most influential
factor for Turkish students (M = 5.36, SD = 1.80).

For both American and Turkish students, mother and
subject teacher were found to be the most influential
people for students’ STEM interests (Table 2). While club
teacher was rated as the third most influential person for
American students, father was ranked in third place for
Turkish students. Furthermore, friends, college counselor,
and sisters were found to be the least influential people
for both American and Turkish students™ STEM interests.
Although the rankings of the people differ, no significant
differences were found between Turkish and American
students’ ratings for people who influenced them
for STEM interest except college counselor. American
students (M = 3.97, SD = 1.99) ranked influence of
college counselors as significantly higher than did Turkish
students (M = 3.11, SD = 1.76), t(76.6) = 2.283, p =
037, d=0.457. The effect size for this analysis (d=0.457)
was found to exceed Cohen’s (1988) convention for a
small effect (d =.500).

Among school related factors, STEM related fairs/
competitions were rated as the most influential factors
for both groups. In addition, significant differences were
found between Turkish and American students’ ratings for
school related factors that influenced them for STEM inter-
est. American students rated STEM related classes (¢(83.6)
= 2499, p = 014, d=0.538) and STEM related clubs
(t(79.5) =3.315,p =001, d=0.719) significantly higher
than Turkish students as influential factors. The effect sizes
for this analysis (d = 0.538 and d=0.719) were found to
exceed Cohen’s (1988) convention for a medium effect (d
=.500).

Comparison of Reasons for Aspirations in
STEM-related Career

The second research question was designed to iden-
tify specific differences between the two groups in regard
to primary reasons for interest in STEM career. Descriptive
statistics (Table 2) indicated that sel-motivation (naturally
inclined) was found to be the most important for Ameri-
can students (M = 5.77, SD = 1.31) while income of oc-
cupation was found to be the most important reason for
interest in STEM career for Turkish students (M = 5.61, SD
= 1.41). Furthermore, ease of occupation was found to be
the least important reason for interest in STEM career for
both American (M = 3.44, SD = 1.89) and Turkish (M =
3.75, SD = 2.06) students.

The independent sample t-test results (Table 4) in-
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Table 3. Comparison of factors that influenced students’ present STEM Interest between

American and Turkish students

dicated that although the rankings differ, no significant
differences were found between Turkish and American
students'ratings for primary reasons for interest in STEM
career except social expectations. Turkish students (M =
5.06, SD = 1.75) ranked social expectations significantly
higher than did American students (M = 4.00, SD =
2.32), 1(69.6) = -2.362, p = 021, d=0.516. The effect
size for this analysis (d = 0.516) was found to exceed Co-
hen's (1988) convention for a medium effect (d = .500).

Discussion and Conclusion

Although STEM-related career choice has not met the
workforce demand in numbers and quality, efforts to in-
(rease interest o that point are being made academically
and practically. This study investigated factors influencing
STEM interest of high ability students who were from Tur-
key and the United States. Primary reasons for STEM career
interest were also examined. Studying such factors and
primary reasons by comparing two countries also provided
information on potential similarities and differences.

One finding of the study regarding the most
important influential factors for STEM career interest
was that self-motivation and mother were the top ones
for American and Turkish students respectively. Similarly,
self-motivation, which was also rated as the second factor
by Turkish students, was one of the top-impacting factors

in almost all related studies with the same or derived
names such as belief in one’s ability (Heilbronner, 2009),
confidence and personal motivators (Edzie, 2014), self-
efficacy (Misher, 2014) and intellectual self-confidence
(Nicholls, 2007). This might be interpreted as those
students in both countries are eager for their career goals

and believe in realizing such interests. Having ‘mother’

ranked as the most influential person for Turkish and
second top for American students was one of the most
interesting findings of this study. Our finding is consistent
with prior studies, (Otto, 2000; Paa & McWhirter, 2000)
documenting that mothers are more influential than
fathers on construction of adolescents’ career aspirations.
However, some other studies found fathers to have a higher
influence on children in regard to encouraging them to
pursue a career for technical fields such as engineering
(Simpson, 2003). Combining the controversial findings
of prior studies, explaining why mothers have such strong
influence on high-ability students’ STEM interests would
be a complicated task. We also think one might need to
know of how high-ability students respond differently
to maternal and paternal expectations in order to make
further conclusions. At this point we present this finding as
a remarkable fact to future researchers to be investigated
in details.

One other finding was that subject teacher was rated
the third and second highest factor by both American and

Table 4. Comparison of reasons for aspirations in STEM-related career

Turkish students respectively, which is parallel to results of
Edzie (2014)'s study examining primary factors influenc-
ing STEM enroliment. American students’ consideration of
college counselors influence that was significantly more
than Turkish students might be indicator of how effective
and knowledgeable college counselors are in the United
States (Heilbronner, 2009). Such profiles are sometimes
critical people on students'lives for their decisions. There-
fore, they should have enough knowledge about the local
and nationwide policies and such young generations'char-
acteristics. Parallel to the results of the studies (Petersen,
2014; Scinski, 2014), the other finding in regard to school-
related factors was that STEM-related fairs/competitions
was rated as the top by the students from both countries.
It might be said that out-of-school context is always at-
tractive and satisfying for students when compared to
in-school factors such as STEM-related classes and clubs.
Another reason might be related to the specific qualities of
the participants of this study. As indicated, participants of
the study were high ability high school students who were
motivated to pursue a career in STEM fields. Usually fairs
and competitions have been opportunities for gifted and
high ability students to challenge their skills so that one
might expect that STEM-related fairs/competitions could
be a top factor that influence their interest in STEM.

On the other hand, STEM-related classes and clubs
were significantly more influential in American students
(Sahin et al.,, 2074). One explanation for this finding
might be the lack of rigorous courses in Turkish high
school curriculum including Advanced Placement (AP)
and dual-enrollment courses. Unfortunately, current Turk-
ish education system does not allow students taking ad-
vanced classes. Advanced classes have been identified as
an important factor to challenge students including high
ability ones and also motivate them for related fields.

Results also indicated that income of occupation
was found to be the most important reason for interest
in STEM career for Turkish students while seff-motivation
(naturally inclined) was found to be the most important
for American students. Although no significant differences
were found between Turkish and American students’ rat-
ings for income of occupation, we believe it is important to
discuss why Turkish students ranked it as their top impor-
tant reason for their STEM interest. We think Turkey’s less
strong economic status than the U.S, including higher un-
employment rates, may have motivated Turkish students
to pursue a degree in STEM careers with the expectation
that it could provide them with a higher chance to quar-
antee an employment after college graduation and also
higher salaries.

Results of comparative independent sample t tests on
primary reasons revealed that only one was significantly
different between American and Turkish. Turkish students
indicated that social expectations influenced their interest
in STEM career significantly higher than did American
students. In this study we defined ‘social expectation’
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as other people’s (family, peers, teachers, relatives etc)
motivation and pressure that influence student’s interestin
career choice. One reason might be linked with differences
between American and Turkish family structures or socio-
cultural constructs. However, we believe we will need more
evidence to disclose the factors that contribute differences
between Turkish and American students' decisions. Future
research comparing Turkish and American students in
regard to social factors that influence their career choices
might be needed to reveal deeper understanding.

Race/ethnicity was not considered in this study due
to (1) differences how both subjects are defined officially
in the United States and Turkey and (2) the low number of
participants in potential sub-groups, which can limit ap-
propriate use of statistics for subsequent analysis. Further
research might be conducted by increasing sample size.
Although gender gap problem is heavily studied in STEM-
related research, it was not a focus of this study.

Although formal and informal pipelines have been of-
fered to promote STEM interest by government and private
sector, ensuring that students pursue STEM career is not an
easy task. As the results of this study revealed that some
factors influencing STEM interest and career choice are
common in both countries while some vary significantly.
Through the formal path, efforts, to make students self-
confident/self-motivated-/self-competent in STEM sub-
jects, should be made by following rigorous curriculum. By
taking the parent role on their children’s preferences into
action, an instruction based on that curriculum should be
introduced to students at elementary level. Furthermore,
the literature and this study showed that subject-teacher
has an important role to shape students’ STEM interest.
Therefore, teacher training on the purpose of developing
and teaching STEM-focused course should be the first
item in school agenda. Such course should have hands-
on activities engaging students more and opportunities to
observe STEM professionals with the purpose of increasing
awareness in STEM. These actions can also be supported
with extra-curricular activities such as after-school clubs
and fairs/exhibitions. Due to fact that majority of the
high school students in Turkey attend college prep classes
during after school time, students have almost no time
available for school clubs (including STEM related clubs).
Overall, more students may have STEM interest and pur-
sue STEM careers by highlighting the factors such as self-
motivation, the roles of subject-teachers and mentors and
STEM-related extra-curricular activities at K-12 level.
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