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ABSTRACT

DETERMINANTS OF HIGH ACHIEVING STUDENTS’ CAREER
CHOICES IN STEM FIELDS

I*" century has occurred

One of the most important educational improvements of the 2
in the Science, Technology, Engincering and Mathematics (STEM) ficlds (Bybee, 2010).
STEM means the integration of disciplines into the real life experiences (Labov ef al.,
2010; Sanders, 2009). Motivated by the need to meet the deficil in the STEM workforee,
experts has worked on improving the STEM education (1USIAD, 2014) Particularly along
with the increasing number of university students who choose 8TEM fields, an urge to
improve the quality of the education in such fields has arisen. That's why, it is firstly

essential to understand which [actors play a role in the choices of students, who get high

scores in the University Entrance Exam Lo pursue a career in such fields.

To this end, the main purpose of the present study was to investigate the factors
affecting high-achieving students’ carcer choices in STEM fields. In the literature, factors
are classificd into five different categories: STEM sclf-efficacy, gender, parental variables,
career selection, and high school STEM score. The study examined the reasons behind the
choices of students in a certain state university, which requires relatively higher University
Lintrance Exam scores, Participants consisted of 314 preparatory students who would study
either in a STEM or in a Non-STEM field. A 26-item questionnaire including both open-
ended (N=12) and likert-type (N=14) questions were used to in (he study. The resutls
revealed that there were no significant differences between STEM and Non-STEM
students regarding their gender and high school STEM scores. Students who chose STEM
departments as a major were {ound to have significantly higher STEM sclf-cfficacy scores
and parents with higher interest in STEM than students choosing Non-STEM ficlds. This
might be because the university where the questionnaire was applicd is one of the high-
ranking universilies accepting only students who get high points in the University Entry

Exam.



OZET

YUKSEK BASARILI OGRENCILERIN FeTeMM ALANLARINDAKI
KARIYER TERCIHLERINI BELIRLEYEN FAKTORLER

FeTeMM (Fen. Tcknoloj, Mithendislik ve Matematik, Ing. STEM) 21. yiizyilin
efitim alaninda en dnemli gelismelerinden biridir (Bybee, 2010). FeTeMM sadece fen,
teknoloj, miihendislik ve matematigin kisaltmast degil aym zamanda bu alanlarn
biitiinlegtirilerek gergek hayal tecriibelerinde kullaniimast anlamina gelimektedir. (Labov ve
ark., 2010; Sanders, 2009). FeTeMM alanlarinda olan is giicii ihtiyacinin kargilamnasi i¢in
Ttrkiye’deki uzmanlar FeTeMM egitimini geligtinmek igin ¢alismalar yapmakiadir,
(TUSIAD, 2014). DBu isgiicii ihtiyvacim ortadan kaldiwmak igin FeTeMM alanlarint secen
ogrencilerin sayisimm artmast amaglanmaktadir. Bunun yanmt siwa, FeTeMM alanlaru
segen finiversite Gfrencilerinin niteliklerinin artmast da énem tagimaktadir, Bu baglamda,
Universite Giris Smavi'nda yiksek puan alan 6frencilerin FeTeMM  kariyerlerini

seemesini etkileyen etmenleri bilmek 6nemlidir.

Bu ¢ahgmada, 5 kategoride farkli ctmenler incelenmigtir: FeTeMM dzyeterlik,
cinsiyet, ailesel de@igskenler, kariyer segimi, lise FeTeMM notlart. Bu baglamda, tiniversite
girig sinavindan yiiksck puan almay: gerektiven bir iiniversitede FelTeMM veya FeTeMM-
dis1 alanlarda okumakta olan &3rencilerintercihlerini etkileyen etmenler arastirilmistir, Bu
iiniversitede 16 farklh STEM boliimii ve 16 farkh STEM-cisi béliim vardir. Arastirma
kapsaminda haxirhk simifinda okuyan Ggrencilere ulasilmis ve 314 kisi ganiilliiliik esasina
gore galismaya katilnuglardir, Arastirmada kullamlan ankette, I'el'eMM béliimlerinin
segilmesini ctkileyen ctmenleri degerlendiven 12 agik uglu ve 14 likert olmak tizere toplam
26 farkh soru sorulmustur. Elde edilen sonuclara give, FeTeMM ve IeleMM-disi
hiliimleri secen Gfrenciler arasinda cinsiyet ve lise FeleMM notlar arasmda bir fark
olmadigi goriillmiistilr, Ancak, FeTeMM boliimlerini segen Ogrenciler, FeTeMM disi
boltimleri scgen 6frencilere gore daha yitksek FeTeMM dzycterlie ve FeTeMM

konularma daha lazla ilgili olan ailelere sahip oldugu bulunmustur,
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1. INTRODUCTION

Critical thinking, problem solving, communication and collaboration, creativity
and innovation, information literacy, and Information and Communication Technologies
(ICT) literacy are among the most crucial 21% century skills (Framework for 21
Century Tearnings, 2007). In today’s world, students are expected lo improve
themselves in seience, technology, engineering and mathematics to adopt these skills for
solving the complexity of lifc and trying o make it easier, The abbreviation STEM
stands for Scicnce, lTechnology, Engineering and Mathematics but it also mecans
integrating these disciplines into real-life experiences (Labov ef af., 2010; Sanders,

2009).

However, in recent years, a big gap between existing workforee in STEM ficlds
and the actual need in these arcas has emerged (National Science Board, 2004; National
Science Foundation, 2013). In order to close this gap, governments have invested
millions of dollars to the field of STEM (Obama, 2013). It is scen that students do not
choose STEM fields as a major. Two main reasons behind the increasing amount of

money spent on STEM education ave specifically stated as follows:

* To prepare not only males and but also females to be qualilied in the STEM-
related fields,

s Toinspire all students Lo study in STEM fields (Iloldren er al., 2010).

In Turkish setting, newspapers and research done by Turkish Industry and
Business Association, TUSIAD (Turkish, Tirk Sunayicileri ve Is Insanlart Dernegi)
have indicated a huge gap in STEM majors in that context. Also, technical reports have
validated that situation, For instance, TUSTAD (2014) documented that the number of’
people who graduated from STEM [ields was not neccessary to meet the lack ol
workforce in these areas. ln addition to this, graduates of STEM-related fields preferred
other arcas in thetr working hife (TUSTAD, 2014).



According lo Zhang (2011), the initial thing (o do is to understand the faclors
affecting students in choosing or nol choosing STEM majors belore (rying Lo solve the
problems in producing strong manpower in these ficlds and strengthening economy.
Therefore, the aim of present study was to investigate factors affecting students’
preferences for choosing or nol choosing STEM fields. Students in this study all took
high scores in the University Entrance Exam. Therefore, they can be regarded as high
achieving students. When the scores that the students gol in the Universily Entrance
Lixam arc considered, it is apparent that they were able to choose cither STEM or Non-
STEM majors as a career choice. Besides, their scores were adequate for choosing most
of the departments in STEM and Non-STEM areas. Theretore, the investigation of other
reasons why they chose STEM or Non-STEM departments could provide valuable
insights into the factors affecting their choices. In light of previous studies, the present
study specifically investigated the differences in STUEM-self-ctficacy, gender, parcntal
involvement and interest in STEM, parents’ cducational level, students’ high school

STEM scores and their choice of STEM field,



2. REVIEW OF LITERATURE

This chapler presents a briel review ol the literature. Tt begins with previous
studies on the definitions of STEM and STEM education. Then, it includes research the
factors affecting students” choice of STEM as a major. Such factors having an impactl on
the carcer choices of students are investipated under five scctions as follows: STEM sclf-
efficacy, gender, parental variables, which are parental involvement, parental STEM

occupation and parents’ educational level, career selection and achievement.

2.1. Secienee, Technology, Engincering, and Mathematics (STEM)

STEM, which is the abbreviation for Science, Technology, Fngineering and
Mathematies, is a kind of educational movement. In history, cven if there were these
kinds of movements in mathematics and science, STEM was labeled as one of the most
important improvements of the 21° century (Bybee, 2010). Indeed, it was originally
SMET; however, due Lo the diffienltics in its pronunciation, il was laler renamed and
SMLT was changed into STEM. Initially, SMLE'L was talked by the U.S. National Seience
Foundation (NSF) (Holmegaard ef af , 2014; Perna ef al., 2009),

Although STEM is one of the most important educational relormations of the 21*
century, people do not know the meaning of it properly. Most people think that STEM is
only related to mathematics and science. In fact, it is not only related to science and
mathematics but also related to engineering and technology. The main poal of STEM is
relerred to as integrating the disciplines, which are science, lechnology, engineering and
mathematics, by using one title, as an acronym. However, it is far from being just a title.
It is the integration of science, technology, engineering and mathematics into the real-life
situations (Bybee, 2010), For example, Breiner, Ilarkness, Johnson, and Koehler (2012)
stated that in the LS., 72.5% of the faculty members delined STEM as the inlegration of

science, technology, engineering and mathematics., lmportant to mention, within this



percent, there were faculty members of both STEM and Non-STEM departments. [t was
found that facully members in the STEM disciplines had neutral or positive attitudes
towards the STEM cducation; while Non-STEM facully members had negative attitudes
(Breiner ef al., 2012). This result showed that faculty members knew the meaning ol
STEM, but they did not have positive attitudes towards it. In addition lo the meaning of
STEM as the integration of Scienee, Technology, Eungineering and Mathematics, it also
means inlegraling disciplines into real life experiences (Labov el al, 2010; Sanders,
2009). For cxample, engineers are required lo know all science, mathematics and
technology very well to design or produce machines, tools, goods and ete. (Bennell and

O'Neale, 1998).

In recent years, a scarcity in the number ol workers in scicnee, technology,
engineering and mathcmatics fields has appeared (National Scicnce Board, 2004;
Mational Scicnee Foundation, 2013). The main rcason of that could be the inadequate
numbers of students choosing these arcas to study in higher education. Along with the
changing world, that deficit in the workforce has even increased. In the 21st century,
there has been an urgent need in productive workers endowed with multifaceted skills,
and analytic thinking. If a country aims (o be among the world leaders in economy, it
should have productive, well-trained workers for future (National Science Board, 2004;
National Science Foundation, 2013). For example, Skillen (2016) highlighied a change
towards mathematics and technology in today’s world. Therelore, STEM is essential to
keep pace with this changing world. To produce manpower, socictics need to constantly
focus on innovation. Cataldo (2014) indicated that people could access all resources of
the information through the Internet along with the third industrial revolution, which
brought computer and automation into today’s world. That's why: a current K-12
curriculum in a country needs to be relormed (o train students with high-tech problem
solving and ICT skills (Cataldo, 2014). Even now, the world is witnessing the fourth
industrial revolution, which is characterized by a cyber physical system (Jazdi, 2014).
Aforementioned 21% century skills, namely critical (hinking, problem solving,
communication and collaboration, creativily and innovation, information literacy, and
1CT literacy play a key role in adopling this new cyber physical system age (Framework

for 21st Century Learnings, 2007; Jazdi, 2014). Therefore, students arc cxpected to



improve themselves in science, technology, engineering and mathematics (i.e., STEM
ticlds) to adopt these skills for solving the complexity of life and trying (o make it easier.
Along with the incrcasec in worklorce requirements, an urgent need lor gualified
scienlists, technologists, engincers, and mathematicians has appeared as a current
concern. As might be expected, training qualificd scientists, lechnologists, engineers, and
mathematicians could only be done through education. Further, noticing and emphasizing
the relationship among the fields of science, technology, engineering and mathematics is
very likely to yicld an increase in the worklorce, which is urgently needed by societies.
Therefore, STEM is regarded as one of the mast crucial elements for countrics such as
LS., Japun, South Korea, Germany and China o maintain and improve their cconomic
and technological conditions (STEM Akademi, 2014). In the case of Turkey, some steps
taken for improving STEM education can be mentioned. For example, there is a STEM
centerconstructed by Aydin University (Akgiindiiz et al.. 2015). In addition, there is a
STEM laboratory in Hacettepe University (H-STEM, 2014). As for other addressed
countries, the United States considers STEM education a lool 1o solve the manpower
requircments. Therefore, the [1.8. spends nearly $1 billion per year for STEM education.
The reason behind this increasing amount ol money spent on STEM cducation is two-
fold. The first onc is to prepare not only males but also females to be qualified in (he
STEM-related fields. The second one is to inspire all students to study in STEM subjects

such as physics, chemisiry, mathematics, and ete. (Holdren er af , 2010).

In addition, National Research Council (2011) reported that STEM cducation

focused on three purposes. Speceifically,

* to encourage students to choose a career life in the fields of STEM,
* to producc workforce in the areas of science, technology, engineering and
mathematics,

* (o develop STEM literacy.

Although thepurposes of STEM cducation seem {o vary, indeed the expectations
of it arc quite similar, To make prompting improvements in STEM education could be
one of the ways in achicving these goals. Actually, countrics experience common

problems such as the nced for strenglhening economy, increasing qualification in



manpower, and improving technology. It is clearly seen that to adopt STEM education in
K-12 may help to solve these problems, and so countries can more easily keep up with
the fourth industrial revolution (Framework for 21% Century Learnings, 2007; Jazdi,

2014; Holdren ez al,, 2010).

2.2. STEM Education

Assela and Rorissa (2013) argued that STEM was used not only in career
development literature but also in the field of education. Indeed, when STEM is adopted
i K-12 curriculum, it refers to STEM Edueation. Czerniak and Johnson (2007) stated
that STEM education is not the sole collection of science, technology, engineering and
mathematics butit is a kind of interdisciplinary reform. That is, it combines scicnce and
mathematics with mathematical thinking, scientific inquiry, engineering design and

technological investments in curriculum.

Shanahan, Carol-Ann Burke, and Francis (2016) asserted that science and
mathematics dominated the STEM education while technology and engineering parts of
STEM remaincd neplected aspects in the STEM education. As a consequence of that
situation, some researchers tend (o emphasize only the real life application of STEM
rather than its integrative effeets. Along with different opinions about STEM, it has been
realized that the idea of STEM and its application into practice have just fallen apart.
Approaches towards STEM could be diflerent according to socictics, that is it could be
formed in education with respect Lo socicties' nceds. Therefore, the integration of STEM
into curriculum could change based on these needs. For example, in the curriculum of
Canada, it is possible to see that STEM, gathers different concepts, arcas and groups in
the same basket sinceSTEM takes its power from collaboration in that context. Shanahan,
et al. (2016) pointed to the possibilily of sceing the integration meaning of STEM in the
Canada cumriculum, Therefore, people from different areas could come logether and
develop new approaches to reach objectives in curriculum. In Turkey, new curriculum,
which will be applied in the first semcester in 2018, was prepared based on STEM

education. Engineering and desing skills were also added to the objectives ol the



secondary school education. In addition, science and engineering applications gaincd
considerable importance within the scope of this new curriculum. [urthermore, the
importance of technological skills in mathematics was mereased (Milli Egitim Bakanliia
[MLB], 2018). The Next Generation Science Standards (NGSS) published in 2013 was
also important in STEM education. It was constructed with three dimensions, which were
crossculling, practices and core ideas. Each dimension works collaboratively and covers
the science content standards. For example, the dimension of practices consislts of
Science and Engineering Practices (Next Generation Science Standards, 2018), TTowever,
because of the difficultics in the applicability of the curriculum and the need (or extra

financial power, it hasnot been applied by most of the states (Akeiindiiz et ol 2015).

In the U.S., STEM ficlds are much more atlractive for foreign students who come
the U.S with study abroad programs. Although the U.S. tries Lo engage their own students
to choose STEM programs at undergraduate or graduate levels, the majority of these
programs consist of students coming [rom different countries around the world (Komura,
2013). 70 % of the foreign students continue their education in STEM (lields al graduate
and undergraduate level in the U.S, (Institute of International Education, 2008, as cited in
Komura, 2013, p.4). It showed that a great number of students, who come from abroad to
study n the U.S., choose STEM as a major field for their future career. The reason
behindthis large amount of international sludents choosing STEM programs could be “the
flexibility they offer in learning styles, depth of research experiences and quality of
faculty”™ (Altbach er al., 2005; Odin and Manicas, 2004). This scenario in the U.S. could
be understood by imvestigating the reasons of foreign students choosing STEM. Further,
to close the gap in workforce in STEM areas for other students, it 1s necessary to detect
why students do not choose STEM ficlds to study as a career o pursue in the future.
Therefore, much more research should be done about this situation first to get a better

understanding of the issue, and then to close this huge gap.

In Turkey, it was cxpected that manufacturing and heavy industry companies,
which have more than 150 workers, would need STEM major graduates. This was also
underlined by senior executives of companies that work in the STEM field. At the same
time, investments in Rescarch and Development (R&D) triggered the need for STEM

major graduates. [Iuman Resources Directors state that 19% of workers in companics



include STEM major graduates. A research conducted with 408 STEM major graduates
showcd that only half of them are working in STEM ficlds, Fven if the number of STEM
major graduates iss insufficient, they are still working out of the STEM field (TUSIAD,
2014). When it is cxamined the literature, it is seen that there are relatively higher
integration of STEM studics and STEM education at schools. ITowever, in Turkey, it iss
not common yet (Gulhan and Sahin, 2016). TUSIAD arranged a mecting, which is called
*STEM Summit™ in 2014, The aim of that meeting was lo increasc the awareness of
STEM and STEM workforce. At the end of the meeting, the importance of STEM
education in strengthening economy and raising (he quality of life was emphasized
(Sarac, 2018). As such, workflorce in STEM flields has been found in an important
position to get the better of global competitiveness and to provide consistency in
economy. To this end, Zhang (2011) argued that to know the factors affecting the choices
ol STEM majors could allow to understand the problems in producing strong manpower

in these fields, and it allows to strengthening economy by solving such problems.

Johnson (2014) stated that STEM education is not a shori-term reform. It is a kind
ol challenge in which millions of dollars have heen invested. If people in different areas
come together to work on STEM education, the sustainability of it could be better
cnsured. To make a strong continuity plan, pcople in (he education and husiness ficlds
should spare lots of time to develop STEM education. Otherwise, it may turn into one of
the short-term projects (Johnson, 2014). Therelore, there is a need to focus on two ahms
of STEM education as mentioned before. One of them s to prepare all students including
boys and girls to be qualified in the fields that arc STEM-related. The sccond one is to
ispire all students to study in STEM subjects (Holdren ef al, 2010). Actually, when
these two purposcs are combined, it addresses (wo important points, the quality of the
people who choose to follow a STEM carcer along with the number of people who
choose STEM career. For example, in Turkey, between 2000-2014, students who chaose
science and mathematics as an arca, were in the first thousand ranks in the University
Entrance Exam when analyzed. It was found that the number of students who chose
STEM departments decrcased within those years. In 2000, there were 85.63% of students
who chose STEM departments. This ratio was 27.88% in 2012, and 38.23% in 2014
(Akgiindliz ef al., 2015). Therefore, in order to reach the goals that Ialdren e al (2010)



stated, factorsallecting people (o choose STEM ficlds should be investigated. In this
research. factors were exammed under five different categories; STLEM sclf-ctficacy,

gender, parental variables, carcer sclection and achievement based on the literature.

2.2.1. STEM Self-efficacy

Self-cfficacy is a kind of belief about Lo be able (o achieve something in specific
situations (Bandura, 1986). The importance of the wvariable self-cfficacy for the
achievement comes from the positive eflects of students’ motivation and learning (van
Dinther ef al., 2010). For example, to achicve mathematics, self-efficacy plays major
role. Bandura’s (1986) claim is that academic results could be shaped by sell-ellicacy

beliefs. Ayolola and Adedeji’s study (2009) supported Bandura’s claim for mathematics.

In his study, Bandura (1977) defined sclf-cfficacy depending on four sources,
which are mastery cxpericnees, vicarious experiences, verbal persuasions, and physical
and emaotional states, Mastery cxperiences are the major one that affects a person’s sell-
cfficacy. It was shaped by experiences and performances. Vicarious experiences develop
by observing others. When people observe other people’s performance on a task, how
they overcome the difficultics or what reactions they exhibit on different situations, self-
eflicacy beliefs develop spontancously. Verbal persuasions depend on constructive
feedbacks. When other people encourage one or engage one [or a lask, positive seli-
efficacy beliefs come inlo existence. Mental states, cmotions and physical abilitics that
alffect people’s sclf-cfticacy arc in the source of physical and emotional states (Bandura,

1977).

In a similar vein, the resulls of Lusby’s (2012) study showed thal self-efficacy is a
factor to increase students’ achievement. Therefore, Lusby (2012) stated that for every
classroom and level, to improve students’ positive self-efficacy will help future academic
carcer of students. Therefore, there can be a relation between sell-ellicacy and the choice
of STEM ficlds. ITowever, there are only a few studies about detecting the relation between
self-efficacy and STEM choices as a carcer (Moakler and Kim, 2014). lor example,

Concannon and Barrow (2009) asserted that self-efficacy is one of the main factors for
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academic achievement and career choices of students. People choose their career according
to some reasons. One of the reasons is to believe completing the responsibilities of that
career. This is called self-efficacy beliefs. In two subsequent studics, a strong positive
relationship between sell~elficacy and selecting engineering as a career was found (I.ent ef
al,, 2005, 2007 as cited by Concannon and Barrow, 2009, p. 164). That’s why, it is argued
to be important to investigate the relationship between seclf-efficacy and approaches

towards STEM courses, STEM activities and STEM carcer in different school levels.

Furthermore, Britner and Pajares (2006) investigated 319 middle school students
who were higher science achievement than otherstudents at that sehool. Data was analyzed
quantitatively, and the results revealed that there was a relationship between science self-
ellicacy and achicvement in science. Students, who had more science self-cfficacy, were
found to be more volunteer to attend high-level science courses and o make extra science

activities,

Regarding the relationship between selfefficacy and STEM choices, Brown, et af,
(2016) also conducted a study with 206 (91 males, 115 females) suburban middle school
students. The participants took an earth science course at the sixth-grade level during the
research. There were multiple project-based learning activities during the course to
increase students’ motivation in STEM. One of the results showed that there was an
increase in sludents’ interests in STEM subjects and STEM self-cfficacy: after teaching
them science, technology, cngineering and mathematies. Another resull was that students®
self-efficacy beliels were significantly related with students” approaches towards STEM. It
was possible to say that students’ intentions in persistence of STEM were predicted by
students’ sell-eflicacy belicfs not only before the STEM instruction but also afier the
STEM instruction. In addition, the results of the study of Brown ef al. (2016) showed that
self-efticacy is nol the best predictor of ehoosing STLEM as a major, but there is a positive

relationship between self-cfficacy and STEM choice as a career.

Participants in both the study by Britner and Pajares (2006) and by Brown ef al.
(2016) were from middle school, and both studics were analyzed by using regression
analyses. However, the types of students were different. As such, participants in the study

of Britner and Pajares (2006) were higher science achievers while students in the other
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study were from suburban middle school. Despite having differences in terms of student
profile, they both indicated that science self-cfficacy and sclf-efficacy are positively

correlated with attending STEM activities and [ollowing a STEM career.

Also, similar results were found for mathematics self-efficacy. Ilackett and Betz
(1989) stated that there was a strong relationship between choosing mathematics-based
career and self-efticacy beliefs. There were subjeets related with mathematics in STEM.
Therefore, it can be possible to say that sclf-efficacy is a predictor of choosing STEM
subjects. Hackett and Betz (1989) asserted that students who have strong mathematics self-

efficacy become more enthusiastic about choosing science-hased departments.

A longitudinal study, which is done by Qcumpaugh er a4l (2016) showed that 76
high school students, who were able to solve mathematics problems casily, were more
confident in mathematics and had high self-efficacy. On the other hand, students who had
difficulties in solving problems in mathematics were found to have less confidence in their
STEM skills. Therefore, they did not show any interest in STEM [ields as a (uture major.
This study also showed that there is a positive relationship between the number of correct
answers in mathematics and career development choice in STEM. On the other hand,
Wagstaff (2014) investigated the relationship between science self-efficacy and STEM
career plan with the participants from the high school longitudinal study ol 2009, Data
wete colleeted from a total of 21.440 9™ grade students. It was revealed that there was no
association between science self-efficacy and making plans about STEM carcer (Wagstaft,
2014). So, this longitudinal study’s results were inconsistent with the previous one by
Ocumpaugh ef al. (2016). While one study lound a relationship between mathematics sell-
cfficacy and choosing STEM carcer, the other indicated no relationship between science
self-efficacy and choosing STEM career for high school students. Another difference
between these two studies was sample size, that is, the sample size of Wagstatf’s (2014)
study was much larger compared Lo the other study, Since there were some studies that
have different results according to their participants, STEM self-cfficacy for the specific

participants in this present research should be investigaled.

According to responses from 335.842 students from universities and public

institutions in the U.5., 67.2% of all students showed above average confidence in their
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academic ability. This number was 42.7% for confidence in their mathematics ability.
Academie confidence and mathematics confidence was found as a significant positive
indicator that affect students’ tendeney for studying STEM. [Towever, when the academic
confidence and mathematics confidence of students who chose STEM ficlds were
compared, mathcmatics confidence was more influential fo choose STLM fields. To be
more specific, mathematic confidence played a crucial role in students® decisions whether
they choose STEM majors, or not, Even if academic confidence showed overall status of
students in the school, mathematic confidence was the key for STEM majors (Moakler

and Kim, 2014).

2.2.2, Gender

In addition to STEM sell-efficacy, another factor could be a gender gap lor some
of the occupations, That is, some jobs are more attracting for lemales; while others arc
more attracting for males. That holds true for STEM fields, The number of females
choosing STEM ficlds is less than males. Therefore, mentioned above, onc of the aims of
STEM was to prepare all students including males and females to be qualified in the

[ields that arc STLEM-related (IToldven ef al,, 2010).

Female students who attend STEM were nearly half of the male students in the
11.S. 39.6% of fcmales were engaged in STEM departments, The number was 14.9% for
girls (My College Options, 2012). In Turkey, 64% of total STEM workers was men and
only 34% was women (TUSIAD, 2014).

Ing (2014) stated that there was a gender gap between making STEM carecr or
not. The number of females choosing STEM carcer was less than the males, When
students who choose scienee and mathematics as an area in the University Entrance Exam
were analyzed descriptively, it was found that only 18.61% of students in STEM ficlds
were female, and the remaining parl consisied of males. Even if the medicine included as

a STEM department in the analyscs, 28.68% of students in STEM fields were female
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(Akpiindiiz ef al., 2015). In addition to this, the number of female students was less not

only in choosing STEM career but also in choosing STEM ecourses (Halpem ef al., 2007).

Furthermore, there were other studics that had similar results, Abovementioned
Wagstall’s (2014) study investigating the relationship between gender and STEM career
plan with using the participants from the high school longitudinal study of 2009 showed
that there was a negative relationship being female and making plan about STEM career.
To be more specific, male students’ STEM career plans were 59% more than female

students.

Another longitudinal study analyzed 355.688 secondary female and male students
by using trequency tables. Results revealed that female students less frequently attend the
higher level of STEM courses than male students (Bergeron and Gordon, 2017). The
participants ol the studies had different grade levels and came from ditferent countries.
However, all of the studies above showed that females are less volunteer to take STEM
courses at the secondary level or to choose STEM caveer after graduation from high
school. That’s why, it is important to investigale why STEM was less attractive for
females, namely what the reasons are behind it. Ybarra (2016) pointed that there could be
historical, educational, biclogical, cultural, and social rcasons. To make a comment about

the situation, first it is nceded to indicate the potential reasons in a detailed way.

Firstly, Kulturel-Konak, D'Allegro and Dickinson (2011} asserted that social and
educational factors affected female students® interests in STEM fields, They investigated
learning types of females and males, According to results, women and men were found to
have different learning preferences. Learning Lypes ol women were more intuitively.
They learnt using their feelings. However, men approached more analytically and
critically. They leamt more logically. Analytic approach and problem solving was
unportant for STEM courses. Therelore, leaming types may be an obstacle for female
students and they did not tend to STEM career. In Turkey, 2012 Programme for
International Students Assessment (PISA) results also showed similar findings. In
problem solving, boys had better performance than girls. In addition, the number ol best
performance of boys was much more than girls (The organisation for Lconomic Co-

operation and Development |OLCD]|, 2012).
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Secondly, academic and mathematics conlidence could be the reasons behing low
ratios of females choosing STEM fields, Moakler and Kim (2014) pointed that the
governments’ allempts to engage female students to choose STEM carcer were not
enough. It was found that there is a correlation of female students with low confidence in
mathematics and low STEM major choice. Along with this relation, first it was needed to
develop female students’ self-efficacy in mathematics to solve this issue. During the
middle school years, especcially female students need to improve in academic and
mathematics skills, Moaklar and Kim stated thal (2014) to increase female students’
tendency of studying STEM, first it is necessary to develop their academic and
mathematics confidence. 11" their confidence levels are increased during the primary or
middle school years, then their performance in mathematics and science will not become
unsuccesslul, Therefore, STEM subjeets will be more attracted for girls. Along with this
reason, their levels ol choosing STEM ficlds as a career will increase, too. Moaklar and
Kim (2014) discussed these results, and they asserted thal being women negalively

alfected students’ tendency of studying STEM.

On the other hand, 91 malc and 115 female students at 6™ grade level participated
in the study ol Brown, Concannon, Marx, Donaldson, and Black (2016). Their resulls
showed that there was no dillerence in STEM scores between men and women.
Furthermore, it was found no difference between self-efficacy beliefs belween male and
female students in that study (Brown ef al, 2016). Therefore, further studies should be

conducted to understand the reasons why females arc less interested in STEM ficlds.

Thirdly, job satisfaction and the types of STLM jobs could play a role in females’
low ratios of choosing STUM ficlds as a major. Ginder (2016) investigated 119 females
and 92 males, with 55.9% of the total participants worked at STEM ficlds. The purpose
of the research was (o understand the potential reasons of gender discrimination in STEM
flelds. One of the reasons ol the dilference between females and males in STEM fields
was argued to be job satisfaction, which was measured by the feelings of the workers
about the work enviromment, co-workers and ete. The results showed that male workers
had lower job satisfaction than females, which indicated that they were not happy about

working with their female partners
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Another study about gender discrimination in STEM fields, particularly against
women, was carried out by Heilman, Wallen, Fuchs, and Tamkins (2004). They stated
that when women were recruited in STEM ficlds, which were defined as male oricnted,
therc was an unfair approach towards the women. Because of the bias of pcople, female
workers’ successes were less valued and appreciated in these fields, Not surprisingly,
when there are both females and males in the same department in a STEM workplace,

females have been regarded as less qualified than their male colleagues.

Based on (he literature, it could be said that there are different reasons for female
students not to choose STEM career such as having lower problem-solving and eritical
thinking skills, having less sclf-c(ficacy and having less job satisfaction due to pender
discriminations. What should be done to solve this problem and (o achicve the goals of
STEM are well stated as in the following quote: “Women’s interest in STEM-related
majors may be increased by developing their self-image, promoting early ST'LEM career-
linking stratcgics, interacting with female role models and mentors in STEM career
fields, developing confidence in mathematics abilities through group activities and
capstone projects, and providing fomale STEM- related scholarships for higher
education” (Fouad, 1995; Lee, 1998, 2002; Turner ef al., 2004 as cited by Moakler and
Kim, 2014 p.139).

That’s why; gender is addressed as another critical factor in the present rescarch
study. Towever, it was assumed that for the participants in the present research,
differences in these kinds of gender-related vatiables between males and females was
minimum since both female and male students were high achicvers in this research.
Therefore, to investigate whether there is a gender gap even between this specific group

of parlicipants is impaortant to make generalizations about the gender issues

2.2.3, Parental Variables

There are several parental variables that affect students’ educational life. In this

section pavental variables are divided into three catepories, which are parental
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involvement, parental education level and parental STEM occupation. Some of the
studies, which investigated the effects of each parental variable on choosing STEM

fields, arc presented in this section.

Parents have an important role on students’ educational lile, Tn 2009, there was a
positive relationship between PISA results of 15 years old students and parental
engagement. For example, students whose parents read book regularly during their
children’s first year of school got higher scores in PISA. In this respect, Gonzalez-
DeHass ef gl (2005) asscrted that parental involvement affects students’ motivation
positively, Students whosc parents are involved in their educational life are more engaged
with achievement in courses. ['urthermore, Cotton and Wikelund (2005) discussed that
parents’ involvement allects students’ achicvement in a positive way, When parents
encourage their children to participate in school activities, make plan for them, help their
lessons, and work with their teachers in collaboration, then students become more

engaged with school, and their school performance gets higher.

Interestingly, Ing (2014) investigated the mediating role ol students® gender in the
cffeet of parental involvement on their achievement. He stated that there was a positive
relationship between parental support and mathematics achievement for male students but
not for females. The participants in the study ol Ing (2014) were taken from the
Longitudinal Study of American Youth. The study lasted for 19 years, starting with 7%
grade of the students. For both males and lemales, science achievement wasnot found Lo
be related with parental support. This showed that according to participants and courses,
the direction of the relation belween parental support and achievement could change.
However, it is also important whether there is any relation between parental support and

choosing STEM career or not.

Another longitudinal study investigated the relationship between parental support
and STEM carcer plan with using the participants from the high school longitudinal study
of 2009. Data collected from 21.440 9™ grade students showed (hat there was no
association between parental support and students’ tendencies to carcer in STEM fields

(Wagstafl, 2014)
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I'urthermore, in the study of Flecha (2012) nearly half of the 515 rural high school
students stated that their carcer choices were not affected by their parents. Small parts of
the participants proposed that their parents had an impact on their STEM carcer choice
(Flecha, 2012). Both studies of Wagstaff (2014) and Flecha (2012) were done with high
school students, and they were analyzed with quantitative methods, They emphasized that
parents had no effect on high school students” choice of STEM career, However, students
could be affeeted by their parents implicitly. According to Eccles’s model, there are two
different task values; intrinsic value and utility value. Utility value is taken place for a
person since hisfher other part of life has a dircet relationship with il (ECCLES, 2009).
This model shows the effects of parents’ approach about children’s [uture and values.
Parcnts can lcad their children lo take STEM course according to what they think is the
best for their children. Parents® behavior elfects children’s approach of utility value about
STEM courses. Harackiewicz ef al. (2012) provided supporling evidence for this result
with 188 parents. Their study showed that incrcasing the conversation about utility of
STEM courses increases the number ol students who take STEM courses during high
school. That's why; it is not possible to say parents did not affect students’ approach Lo

STEM courses or STEM career at all.

Second aspect of parcntal variables is how parents’ education level allects
students’ approaches to STEM. The education level ol parents had a direct relationship
with the number of STEM courses their children took. Parents’ edueation level affected
students’ motivation aboul taking STEM courses. Highly cducated parents’ children
studied more mathematics and science courses in high school (Ilarackicwicz ef al, 2012).
1966 Coleman report stated that the family background is the most important thing which
affcets student achievement (Omslein, 2010) In another rescarch, which was done with
high school students, the purpose was to investigate whether a relationship between
students’ specific subjcets’ achicvement such as mathematics, Lnglish cte., and their
parents’ education level. For the research, mathematics course was divided in two parts,
the first one was about college mathematics and the sccond one was about preparation for
the work life. It was found that there was a relationship between students® mathematics
achievement and their mothers® cducational level (Signer and Saldana, 2001). All studies

mentioned above are similar according to the grade level of participants. It was possible
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to say that high school students’ mathematics achievement and their approaches towards
the STEM courses were affected by their parents™ level of education in a positive way.
However, there was no result about their choices of STEM fields as a career. That’s why,
in the present study, the rclationship between the choices of the participants who were
preparatory students in a high-ranking university and their parents’ cducational level was

guantitatively analyzed.

Thirdly, another aspecet of parental variables was parents’ STEM occupation.
Moaklar and Kim’s research (2014) indicated that “parental STEM ocecupation, and
minorily status” were significant positive factors thal affected students’ tendency of
studying STEM. This siudy was applied to 335.842 students in the U.S. from universitics
and public institutions. If parents have occupations related with STEM, the ratio of
sludents to choose a STEM ficld as a career gets increased. I'l' was seen that the
involvement of parents was playing an important role in children’s choices ol STEM
majors. Studenls with “parental STEM occupation” tended to choose STEM ficlds 50%
more than others. Interaction between parents and children was argued Lo be the key part
for this flow. It can be said that children understand the importance of STEM thanks to
parents’ mentoring fo children for STEM-related occupations. In order to direct children
to STEM majors, “role models, mentorships™ and coaching are to be used (Moakler and
Kim, 2014). For students, parents are ong of the most vital parts in order to create
motivation in choosing STEM carcers even if their knowledge about STEM is not enough
lo persuade them in a proper way (Hill and Tyson, 2009). On the other hand, a
longitudinal study of Staniec (2004) showed that there is no relationship between parents’
STEM occupation and students’ choices of STEM. Therefore, regarding this aspect of
parental variables, there was no consensus between studies. That’s why, it is important to
quantitatively investigate parcnts’ STEM occupation factor for the specific high

achicving prep year studentsin the present study.
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2.2.4. Career Selection

Profession ean be described as the collection of activitics which a person performs
via information and talent obtained through an education to make moncy. Choosing a
profession is one of the most important things in people’s lives. A person who chooscs a
profession does actually decide a life style. His'her goal in his prolession is to prove
himselffherself as a sueccessful person. When a person chooses his/her profession
according to his'her abilities, interests and wishes, s/he has a chance to be successiul,
efficient and happy. Otherwise, his unhappiness and poorness is inevitable. Therefore,
people need to take into consideration their characleristics in the process of choosing a

profession (Yanikkerem ef al., 2004).

Unlortunately, the current situation of a country hinders students from choosing a
profession according to their abilities and interests, which is though an ideal way of
choosing a profession. Nowadays, future anxicty of young people affects their decision
aboul profession. Tt can be said that their unhappiness and dissatisfaction in segmenis
continues aller graduation. There are a limited number of studics examining reasons,
which arc effective in the process of choosing a profession for students. Onc of the
researches done with 216 university students in Turkey showed that the process of
choosing a profession was affected by various factors. Data was analyzed by Analylic
Hierarchy Trocess (AIIP). Employment guarantee, high salary and social security
guarantec are found among the most ellective three factors while choosing carcer. The
most preferred professions by students arc resecarchers, ¢ivil servant and running own
company consecutively (Goktolga and Gékalp, 2012). College students make their
decision lor their education and careers according to cconomic situation (Melguizo and
Wolniak, 2011; Wells ef al, 2013; Xu, 2013). Job satisfaction which has no corrclation
with money carned, working hours cte., and people’s self~assessment is playing a crucial
role in the process of deciding a job-related issue in carcer (Rosser, 2004; Smarl ef al ,
1986). These are the factors that atfect university students’ carcer choices, These [actors
could change according lo different countries, universities and departments. For the
present study, it is important to explore what factors have an impact on the students’

choices of STEM or Non-STEM departments.
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A rescarch conducted in Ege Univeristy, Turkey (Sarikaya and Khorshid 2009)
investigated the factors by dividing students into two categorics, which were studying in
social departments. In the study, there were 1000 preparatory students and data was
analyzed by using chi-squarc analysis, The reasons of students who choose social studies
while attending the university were found (o being more talented and more interested in
these ficlds, making their dreams come true, and being happy. The reasons of students
who choose scicnce-based departments appeared as to be having an occupation, advising
of others, and their scores in University Intrance Exam, If people do not choose their
Jobs according (o their abilitics and skills, they may be unhappy while working, they may
watt to change their job, they may not open to new ideas and they may have resistance to
their jobs. However, it is not possiblc to make generalizations aboul factors. These factors
can show a change aceording to the specific participants and years. That’s why, the
present research was conducted with a certain group, namely university students in prep

year. Therefore, their ideas do not begin to change about the departments yet.

One of the career selection reasons of students in science-based departments is
advising of others according lo Sarikaya and Khorshid’s study (2009), Tt is possible to
find deeper information about advising of others while choosing carcer in Falco’s article
(2017). Falco (2017) indicated that carly childhood period the guidance and dircetions of
other people affeetstudents’ career choice. Especially, school counselors had an impact
on students’ carcer choice of STEM implicitly and explicitly. School counselors could
supporl @and engage their students (o attend STEM career. Furthermore, they could
encourage girls to choose STEM ficlds while telling and showing areas and workplaces.
Therefore, school counselors were playing important role while their students choosing
STEM fields as a career (Falco, 2017). That’s why, in the present research, advising of

others was investigated deeply for the specific high achieving students.

Furthermore, it is also important lo analyze STEM graduated people and STEM
workers. Human Resources Directors in Turkey stated that 19% of workers in companies
is STEM major graduatcs. A research with 408 STEM major graduates showed that only
hall of them were working in STEM fields. Lven if the number of §TEM major graduates
was insufficient, they were still working oul of STEM ficlds. Reasons which push STEM

major graduates to work outside their fields were job satisfaction and salary as well as
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carcer opportunities and status in the society. If demanded salary is met for STEM major
graduates, the number of them working in their own areas will increase (TUSIAD, 2014).
This may be a way to attract students who tend to choose STEM career. Tlowever,
solving this problem is very tiring for Turkey. Since among the OECD countries, the
average of employment rate in STEM graduates was 86%. The rate was below 80% for
Turkey (OECD, 2017).

In Turkey, 64% of tolal STEM workers were men and only 34% was women
(TUSIAD, 2014). Males who work in a job, which has low relation with theirmajors,
were more dissatisfied even if they were in STEM ficlds. Wage satisfaction level was
very low if males work in a field, which is unrelated to their major, On the other hand,
working in unrelated jobs with their majors created more problems for females. If
females had jobs related to major, then they were generally more satisfied with wages
than males. People who graduated from STEM ficlds had a better chance for
employment. Nevertheless, females were still not taking STEM majors (Xu, 2016). Along
with these solutions, to know the factors that afTeet students’ choice ol STEM carcer is
important, To investigate the factors affecting high achieving students helps to inercase

the gualification of STEM workers.

2.2.5, Achievement in STEM Avreas

Despite the efforts, initiatives and projects, science and mathematic scores of
Turkish students in domestic and international tests arc very low. University Fnlrance
FExam and PISA-the Programme for International Student Assessment (OECD) is an
cxample for these tests and statistics, even if the Ministry of Liducation made important
changes in curriculum and testing methods, rescarch showed that in the last 6 years,
students have only 7,8 net in 40 mathematic questions, and 4,74 net out of 40 science
questions in University Entrance Exam. According to the results of PISA-the Programme
for International Student Assessment test, Turkey’s score is below average and cven one
of the worst among OECD countrics. Turkish students scored 463 in science lest where

the average score of OECD Countries was 501, and 448 in mathematics test where the
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average score of OECD Countries was 494, Test scores in domestic and international
level indicated that Turkish students are not successful in main two disciplines of STEM:

Science and Mathematics (Akglindiiz er ol 2015).

According to Skillen (2016), the world has undergone a chanee towards
mathematics and technology. Indeed, STEM permeats every parl of our daily life
experiences, and mathematics is a core for all the STEM areas. Chubb (2014) asserted
that quantitative skills are the key point for all the STEM subjects from science to
mathematies. Critical thinking, problem solving, and making inferences  all
requiringmathematics, arc crucial for all jobs today. That's why; mathematics is based an

all the STEM ficlds (Chubb, 2014 as cited by Skillen, 2016, p.2)

SAT and ACT are kinds of university entrance exams in the U.S, SAT and ACT
scores are also other indicators for students to choose STEM as well as GPA, Iligh
numbers in these three scores are in favor of STEM majors. It means that, if students

work hard, do their homework on time and regularly, they can end up with STEM MAjOrs

(Moakler and Kim, 2014),

According to responses from 335.842 students in the 1.S; high school GPA,
weekly hours spent studying or doing homework and SAT scores were found to have a
significant positive effect on students’ tendency towards studying in STEM-related fields.
Students with higher GPA were most likely choosing a STEM area as well (Moakler and
Kim, 2014).

Ing (2014) also used data that was taken from the Longitudinal Study of American
Youth (LSAY). Participants in LSAY were 7" grade students when the longitudinal study
began. Data collection lasted for 19 years. Ing (2014) investigated the eflects of
mathematics and science achievement on STEM career for both male and female
students, The results showed that there was a positive relationship between science and
mathematics achievement and students’ approuches towards STEM carcer both in
females and males. Even if Moakler and Kim (2014) and Ing (2014) studics’ parlicipants
had different profiles, both studics emphasized that there is a positive relationship

between achievement and choosing STEM as a career.



23

On the other hand, Olitsky (2014) indicated a gender difference. He mentiomed
that even if female students had high academic achicvement level, the rate of choosing
STEM of them as a major was low. The reason of it could be that the benefits of STEM
related jobs was not enough for high achieving women. They may eam much more
money while working in Non-STEM jobs. Kéller, Baumert, and Schnabel (2001) studied
the relevance of academic interest, academic achievement, and subsequent course
selection. Mathematics grade of students in 10™ grade plays important role over course
sclection, On the other hand, the interest of students in subjects also affects course
selection. Depending on interests of students and self-efficacy, achicvement may not have

proportional relationships with course selection.

Similarly, Flecha (2012) stated that there was no rclationship between
mathematics achicvement and career related to mathematics. There were 515 high school
students in the study ol Flecha. In addition to this, despite finding no relationship, the
majority of students whose mathematics scores were low were less tended to STEM

carcet in the study. Most of them chose their career with the help and guidance of other

people.

In the literature, gencrally high school students were included as participants in
the studies. In the present research, there were university students in prep yvear, but their
high school grades were also used similar to the literature. The important part is the
prolile of the students, which was high achicving. In the literature, there is no study
cspecially done with high achieving students. Tor high achieving students whether a
difference between students choosing STEM and Non-STEM departments or not
regarding to high school STEM grades was aimed to be addressed. To know the iaclors
affecting high achicving students career choices may help to achieve onc of the goals of

STEM which was to train qualified manpower.
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3. SIGNIFICANCE OF STUDY

Along with the changing world, the deficit in the science, technology,
engincering, and mathematics workforce has inereased (Cataldo, 2014; National Science
Board, 2004; National Scicnee Foundation, 2013). There has been a need for citivens who
have 21st eentury skills, such as eritical thinking, problem solving, communications and
collaboration, creativity and innovation, information literacy, Information and
communication lechnologies (ICT) literacy (Framework for 21st Century Learnings,
2007). Most of the countrics like USA, Japan, South Korvea, Germany and China give
importance STEM to maintain and improve economic and techmologic conditions (STEM
Akademi, 2014). or example, The United States spends nearly $1 billion per year for
STEM education (IIoldren er al, 2010). Turkey also makes an investment for STEM
education. To meel worklorce need, experls m Turkey work for improving STEM
education (TUSIAD, 2014), As Johnson (2014) mentioned to support STEM education to
be long-term reform, experts in the education and business should spare time o develop
STEM education, The purpose of increasing money that is spent on STEM education is
two-lold. The first one is equality, preparing all students (including boys and girls), to be
qualified i the STEM [ields, The second one is inspiring all students to study in STEM
subjects (Holdren ef al, 2010). Therefore, along with the inerease of the number of
students who choose STEM fields, increase in the quality of the students who choose
STEM fields is also important, Tn Turkey, when students in the first thousand ranks of the
University Enlrance Exam were analyzed, most of these students who did not choosc
STEM departments choose medicine as a carcer (Akgiindiiz ef @l 2015). Therefore, in
order to increase in the quality of students in STEM fields, firstly it is important to know
which factors allect STEM career choices of students who got in high scores in the
University Entrance Exam. Zhang (2011) stated that to know the (actors allect the choice
of 8TEM majors showed that how could be solved the problems in producing strong

manpower in these fields, strengthen economy.

This study will investigate the factors affecting high achieving students’ career

choices in a certain university. l'o choose the university, where the study was applied,
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students need lo lake high scores in University Entrance Lxam. When it was look their
scores in Universily Entrance Exam, it may be considered that thesc students could
choose either STEM or Non-STLEM majors as a career. In other words, their scores were
appropriatc to choose most of the departments in STEM or Non-5TEM areas.
Investigating why they chose STEM or Non-STEM departments may provide
information about the factors affecting their choices. The factors affecting students’
choice of STEM major were investigated in the present study. Based on the literature, the
determinants of high achicving students’ choice were investigated in five parts, which are
STEM sclf-efficacy, gender, parental variables, (parental involvement, parental STEM
oceupation and parents’ educational level), career selection and high school STEM score.,
(Hackett and Betz, 1981; Ybarra, 2016; Moakler and Kim, 2014; Harackicwicz ef al,
2012; TUSTAD, 2014).
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4. STATEMENT OF THE PROBLEM

The present study aims (o investigate in what degree the factors -STEM sclf-
efficacy, gender, parental vaviables which are parental involvement, parents’ STLM
occupation, parents’ cducational level, career sclection and high school STEM score-
atfect high achieving students’ choice of STEM major. For this purpose, the rescarcher
adopted an instrument (rom various sources that assesses factors alTecting thechoice of

STEM.

4.1. Variables

The five main variables in this study arc stated as STEM self-cfficacy, gender,
parental variables, career selection and high school STEM scores. Ilowever, parental
variables are aldo divided into three parts that are parental involvement, parental STEM
oceupation and parents” educational level. The operational definitions ol these variables

are as [ollows:

*  STEM Self-efficacy is defined as sclf-cfficacy towards STEM. The variable STEM
self-efficacy is students’ beliefs to be able to achieve in STEM related activitics,
In this research STEM self-efficacy measures “students’ confidence and self-
assurance in completing STEM related activities.” (Brown et al, 2016, p.29). It
was measured by the adaptation of the CIRP Freshman Survey (2009) and
students’ sclf-efficacy subscale (Brown ef al, 2016) to this study,

* Giender varies from male o lemale to identify people’s biological characteristics.

*  Parental variables are delined self-report of students’ thought about their parents.
It will be investigated in three categorics, which are parental involvement,
parcnts’ educational level and pavents® STEM occupation. Parental STEM
involvement measures in what degree a participant perceive histher parent’s

encouragement their children in school activities (making plan for them, helping
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their lessons, and working their teachers with collaboration) (Cotton and
Wikelund, 2005); Parental Involvement Survey (Voydanoff and Domelly, 1999)
was adaped to this study to measure parental STEM involvement. The school
which parents graduated shows parents® educational level. Parental STEM
occupation is the field that parents work (o earn money.

*  Career selection is defined as the reasons of choosing the STEM major or not in
the university. It was measured by the factors affecting choosing department
survey of Owen ef al. (2012) which is adapted to this study.

*  High school STEM score is delined as self-report of students about scores in high

school mathematics and science courses.

4.2. Research Questions

This study aims to investigate the following 5 vesearch questions for high achieving prep

year universily students:

(1) Ts there a statistically signilicant difference in STEM selfefficacy between
high achieving prep year students who choose STEM and Non-STLEM major

as a career?

(ii) Is there a statistically significant difference in choosing STEM or Non-STLEM

major as a carcer between female and male students?

(ii1) (a) Ts there a statistically significant diffcrence between high achicving prep
year students who choose STEM and Non-STLM as a major regarding the
parental involvement of STEM? (b) Is there a statistically significant
difference between high achieving prep year students who choose STEM and
Non-STEM as a major regarding the parents’ educational level? (¢) Ts (here a
statistically significant difference between high achieving prep year students
who choose STEM and Non-STEM as a major regarding the parents' STEM

oceupation?



28

(iv)What arc the factors reported by high achieving prep year students (studying

STEM or Non-STEM career) for their career scleetions?

(v) Ts there a statistically significant difference in high school STEM scores
between high achicving prep year studenis who choose STEM and Non-

STEM major as a carcer?

4.3. Statement of Research Hypotheses

In this study, the null hypotheses are the followings:

(1) There is no statistically significant difference in STEM sclf-efficacy between
high achieving prep year students who choose STEM and Non-STEM major

d5 & Carcer.

(if) There is no statistically signilicant difference in choosing STEM or Non-

STEM major as a carcer between males and females.

(iii) (a) There is no statistically significant difference between high achieving prep
year students who choose STEM and Non-STEM as a major regarding (he
parental mvolvement of STEM. (b) There is no statistically significant
difference between high achieving prep year students who choose STEM and
Non-STEM as a major regarding the parents’ cducational level. (¢) There is no
statistically significant dilference between high achicving prep year students
who choose STEM and Non-STEM as a major regarding the parents’ STLEM

occupation?

(iv)Therc is no statistically significant difference in high school STEM scores
between high achieving prep year students who choose STEM and Non-

STEM mujor as a carccr.
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5. METHODOLOGY

This chapter provides detailed information about the methodology. Within this
context, it includes rescarch design, participants and setting, procedure, data collection,

and data analysis.

5.1. Research Design

The type of this quantitative research is causal-comparative. Causal-comparative
rescarch design helps Lo determine the cause of existing difference between the variables.
ITowever, the variables were not controlled by researchers in this type of rescach design
(Brewer and Kuhn, 2010). The reason of using causal comparative research design is to
better understand the causative differences in STUEM self-efficacy, gender, parental
involvement, parental STEM occupation and parents’ educational level between
participants who choosc STEM or Non-STEM major as a career in the university. There
is also a descriptive component of this rescarch, Deseriplive part of the research will be to
investigate the factors reported by participants for carcer selections as a STEM or Non-
STEM. However, in general the design of the study can be said Lo be causal-comparative

because the majority of rescarch questions are causal-comparative.

5.2, Participants and Setting

The participants of the present study were 328 undergraduate students attending to
the preparatory program at a public university, School of Foreign Langunages in [stanbul,
Turkey.Purposeful sampling method was used while choosing university since the
purpose of this research was to investigate the factors affeeting high achieving students’
career choices. That's why, the study was done in one of the top-ranking universities in

Turkey. The background of the university is older than 150 years in education. There are
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six campuses and thirty-two undergraduate departments. Students in the universily took
high scores in the University Entrance Exam. Therefore, there are high achieving students
who enrolled STEM departments and Non-STEM departments. For STEM departments
there arc 16 different departments calegorizing Science, Technology, Lnpincering,
Mathematics that are physics, chemistry, mathematies, molecular biology and genetics,
teaching physics, teaching chemistry, teaching mathematics, undergraduate program in
science education, undergraduate program in mathematics education, compuler education
and educational (echnology, civil engineering, industrial engincering, eleetrical and
clectronic ecngincering, chemistry engineering, mechanical engineering, computer
cngineering.

For Non-STEM departments, there are also 16 different departments that are
economics, management, political science and international relations, psychology,
undergraduate program in preschool education, sociology, guidance and physchological
counseling, tourism adminisiration, international trade, management information systems,
turkish language and literature, department of translation and interpreting studies, english

language education, western language and literature philosophy history.

In the present research, there were students who enrolled both STEM departments
and Non-STEM  departments. For STEM departments there were 801 students
categorizing Science, Technology, Engineering, Mathematics. lor Non-STEM
departments there were 1137 students. To determine the number of participants in cach
group, convenicnce-sampling method was applied. The participants were chosen among
preparatory students in two different campuses of Bogazigi University, Two weeks were
spent on data collection, Tt was the last days of the semester for preparatory students,
Therefore, some of the students were not in the lessons. The smivey was applied the

volunteer students in the campuses. They filled in the survey in their break time.

There were 1623 preparatory siudents at The School of Foreign Lanpuages in
2015-2016 academic years (Bogazigi University, 2016). The exact numbers of students in
2016-2017 academic years were not published yet. However, it was expected to be more

than 1500 students enrolled undergraduate programs.
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328 preparatory students participated this research, but some of the students did
not give the answer for some items in the survey. Therefore, they were excluded (rom the
sample and the sample size became 314. 47% (n=148) of participants arc male, 53%

(n=166) of participants are female,

Table 5.1, The number and the percentages of the students in STEM and Non-STLEM

departments
Sample Size 1%
STEM 184 58.5% .
Non-STEM 130 41.5%

This table shows that, 58.5% of participants (n=184) were registered to STEM
departments. 41.5% of participants (n1=130) were registered to Non-STEM departments in

Bogazicgi University.

The mean age ol the participants was 19.65. The mother tongue of all of the

students was Turkish. Therefore, the survey is administered in Turkish.

The school background of 44% participants were Anatolian Iligh School, 17% of
participants were from Science High School, 10% of students are from Teacher Training,
High School, 5% of them were [rom vocational school, 9% were from private high
school, and 12% were from other high schools like religious vocational high school,

military high school and ete. There was only one student from Foreign Iligh School.

5.3. Procedure

In the Bogazi¢i University, students enrolled English preparatory class if they do
not have required Lnglish proficicney. In preparatory classes, there are students from
different departments. Classes are in two different campuses, Data collection took place

during the second semester of the 2016-2017 school year.
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All required permissions were given from Coordinator of the School of Foreign
Languages in order to apply survey to preparatory students. Coordinator sent an email to
all lecturers to inform them. Then, lecturers informed students about the survey. Students
filled the survey in break and free time in (wo different campuses, Researcher pave
neeessary information to the students before participating the study. They were (old what
the aim of survey is. They all were informed that they are free to not fill the survey. It is
also pointed out that all inlormation will be kept conlidential and all students can

withdraw whenever they want. After all these process, volunteers took the survey.

5.4, Iunstruments

In order Lo investigate determinants of high achieving students' career choices in
STEM ficlds, the researcher adapted Factors Affecting Students' STEM Choices as A
Major Test in Appendix A. The instrument was administered spring term of 2016-2017

school year preparatory students in Bogazi¢i University.

Table 5.2, The number of items related with each variable.

Variables ' Question number
Gender 1 '
STEM self-efficacy W0 {7 Hona)

12 (8 items)
Parents’ education level 14
Parents” STEM occupation 15,16
Parental STEM involvement 17 (12 items)
Career selection 24 (19 items)
1ligh schiool STEM score 7

In the instrument, there are 26 questions, some of them arc demographic
questions, others that were sclected or adapted about investigaling factors affecting

choosing STEM major. These factors were chosen as STEM self-efficacy, pender,
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parental variables, carcer sclection and high school STEM score based on the literature.
There are both open-ended and likerl-type questions. Likert-type items were designed as
a 3-point raling or a 5-point rating scale according to type of the questions. Sample items

from Lhe instrument were included in Table 5.2,

To calculate reliability ol Factors Affecting Students* STEM Choices as A Major
Test, Cronbach’s alpha was used. Crombach alpha was found as .832 for 55 items in the
present research. The 55 items used [vom Factors Affecting Students ' STEM Choices as A
Major Test have good internal consistency. To assess the reliability of cach variable,
cronbach alpha was computed for STUM self-efficacy, parental STEM involvement,

carcer seleetion and high school STEM score separately.

To measure STEM self-cfficacy, ilems of questions 10 and 12 were sclected rom
Brown, Concannon, Marx, Donaldson and Black ‘s (2016) and the national freshman
survey from the Cooperative Institutional Research Program (CIRP) of the Higher
Fducation Research Institute (HERI) at the University of California, Los Angeles (The
CIRP Freshman Survey). Then items were adapted to this research. Question 10 in the
survey was prepared Lo investigate the STEM and Non-STEM students’ high school
perspectives and feelings about STEM courses. The items were designed as a 3-point
Likert scale, which are never, sometimes, and often. They were coded as point 1, 2 and 3
respectively. Question 12 in the survey was prepared to investigate the STEM and Non-
STEM students’ STEM self efficacy. The sub-items in 13 were designed, as S-point
Likert scales, which are strongly disagree, disagree, neither, agree, strongly agree. They

were coded as point 1, 2, 3, 4 and S respectively.

“STEM self-efficacy is a domain-speeific self-efficacy measure of students’
confidence and sclf-assurance in completing STEM related activities” (Brown ef al.,
2016, p.29). The items measured academic, mathematics, social and intellectual beliefs
about the skills in the learning environments (Eagan er al, 2016). The reliability of
STEM self-efficacy was found 848 with using cronbach alpha. The internal consistency

reliability is good for STEM sell-efficacy with 8§ items.

Parental variablcs are divided three categories, which are parental education level,

parcntal STEM occupation, and parental involvement. ltems in first two categories were
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asked by the rescarcher. They measured exactly the school which parents graduated and
the field that parents work to carn money is related with STEM departments or nol.
Parental involvement items were selected and adopted from Parental Involvement Survey
(Voydanoff and Donnelly, 1999). The items in question 17 were designed, as 3-point
[ikerl scales, which are never, sometimes, and often. They were coded as point 1,2 and 3
respectively, It measures the self-reports of students aboul how their parents involve
sons’ or daughters’ academic life during the high school and how they encourage them in
STEM activities. The reliability of parental STEM involvement was computed .835 with
using cronbach alpha, Parental STEM involvement with 6 items has good internal

consistency.

Question 7 measured high school STEM score was asked by the rearcher, [L was
measured cxactly asking the physics, chemistry, biology and mathematics scores ol
students above five during the high school. Since, these are the courses about STEM in
the high school curriculum ol Turkey, Technology scores were collacted but then
ignored, because a small part of participants claimed that they have took technology
courses during the high school. There is no course about engincering in the high school
curriculum. Cronbach alpha coetficient is .879 for reliability of high school STEM score.

It consists of 4 items and it shows good internal consistency.

To measure career selection ilems, lactors alfecting choosing department survey
ol Owen ef al. (2012) were adopled Lo this research, This survey was formed by thinking
possible factors that affcet the choiec of carcer. The stages advised by Biyikdztiirk
(2003) about the factors were discussed before the survey was created. 'Then the survey
was examined 4 people who took measurement and evaluation courscs. Thercfore,
content and validity of the survey was provided, According to feedbacks, necessary
corrcetion was made. After the pilot study, it has been proven the comprehensibilily of
the survey. The factors that affect the choice of career were divided into 4 parts
consisting personal, social, systemic and chance. The reliability of factors affecting carcer
selection was computed with using crobbach alpha. Cronbach alpha coefficient is. 824

(19 items). 'The cocceficient shows good internal consistency for this variable,
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In order to modifly the instrument, expert opinions were consulled to examine
content validity. Factors Affecting Students® STEM Choices As A Major Test and its
cvaluation form were sent via e-mail. Two assistant professors in teaching chemistry and
teaching mathematics, a post graduated student who works about STEM and a masler’s
degree students who made research about STEM was examined the instrument. It was
revisited according (o feedbacks. The order of items and questions were changed,
Demographic questions took place in the beginning of the survey. The expanded name of
STEM was wriften in the questions. Information about definition of STEM was added to

consent form,

Then, the instrument was piloted with 31 second year students in Bogazici
University. The pilot study was done in spring 2017. After pilot study was conducted,
only small word mistakes were corrected. The duration of the survey was checked. It last
almost 10 minutes and no item was removed the survey. Data of pilot study were coded, To
calculate reliability of pilot study, Cronbach’s alpha was used. Cronbach alpha was found

as .813 for 55 items in the pilot study.

5.5. Data Collection and Analysis

In this study, there are five main variables, which are STEM sl f~elficacy, pender,
parcntal variables, carcer selection and high school STEM scores. However, parental
variables divided in three parts that are parental involvement, parental STEM occupation
and parents’ educational level. To analyze all research questions, appropriate tests were

used,

In the present study, data was analyzed by quantitative methods by using software
ol Statistical Package for Social Sicences (SPSS) (Pallant, 2010). Data was analyzed by
using descriptive statistics and Mann-Whitney U test. Chi-Square test was used to

investigate the difference among categorical variables.
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Firstly, deseriplive slatistics of the study were done for STEM self-efficacy,
gender, parental variables, caréer selection and high school STEM score. Means,
medians, standard deviations were caleulated. Tn addition, the percentage distribution was
found for all items in each variable. To investigate the difference in participants’ STEM
sellelTicacy, parental STEM involvement, high school STEM score between the oncs
who choose STEM and Non-STEM major as a carcer in the university, and high school
STLM scorcs between the ones who choose STEM and Non-STEM major as a career in
the university, using t-tcst was assumed. However, the distribution of the data was

deviated from normal. Then non-parametric Mann-Whitney U test was uscd.

The difference belween participants who choose STEM and Non-STEM as a
major regarding the gender was analyved by Chi-Square. Furthermore, Chi-Square was
used to detect the difference between parlicipants regarding the parents” STEM
occupation and parents’ cducational level, Descriptive statistics were computed to
investigale Lhe [actors reported by participants for carcer selections as a STEM or Non-
STLEM.
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6. RESULTS

This chapter provides detailed information about the results of the study. The
findings were given in five parts. All parts include one of the main variables, which are
STEM sclf-cfficacy, gender, parental variables, career selection and high school STLEM
scores, In the section parental variables, the results for parental involvement, parents’

STEM oceupation and parents’ educational level were oiven.
I p B

6.1. STEM Self-efficacy

Question 10 in the survey was used to investigale the STEM and Non-STEM

students” high school perspectives and feelings about STEM courses.

Table 6.1. Means, standard deviations, and medians of the cach item in question 10

STEM Non-5TEM
M 5D Md Y| 5D Md

I was bored during STEM topies. 229 0.58 200 2.02 .58 2.00
Fused Lo do peet tutoring an STEM tapics 218 0.54 2.00 1.3 0.64 2.00
I wsed to study with other students on 205 0.58 2.0 204 0.68 2.00
STEM topics

I used (o feel that T can overcome all SIEM | 2.47 057 o0 | 197 .73 2.00
related task,

I used to feel uncomlorlable in SIEM | 2.67 048 | 3.00 229 | 062 2.00
COlrEes,
| Tused to atiend out of class STEM aclivities | 1.77 0.85 | 2.00 151 0.59 1.00
Aller STEM coursgs, [oused o oask 21 0.59 2,00 2.05 0.65 2.00
questions e my leacher.
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Table 6.1. showed thal means, standard deviations and medians of cach item in
question 10 that assesses the STEM and Non-STEM students’ high scheol perspectives
and feelings about STEM courses. “T used to feel that | could overcome all STEM related
task.” was rated by Non-STEM students (M=1.97, SD—0.73) and by STEM students (M=
2,47, SD=0.57). Besides, the median of STEM students is 1 higher than the median of
Non-STEM students for this item. “l used to attend out of class STEM activities” was
rated by Non-STEM students (M= .51, SD=0.59) and by STEM students (M— 1.77,
8§D=0.63). The mean of Non-STEM and STEM students are similar even if the mean of
STEM students is a little bit higher. The median of Non-STEM students is twice times

bigger than the median of Non-STEM students; 2.00 to 1.00 respeetively,

When the items were analyzed in Appendix B, 10.83% of the participants stated
that they were never bored during STEM lopics, This ratio is 17.69% [or students in Non-
STEM, 36.41% for students in STEM depariments. 55.41 % of the parlicipants said that
they used to feel uncomfortable in STEM courses never. This ratio is 37.69 % for
students in Non-8TEM, 67.93 % for students in STEM departments. 8.46 % of students
registered to Non-STEM departments stated that they often used to feel uncomfortable in
STEM courses. 25,48 % students (n=80) proposed that they often used to help other
students to leam STEM subjects. 20 of them are from Non-STEM departments, 60 of
them are from STEM depariments. 50.54% of students in STEM departments stated that
they used to feel that they could ofien overcome all STEM related task. This ratio is
24.62% for students in Non-8TEM departments, Only 0.54% of students registered to
STEM departments stated that they often used to leel uncomfortable in STEM courses.

Question 12 in the survey was used to investigate the STEM and Non-STEM

students” STEM sell efficacy.
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Table 6.2. Means, standard deviations, and medians of the each item in question 12

STEM Non-STEM
I 50 M M 5D Ml
1 am sure I can do well on science tests 0.7 4.0 3.0 1.0 3.0 |
3.9 4 a 2 5 0

Tusually give up when | do not understand a STEM | 397 | 0.8 | 40 | 35 | 08 | 40

coneepl. [ 4] a 7 4]

[ have good problem-salving skills. 358 07 | 40 3.8 0.9 4.0
& 0 5 s 0

I cannot understand 5TEM even i1 lrj.'- hard. 4,24 0.8 4.0 38 A& 4.0
4 0 b & 0

1 am confident that T ean be successful in STEM, 432 0.6 4.0 3.4 0.9 40 |
a9 0 G 4 ]

If | work hard enough, [ can leam difficult STEM | 439 | 0.6 | 40 | 40 | 07 | 40

concepls 4 0 8 2 0

Science is casy for mc. 374 | o8 A.0 2.9 0.9 30
7 0 2 5 0

Lam good at solving prablems. 4,17 0.6 4.0 38 | 09 4.0
8 0 9 1 0

Table 6.2. showed that mecans, standard deviations and medians of each item that

assesscs the STEM and Non-STEM students’ STEM self-eflicacy.

The median of STEM students is 4,00 for the items “l am sure [ can do well on
science lest™ and “Science is easy for mc” was rated for STEM students (Md=4.00) and
for Non-STEM students (Md= 3.00). The mean of STEM students is higher than the

mean of Non-STEM students,

Furthermore, when the items in question 12 were analyzed in Appendix C,
72.30% of these students proposed that they can understand STEM if they try hard. Then
35.39% of them stated that they are confidents that they can be successful in STEM.
However, 54.62% of students are notl sure that they can do well on science tests. They are

in indeeision, Since, 69.23% of these students stated that science is not casy for them.
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In addition to this, 91.71% of STEM students stated that they can understand
STEM il they try hard. Then 89.67% of them are conlident they can be suceessiul in
STEM. The percentage of the students in STEM proposed these two items higher than
Non-STEM students. 77.71% of STEM students are surc they can do well on science
tests. Since 61.41% of them stated that science is easy for them. In addition, 94.03% of
STEM students proposed that if they work hard enough, they could learn difficult STEM

concepts.

The first research question aims to investigate whether there is a statistically
significant difference in STEM self*elTicacy between university students who choose
STEM and Non-STEM departments as a major, Associated with the rescarch questions,
STEM sclf-eflicacy mean scores of STEM and Non-STEM students were comparcd by
using Mann-Whitney U test.

Table 6.3. Means, standard deviations, minimuwm and maximum scores of STEM self-

elficacy of STEM and Non-STEM students.

M SD Min Max
STEM 32.6739 3.89369 22.00 40.00
STEM self- | I
Nan-
efficacy 28.6538 5.20690 13.00 40.00
STEM

The data was collected from 314 universily preparatory students. 184 of them
were registered from STEM departments and 130 of them were from Non-STEM
departments. In Table 6.3, mean scores, standard deviations, minimum and maximum
scores of students were mentioned, Mann-Whitney U test resulls showed that there is a
statistically significant. differcnce between in STEM self-efficacy of participants (z—-
6.996, p< .001).
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Students who choose STEM departments as a major have significantly higher
STEM  self-efficacy (Mda—=32,67, n=184) than students who choose Non-STEM
departments (Md—28,65 n=130) U — 6429, z = -6.996, p < 001, r = 4. Moreover, the r-

value indicates medium eflect using Cohen (1988) criteria.
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Iigure 6.1, Conlidence intervals of STLEM sclf-efTicacy for STEM and Non-STEM

students.

Crraphical represantation of the data by comparing confidence intervals (95%) of

students who choose STEM and Non-STLM departments was stated in figure 6.1,

The errar bar chart in figure 6.1 showed that coniidence intervals for students who
choose STEM departments (95% €7 [32.14, 33.24] ) and students who choose Non-
STEM (95% CT [27.75, 29.56]) do not overlap. This proposcd that there is a statistically
significant difference belween groups. In addition, there is a distance between the upper
bound of CI for Non-STEM (29.56) students and the lower bound of CI for STEM
students (32.11).

6.2. Gender

There are 314 university preparatory students participated this research. 47.1%

(n=148) of the data collected from participants are male, 52,9% (n=166) of participants
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are female. 51.1% of STEM students are female and 48.9% of STEM studenis are male.

55.4% ol Non-STEM students are lemale and remainings are male.

Table 6.4. The number and the percentage of female and male students in STEM and
Non-STLEM departments

I STEM Non-STEM
Female 5L1% (=94 [554% (u=72)
Male 48.9% (n=90) 44.6% (n= 38) |
Total ) 100% (n=184) 100% (n=130)

Chi-Squre was conducted to analyze whether there.is a difference between malcs
and females who choose STEM major as a career, A Chi-Square test [or independence
indicated no significant association between gender and choosing STEM or Non-STEM

departments, x° (1, n = 314) = 41, p= .32 phi=—-04

185~

95% C| STEM_Depart

1254

i'gr:::l “-;'E
Gender

Vigure 6.2. Error bar chart of the STEM and Non-STEM departments according to

gender.

Graphical represantation of the data by comparing confidence intervals (95%) of
temales and males was stated in Figure 6.2. The error bar charl in Figure 6.2 showed that
confidence intervals for female (95% CI' [1.22, 1.37]) and students who choose Non-
STEM (95% C1 [1.29, 1.47[) do not overlap. This proposed that there is no statistically

significant difference between groups.
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6.3, Parental variables

In this part, (here are findings about self-report of students’® thought about their

arental involvement, parents’ cducational level and parental STEM occupation.
P p p

Table 6.5. The percentage distribution of STEM and Non-STEM students in cach item in

question |8

STEM Non-STEM
] Nwe;' Sometimes Often xN!\'EI" Sometimes Often |
Talked o @ teacher aboul my
16.30 3109 3261 14.62 5844 26,92
progress inschonl.
Attended 2 pun:m-'lcuchcr
mecting  or  ather  school 9.78 3587 .35 10.00 2523 60.77
meeting,
Alended @ schonl play, I Il
concerl, sporling -event, or 4591 38.39 12.50 47.649 19.23 1308
olber school activity.
Helped with a special school
project, school trip, or other 18.37 38.59 13,04 49.23 3692 131.85
school activily
Helped me  wilh my
41.30 1839 20.11 46,92 36.15 16,52
hamewark.
Supported e while
) 14.67 izal 5272 16.15 30.00 53.85
prepuring for my cxams
Supparted me in lhe study
3152 341 3207 40.97 33.08 26.15
aboul STEM topics.
Encouraged me (o study
. 11.96 34.24 3380 26.15 29.23 44.62
STEM lopics,
Had expeetations about doing
. 8.24 2440 6. 30 15:23 3613 44.62
the best i STEM topics,
Gave imporance in STEM
. 978 30.43 59.78 14.62 EHE 46,92
topHes.
Supported mi& attending
N . 15.76 46,74 3750 30,00 37.69 3231
STEM activities oul of class.
sSupported me d:FJing CArSer in
13.59 26.63 3998 36,13 33.08 .77
STEM arcas.




44

Table 6.5. shows that the percentage distribution of STEM and Non-STEM
students indicated how olten their parents mvolve during the high school, For first six
items results are relatively similar for both Non-STEM and STEM students. For example,
53.83% of Non-STLUM stmdents, 52.72% of SIEM students proposed that their family
supported them while preparing exams. These six items were designed to measure
general parental involvement, The other items were prepared to give a result for parental
involvement in STEM subjects. 44.62% ol students in Non-STEM departments stated
that their parents had expectations about doing the best in STEM lopics, This percentage
is 66.30% for students in STLEM departments.59.78% of students in STUM departments

proposed that their parents gave importance in STEM topics.

30% ol students” mn Non-STEM departments’ parents did not support their
children on STEM activities, Only 15% ol STEM students’ parents did not support their
children on STEM activitics. 59.78% of students in STEM departments and 30% of
students in Non-STEM departments stated that their parents supported them doing carcer

in STEM arcas.

According to participants’ family background. 285 students’ mother and father are
alive and married. The family of 12 students is divorced. 17 of participants said that one

ol them their mother and lather or both of them are died,

To investigate whether there i5 a statistically significant difference in STEM
parental involvement between university students who choose STEM and Non-STEM
departments as a major, parental STEM involvement means scores of STEM and Non-

STEM students were compared by using Mann Whitney U test,

Table 6.6. Mean scores, standard deviations, minimum and maximum scores ol parental

STEM involvement.

M SD Min Max
Parental STEM 14.21 3.03 6.00 | 18.00
STEM Non-
involvement STEM

12.58 3.65 6.00 18.00
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The data that again colleeted from 184 STEM students and 130 Non-STEM
students were analyzed. In Table 6,6., descriptive statistics (mean scores, standard
deviations, minimum and maximum scores ol students) of parental STEM involvement

that students reported were mentioned.

Mann-Whitney U fest results showed that there is a statistically significant
difference between in parental STEM involvement of participants (z—-3.90, p= .001).
Students who choose STEM depattments as a major have significantly higher parental
STEM involvement (Md—15.00, n=184) than students who choose Non-STEM
departments (Md=12.00 n=130) U — 8886, z — -3.90, p < .001, r — .22. Moreover, the r-

value indicates medium effect using Cohen (1988) criteria,
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Figure 6.3. Confidence Intervals of Parental STEM Involvement for STEM and Non-
STEM Students.

Graphical represantation of the data by comparing confidence intervals (95%) of
students who choosc STEM and Non-STLEM departments was stated in Figure 6.3. The
crror bar charl in figure 6.3 showed (hat confidence intervals for students who choose
STEM departments (95% CI [13.77, 14.63]) and students who choose Non-STEM (95%
CT [11.95, 13.22]) do not overlap. This proposed that there is a statistically significant
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difference between groups. In addition, there is a small distance between the upper bound
of CI for Non-STEM (13.22) students and the lower bound of CI for STEM students
(13.75).

According to education background of family, mothers of 4% percent of students
did not graduate any school. 27% graduated from primary school. 12% graduated from
secondary school. 25% graduated from high school. 27% graduated from a university, 3%
post graduated. Fathers of only 1% percent of students did not graduate from any school,
14% graduated from primary school. 9% graduated from secondary school. 26%

graduated [rom high school. 38% graduated from a university, 7% post graduated,

Table 6.7. The percentage distribution of educational level of STEM and Non-STEM

students’ parents

Mother Education Level | Father Education Level |
Yo Y%
STEM | Non-STEM | STEM Non- |
STEM
[Not graduated any )
school 4,35 3.85 1.63 0.77
Eﬂnm’y school 30.98 2231 15.22 14.62
Secondary school 13.04 10.77 11.96 10.77
| ligh school 24.46 26,15 27.17 24.62
University ' 23.91 33.08 3641 | 41.54
Post graduated 3.26 385 7.61 7.69

The rescarch question which investigales whether a statistically significant
difference between participants who choose STEM and Non-STEM as a major regarding
the parental educational level was analyzed by using chi-square test. A Chi-square test for
independence indicated no significant association between mother educational level and

choosing STEM or Non-STEM departments, ¥° (5, n — 314) — 4.93, p=.42, phi=_13 A
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Chi-square test for independence indicated no significant association between [ather
edueational level and choosing STEM or Non-STEM departments, y° (5, n — 314) =
1.27, p= .94, phi — .06.

According to occupation of the family members, only 2.5% of students’ mother
work the job related with STEM. This number is 6% for fathers. Majority of students’
family’s jobs is not rclated with STEM departments such as police, civil servant, soldier,

tourism prolessional ete.

Agam, the research question which investigates whether a statistically significant
difference belween participants who choose STEM and Non-STEM as a major regarding
the parental STEM occupation was analyzed by using chi-square test. A Chi-square lest
for mdependence indicated no significant association between mothers’® STEM
occupation and choosing STEM or Non-STEM departments y°, (1, n = 314) — .00, p
=1.00, phi —-.013.

For both departments the number of parents’ job whose job is related from Non-
STEM is higher. A Chi-Square test for independence indicated no significant association
between fathers” STEM occupation and choosing STEM or Non-STEM departments, y?
(1, n=314) = .00, p = 1.00, phi — -.004.

6.4. Career Selection

The 24"™ question in the survey was prepared to investigate why STEM and Non-
STEM students choose their depariments as a major in the university. The mcans,
standard deviations and medians of cach item included in Question 24 presented in Table

6.8.
Table 6.8 shows that descriptive statistics of cach item that assess the reasons of

STEM and Non-STLEM students choosing their departments as a major.

In Table 6.8. guidance and recommendation of other people are not playing

important role for STEM and Non-STEM students while choosing their departments,
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Both STEM and Non-STEM students chose their department with respect (o items
“Interest in the profession”™, *Being suitable for their personality”, “Being suitable for
future plans” and “Ilaving a reputable profession”. Furthermore, in what degree these
items affect students’ choice was analyzed. Firstly, 52.31% of Non-STEM students
proposed that their interest in the profession totally affected their choice, This percentage
ratio was 39.67% for STEM students. This percentage ratio was 39.67% for STEM
students. Tlowever, 43.95% of Non-STEM students, 42.39% of STEM students stated
that their ability through the profession was totally affected choosing their departments in

the university. This ratio is nearly same for that Non-STEM students’ interest was more

effective than their abilities while choosing their departments.

Table 6.8. Mcans, Standard Deviations, and Medians of the cach Item in Question 24

STEM Non-5STEM
M |SD[Md| M [ sD [ Md
My interest in the profession 226 | 0.69 | 2,00 | 241 | 0.69 | 3.00
Er university entrance exam score is enough to choose this | 2.11 | 0.73 | 2.00 | 2.12 | 0.74 | 2.00
depariment
Being suitable Tor my personality 239 1 067 | 200 | 2.54 | 0.62 | 3.00
High employment ﬂppartﬁnilics 204 [ 0.73 | 2.00 | 1.90 | 0.84 | 2.00
| Being suitable for my future plans 239 [0.75 | 3.00 | 2.54 | 0.66 | 3.00
Deing under the influence of people working on this area 1.99 | 0.81 [ 2.00 | 2.08 | 0.83 | 2.00
Making a good profit 2,00 | 0.74 | 2.00 | 1.84 | 0.80 | 2.00
| Having a reputable profession ) 2.06 | 0.76 | 2.00 | 1.90 | 0.78 | 2.00
The choice of arca in high school 193 | 0.78 [ 200 | 165 | 0.77 | 1.00
My ability through the prolession 22371095 | 2.00 | 230 | 0.70 | 2.00
Being suitable for my gender ' 162 | 076 | 1.00 | 1.61 | 0.75 | 1.00
Being suitable 1o improve myself 235 [ 072 | 2,00 [ 258 [ 0.67 | 3.00
Guidance of my family 1.54 | 0.67 | 1.00 | 1.41 | 0.62 | 1.00
| Guidance of my teacher 147 [ 065 | 1.00 | 1.32 | 0.55 | 1.00
Guidance ol schowl counselor 136 | 0.64 | 1.00 | 1.30 | .57 | 1.00
Having better carcer in the occupation 1.95 | 0.80 | 2.00 | 2.02 | 0.81 | 2.00
Recommendatiton of family friend 1.37 [ 0.64 | 1.00 | 1.24 | 0.51 [ 1.00
Recommendation of relstives 1.26 [ 0.57 | 1.00 [ 1.17 [ 0.45 [ 1.00

Recommendation of my [ricnds 142 | 0.63 | 1.00 | 1.35 | 0.57 | 1.00 J
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Again, the number of Non-STEM students selecting the totally aflected was
higher than STEM students for the item which being suitable for their personality

characteristics. 60.77% of Non-STEM students and 48.91% of STEM students stated this,

63.08% of Non-STLM students proposed that their choice was totally affected
their {uture plans. 54.89% of STEM students indicated that being suitable for their future
plans totally allected their choice of STEM. However, Non-STEM studenis® lulure plans
were not making good prolit. Since, making a good profit never affected 40.77% of Non-
STEM students” choice of departments, Only 27.17% of STEM students stated making a
good profit never affceted their choice of STEM. 67.69% of Non-STEM students were
totally alfected for being suitable to improve themseclves while choosing their

departments. This ratio is 49.46 for STEM students,

6.5. High School STEM Score:

In this part, there are results about high school STEM score of STEM and Non-

STEM students descriptively and inferentially.

Table 6.9. The percentages of minimum and maximum score in the courses and means,

medians, standard deviations of the course scores.

S STEM Non-STEM TOTAL

M Md [SD |M [Md [SD | Min% | Max% | M Md | SD
Mathematics | 470 | 5.00 | 0.57 | 4.45 | 5.00 | 0.98 | 0.96 71.06 | 456 |5.00 |086 |
Physics 438 | 4.00]0.67 |[4.08| 400 1.06]0.73 46.91 | 3.75 | 400 | 1.6l
Chemistry | 4.54 | 500 | 0,70 | 4.19 | 5.00 | 1.03 | 1.09 5927 | 387 | 500 |1.67
Biology 455 | 500|061 [421[500] Lot | 000 5032 [388 [S500 |1.64 |
Technology | 3.12 | 4.00 | 224 | 4.75 | 400 | 229 | 2.12 | 6931 | 2.74 | 400 | 232

The pereentages of the students who get min and max score in the courses and
means, medians, standard deviations ol the course scores respectively for Non-STEM and

STEM students and all students were indicated in Table 6.9,
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In Turkey, according to assessment for high school, the maximum score is 5 and
the minimum score is 1. The maxinmm score ranged from 85 to 100. The minimum score

ranged Irom 0 to 44.

According to the data collected from participants, 3 students reported that they did
not take the mathematics courses during the high school. However, in high school
curriculum all students have to take mathematics courses during the high school at least
at o' grade. Therefore, these 3 students were not included. In Table 6.9, mathcmatics
scores were given Non-STEM students (M—4.45, SD—0.98) and STEM students
(M=4.70, SD=0.57). 0.96% of all students, who took mathematics course in the high
school, had minimum score, which is 1 (between 0-44). 71.06 % of all students, who took
mathematics course in the high school, had maximum scorc that is 5 (between 85-100)

(M=4.56, SD-0.86).

There arc 3 science courses in high school curriculum physics, chemistry, and
biology. 39 students reported that they did not take these courses during high school.
Again, in high school curriculum all students have to take scicnce courses during the high
school at least at 9™ grade. Therefore, these 39 students were excluded from the data. In
Table 6.9, physics scores were given Non-STEM students (M=4.08, SD=1.06), STEM
students (AM=4.38, SD=0.67), and all students (AM=3.75, §D=].6/) For physics, 0.73% of

all students got minimum score. 46.91% of them got maximum score.

In Table 6.9, chemistry scores were given Non-STUM students (M—4.19,
SD=1.03), STEM students (M—4.54, SD=0.70) and all students (M=3.87, SD=].67).

0.96% of all students took minimum score in chemistry, 51.91% had maximum score.

In Table 6.9., biology scores were given Non-STEM students (M—4.21,
§D=1.901), STEM students (M=4.55, SD=0.61) and all students (M—3.88, SD—1.64).
There is no student who took minimum score 1 in the course biology. 50.32% of all

sludents took maximum score.

In technology courses, scoring is similar with mathematics. The range of the
maximum score and minimum score is similar foo. In Table 6.9, technology scores were

given Non-STEM students (Af=4.75, SD=2.29), STUM students (M=3.12, SD—2.24) and
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all students (M=2.74, SD-2.32). 42.36% of all students did not take any technolopy
courses during the high school. 2.12 % of students, who took course about technology in
the high school, had minimum score. 69.31 % of students, who took technology course in

the high school, had minimum score.

During the high school. only 12% of participants (n=39) attended the projeet
about scicnce, mathematics, technology or engineering. A huge amount of majority has

never attended these kinds ol projects in high schoal,

The research question 5 aims to investigate whether there is a stalistically
signilicant difference in high school STEM scorc between university students who
choose STEM and Non-STEM departments as a major. Associated with the rescarch
questions, high school STEM score mean scores o STEM and Non-STEM students were

compared by using Mann-Whitney U test,

Table 6.10, Means, standard deviations, minimum and maximum STEM scores of STEM

and Non-STEM students.

M AYJ Min Max
STEM I8.18 2.05 8.00 20,00
Iligh school
Non-
S5TEM score 16.92 3.62 5.00 20.00
STEM

In Table 6.10, mean scores, standard deviations, minimum and maximum scores
of high school STEM courses scores of’ 182 STEM students and 91 Non-STEM students

were mentioned.

A Mann-Whitney U Test revealed no significant difference in the high school
STEM score of STEM students (Md — 19.00, n —182) and Non-STEM students (Md —
18000 =91), U— 717150, z = -1.87, p = .06, r = .11. Since the r-value is .03, this

showed a small elfect size using Cohen (1988) criteria of .1=small efTeet.
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Figure 6.4. Confidence Intervals ol High School STEM Score for STEM and Non-STEM

students.

Graphical represantation of’ the data by comparing confidence intervals (95%) of
students who choose STEM and Non-STEM departments was stated in Fipure 6.4, The
error bar chart in Figure 6.4. showed that confidence intervals for students who choose
STEM departments (95% C7 [17.88, 15.48]) and students who choosc Non-STEM (95%
€T [16.17, 17.68]) do not overlap nearly. This proposed that there is a statistically
differenee between groups but not significant. In addition, there is a small gap between
the upper bound of CI for Non-STEM (17.68) students and the lower bound of CI for
STEM students (17.88)

Figure 6.4. showed that Non-STEM students STEM scores differs in the group
largely: there is a large gap between upper and lower bounds of Non-STEM students, So,
a deeper cxamination ol Non-STEM students scores revealed that there are 35 students in
Non-STEM departments who look maximum scores both mathematics and science
courses. Therefore, Mann-Whitney UJ lest was applicd to compare high school STEM

score mean scores of STEM and Non-STEM students (excluding 35 students) again.
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A Mann-Whitney U Test revealed significant difference in the high school STEM
score of STEM students (n =182) and Non-STEM students (excluding 33 students) (n —
36), U= 202650,z =-6.94, p — .00, r = 43, Since the r value is 45, this showed almost

large effect size using Cohen (1988) criteria.
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Figure 6.5. Confidence intervals ot high school STEM score for STEM and Non-STEM
students (excluded 35 students).

Graphical represantation of the data by comparing confidence intervals (95%) of
students who choose STEM and Non-STEM departments (excluded 35 students) was

stated in ligure 6.5.

The eror bar chart in figure 6.5 showed that confidence intervals for students who
choose STEM departments and students who choose Non-STUEM (exeluding 35 students)
do not overlap. This proposed that there is a statistically significant difference between
groups. In addition, there is a gap between the upper bound of CI for Non-STEM students
and the lower hound of CI for STEM students,
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7. DISCUSSTION AND CONCLUSION

The aim of this research is to investigate the [actors affecting students STEM or
Non-STEM choices. Based on the literature, five variables that could affeet students’
choices were identified. The variables investigated in this study are gender, sell-elficacy,
parental variables (i.e., parental STEM involvement, parents® educational background and
parcnts’ occupation), career selection factors and academic score (Hackelt and Betz,
1981; Ybarra, 2016: Moakler, and Kim, 2014; Harackiewicz et al, 2012; TUSIAD,
2014).

In this chapter, the results arc discussed in threc main parls. These parts are
organized by combining the variables, which yielded similar findings in the results
section. That is, the lirst ome is Gender and Career Selection, the sccond one is STEM

Sclt-Efficacy and Parental Variables, and the Tast one is High School STEM Score.

7.1. Gender and Career Selection

In the literature, the number of girls choosing STEM ficlds is usually less than
boys. lor example, in the U.8. female students who attend STEM departments are nearly
hall’ of the male students (My College Options, 2012), Not only in the U.S. but also in
Turkey the sitation is almost the same. 64% of total STEM workers is men, and only 34%
is composed of women (TUSIAD, 2014). One of the aims of the present study is to
understand whether gender is a faclor that affects students’ choice of STEM or Non-
STEM, or not.

In this rescarch, 47.1% (n=148) of the participants are male, 52.9 % (n=166) of
the participants arc female, 51,1% of STEM students are female and 48.9% of STEM

students are male.



55

Table 7.1. The number and the percentage of female and male students in STEM and Non-

STEM departments

STEM Non-STEM
Female 51,1% {n=94) 55,4% (n="T72)
Male 48,9% (n=90) 44,6% (n—=58)
Total 100% (n=184) 100% (n=130)

L1.5. National Science l'oundation, National Center for Science and Engineering
Statistics (2013) stated that females are not interested in the STEM ficlds as a career.
Bergeron and Gordon (2017) analyzed 355,688 secondary female and male students.
They proposed that female students less frequently altend the higher level of STLEM
courses than male students. Ybarra (2016) also investigated the reasons of lack of interest
of girls in STEM fields in the high school. There can he some historical, educational,
biological, cultural, and social reasons for females’ low ratios of tending to STEM fields.
However, in the present study, no pender gap was found between choosing STEM
departments as a major or not. The percentages of female and male students choosing

STEM are close to each other.

Moreover, the results showed that there is no significant difference between
gender and choosing STEM or Non-STEM departments contradict to the literature, This
may be beeause the university in this study is one of the high-ranking universities and
only students who get high points in the University Enfry Lixam can gel accepted. So,
participants in the present research consist of high achieving students. In this research,
high achicving students mean that the students who took high scores in the University
Lntrance Exam. It may be concluded that considering the profile of learners such as high

achieving students, females do not less frequently tend to STEM departments than males.

The inconsistent results between the literature and the present study might be that
previous studies were not conducted with only high achieving students. Indeed, these
were done with all types ol students attending secondary and high schools. Ilowever, the

present study was done only with high achieving students who are already graduated
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from high school in Turkey and get accepted for a high-ranking state university. This may
explain why there is no significant association between gender and choosing STEM or
Non-5TEM departments in this study. Ior high achieving females, there is no problem in
entering STEM departments. In high school or maybe before the high school, the problem
might come into existence. Moakler and Kim (2014) pointed that to increase the number
of females choosing STEM departments, it is necessary Lo encourage, motivate and help
them to improve their self-efficacy in mathematics during the high school. Thercfore, this
present research calls for further research to investigate what is nceded in the high school

for female students to encourage them to choose STEM ficlds.

In addition to gender factors, this study also aimed to investigate the cffeet of the
factors reported by students for their carcer selections as a STEM or Non-STEM. It was
noticed that STEM and Non-STEM students’ reports about which factors ‘affeet their
choices are similar. In present research, STEM and Non-STEM students reported that
“guidance and recommendation of family and other people™ do not play an important role
in their choice of future departments. When a person chooses his/her profession
according to her/his abilities, interests and wishes, s/he has a chance to be successful,
efficient and happy. Therefore, people nced to take into consideration their own
characteristics in the process of choosing a profession (Yamkkerem er al., 2004). In
similar vein, Sarikaya and Khorshid (2009) conducted a rescarch in Turkey with 1000
preparatory students in Ege University. The reasons of students who choose social studies
lo atlend the university were being more talented and more interested in these ficlds,
making their dreams come true, being and being happy. However, the rcasons ol students
who choosc science-based departments were stated as having an occupation, advising of
others, and their scores in University Lntrance Exam. This finding is contradicting to the
present research. In this study, both STEM and Non-STEM students chose their
departments with respect to items “Interest in the profession”, “Being suitable for their
personality”, “Being suitable for future plans” and “Having a reputable profession”,
Furthermore, not only preparatory students in social studics but also preparatory students
in science-based departments proposed that the reasons of their choice are their interest
and personality rather than the guidance of others or just the sake of getting an

occupation. When the reason why they chose this university and department is asked to
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them, students” answers are similar both for STEM and Non-STEM students.

Taken together, the present rescarch revealed that pender and career seleclion
factors mentioned by the participants did not significantly affect their major choices as
cither STEM or Non-STEM. Participants in this study were composed of high-achieving
studentswho took high scores in the University Lntrance Exam. Before the rescarch, onc
of the requirements of being a participant was to be able to choose either STEM or Non-
STEM majors as a carcer. While investigating the factors affecting the choice of STEM
or Non-5TEM departments, there was no diflerence between STEM and Non-STEM
students regarding to gender and carcer sclection factors. Therefore, to understand why
some of the students choose STEM or Non-STEM departments in present study, the other
variables that are STEM sclf-cfficacy, parental variables such as parental occupation,

parental educational level, and involvement and academic score were examined.

7.2. STEM Self-Efficacy and Parental Variables

Another aim of this rescarch was o investigate whether there is a statistically
significant dilference belween students who choose STEM and Non-STEM majors as a
career in terms of their STEM sell~elTicacy. Bandura (1977) asserted that self-efficacy is
a kind of belief about to be able to achieve something in specific situations. Concanmon
and Barrow (2009), and T.usby (2012) stated that there could be a relation between sell-
cificacy and career choosing of students. In addition, Hackell and Betz (1989) stated that
there was a strong relationship between choosing mathematics-based career and self-
elficacy beliefs. Parallel to the literature, in present research, students who chose STEM
departments as a major were found to have significantly higher STEM sclf-cfficacy than

students who choose Non-STEM departments.

Aforementioned Bandura’s self-efficacy definition depends on four different
sources; mastery experiences, vicarious experiences, verbal persuasions, and physical and
emotional states. Mastery expericnces are shaped with experiences and performances.
According to the present research, the number of STEM students was almost two times of

the number of Non-STEM students who stated that they got never bored during STEM
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topics. Similarly, they never used to leel uncomfortable in 8TEM courses, Therefore,
their expericnecs about the high school STEM courses and STEM (opics may be an
explanation of why Non-STEM students” STEM self-efficacy is lower than STEM
students® STEM self-efficacy. STEM students® STEM self-efficacy may be developed

during the pre-college STEM course experiences.

As for the parental variables, 1966 Coleman rcport stated thal the family
background is the most important thing that affects student achievement (Omstein, 2010).
Similarly, Ilarackicwicz, Rozck, Hulleman and Tyde (2012) proposed that education
level ol parents has a direct relationship with the number of STEM courses their children
take. As such, parents’ education level affects students’ motivation about taking STEM
courses, Ilighly educated parents’ children study more mathematics and science courses
in high school (Harackicwicz ef al., 2012). Tnspite of these findings, in this research, Chi-
square test for independence indicated no signilicant difference between mother and
father educational level and choosing STEM or Non-8TEM departments. There may be
two cxplanations of that finding, the first one could be that the educational level of
parents is not important for high achieving students. The sceond one could be that the
data from parents’ educational level is nol normally distributed cnough to draw
conclusions. According to education background of family, mothers of only 4% pereent
of students did not graduate [rom any school, while 27% graduated [rom primary school,
12% graduated from secondary school, 25% graduated trom high school, 27% graduated
from a university, and 3% continued with posigraduate studics. Fathers ol only 1%
pereent of students did not graduate from any school, while 14% graduated from primary
school, 9% graduated from secondary school, 26% graduated from high school, 38%

graduated from a university, and 7% continued with post-graduate cducation,

Moakler and Kim (2014) claimed thal if parents have occupations related with
STEM, the ratio of students to choose a STEM field as a career gets increased. Students
with “parcntal STEM occupation” tend to choose STEM 50% more commonly than
others. Children understand the importance of STEM with parcnts’ mentoring to them for
STEM related occupations (Moakler and Kim, 2014). On the other hand, study of Staniec
(2004) showed Lhal there is no relation between parenlal STEM occupation and students”

choices of STEM. Therefore, in this perspective, there is no consensus on studies. In the
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present research, one of the aims was to investigate whether there is a difference between
chosing STEM and Non-STLEM departments with respeet to parental STEM occupation.
No significant difference between mothers® and fathers’ STEM occupation and choosing
STEM or Non-STEM departments was found. However, in this research, most of the
students’ family’s jobs do not related with STEM arcas. Most of them is police, civil
servant, soldier, tourism professional etc. For example, only 2.5% of students’ mothers
work in a job related with STEM. This number is 6% for lathers. Due to the fact that
those numbers are low for the sample, it will be hard to compare statistically. It was
found that there is no dillerence between choosing STEM and Non-STEM departemants
regarding parcntal education level and parental STEM occupation because ol some of the

limitations.

As naturally expected, parents have an important role on students’ educational
life. Cotton and Wikelund (2005) discussed that parents” involvement affect students’
achievement positively. When parents encourage their children in school activities, make
plan for them, help their lessons, and work with their teachers in collaboration, then
students become more engaged with school, and their school performance gets high. The
13" and 18" items in Appendix F showed that guidance of family and relatives do not
play an important role lfor STEM and Non-STEM students while choosing their
departments, Their means arc low when compared with the other items affecting
choosing departments for both STEM and Non-STEM students. According to this study,
parents” educational level, parental STEM occupation, and guidance of parents did not
affect students’ choice of STEM or Non-STEM departments as a major explicitly.
However, implicitly, parents were found to guide students to STEM arcas. Since, in the
present rescarch, il was found that there is a statistically significant difference between
parental STEM involvement of participants. Students who choose STEM departments as
a major have significantly higher parental STEM involvement than students who choose
Non-5TEM departments. These resulls mean that actually parents affect students’ choice
of STEM, but not explicitly. They encourage, motivate, and offer experience to their
children, This may be belter explained with Eccles® model (CCCLES, 2009). According
to Eceles™ model, there arc three dillerent task values; intrinsic value, utility value and

attainment value. Utility valuc is taken place for a person since his/her other parl of life
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has a direct relationship with it (Eceles, 2009). This model shows the effects of parents’
approach about children’s lulure and valucs. Parents can lead their children to take STEM
course according to what they think is the best for their children. Parents’ behavior affects
children’s approach of utility value about STEM courses, Morever, in the present study,
30% of students in Non-STEM departments’ parents did not support their children on
STEM activities, Only 15% of STEM students’ parents did not support their children on
STEM activitics. 59.78% ol students in STEM departments and 30% of students in Non-
STEM departments stated that their parents supported them doing carcer in STEM arcas.
Therefore, even though they reported guidance of their family, educational level of
parcnts and parental STEM occupation are not effective while choosing their departments

actually their parents affect their choice implicitly.

7.3 High School STEM Score

Lastly, one of the aims of the present rescarch was to investigate whether there is
a statistically significant differcnce between students who choose STEM and Non-STEM
major as a carcer in terms of their high school STEM score. STEM score was defined as

the score taken in mathematics and science courses during their high school education.

According to the results of PISA, Turkey’s score is below average, and it is
among the worst OECD countries. Test scores in domestic and international level
indicated that Turkish students are not successful in main two discipline of STEM;
Science and Mathematics (Akgiindiiz, ef al. 2015), However, in the present research, the
average of the Non-STEM students” mathematics score is 4.45 and STEM students’ is
4.70 out of 5. These scores do not refleet a big difference for the science courses, This
indicates that both STEM and Non-STEM students got high grades in mathematics and
science courses in high school. That's why, these students in this research were called
high achievers. Moakler and Kim (2014) stated that according to the responses from
335.842 students in the U.S; high school GPA and SAT score was found (o be a
signilicant positive indicator that affects students” lendency of studying STEM. Students

with higher GPA arc most likely to choose a STEM area as well. However, in the present
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research, there is no significant difference between STEM students and Non-STEM
students with respect to theirSTLEM scores at high school.

Graphical represantation of the data by comparing confidence intervals (95%) of

students who choose STEM and Non-STEM departments was stated in Figure 7.1,
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Figure 7.1. Confidence intervals of high school STEM score for STEM and Non-STEM

students,

Not significant difference may be explained by large interval of Non-STEM
students. In order to examine further these non-difference participants, STEM scores
were depicted to see distribution. Figure 7.1 shows that Non-STFM students STEM
scores differs in the group largely; there is a large gap between upper and lower bounds,
So, a deeper examination of Non-STEM students scores revealed that there arc 35
students in Non-STEM departments who ook maximum scores both mathematics and
science courses. When it was examined the departments of these students only three of
them chose Non-STEM departments withoul mathematics, namely: philosopy and
history. The others (n = 32) chose the departments, which are management, economy,
miternational trade and etc. In other words, they chose mathematics related departments.
When they were cxcluded [rom the data, paralel to the literature, there is a significant
difference between STEM and Non-STEM students regarding to high school STEM
scorc. Furthermore, these students” answers about the factors affecting their departments®
choice was examined which found to be similar to Non-STEM students. However. some

items such as “My university entrance exam score is enough to choose this department”,
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“Iligh employment opportunities™, “Making a good profit” and “Being a reputable
profcssion™ were selected by these 35 students much more than Non-STEM students.
They were diffcrent from Non-STEM students with respect to these items. This may be

an cxplanation of why these 35 students chose Non-STEM departments.

The aim of this research was to investigate the factors allecting students STEM or
Non-STEM choices. In this chapter, these factors were discussed in three main parts. To
know the factors is important to incrcase the number of students who choose STEM
departments. According (o Zhang (2011), the initial thing to do is to understand the
factors affecting students in choosing or not choosing STEM majors before trying to
solve the problems in producing strong manpower in these lields and strengthening
economy. Then, governments, teachers and families work together to inerease the number

ol students in STEM ficlds by knowing these factors.

As a conclusion, because no differences in gender were found in the present study,
governments should still continue to encourage not only females but also males to study
in the STEM lields. In addition to this, to encourage parents to motivate their children to
choose STEM ficlds may be another way to increase the number of students who choose

STEM career.
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8. LIMITATIONS AND SUGGESTTONS FOR FURTHER
RESEARCH

In this part, the limitations of the present study and suggestions for further
rescarch will be presented. The present reseach was purposcfully conducted with the
students from one of the high-ranking public universities in Turkey. Therefore, making a
generalization may not be possible for other students and other universities in Turkey.
That’s why, in futurc, a rescarch could be done with both public and private universities

including all types of students.

One of the aims is to investipatc whether there is a difference between chosing
STLEM and Non-STEM departments with respect to parental STEM oceupation or not.
ITowever, in this rescarch, most of the students’ family’s jobs were not related with
STEM areas. Only 2.5% of students” mothers work in a job related with STEM. This
number is 6% for fathers. In addition, there is no sprcad distribution for parents’
cducational level to compare this factor in statisctical terms. Therelore, it may be found
that there is no difference between choosing STEM and Non-STEM departments
regarding parental cducation level and parental STEM occupation because of this
limitation. Therefore, it could be good il the number of participants gets increased in
further studics. In addition, to get a better understanding of non-significant differences in

this study, qualitative rescarch and mixed study designs may be carried out.

While investigating the relationship between parental involvement and choosing
STEM departments, parental involvement data was self-reported ol the students. Students
answered the parental involvement items in the survey. So, the given information may not
completely reflect the reality. It more veflected the perspective of students. Actually, for
parental involvement, parents” ideas should have been also taken into consideration, This

was another limitation of this sudy.

Also, another limitation of this study is that again self-reported of students in high
school STEM score was taken, While answering the questions, it is possible thal students

may nol remember their scores or may give wrong information about their scores.
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Moreaver, o collect the data about high school STEM score, it may be good also to

analyze the STEM scores in University Entrance Exam.

In this research, 35 stiudents whose grades were maximum appeared, but they did
not choose STEM departments, so a post-siudy of that rescarch may investigate why
these types of students choose Non-STEM departments using qualitative methods. To
sum up, this kind of a study may be administered in all the universitics in Turkey (o

obtain a more holistic picture of the factors alfecting students’ choice of STEM.
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Mezun oldugunuz lise tlelinil beliriip ismini vazimz.

| Lise Tiiri

Lise Adi

Fen Lisesi

Anadonly I.E&'.:Lii

._histf[ck Liscsi

Yabanci lise

Azinhlk liscsi

_f.‘lﬂzu:t lize

Diger

Liscden mezun olurken orlalamanizin kag aldy

UL VALITZ.

Bu dersi
almadim

|.'-I!'l$illi:ilz
0-44

Gieger
45-5

Orta | by
55-69 | Ti-54

Pekivi
85-100

#) Liseden mezon  olurken  Mulemalik
ortalamamz kagn?

1

b) Liseden mesun olurken Fizik omalaman
kagh?

¢} Liscden mezun olurken Kimya oralamamz
kagu?

d)  Liseden mezun  olorken  Biyoloji
orlalaramz kag?

¢} Liseden merun olurken Tirkee ortalamanie
 kagu?

[} Liseden mezun slurken teknoloji ile ilgili

derslorden ortalamanie kagt?

Baha énee fen veya matematik projelerinde girev aldimz n?

Cevabimnz gvel ise kisaca apiklayimz

Evet

Hiryir

Figure A.1. 26 Questions in The Survey of Factors Affecting Students’ STEM Choices
As A Major

5



9. Asagudakilerin herhangi birinden destek (zel dors, dersane v} aldimiz va da dersi tekearladiysame belirtiniz
Destek aldhm | Diersi tekearladim

Tiirkye
Matematik
Sosyal Rilimler

IFen Rilimleri
Yabane Diller

1), Lisede agafidaki durumlann hangilerinde ve ne kadar siklikla bulundunuz.

Highirzaman | Ara sira Sik sik

FETEMM derslerinde sitkiliedim.

FETEMM konularmda baska 6grencilere ders
nulatird i,

FETEMM konularnda haska Brencilerle
beraber calisirdim,

FETEMM  ile  ilgili  yaptifm her  iste
iistesinden gelebilecegimi hissederdim,
PETEMM derslerinde kendimi kil hisseitim, |
Ders disi FETEMM ctkinliklerine katibdom.

FIEETEMM  derslérinden sonra Bi#rctmene bir
sevler sorardnm

1 Asapdaki yetencklerde kendinizi nasil prdiifiiniei belirlingz. )
Cok kit | Ko | Orta lyi ok iyvi

Akademik beceri
Ranatsal beceri
ﬂg:isa)'ur becerisi
Grup halinde galisma
Waraticilik -

| Baganys ulagmak
Pyvgosal saghk
Matemustik yetenegi
Fen yetencgi )
Mithendishik yelenegi
Toplum Gninde konugahilme
Entelckitic] tzgliven
Sosyval Sepiiven

| Digerlerini anfama

Figure A.1. 26 Questions in The Survey of actors Allecting Students® STEM Choices
As A Major (cont.)



12 Asagdaki dumomiara kathim dommunuey belirliniz,

[ —
% Katlmyorum | Kararsizmm | Katlsyarum Tamamen
katihyorum

katilmvomm

Fen testlerin ivi
yapabilece e eminim

Rir TFETEMM  kavranum
anlamadifimda penelde
Vi ERCeTIm,

Benim igin fen kolaydir,

ok denememe  ragmen

FETEMM konularim
| anlayamiyorim,

FETENM konlarimda
bagaril olabilece@im
konusunda kendime
gilvenivonm,

Fifer yeteninee qulisimsam , o
FETEMM kavramiarin

Apronehilivim,

Iyi  bir  problem  gorme
yelenedine suhibim.,

Problem ghzerken iyivim.

13.  Aile durnmunuzu belintiniz

Hayalla ve evli
Hayatta ve boganmig
Birisl va da ikisi de hayatls degil

14, Ailenizin egitim durumuny belirliniz,

Anne I1aha

Herhungi bir okul mezunu dcgi[
kokul merunu

Ortaekuol mezunu

Lisc meFI

Universite mesun

Yitksek lisans veya doktora TmezuNL

15, Annenizin mesleing yazimz

16, Puobsmem mesleging yaznuz.

Figure A.1. 26 Questions in The Survey of Faclors Affecting Students® STEM Choices
As A Major (cont.)



7.

20

21

23

Adlenizin hise doneminde asagidaki domimiar katilumm belintiniz

78

Highir
Saman

Ara [ 5ik
Sira | Sik

b=

Benim geligimim hakkinda dgretnenlerimle konusur,

Okul péirtigmelering ve veli toplantlarma katlir,

Okulun sosyal aktivitelerine (konser, liyatro, spor ctkinlikleri vh,) kanlr,

Okulda diltzenlenen efkinliklere {(projeler.geziler, konser, liyutro ve spor)
vardimel olur,

Ev ddevlerimi yaparken bana destek olur.

Smavlanma haziclanirken bana desick olur.

FETEMM konulanndaki ¢alismalanmda hana desick olur.

FETEMM konularinda galigmam igin beni cesaretiendirie,

FETEMM konularmda en ivisini yapmam hekler,

FETEMM konulanna dncm verir.

Diers digt FETEMM etkinliklerine Katilmann destekler,

FETEMM alimnnda kariyer vapmak iq;iﬁ beni destekler.

1Yl Gnee bagka bir dnfversitede veya bidliimde bulundunuz mu? Bulunduysanie Gniversite ading ve baliimini

VHEIZ.
Universitede okudugunuz balim kagmer tercihiniz oldugunuza yazmz,

Ulniversiteye girdiginiz puan triinflzi ve puaning yazmz.

Bilitm ya da tniversite defistinnek istivorsansz belirtingz,

Evct Fayir
istiyorum | istemiyomm

Cabgmays planladigime alsn/mestek/sekttir okndugunue bilimden farkh ise nedeni ile birlikte belirting,

Ulasmayn hedeflediginiz egitim derecesini seqiniz,

-

Lissns

| isansisli

_F:!Ink‘tnm

higer

Figure A.1. 26 Questions in The Survey of Factors Affecting Students' STEM Choices

As A Major (cont.)



24

25

13y bolimi segmenizde ctkili olan faktticleri ve derecelering belirlinie.

Tamamen
ctiili

Kismen Bkl
etkili degil

Meslegc olan ilgim

Universileye giry smav puanimin bo hiillime vetmesi

Bu alamn herim kisilik dzelliklerime uygun oldugunu diigtnmem

iz bt olao@uumn yiksek olmas

Gelecekle ilgili amaglanma uygun olmas

Bu alanda galigan kigilerden elkilemnem

ivi bir kazang sa_lgla}'abilcmgini ditsiinmeom

Prestijli bir mesick olman

Lisedeki alan tercihim

Meslege glﬂu yelencEim

Cinsiyctime uygun olmasi

Aldanin kendini peliglinmeme olanak lanmasi

Anne/babaman yonlendirmesi

Oretmenlerimin yonlendinmesi

Okul psikolojik damsmani/rehber #gretmenimin yanlendimuesi

Mesiekte ylikselme olanaklarmin fozls olmast

Adle dostlarmzm lavsiyve

Diger akrabalanimin tavsiye

Arkadaglanmm tavsiyve

Bu finiversileyi seemenizde etkili alan fakidrleri ve derceclering belirtiniz.

Famamen
etkili

Kizmien

cikili Eikili degil

Universiteye girig sy pusnimm bu dimiversiteye
YElmes

Bu iniversitenin benim kisilik dzelliklerime uygun
oldufum disiinmem

Universitenin kendimi geliglirmeme olanik tanimas:

Universilenin silemle yasadigim yere vakin almasi

Bu sehirde yagamanin carip gelmesi

UIniversilenin egitsel, sosyal ve kithtitre] olanaklart

Universitenin popitlerligi

Ulniversitenin yabane: dil efitimi vermesi

Universitenin burs olanaklan

I3 bulma olanagmn yitksek almas

Anne/babamn yiinlendimesi

{igreimenlerimin vinlendirmesi

Okul  psikolojik  dansmant/rehber  8frehmenimin
yinlendinnesi

Adle dostlurmuan tavsive

Diger akrabalanmin tavsiye

Avrkadaglarmmin tavaiye

26 O8YS sonueya gire kueunabileesginie diger baltimler yerine bu bilimi lercih elme schebinizi balirtinie,

© TESEKKURLER...

Figure A.l, 26 Questions in The Survey of lactors AlTecting Students’ STEM Choices

As A Major (cont.)
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APPENDIX B: THHE PERCENTAGE DISTRIBUTION OF ALL, STEM
AND NON-STEM STUDENTS FOR EACH ITEM IN QUESTION 10

Table B.1. The Percentage Distribution of All, STEM and Non-STEM Students for Each

Ttem in Question 10 in the Survey

ALL

Mon-5TEM

STEM

MNever

Sometimes

Often

Meyver

Sometimes

Often

MNever

Sometimes

{Micen

1 was bored
during  STEM
topics.

10.83

A5

28.66

17.69

G 1S

16.15

36.41

56.52

7.07 |

[ wsed to do
peer luloring on
STEM topics

13.60

60.83

2548

2692

37.69

15.38

4.35

63.04

3261

I wsed (o slody
with other
sludents on

STEM topics

16,88

G146

21.66

20,77

54.62

24.62

14.13

.30

19.57

1 used o [eel

that 1 ean
oyercome  all
STEM  related
lask.

13.69

39.81

£

27.60

47.69

2462

3.80

43,463

0.5

I wsed to feel
imeomloriable
in ST1M

COUrsCE.

3541

40.76

382

37.69

53.35

fdo6

67.93

3152

.54

| uzed to attend
ol of class
STEM

aclivitics

12.99

13.09

892

3385

41.54

A62

1533

52,72

11.496

Aler  STEM
courses, I osed
o ask questions

oy leacher.

1306

3.2

771

18.46

37.69

23.85

9.24

60.33

30.43




APPENDIX C: THE PERCENTAGE DISTRIBUTION OF ALL

STUDENTS FOR EACH ITEM IN QUESTION 12

8l

Table C.1. The Percentage Distribution of All Students lor Each Item in Question 12 in

the Survey

ALL
o i - _Str_mlgly Disagree | Neither | Agree Strongly
dispgree agree
| Tam surc I can do well on scicnce tests | 446 087 25146 4177 12,74
{usually give up when | do not understand 2 | 20038 449.64 111 2.60 223
STEM concepl.
I have good problem solving skills. .64 0.7 1529 55.10 22.41
| cannot understand STEM even if | try hard. 3694 #6.50 T0.51 4.46 159 |
T oom oconfident that T ean be sueesssful an | 127 | 6.05 17.20 50,64 24 .84
STEM.
1f 1 work: hard enongh, | can learn difficnle | 0 1,27 19,68 38.85
STEM concepts 119
Science [= easy for me. KL 1306 37,690 JL.85 1401
Lam good at solving prablems, 1,96 2.55 15.29 52.55 | 28.66
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APPENDIX D: THE PERCENTAGE DISTRIBUTION OF NON-STEM
STUDENTS FOR EACH ITEM IN QUESTION 12

Table D.1. The Percentage Distribution of Non-STEM Students for Fach Tlem in Question
12 in the Survey

Non-STEM
o Strongly | Disagree | MNeither Apree | Strongly

lisagree Agree
| am sure [ can do well on science lests 9.23 20,77 3385 3077 | 538
I usnally give up when [ do ool enderstand a | 11.54 47.69 22.31 | 16.15 | 231
STEM concept.
I have good problem solving skills 0 1231 13.08 5054 | 2308
Icanmol understand STEM cven if Lty hard. | 2538 4692 20.00 692 0.77 "
I am confident that T can be swccessful in | 231 13.08 29.23 4183 11.54 ll
STEM,
If I work hard enough, T can learn difficule | 0.00 1.54 17.69 5231 | 2846 il
STEM concepts
Science is easy [or me, i .92 23.08 46,15 1346 | 538
e good al solving problems. 2,31 538 16.92 5134 | 2385 |
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APPENDIX E: THE PERCENTAGE DISTRIBUTION OF STEM
STUDENTS FOR EACH ITEM IN QUESTION 12

Table E.1. The Percentage Distribution of All Students for Fach Item in Question 12 in the

survey

STEM

Strongly | Disagree | Neither | Apree Strangly

dizsagree Agree
Lam sure | ean do well on seience tesls 1.04 217 19.02 .78 17.93
I usirlly gi;.':: up when | do nat understand a | 26.63 g 16,85 306 217
STEM concep,
I Tve good problem solving skills, 1.09 27 16.85 57.61 2.3
I carmod understand $1EM cven if Liy hard, | 45,51 16.20) 3.80 2.72 2.17
I am confident that T con be ssccessful in | 0.54 .04 870 5543 M
STEM.
If T work hard enough, 1 can learn dillicult | 0.00 1.09 4.89 47.83 16.20
STEM concepls
Seience is casy for me. 0.54 5.98 3207 41.30 20.11
Tam gond at solving problems. - 000 0.5 14.13 53.26 32.07
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APPENDIX F: THE PERCENTAGE DISTRIBUTION OF ALL, STEM
AND NON-STEM STUDENTS FOR EACH ITEM IN QUESTION 24

Table I.1. The Percentage Distribution of All, STEM and Non-STEM Students for Each

Item in Question 24 in the Survey

All Nan-5TEM E'I'.I-'.ﬁ'l
Mever Totatly | Never Totatly | Mever | Affect | Taratly
Aflected Alfected
affected affected [ allected affected | aflected | cd affected
My interest in the profession | 1306 434 44,50 11.54 3615 5231 14:13 46,20 | 3967
My university enlrance exum )
seare is cnougli to choose this | 2166 4522 3312 2331 4385 3383 220 420 | 3261
deparbment
Being suitable for  my N
_ 8.2 3726 5382 6592 3231 0l 77 10,33 40076 [ 4891
personalily characteristics
IIig]; etnployment B ]
o 353 1885 29.62 40.77 25.46 3n.g7 250 46.241 | 2850
opporunilies
_BEmg subluble for my futore B
1.3% 234 5828 523 2764 6308 16.30 ZEEN | 5489
plens
_DE‘I'JIg under the influence of
185 3344 371 30.00 3154 38,46 3315 3478 | 3207
prevple working on this arca
-I&Eakjn,g u good prafit .80 4108 2611 47T In62 24 82 757 4565 | 2717
‘Being a repulahle profession | 20,67 | 4140 2898 3538 |39 2538|2554 |4p93 | 3132
The chivice of anca in high x
4204 3439 2357 F3.08 2848 1846 34.24 3859 (2707
selnl
My ability through  ihe
3 le. 88 4013 42.99 13.85 4211 43835 1602 3859 | 4239
profession
Deing suilable for my gender | 55,10 2834 1656 5338 2846 la.15 LR 2826 | IoB5
Reing suitable. 1o improve T
1274 3025 T 100 2231 G764 14.67 A587 | 4946
maysell
Guidance of my family 5947|3153 80 6615 | 26,92 692 5543|3478 [9.78
tiuidance of my leacher 6541 27,71 668 7154|2482 3.85 G141  |20Re (&850 |
Guidance ofsehwal counselor | 73.57 19,11 732 7534 19.23 338 TrIR 1902 | 8.70
Better chanee for prm;iuticu'n 13,44 1535 321 3154 353% 33,08 1378 3533 9K
Recommendatiton  of Ia:'r'lily . .
T5.16 18.13 6.60 ROLOD 1015 3185 T1.74 1957 | 870
friend
Recommendation of relatives | 8280 | 1210 510 8615 | 10.77 308 8043 [ 1304 [n32
Recommendation  of  my )
i 672 26,43 6.37 TG0 2334 452 6522 747 | 761
ricnds






