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Abstract. The ongoing motivation of
students toward the fields of science,
technology, engineering, and mathemat-
ics (STEM) is a process related to their
orientation toward those fields and their
active participation in related activities.
This study aimed to examine the ongo-
ing STEM motivations of lower-secondary
school students in a sample from Turkey
according to demographic variables. In
this study, in which 1926 students from 12
provinces participated, the students’ STEM
motivations were compared according to
the variables of gender, place of residence,
grade level, school type, “mothers’ and
fathers’ education level, and family income
level. T-tests and ANOVA testing were used
in the analysis process via SPSS package
program. As a result, male students’ STEM
motivations were found to be at higher
levels than those of female students. The
STEM motivations of gifted students were
found to be higher than those of students
studying in religiously oriented education
institutions. The results also revealed that
STEM motivation is directly proportional
to the education level of the parents. The
results obtained in this study, reflecting the
general profile of STEM motivation among
students in Turkey, may guide education
policy makers, program developers, teach-
ers, prospective teachers, and researchers
on STEM education.
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Introduction

Science, technology, engineering, and mathematics (STEM) are disciplines
that are critical to the economic development of any country (NRC, 2011). STEM
education aims to encourage students to solve real-world problems, collaborate,
integrate these four disciplines (Mutambara & Bayaga, 2021), and pursue STEM
careers (Ritz & Fan, 2015; Rosenzweig & Wigfield, 2016). Demands and expec-
tations for STEM education are being expressed in Turkey as well as in reports
prepared in the United States and Europe. Examples include the “National Sci-
ence and Technology Policies 2003-2023 Strategy Document” published by the
Scientific and Technological Research Council of Turkey (TUBITAK) and the
“Demand and Expectations Research Report for Labor Force Educated in Sci-
ence, Technology, Engineering, Mathematics” published in 2014. These reports
highlight the need to make changes at all levels of the educational system in order
to train R&D personnel specialized in specific fields of science and technology,
to prepare people who have received science and mathematics education to work
successfully with future technologies and the fields of science that support those
technologies, and to educate people who can work in STEM fields with innova-
tive qualities and meet the necessary demands of those fields. According to a
report published by the Turkish Industry and Business Association (TUSIAD)
(2017), approximately 3.5 million of the 34 million jobs in Turkey in 2023 will
be in STEM fields. It is further predicted that the need for new STEM employees
will approach 1 million in the period of 2016-2023 and there will be a deficit of
approximately 31% on the basis of graduates meeting that need. According to
purchasing power parity, Turkey will be the 12th largest economy in the world
in 2030, while it is expected to be the 11th in 2050. Therefore, a properly trained
workforce is needed in STEM fields (TUSIAD, 2017). Countries are updating
their education policies to support orientation toward STEM fields. Taking into
account the relevant published reports, the Ministry of National Education
(MoNE) of Turkey updated the science curriculum in 2018 to begin implement-
ing STEM education starting from the 5th grade. The current science curriculum
aims to integrate students with mathematics, technology, and engineering and to
deal with daily problems from an interdisciplinary perspective (MoNE, 2018).
The orientation of students toward STEM fields must be supported by STEM-
based curricula in primary and lower-secondary schools (Bybee, 2013). In this
regard, an important prerequisite for STEM learning is students’ motivation for
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STEM (Maltese et al., 2014; Rosenzweig & Wigfield, 2016). STEM motivation generally tends to decrease among stu-
dents in lower-secondary school and high school (Potvin & Hasni, 2014), and one way to increase student engagement
in STEM fields is to target their motivation (Rosenzweig & Wigfield, 2016). Determining students’ STEM motivation
and the effects of different variables on that motivation level can give important clues about how STEM is applied in
lower-secondary schools. Therefore, this study aimed to contribute to the literature by providing a comprehensive
understanding of the impact of STEM motivation according to certain demographic variables.

Conceptual Framework

“Motivation” refers to someone’s desire to achieve a task or a goal. It determines success or failure in completing
any complex task (Fadzli et al., 2020). Experts believe that if students are not motivated, they perform inadequately
and are less likely to learn. In contrast, students who are motivated to learn are more likely to process the knowledge
they have acquired (Biggs & Tang, 2011), pay attention to details, and make connections between ideas (Entwistle &
McCune, 2013). Leon et al. (2015) concluded that when students feel that their schoolwork is purposeful and engaging,
and that the classroom environment and teachers are responsive and supportive, they will be independently motivated
to engage in self-regulated learning. Freeman, et al. (2015) stated that the roles of motivation and collaboration are
very important in STEM learning and performance. In addition to these studies aiming to reveal the factors affecting
motivation, Jaafar and Maat (2020) examined the relationship between STEM education and motivation within five
six important categories: non-cognitive factors, pedagogy, gender, mathematics curriculum, and socioeconomic de-
mographics. However, the studies conducted on STEM motivation to date were not conducted with large numbers of
participants. For that reason, effects on STEM motivation were examined in the present research within the categories
of STEM and gender, STEM and place of residence, STEM and grade level, STEM and school type, STEM and parental
education levels, and STEM and family income level.

STEM and Gender

It is widely agreed that women are underrepresented in STEM-related careers and that gender equality has not
been achieved in these fields (Craig et al., 2018; Ivie & Tesfaye, 2012; LeGrand, 2013; Smith, 2011), and female students
are often less interested in STEM careers than male students (Unfried et al., 2014). Chavatzia (2017) stated that women
make up only 35% of all students enrolled in STEM-related fields of study in higher education. The underrepresentation
of women in STEM fields is a problem for society, organizations, employers, and individuals, threatening the power of
global competitiveness. The underrepresentation of women in STEM fields also causes social inequality. For this reason,
it is necessary to focus on this problem and to find a solution for it (Fox et al., 2011). In short, studies have revealed that
gender is an important factor in attitudes toward STEM fields and interest in STEM careers. Women have been found
to have lower interest in these fields, especially in the case of engineering and technology aspects of STEM applications,
and women are less commonly employed in STEM environments (Murphy et al., 2007). Research conducted at the
high school level has found that male students’ attitudes toward STEM are more positive than those of female students
(Unfried et al., 2014). At the level of higher education, Xu (2008) found that men are more likely to pursue work in
STEM-related positions. Similarly, in the STEM Education Turkey Report, it is recommended that female students
be particularly encouraged to pursue education and careers in STEM fields (Akgiindiiz et al., 2015). As women are
underrepresented in many STEM fields, it is necessary to remove the barriers to girls’ early STEM participation and
to motivate more students to pursue STEM careers (Hill et al., 2010). Addressing STEM motivation in childhood is
important because positive attitudes toward STEM decline between primary and lower-secondary school and gender
differences in motivation emerge (Master & Meltzoff, 2020). Research shows that the gender disparities in STEM are
largely due to fundamental differences in motivation rather than incompetence (O’Dea et al., 2018).

STEM and Place of Residence

When variations among students according to their long-term places of residence are examined, there is a sig-
nificant difference in the interest levels of lower-secondary school students toward science, mathematics, technology,
engineering, and STEM professions, with interest levels being higher among students who have lived in provincial or
district centers for a long time (Karakaya et al., 2018). In the study conducted by Aydin et al. (2017) STEM attitude
scores of students were compared according to the city the students lived in, and a significant difference was observed
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between smaller cities and metropolitan cities. Compared to larger cities, children in smaller cities are more likely to
witness more examples from life in the natural environment outside of school relevant to the fields of science, math-
ematics, and engineering. In smaller cities, informal learning environments such as gardens or neighborhoods allow
the construction of knowledge with the leadership of the students themselves, providing a student-centered learning
environment based on inquiry, critical thinking, and problem solving (Ricks, 2006). However, the relationship between
place of residence and STEM motivation has not been adequately studied.

STEM and Grade Level

In their study, Aydin et al. (2017) examined students’ attitudes toward STEM and determined that the STEM at-
titude scores of students in the 4th, 5th, 6th, 7th, and 8th grades in their sample group revealed a significant difference
in favor of the 4th and 5th grades. This reveals that students are more interested in science, mathematics, engineering,
and technology at younger ages and their readiness for STEM applications is higher than that of older students. This
finding also coincides with the results of studies conducted by Unfried et al. (2015), and Lamb et al. (2015). This result
is further supported by the 2015 Trends in International Mathematics and Science Study (TIMSS) exam results. While
Turkey ranked first among 4th grade students stating that they liked learning mathematics very much (79%), it ranked
second among students stating that they liked learning science very much (81%). However, these rates decreased at the
8th grade level. While 52% of the students who took the exam in the 8th grade agreed “I like learning science very much,”
with Turkey ranking third in that regard, only 28% agreed “I like learning mathematics very much,” with Turkey being
ranked eleventh for that statement (TIMSS, 2016). Thus, in lower-secondary school and high school, many students’
motivation levels in different STEM subject areas decline and remain low thereafter (Rosenzweig & Wigfield, 2016).

STEM and School Type

Various exams are conducted to determine the literacy levels of students in STEM fields. The Trends in International
Mathematics and Science Study (TIMSS) is an international exam that includes questions related to STEM fields (OECD,
2013; TIMSS, 2016). The Program for International Student Assessment (PISA) exam measures 15-year-old students’
achievements in reading, mathematics, and science in OECD member countries. In the PISA exam, students are asked
questions about real-world problems while the TIMSS exam, on the other hand, consists of questions prepared on the
basis of the curriculum for students studying in the 4th and 8th grades. Considering both PISA and TIMSS exam data,
it has been determined that the type of school students attend has an effect on their exam scores. Furthermore, when
motivation levels for science education were compared between public and private schools, it was found that students
in private schools had higher levels of motivation. One of the important aims of STEM education is to incorporate ef-
forts to ensure social justice and equality. In this context, it is expected that the learning outcomes of individuals who
have received STEM education should not differ much according to the type of school attended.

STEM and Parental Education Levels

While examining the results of students’ success in STEM fields in both national and international exams, parental
education levels are also a subject of interest. Considering the 2012 PISA results, students whose parents worked in oc-
cupational fields related to science, technology, engineering, or mathematics tended to perform better in mathematics
than other students of similar socioeconomic status whose parents worked in different fields (OECD, 2013). An et al.
(2018) stated that, in general, among the socioeconomic variables of a given family, the education level of the parents
has the greatest influence on the academic achievement of the children, and the influence of family income is relatively
weaker. When families participated in the education of their children, emotional involvement was revealed to have
the greatest impact on the children’s academic STEM achievements with the ability to offset potential negative effects
brought about by other family variables.

STEM and Family Income Level
Educated parents spend more time with their children through different stages of their education than less educated

parents in activities that provide developmentally appropriate and informal educational opportunities and resources
(Chadwell, 2016). Increasing concern is being expressed about disparities in science achievement between children
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from socioeconomically disadvantaged households and their more advantaged peers (Riegle-Crumb & King, 2010).
Some studies have identified family income as the most critical variable in achievement gaps in STEM fields, and this
gap between children from high- and low-income families has been significantly increasing in recent years (Carrico et
al,, 2016). Accordingly, students of lower socioeconomic status are less likely to enroll in STEM fields than their peers
of higher socioeconomic status (Chachashvili-Bolotin et al., 2016).

Research Problem

In recent years, many studies have been carried out on STEM education. Lower-secondary school marks an
important crossroads for examining young people’s STEM motivation as students begin to make important decisions
about STEM that will shape their educational and career trajectories (Maltese & Tai, 2010; Wyss et al., 2012). However,
few studies to date have focused on these motivational processes. STEM education applications were included in the
science education program as engineering applications in the 2017-2018 academic year in Turkey. In that process, the
need for multidimensional examination of STEM education practices and student motivation levels emerged. Such
findings would make it possible to evaluate the effects of demographic characteristics on STEM motivation and examin-
ing lower-secondary school students’ expectations and values regarding STEM fields may also shed light on the STEM
motivations of young people in this critical period (Morales-Chicas et al., 2021). In this study, the STEM motivations
oflower-secondary school students in Turkey were examined. Potential differences in lower-secondary school students’
STEM motivations according to the variables of gender, place of residence, grade level, school type, mother’s education
level, father’s education level, and family income level were explored.

Research Questions

This study is thought to be important in terms of contributing conceptually and methodologically to future stud-
ies on STEM motivation in the context of demographic variables. Answers were accordingly sought to the following
questions:

1. Does gender have an effect on motivation in STEM and its dimensions?

2. Does place of residence have an effect on motivation in STEM and its dimensions?

3. Does grade level have an effect on motivation in STEM and its dimensions?

4. Does type of school have an effect on motivation in STEM and its dimensions?

5. Does educational status of the mother have an effect on motivation in STEM and its dimensions?

6. Does educational status of the father have an effect on motivation in STEM and its dimensions?

Research Methodology
General Background

The present research was carried out by using quantitative research method and relational screening model was
applied. “Quantitative research uses inquiry strategies such as experiments and surveys and collects data on predeter-
mined tools that provide statistical data” (Creswell, 2003). Screening models are research approaches that aim to describe
a past or present situation as it exists. A relational screening model, on the other hand, is a research model that aims
to determine the existence and/or degree of co-variance between two or more variables (Karasar, 2012). According to
Sukamolson (2007), survey research involves the use of a scientific sampling method with a questionnaire designed to
measure the characteristics of a particular population using statistical methods. Survey models aim to examine the co-
change occurring between at least two variables (Fraenkel et al., 2012). The present study was conducted during the spring
term of the 2021 educational year. The survey was administered to participants between January 2021 and June 2021.

Research Population/Community
Turkey consists of 7 regions and 81 provinces. In this study, an effort was made to conduct research in the largest

city of each region. The population of the study consisted of lower-secondary students studying in 12 provinces. In
this context, research was conducted in 120 schools selected randomly. The sample of the research was determined
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by random sampling method, 1926 students studying in the lower-secondary schools in the research population were
identified, and their participation in the study was ensured on a voluntary basis. The survey created for this study was
administered via Google Forms. The characteristics of the participants are listed in Table 1. The variables of gender in
two categories (girls and boys), place of residence in three categories (provincial center, district center, and village),
grade level in four categories (5th, 6th, 7th, and 8th grades), and school type in four categories (public lower-secondary
schools, private lower-secondary schools, religious [imam-hatip] lower-secondary schools, and science and art centers
for gifted students [BILSEM]) were evaluated. Imam-hatip schools provide religious education at lower-secondary
and high school levels in Turkey. BILSEMs are state institutions where gifted students receive education. Students are
admitted to these institutions based on their performances on various aptitude and intelligence tests. The education
levels of the mothers and fathers were evaluated in five categories (illiterate, primary school, lower-secondary school,
high school, university) and family income level was evaluated in six categories (750-1000 Turkish lira [TL], 1001-2000
TL, 2001-3000 TL, 3001-4000 TL, 4001-5000 TL, 5001 and above).

Table 1
Demographic Characteristics of the Participants

Variable Groups n %
Gender Girl 1064 55.2
Boy 862 447
Provincial center 1284 66.6
Place of residence District center 598 31.0
Village 44 22
5th 494 25.6
Grade level o o 282
7th 417 216
8th 471 244
Public lower-secondary school 1680 87.2
School Type Private lower-secondary school 18 0.9
Imam-hatip lower-secondary school 203 10.5
Science and art center (BILSEM) 37 1.9
Primary school 529 214
Lower-secondary school 359 18.6
Mother’s education level High school 598 31.0
University 386 20.0
Illiterate 54 2.8
Primary school 395 20.5
Lower-secondary school 317 16.4
Father’s education level High school 691 35.8
University 493 255
Illiterate 30 15
750-1000 TL 160 8.3
1001-2000 TL 204 10.5
Family income level 2001-3000L 40 280
3001-4000 TL 363 18.8
4001-5000 TL 279 14.4
5001 and above 380 19.7
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Thus, in this study, the dependent variable was STEM motivation, and the independent variables were gender,
place of residence, grade level, parental education levels, and family income level.

Ethics

Participants of the study were lower-secondary school students. All participants were asked to complete the survey
via Google Forms. All students participated in the study voluntarily as confirmed by their completion of a volunteer
participation form. The aim of the study and how the data would be used was explained to the students, and all neces-
sary information was given in the form. It was also clearly stated in the form that participants’ personal information
would not be shared with anyone.

Data Collection Tools

Two data collection tools were used in this research.

Personal Information Form: A personal information form was used to collect data on gender, place of residence,
grade level, school type, mother’s education level, father’s education level, and family income level.

STEM Motivation Scale: The STEM Motivation Scale was used to determine participants’ levels of motivation for
science, technology, engineering, and mathematics. The original scale was developed by Luo at al. (2019) as a 4-point
Likert-type scale containing 28 items. The Turkish adaptation of that scale was performed by Dénmez (2020). Explor-
atory and confirmatory factor analyses were used in adapting the scale, and the Turkish version of the scale consists of
4 dimensions and 25 items. The reliability coefficient of the scale was calculated as 0.84.

Data Collection Process

Since face-to-face education was not being carried out due to the COVID-19 pandemic, the data collection tools
were administered to students online. An ethics report on the implementation of this research was obtained from Mus
Alparslan University and submitted to the MoNE, which granted approval for the implementation of the research. That
approval was presented to school directorates that were randomly selected. School principals forwarded the form to
teachers, who asked students to participate in the research voluntarily:

Dear participants, this scale has been prepared to examine your motivation and career interests in the fields of science,
technology, engineering, and mathematics (STEM). Your answers will be used for the purposes of scientific study. Thank
you for your participation and your time.

Data Analysis

Data obtained online were converted into Excel format and then processed in SPSS. The obtained data were
subjected to normality testing. The Kolmogorov-Smirnov value was calculated as p< .05. The skewness value was -230
and kurtosis was calculated as 350. A value of skewness - kurtosis between -1.0 and +1.0 indicates that the data are
normally distributed (Hair et al, 2013). It was accepted that the data showed a normal distribution. For this reason,
parametric tests were preferred. The t-test was used to determine the effect of gender on STEM motivation. ANOVA
testing was used to compare the effects of place of residence, grade level, school type, mother’s education level, father’s
education level, and family income level on STEM motivation. The data were analyzed using the free version of the
SPSS 23 package program.

Research Results
STEM Motivation and Gender

Table 2 shows the t-test results for girls and boys related to motivation in the fields of science, technology, engi-
neering, and mathematics. There is a significant difference in favor of boys in the technology dimension (t = -3.199, p
<.05,12 = 0.005) and the engineering dimension (¢ = -5.928, p < .05, n2 = 0.001). There is no significant difference in
the dimensions of science and mathematics. For overall STEM motivation (t = -2.331, p < .05, n2 = 0.003), there was
again a significant difference in favor of male students. In Table 2, S, T, E, and M are given to describe the dimensions
of the STEM field (science, technology, engineering, and mathematics).
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Table 2
The t-test Results of Participants by Gender

Group S T E M STEM Motivation
Girls 2.70 2.92 213 2.70 2.65
Boys M 2.67 3.00 2.34 2.68 2.70
t 1.190 -3.199 -5.928 0.704 -2.331
p 23 .01 .001 48 .02
n2 0.001 0.005 0.018 0.00 0.003

Note: *S, T, E, and M: Science, technology, engineering, and mathematics.

STEM Motivation and Place of Residence

As seen in Table 3, in the science dimension (F = 4.248, p < .05, n2 = 0.004) and in the technology dimension
(F=4.491, p <.05,n2 =0.005), there was a significant difference in favor of those living in provincial centers. This signi-
ficant difference in favor of those living in provincial centers was observed for all areas of STEM motivation (F = 4.018,
p <.05,12 = 0.004). There is no difference in the engineering and mathematics dimensions.

Table 3
ANOVA Table for STEM Motivation among the Participants according to Place of Residence

Group S T E M STEM Motivation
Provincial center 2.71 298 2.24 2.71 2.69
District center M 2.65 2.92 220 2.64 2.63
Village 2.57 2.82 213 2.7 2.59

F 4.248 4.491 0.787 2.642 4.018
p .01 .01 45 .07 .01
n2 0.004 0.005 0.001 0.003 0.004

Note: *S, T, E, and M: Science, technology, engineering, and mathematics.
STEM Motivation and Type of School

Table 4 presents the ANOVA results regarding the STEM motivations of the participants according to school type.
Significant differences were seen among science motivation (F = 3.678, p < .05, n2 = 0.008), technology motivation
(F=3.497, p < .05, n2 = 0.007), and overall STEM motivation (F = 3.489, p < .05, n2 = 0.007), with motivation levels
being higher among BILSEM students and lower among students of imam-hatip schools. No significant differences
were found for engineering and mathematics motivation.

Table 4
ANOVA Table for STEM Motivation among the Participants according to School Type

Group S T E M STEM Motivation
Public lower-secondary school 2.70 297 2.23 2.69 2.68
Private lower-secondary school 2.73 297 2.21 2.79 2.1
Imam-hatip lower-secondary school " 2.57 2.86 212 2.63 2.57
Science and art center (BILSEM) 2.89 3.00 2.61 2.90 2.87
F 3.678 3497 2187 1.215 3489
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p .001 .001 .06 30 .001
n2 0.008 0.007 0.005 0.003 0.007

Note: *S, T, E, and M: Science, technology, engineering, and mathematics.
STEM Motivation and Grade Level

Table 5 presents the ANOVA results for STEM motivation levels among students in the 5th, 6th, 7th, and 8th
grades. Significant differences existed for science motivation (F = 7.333, p < .05, n2 = 0.011), engineering motivation
(F=3.596, p <.05,n2 = 0.006), mathematics motivation (F = 3.955, p <.05, n2 = 0.006), and overall STEM motivation
(F =4.033, p < .05, 12 = 0.006). The science motivation of students in the 6th and 7th grades was higher than that of
students in the 5th and 8th grades. The engineering motivation of students in the 5th grade was higher than that of all
other considered grade levels. The mathematics motivation of students in the 6th grade was higher than the motivation
of students in the 8th grade. When overall STEM motivation is considered, the scores of students in the 5th grade were
the highest among all considered grade levels.

Table 5
ANOVA Table for STEM Motivation among the Participants according to Grade Level

Group S T E M STEM Motivation
5th 2.27 2.95 2.31 2.7 2.71
6th 2.69 2.94 2.24 2.73 2.68
7th M 2.68 2.99 2.20 2.72 2.68
8th 2.61 2.96 2.21 2.60 2.60
F 7.333 0.814 3.596 3.955 4.033
p 0.001 0.48 0.01 0.001 0.001
n2 0.011 0.001 0.006 0.006 0.006

Note: *S, T, E, and M: Science, technology, engineering, and mathematics.
STEM Motivation and Mother’s Education Level

Table 6 presents the ANOVA results for participants’ STEM motivations according to maternal education levels.
Significant differences can be observed for science motivation (F = 4.954, p <.05, N2 = 0.010), engineering motivation (F
=3.195, p <.05,n2 = 0.007), and overall STEM motivation (F = 2.427, p < .05, 2 = 0.04), while there are no significant
differences in students’ levels of motivation for technology or mathematics. These findings show that overall STEM
motivation increases as the level of the mother’s education increases.

Table 6
ANOVA Table for STEM Motivation among the Participants according to Mother’s Education Levels

Group S T E M STEM Motivation
Illiterate 2.66 2.90 2.39 2.70 2.68
Primary school 2.64 2.94 2.18 2.67 2.64
Lower-secondary school M 2.67 297 2.27 2.69 2.68
High school 2.68 2.95 2.18 2.68 2.66
University 278 2.98 2.31 273 273

F 4.954 0514 3.195 0.477 2427
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Group S T E M STEM Motivation
p .001 12 .01 75 .04
n2 0.010 0.001 0.007 0.001 0.005

Note: *S, T, E, and M: Science, technology, engineering, and mathematics.
STEM Motivation and Father’s Education Level

Table 7 presents the ANOVA results for participants’ STEM motivations according to paternal education levels.
Significant differences were identified for science motivation (F = 5.976 p < .05, n2 = 0.012), mathematics motivation
(F =3.041, p < .05, n2 = 0.006), and overall STEM motivation (F = 3.070, p < .05, n2 = 0.006), but not for technology
or engineering. These findings reveal an association between higher levels of paternal education and higher levels of
STEM motivation.

Table7
ANOVA Table for STEM Motivation among the Participants according to Father’s Education Levels

Group S T E M STEM Motivation
Illiterate 2.67 2.82 2.24 2.78 2.65
Primary school 2.63 2.96 218 2.65 2.63
Lower-secondary school M 2.60 2.93 2.19 2.64 2.63
High school 2.7 297 2.22 2.67 2.68
University 2.76 2.96 2.29 2.77 2.72

F 5976 0.985 1.512 3.041 3.070
p .001 41 19 .01 .01
n2 0.012 0.002 0.003 0.006 0.006

Note: *S, T, E, and M: Science, technology, engineering, and mathematics.
STEM Motivation and Family Income Level

Table 8 presents the ANOVA results for participants’ levels of STEM motivation according to family income level.
There are significant differences in the levels of science motivation (F = 2.654, p < .05, n2 = 0.007) and mathematics
motivation (F = 3.026, p < .05, 2 = 0.008), with motivation in those areas increasing as family income increases. No
significant differences are observed, however, for technology, engineering, or overall STEM motivation.

Table 8
ANOVA Table for STEM Motivation among the Participants according to Family Income Levels

Group S T E M STEM Motivation
750-1000 TL 2.68 2.95 2.31 2.69 2.68
1001-2000 TL 2.64 2.95 2.25 2.64 2.65
2001-3000 TL " 2.65 2.94 2.16 2.68 2.64
3001-4000 TL 2.68 2.96 2.24 2.69 2.68
4001-5000 TL 2.70 2.96 2.20 2.60 2.65
>5000 TL 2.76 2.97 227 2.79 2.73

F 2.654 0.202 1.520 3.026 1.953
.02 .09 18 .01 .08
n2 0.007 0.001 0.004 0.008 0.005

Note: *S, T, E, and M: Science, technology, engineering, and mathematics.
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Discussion

With this study, it has been demonstrated that students’ STEM motivations differ according to gender, place of
residence, school type, grade level, and parental education levels, but they do not change significantly according to fam-
ily income level. STEM motivation levels among female students were found to be lower than those of male students in
this study. As girls’ enthusiasm (Unfried et al., 2015) and career interests (Unlii & Dokme, 2020) in STEM fields tend
to be lower, intervention programs should be organized for girls. Female students may react more strongly to such in-
terventions than male students because they may need more motivational support in these areas due to societal beliefs
(Rosenzweig & Wigfield, 2016). Shin et al. (2018) conducted a study with Korean and Indonesian secondary students
regarding their career motivations in STEM. They found that the Korean students” gender differences in STEM career
motivation were larger than those of the Indonesian students. While the previously observed differences in motivation
in favor of male students in the fields of science and mathematics seem to have disappeared, a difference in favor of
male students was still observed here in the fields of technology and engineering. The lack of motivation among female
students in the fields of technology and engineering may also affect their future career orientations.

For nearly 20 years, mathematics and science achievements were not seen to differ significantly between rural
students and non-rural students in national assessments (Anderson & Chang, 2011; Showalter et al., 2017). However,
in the present study, a significant difference was observed in students’ science motivations according to the family’s
place of residence, with STEM motivation being lower among students living in rural areas than among those living
in cities. Other research conducted in Turkey revealed that career interests also differ between rural and urban stu-
dents (Karakaya et al., 2018). Decreased STEM motivation among students in rural areas is likely due to problems in
accessing resources as a result of regional income inequalities in Turkey. Morris et al. (2021) found results similar to
those of the current study. In order to enhance rural students’ knowledge of and engagement in STEM, they created a
local rural knowledge model. They reported that knowledge was retained better with learners’ engagement in STEM
through authentic learning experiences and students also engaged more with the wider community during this process.
Previous research has furthermore shown that success in STEM fields is more likely to be attributed to gifted status or
innate intelligence than success in many other fields (Storage et al., 2016). In the present study, the STEM motivations
of gifted students were found to be higher than the motivation levels among other students. The STEM motivations of
students enrolled in religiously oriented educational institutions were significantly low. Given that religion and science
may have a contentious relationship in both popular discourse and personal opinion, religious affiliation may potentially
have a negative impact on students’ STEM motivations (Rodriguez et al., 2019).

Students’ motivation levels in STEM disciplines have been found to decrease over time (Robinson et al., 2019). Simi-
larly, in this study, a significant decrease in STEM motivation occurred as grade level increased. This decrease in motivation
puts older students at risk of lower STEM achievement, which may in turn affect their decisions about taking advanced
STEM courses later in their education (Maltese & Tai, 2010; Wang & Eccles, 2013). Therefore, it is recommended that the
intensity of STEM intervention programs be increased as the grade level increases. Although many STEM interventions
focus on teaching practices in traditional classrooms, the roles that informal settings such as museums and zoos can play
in engaging and motivating the next generation of STEM professionals are also of considerable interest (Johnson et al.,
2015). Based on this conclusion, it can be said that out-of-school learning activities directly related to STEM education
can be conducted to provide STEM motivation both during and after learning and teaching processes. Science centers,
industrial institutions, scientific laboratories, zoos, and planetariums can be given as examples of places where STEM
activities are carried out. In this context, it should be ensured that students benefit from such places.

In the literature, there are some studies reporting that families with higher levels of parental education are more
effective in terms of the permanence of students’ interest and success in STEM fields (Dubow et al., 2009; Gayles &
Ampaw, 2011). Chachashvili-Bolotin, et al. (2016) stated that students with lower socioeconomic backgrounds, as ref-
lected by lower parental education and family income, expressed lower levels of interest in STEM areas than students
with higher socioeconomic backgrounds. In this study, it was similarly determined that STEM motivation increased
significantly as the education levels of the parents increased. The reason for this may be that parents with higher levels
of education are more interested in their children’s academic pursuits and serve as better educational role models. Ho-
wever, there was no significant relationship between family income level and STEM motivation in this study. Similar
results were obtained by some authors (Dubow et al., 2009), but other studies found that students from families of low
socioeconomic status were less likely to take STEM courses in high school (Chachashvili-Bolotin et al., 2016). For this
reason, future research should investigate the barriers that prevent students from low socioeconomic backgrounds
from enrolling in STEM courses.
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Conclusions

In the survey conducted for this work with a large sample of lower-secondary school students in Turkey, important
results regarding STEM motivation were obtained. The results showed that male students had more STEM motivation
than girls. In addition, when the dimensions of STEM were examined, it was seen that the motivation levels of female
students in the science and technology dimensions were lower. Considering that students’ sustained motivations are
effective in STEM career development, policymakers and program developers should focus on educational content
that will support STEM motivation.

It was seen in this study that place of residence affected students’ STEM motivations. Students residing in city
centers had higher levels of STEM motivation, suggesting that students in urban areas may enjoy more educational
opportunities in their schools. This finding furthermore reflects the realities of inequality in educational opportunities
among city centers, districts, and villages in Turkey. For this reason, intervention programs for students studying in
rural areas are needed.

It was furthermore seen that the school types of the participating students affected their levels of motivation for
STEM and its dimensions. It seems that religiously oriented educational processes have a particularly negative impact
on STEM motivation. Therefore, it is necessary to increase the STEM educational content for students who are receiv-
ing religious education. On the other hand, the high levels of STEM motivation among gifted students may be due to
individual differences. This could also be considered a result of the educational opportunities supported by the strong
infrastructure and plentiful equipment in specific schools for gifted students in Turkey.

As grade level increased, a general decrease in STEM motivation was seen in this work, and it can be expected
that students’ future orientations toward STEM fields will suffer accordingly. Considering both other studies conducted
elsewhere in the world and previous reports prepared in Turkey, the decrease in students’ orientations toward STEM
careers in correlation with grade level may be attributed to the nature of the exam-oriented education system with a
failure to properly address students’ STEM interests and needs.

In light of the results outlined here, it is suggested that future studies focus on supportive activities to determine
and boost the STEM motivations of teachers who work with or will be working with students of different demographic
groups.

Limitations and Recommendations

Several limitations should be considered while interpreting the findings of this study. First, this research is limited
to the data obtained from 1926 students receiving formal education in 12 provinces of Turkey. Future research should be
carried out with more participants from other provinces of Turkey to increase the validity and reliability of the present
findings. Second, in the context of school type, the lower numbers of students attending imam-hatip lower-secondary
schools and science and art centers (BILSEM) compared to other school types is another limitation of this work. Fu-
ture studies should strive to diversify the types of schools and include more students from each school type. Third, an
online questionnaire was used in the data collection process due to the COVID-19 pandemic. Therefore, students who
did not have internet access could not participate in this research. Finally, this study has provided general information
based on quantitative research methods. To obtain more detailed information about STEM motivation levels over time,
a multidimensional perspective should be provided by supporting quantitative data with qualitative data.
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