
Original Research

SAGE Open
July-September 2025: 1–15

� The Author(s) 2025
DOI: 10.1177/21582440251382631

journals.sagepub.com/home/sgo
The Effect of Robotics and Coding
Education on Girls’ STEM Motivation,
Attitude and Career Aspirations

Salih G€ulen1 , _Ismail Dönmez1 , Fatma Bet€ul Sxengön€ul1 ,
Miyase Aslantasx1 , Turgut Saritasx2 , Ömer Sukenari2 , Emrah Eke2 , and
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Abstract
STEM education aims to develop 21st-century skills, support economic growth and promote gender equality in STEM fields.
It is known that gender stereotypes play a significant role in the formation of STEM identity. The most important factor pre-
venting some high school-level female students from pursuing STEM careers is their lack of participation in STEM activities.
Female students in high schools have limited opportunities to explore or learn about STEM careers due to the emphasis on
verbal and religious courses in their curriculum. However, it is known that women can work more autonomously in scientific
activities compared to men. The current study examines the effect of robotics and coding education on the development of
girls’ STEM careers. The study was conducted at an all-girls high school in Turkey, where the curriculum is predominantly
centered on verbal and religious subjects. In the study, a pre-test and post-test experimental design with control group was
used. A total of 76 volunteer female students (34 in the experimental group and 42 in the control group) participated in
robotics and coding education over a period of 12 weeks. The data were collected using the validated STEM career, motiva-
tion and attitude scales and analyzed using t-tests, ANOVA and Pearson correlation. The findings revealed that robotics and
coding training significantly improved the participants’ STEM career aspirations, attitudes and motivations. A strong positive
correlation was found between career interest, attitude and motivation. The study also showed that STEM career scores are
significantly higher among students who wish to become teachers compared to those considering a career in the fields of
health or engineering. However, no significant correlation was found between the participants’ parents’ education levels, fam-
ily income and STEM career aspirations.

Plain language summary

How Robotics and Coding Help High School Girls Become More Interested in Science, Technology, and
Future Careers

This study explores how learning robotics and coding can help high school girls become more interested in science,
technology, engineering, and math—often called STEM. The research took place in a girls-only high school in Turkey,
where students usually focus on religious and humanities subjects. Because of this, they often have little chance to learn
about or explore STEM topics. A group of students joined a 12-week robotics and coding program, while another
group continued with their regular classes. Before and after the program, both groups completed surveys that measured
their interest, motivation, and attitudes toward STEM and future careers. The results showed that the girls who
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participated in the robotics and coding activities became more motivated, had more positive attitudes, and showed
greater interest in STEM careers compared to those who did not join the program. Interestingly, students who said
they wanted to become teachers had the highest increase in interest toward STEM careers. The study also found that
a student’s family income or parents’ education level did not make a difference in how much they improved. This
research shows that even in schools where STEM is not normally taught, hands-on activities like coding and robotics
can help girls discover new interests and build confidence in areas like science and technology. It suggests that giving all
students—especially girls—access to fun and practical STEM experiences can help close the gender gap and open new
career paths.
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Introduction

STEM is an educational approach that integrates sci-
ence, technology, engineering and mathematics (Kelley
& Knowles, 2016). STEM education aims to contribute
to the economic development of societies, develop 21st-
century skills, raise awareness and recognition of STEM
disciplines, promote gender equality in STEM fields and
encourage the use of STEM skills in everyday life (Lin
et al., 2022; Liu et al., 2014). In order for individuals to
achieve these goals, they must participate in STEM
activities (G€ulen, & Dönmez, 2021; Hanson & Krywult-
Albańska, 2020).

Women’s involvement in STEM fields is low on a
global scale (UNESCO, 2024). For example, in the
United States, the proportion of women in engineering
and computer science is below 20% (National Science
Foundation [NSF] & National Center for Science and
Engineering Statistics, 2023). In India, 42% of STEM
graduates are women, but the labor force participation
rate is low among women (Amirtham & Kumar, 2023).
In Europe, although the proportion of female research-
ers varies by country, gender inequality persists, espe-
cially in the fields of technology and engineering
(European Commission, & Directorate-General for
Research and Innovation, 2021). Female representa-
tion in STEM fields is low worldwide and women stay
away from these fields due to gender roles (Amirtham
& Kumar, 2023; Sharma, 2023).

Research showed that there are certain structural
and cultural barriers that prevent women from pursu-
ing careers in STEM fields. These barriers include gen-
der stereotypes (Sattari & Sandefur, 2018), low self-
confidence and self-efficacy perception (Fisher et al.,
2020), family and teacher expectations (Sainz &
M€uller, 2017), lack of role models (Boateng &
Sharman, 2017), traditional division of labor and car-
ing responsibilities (Xu, 2016) and STEM professions
being generally considered ‘‘male professions’’
(Schlesinger & Richert, 2019).

Many efforts are underway worldwide to encourage
woman to pursue STEM careers, persist in these fields
and develop STEM identities (McKinnon, 2022). There
is a need for specialized efforts to develop STEM identity
among women, particularly by drawing on current and
technological developments.

Robotics and coding education is of critical importance
especially for female students as it offers the opportunity
to directly experience the technology and engineering com-
ponents of STEM education. Women’s participation in
these fields is limited due to lack of self-confidence, self-
efficacy and professional awareness (K€ucx€uk & Sxisxman,
2020; Yabas et al., 2022). Robotics and coding activities
contribute to the development of STEM identity in female
students by enabling them to learn abstract STEM con-
cepts with concrete tools. Especially hands-on activities
create a positive perception that women can take an active
role in STEM fields.

The purpose of the current study is to examine the
effect of robotics and coding education on female stu-
dents’ STEMmotivation, attitudes and career aspirations
at a girls’ high school with a curriculum heavily focused
on verbal and religious subjects. The study aims to evalu-
ate the effect of technology-based interventions in terms
of increasing female participation in STEM fields. In this
respect, the study can provide guiding data for student
groups with similar socio-cultural contexts and contrib-
ute to the shaping of educational policies towards gender
equality. Thus, the study is a focused and inclusive inter-
vention that includes positive discrimination to ensure
equality.

The school where the study was conducted is a public
high school that provides education only to female stu-
dents. The curriculum of this school puts greater empha-
sis of verbal and religious subjects.

Women and STEM

In Turkey, women’s education has been shaped by core
courses within a numerical and verbal framework, like
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men’s, along with other courses that are organized
around these core courses. As a result of the education
given within the framework of these courses, women
generally enter the workforce by choosing professions
that are distant from STEM disciplines. Female students
enrolled in schools with a humanities-based curriculum
generally focus on courses that prioritize verbal skills
and religious studies (MoNE, 2020). This naturally
reduces opportunities to explore or learn about STEM
careers. However, it is known that women can work
more autonomously in scientific activities compared to
men (Modrek et al., 2021). Although it has been deter-
mined that women exhibit low self-efficacy toward
STEM disciplines (Fisher et al., 2020), this is not related
to their actual self-efficacy. It is related to the limited
opportunities to explore and gain experience in STEM
disciplines. In fact, it is known that as women gain expe-
rience in these disciplines, they are more likely to choose
qualified STEM careers (Dönmez & G€ulen, 2021).

Societal Perspective

A STEM career can be shaped by societal and cultural
values, as well as individuals’ own abilities, interests and
the role models in their environment (G€ulen, 2019;
Johnson et al., 2019). In general, when it comes to STEM
disciplines, they are initially perceived as male-dominated
professions or identities (Sattari & Sandefur, 2018).
Factors such as women often being encouraged to prefer
or directed towards domestic tasks also play a role in this
perception (Tasx & Bozkurt, 2021). However, it should be
noted that women’s work in any discipline does not mean
that they are freed from responsibilities related to domes-
tic tasks. Therefore, supportive privileges should be
granted to working women in society (Xu, 2016). It
should also be noted that traditional gender norms have
an impact on STEM identities (Vleuten et al., 2019). For
these reasons, it is necessary to address the issue of gen-
der inequality in societies to foster the development of
women’s STEM discipline identities (Ro et al., 2021).
This inequality cannot be eliminated overnight, nor is
STEM identity a topic that can be simply explained to
women and this is more difficult in societies where cul-
tural and social norms are too suppressive. Women
should be provided with opportunities to learn about
STEM disciplines (Carlone & Johnson, 2007; G€ulen &
Yaman, 2019) and these opportunities should be pro-
vided from an early age onward (Heybach & Pickup,
2017). It has been observed that educational robotic
applications have been widely used in the world in recent
years, especially to spark children’s interest in STEM at
an early age (K€ucx€uk & Sxisxman, 2020).

In Turkey, due to the dominant social perspective,
women are still seen as housewives, babysitters or maids

(Tasx & Bozkurt, 2021). For example, a study found that
male students studying in high school still think that
women’s place is only in the home (Cosxkun & Sxent€urk,
2010). Although there has been an increase in the number
of women pursuing education compared to the past,
many still choose single-sex schools, often leading them
towards traditionally female-dominated professions (Tasx
& Bozkurt, 2021). However, it is evident that some high
schools, particularly those with a religious focus, have
curricula that are distant from STEM disciplines. Indeed,
the courses offered in these schools often have either
humanity or a religious focus (MoNE, 2021). By selecting
elective courses that emphasize STEM subjects, students
in these schools can be better prepared for STEM
careers. For students to choose these elective courses, it is
crucial to provide comprehensive information about
STEM education to female students and their parents. It
is believed that providing STEM education information
to both students and their teachers, followed by robotics
and coding activities, can foster STEM career awareness
among female students.

Selective Trust

Although the preference for disciplines in STEM educa-
tion is linked to academic achievement, an individual’s
beliefs or emotional state also play a role in this prefer-
ence (Dönmez et al., 2021; Sakellariou & Fang, 2021).
Besides academic achievement, there are internal and
external factors that influence the STEM identities of
women and men (Sainz & M€uller, 2017). Individuals’
confidence in themselves or their gender plays a signifi-
cant role in making any choice. Every individual in soci-
ety has a perception of selective trust. Selective trust
refers specifically to the perceived values regarding which
gender is associated with a particular profession (Harris
& Corriveau, 2011; Taylor, 2013). For example, research
has found that most women associate the profession of
‘‘engineering’’ with the concept of masculinity
(Schlesinger & Richert, 2019). It is believed that this situ-
ation will change because of STEM awareness education
programs targeted at women. It is aimed that women’s
selective trust will change after activities that will help
them get to know STEM, learn about STEM professions
and actively participate in STEM education programs.
Women should be provided with opportunities to benefit
from these activities at similar rates to men. Moreover, it
is necessary to examine the job opportunities available to
men and women in a developing and industrializing soci-
ety (Hagglund & Leuze, 2020). Since women participat-
ing in STEM programs are more likely to choose a
STEM discipline (Shahbazian, 2021), activities should be
organized to promote STEM in society and facilitate
career development in the related field. With the

G€ulen et al. 3



presence of STEM disciplines in everyday life, it is
believed that women, like men, will be able to use these
disciplines or interact with them (Schmuck, 2017).

STEM and Technological-Robotic
Developments

The technology aspect of STEM education is supported
by rapid global developments, the necessity for societies
to renew themselves and the formation of innovation
skills. The technological advancements occurring world-
wide, the need for societies to renew themselves and the
demand for innovation skills are driving the growth of
STEM education. Software, coding and robotics studies
are constantly being updated. Introducing future genera-
tions to technology during their school years and
enabling them to learn coding, develop simple software
and create technological and robotic products will shape
their perceptions of future professions (Tasx & Bozkurt,
2021). Although women show less interest in coding,
software development and robotics compared to men,
these subjects are generally well-received by students
(K€ucx€uk & Sxisxman, 2020). In general, schools serve as the
primary environment for hands-on experience for stu-
dents who lack access to technological and robotic tools
outside the school due to their families’ income level and
educational background. Especially for female students,
access to technological and robotic tools is highly limited
due to their involvement in various household chores
and societal perspectives. Therefore, the experiences they
gain in the school environment are extremely important
for self-discovery and developing professional competen-
cies. Women should be introduced to robotics and cod-
ing within the scope of STEM education programs.

Schools with a Curriculum Focused on
Verbal or Religious Subjects

Student enrolment in schools with a curriculum focused
on verbal or religious subjects is carried out based on the
requests of parents and students, following consultations
with experts, parents and students. Although there are
differences, it can be said that these schools are some-
times chosen based on the student’s decision, sometimes
the parent’s and sometimes the joint decision of both
(Cxınar, 2018; Eriklioğlu, 2019; Sarı, 2021). Parents pri-
marily choose these schools because of their focus on
instilling religious and moral values in students (Kara,
2017). Students who graduate from middle schools
choose these schools for reasons such as the scores they
receive from the central exam (especially high scores)
being sufficient to enroll in these schools or the student
not wanting to go to low-quality schools (Karadeveci,
2020). Students attending these schools have the same

rights and freedoms as other students attending other
types of schools to pursue the careers of their choice.
However, one of the goals of these schools is to meet the
society’s need for imams and female imams. However, as
one imam or female imam may be sufficient for a village
or neighborhood, the issue of finding jobs for the many
students graduating each year arises. Indeed, there are
approximately 10,000 academics and 150,000 students
engaged in religious studies at the higher education level
in Turkey (Gencx, 2018). In addition, according to 2019
data, 761,785 students are enrolled in Imam Hatip mid-
dle schools, while 498,002 students are attending Imam
Hatip high schools. Moreover, according to 2019 data, it
is known that only 17% of the approximately 36,000
Imam Hatip high school graduates who applied to a
bachelor’s program were accepted (Emiroğlu, 2021).
This situation also creates difficulties in finding employ-
ment and establishing a career. The current study aims
to measure the interest of students attending schools
with a curriculum heavily focused on verbal and religious
subjects in the fields of coding and STEM. In addition,
while there are approximately 18 hr of religious-oriented
lessons in the 11th and 12th grades of such high schools,
there are no courses related to STEM disciplines in their
verbal sections (MoNE, 2020, 2021).

It is known that after students are introduced to
STEM and their awareness is raised, their level of inter-
est in STEM increases. It has been determined that the
implementation of STEM activities contributes to an
increase in interest in STEM careers. It has been deter-
mined that the increase in an individual’s preference for
STEM professions is parallel to the increase in both
STEM-related in-school and out-of-school activities
(Dönmez, 2021). Women need to get to know STEM,
develop STEM identities and gain information about
career groups (Farrell & McHugh, 2020). In addition to
traditional gender-specific career experiences, gaining
exposure to professions typically associated with the
opposite sex is essential. Moreover, the influence of
women’s close circles is significant in the formation of
STEM identities. Having a role model within the family
or immediate social circle positively contributes to the
development of a STEM identity among women
(Boateng & Sharman, 2017; Johnson et al., 2019). In
addition, it is known that STEM programs implemented
in science centers, STEM schools or application centers
can increase the likelihood of women choosing a STEM
discipline (Shahbazian, 2021). For these reasons, it is
essential for women to gain experience through STEM
activities and participate in events aimed at career
development.

The curriculum of schools with a heavy focus on ver-
bal and religious subjects, societal attitudes toward
women, selective trust and rapid advancements in
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robotics and coding are leading women to question their
career paths. In addition to contemporary and demo-
cratic policies, it is an undeniable fact that women have
as much of a powerful impact as men in the rapidly
developing world. Therefore, women should be encour-
aged to take the lead in participating in the career devel-
opment processes within STEM disciplines.

Significance of the Study

STEM education aims to develop 21st-century skills such
as critical thinking, problem solving and creative produc-
tivity in students. It aims to contribute to gender equality
by increasing the active participation of women in this
field. However, due to traditional gender roles, school
curriculum content and inequality of opportunity, many
female students are kept away from STEM disciplines.
This situation negatively affects both individual career
development and the economic and technological devel-
opment of countries.

Although the positive effects of robotics and coding
education programs aimed at increasing awareness and
attitudes towards STEM have been proven in the current
literature, the majority of these studies have been con-
ducted in co-educational environments or in schools that
already implement numerically-focused curricula.
However, for students attending girls’ high schools in
Turkey, where social gender roles are more pronounced
and the curriculum is verbally and religiously oriented,
such technological education opportunities are quite lim-
ited and have not been sufficiently studied.

The current study aims to address this gap by experi-
mentally examining the effects of robotics and coding
education implemented in a girls’ high school with a
verbal and religiously oriented curriculum on STEM
attitudes, motivation and career aspirations. The study
is also unique in that it focuses on a group of students
with low socioeconomic status and limited access to
technology. The findings may contribute to the devel-
opment of applicable educational policies aimed at
reducing gender inequality in STEM fields, as well as
providing a model intervention for student groups in
similar circumstances.

Purpose of the Study

The main purpose of the current study is to examine the
effect of robotics and coding training on girls’ STEM
motivation, attitudes and career aspirations. To this end,
the answers to the following research questions were
sought.

1. Does the robotics and coding training create a
significant difference in girls’ STEM motivation,
attitudes and career aspirations?

2. Is there a significant correlation between STEM
attitudes, motivation and career aspirations and
participant variables (parents’ education levels,
income and intended profession) after the imple-
mentation of the robotics and coding training?

3. What is the correlation between the changing
STEM attitudes, motivation and career aspira-
tions as a result of the robotics and coding
training?

Method

The study employed a pre-posttest experimental design
with a control group. Experimental designs are interven-
tion studies focused on the solution of the research prob-
lem in a controlled way. The effectiveness of the method
used to address the research problem is examined among
randomly selected identical groups (B€uy€uközt€urk, 2009;
Cxepni, 2010).

Research Process

The implementation phase of the study was planned to
last 12weeks, two class hours each week. The activities
were conducted by experts and experienced researchers
in the field of education (Those who have previously
received training in robotics and coding, participated in
projects and have academic work).

Table 1 shows the activities conducted within the
scope of the robotics and coding training. The activities
were conducted in the school’s computer lab (The com-
puters were checked before the training and the Mbot
coding program was installed).

The 12-week robotics and coding training program
implemented in this study aimed to address the four
components of STEM education—science, technology,
engineering and mathematics—in an integrated manner.
The training process was structured in line with the basic
principles of STEM education. Each weekly activity was
linked to a specific STEM component. The aim was for
students to connect theoretical knowledge with real-life
problems.

Science: During the work with Mbot robots’ sensors,
movement mechanisms and light/distance sensors, stu-
dents experienced basic physics principles (motion, light,
distance, speed, etc.) in a practical way.
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Technology: Through the software used in the coding
process (mBlock, block-based programming), students
developed digital thinking skills and gained the ability to
create algorithms and solve problems using technology.

Engineering: Students applied the engineering design
process (planning, prototyping, testing) in the design of
the robot, the integration of functional parts and task-
based problem solving stages to solve the given tasks.

Mathematics: Mathematical concepts such as loops,
variables, angles, time and distance were used while coding.

In addition, weekly sessions included awareness activ-
ities related to STEM professions. Each week, students
were asked to evaluate the solution process from a
STEM perspective. In the second week of the training,
information was provided about STEM professions and
interdisciplinary relationships and in the following
weeks, each task was carried out in relation to at least
one STEM component.

This integrated approach ensured that the robotics
and coding process was not limited to imparting techni-
cal coding skills. It also contributed to the development
of students’ attitudes towards and interest in STEM dis-
ciplines. The educational process was structured to
develop a STEM identity, with the aim of helping stu-
dents internalize scientific thinking and engineering
design processes through coding.

The control group did not receive any intervention.
This group worked in line with the school’s routine curri-
culum and did not participate in any special STEM activ-
ities. They only completed the pre-test and post-test
scales during the research period.

Sample

The study was conducted at a girls’ public high school in
X province (all the participants are female). Parental
consent and institutional approval were obtained before
the study. A total of 76 ninth and tenth-grade students
participated in the study on a volunteer basis. Most of
the students live in the dormitory, meaning they receive
education as boarding students. Of these students, 34
were assigned to the experimental group (a group con-
sisting of those staying in the dormitory, as the training
sessions took place after classes), and 42 were assigned
to the control group. Before the activities were com-
pleted, two students voluntarily left the experimental
group. This high school accepts only girls based on cen-
tralized exam scores. All students admitted to the school
fall within a certain score range and demonstrate acade-
mically homogeneous scores. Additionally, none of the
participants had any previous STEM experience. Almost
all the students’ families are involved in agriculture and
animal husbandry and have similar socio-economic char-
acteristics. The table below presents some demographic
data of the participants.

Table 2 presents the educational levels of the partici-
pants’ parents and the family incomes (50,000 TL is
approximately 1375 USD). One important point here is
that 1.35% of the students’ fathers and 16.22% of their
mothers are illiterate. None of the mothers have received
university or graduate-level education. Finally, none of
the participants’ family incomes exceed 100,000 TL. In
addition, the careers that the participants are considering
for the future were determined. According to this,
41.89% of the participants are considering careers in
health sector (doctor, nurse, midwife, dentist, etc.),
13.51% in engineering (construction, software, mechani-
cal, etc.), 17.57% in law (judge, prosecutor, lawyer, etc.),
17.57% in teaching (classroom, science, physics, etc.)
and 9.46% in other professions (translation, police, etc.).

Data Collection Tools

In the current study, the STEM motivation, STEM atti-
tude and STEM career scales, for which permission was
obtained from the authors and reliability and validity
studies had been conducted, were used. The same scales
were used in the pretest and posttest.

STEM Motivation Scale (SMS); The original scale
was developed by Luo et al. (2019) to have 28 items
using a Likert type. The scale is a 4-point Likert scale
with the response options ‘‘Often (4),’’ ‘‘Sometimes (3),’’
‘‘Very little (2),’’ ‘‘Never (1).’’ As a result of the reliability
and validity studies of the scale adapted to Turkish by
Dönmez, 2020, the number of items was reduced to 25.

Table 1. Robotics and Coding Training Program.

Weeks Subject
Duration
(minutes)

Week 1 Pretests 80
Week 2 STEM education, importance, discipline,

professions, career
80

Week 3 Introduction to coding with basic
features and demonstration of sample
applications

80

Week 4 Basic coding principles, sample coding 80
Week 5 Game coding 80
Week 6 Introduction to Mbot coding program

and game coding
80

Week 7 Mbot coding program and Mbot robot
coding examples

80

Week 8 Mbot robot introduction, Mbot robot
usage

80

Week 9 Mbot robot coding 80
Week 10 Mbot robot usage with instructions 80
Week 11 Problem solving with Mbot robot 80
Week 12 Post tests 80
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Moreover, three of the items are negative. As a result of
the analysis, the fit indices of the scale were found to be
acceptable values: RMSEA: 0.076, SRMR: 0.01, CFI:
0.89 and AGFI: 0.82. In addition, the reliability value of
the scale (Cronbach alpha (a) coefficient) was calculated
as 0.84. In the current study, this value was found to be
0.88. Some of the items from this scale are as follows
(items were randomly selected): ‘‘(Item 2) I learn about
scientific research, scientists, nature or the environment
on my mobile phone,’’ ‘‘(Item 9) I read instructions or
access information to learn how to use an item (a watch,
mobile phone, or home appliance, etc.),’’ ‘‘(Item 23) I
contact people who work in mathematics through my
computer.’’

STEM Attitude Scale (SAS); The original of the scale
was prepared by Friday Institute for Educational
Innovation (2012) in a Likert style consisting of 37 items
(3 of which are negative). The scale is a 5-point Likert
scale with the response options ‘‘Strongly disagree (1),’’
‘‘Disagree (2),’’ ‘‘Neutral (3),’’ ‘‘Agree (4),’’ ‘‘Strongly
agree (5).’’ It was translated into Turkish by Özcan and
Koca (2019) and its reliability and validity study was
conducted. Accordingly, the fit index values of the scale
were determined to be acceptable values: RMSEA: 0.05,
CFI: 0.96, RFI: 0.95, NFI, 0.95, SRMR: 0.05. In addi-
tion, the reliability value of the scale (Cronbach alpha
(a) coefficient) was calculated to be .90. In the current
study, it was found to be 0.94. Some of the randomly
selected items from this scale are as follows: ‘‘(Item 1.6) I

am confident that I can do advanced studies in mathe-
matics,’’ ‘‘(Item 2.4) Knowing science will help me earn
my living,’’ ‘‘(Item 3.4) I am curious about how machines
work,’’ ‘‘(Item 4.10) When I have many tasks, I can
choose which one to do first.’’

STEM Career Scale (SCS); The original version of
the scale was developed by Kier et al. (2013) and is a
Likert-type scale consisting of four sub-dimensions: sci-
ence, technology, engineering and mathematics. The
scale is a 5-point Likert scale with the response options
‘‘Strongly disagree (1),’’ ‘‘Disagree (2),’’ ‘‘Neutral (3),’’
‘‘Agree (4),’’ ‘‘Strongly agree (5).’’ The scale was adapted
into Turkish by Koyunlu Ünl€u et al. (2016). As part of
the validity and reliability analyses, Confirmatory Factor
Analysis (CFA) was conducted and the scale’s four-
factor structure was confirmed. The reliability coefficient
of the scale was found to be .903. In the current study,
the Cronbach’s alpha (a) coefficient was found to be .95.
For the scale as a whole and its sub-dimensions, x2/df,
Goodness of Fit Index (GFI), Adjusted Goodness of Fit
Index (AGFI), Normed Fit Index (NFI), Comparative
Fit Index (CFI) and Root Mean Square Error of
Approximation (RMSEA) were calculated. Some of the
randomly selected items from this scale are as follows:
‘‘(Item 1.7) I am interested in science-related careers,’’
‘‘(Item 2.2) I do my math homeworks,’’ ‘‘(Item 3.8) I am
interested in careers that use technology,’’ ‘‘(Item 4.4) I
work hard on engineering-related subjects at school.’’

Data Analysis

In the analysis of the collected data, the SPSS 21 pro-
gram package was used. Parametric statistical analyses
were employed to analyze the data collected from the
pre- and post-tests as the scale data met the assumptions
of normality, homogeneity of variance and the sample
size was sufficient. In the analysis of the data, t-test,
ANOVA, Pearson Correlation, frequency, percentage
and mean were used.

When the normality of the three scales was exam-
ined, the Kolmogorov-Smirnov and Shapiro-Wilk tests
both yielded p-values greater than .05, indicating a nor-
mal distribution (Kolmogorov-Smirnov: SCS=0.200,
SAS=0.200, SMS=0.200; Shapiro-Wilk: SCS=0.142,
SAS=0.046, SMS=0.898). When the homogeneity of
the three scales was examined, the p-values obtained
were greater than .05, indicating that the scale scores were
distributed homogeneously (SCS=0.504, SAS=0.644,
SMS=0.208) (Table 3.). Multiple independent t-tests
were applied in the pre-test and post-test comparisons. In
order to control the Type I error rate, Bonferroni correc-
tion was applied and the a value was redefined as .05/3
= .017. Significance interpretations were made based on
this new threshold. Additionally, effect size calculations

Table 2. Demographic Information of the Participants.

Variable Category f %

Father’s Education Level Literate 5 6.76
Illiterate 1 1.35
Primary 15 20.27
Middle 12 16.22
High 25 33.78
University 13 17.57
Postgraduate 3 4.05
Total 74 100

Mother’s Education Level Literate 7 9.46
Illiterate 12 16.22
Primary 29 39.19
Middle 16 21.62
High 10 13.51
Total 74 100

Professional Goal Health 31 41.89
Engineering 10 13.51
Law 13 17.57
Teaching 13 17.57
Other 7 9.46
Total 74 100

Family Income Level Under 50 thousand TL 61 82.43
50-100 thousand TL 13 17.57
Total 74 100
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were expanded. Not only h2, but also Cohen’s d values
were calculated for all comparisons with significant dif-
ferences and included in the results.

According to Cohen (1988), the effect size ranges for
Cohen’s d are as follows. Small effect (d = 0.2) indicates
that the difference between groups is small and the effect
size is low. Medium effect (d = 0.5) indicates that the
difference between groups is moderate and the effect size
is more pronounced. Large effect (d = 0.8) indicates that
the difference between groups is large and the effect size
is high. According to Cohen (1988), the effect size classi-
fications for eta squared are as follows. A small effect
(h2 = .01) indicates that group differences explain only
1% of the variance and that the effect size is very small.
Medium effect (h2 = .06) indicates that group differ-
ences explain 6% of the variance and that the effect size
is moderate. Large effect (h2 = .14) indicates that group
differences explain 14% of the variance and that the
effect size is very large.

Reliability and Validity

The validity and reliability of the scales used in the cur-
rent study were rigorously examined. In terms of valid-
ity, the content validity of the scales was evaluated by
field experts and construct validity was tested using
Confirmatory Factor Analysis (CFA). According to the
CFA results, the factor structures of the scales were con-
firmed and the fit indices such as RMSEA, CFI, AGFI,
NFI and SRMR were found to be within acceptable lim-
its. Furthermore, the criterion validity analyses indicated
that the scales are consistent with the literature in terms

of measuring interest in and attitudes toward STEM
fields. In terms of reliability, the internal consistency of
the scales was evaluated using Cronbach’s alpha coeffi-
cient and the reliability values of all the scales were
found to be above .90. In addition, the consistency of the
scales over time was tested using test-retest reliability
and high correlation coefficients were obtained. The
item-total correlation analyses indicated that each item
made a significant contribution to the scale.

In the study, the participants were ensured to take part
in the pre-test and post-test in the same environment and
at the same time. The data were collected anonymously,
scores were entered into the system within the framework
of the Likert scale and the data were analyzed using the
accepted analysis techniques. The researchers did not
intervene in the scores or analyses. It is assumed that all
the participants provided objective data.

Results

The findings obtained in the study are presented below.
These findings are presented in accordance with the order
of the research problems.

The Effect of Robotics and Coding Training on Girls’
STEM Motivation, Attitudes and Career Aspirations

These findings were obtained through the analysis of pre-
training and post-training data using the t-test and are
presented in Tables 3 and 4.

Table 4 shows the results of the pre-tests con-
ducted before the robotics and coding training.

Table 4. Independent Sample t-test Results of the Participants Before the Robotics-Coding Training.

Scales Groups N Mean Std. Deviation Std. Error Mean t p n2

SCS Experiment 34 3.93 .47 .081 1.828 .072 .043
Control 42 3.73 .47 .073

SMS Experiment 34 2.93 .33 .056 20.063 .95 .000
Control 42 2.94 .41 .064

SAS Experiment 34 3.73 .51 .087 1.732 .087 .039
Control 42 3.57 .31 .049

Table 3. Normality Test Results.

Kolmogorov-Smirnova Shapiro-Wilk

Variable Statistic df Sig. Statistic df Sig.

SCS .091 74 .200* .975 74 .142
SAS .089 74 .200* .966 74 .046
SMS .063 74 .200* .991 74 .898

Note. The Kolmogorov–Smirnov test has been reported with the Lilliefors correction. The asterisk (*) indicates that the corresponding value has a p > .05.
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According to these results, there is no significant dif-
ference between the experimental and control groups
in the results of the three scales before the training
(p..05).

Table 5 shows the results of the post-tests conducted
after the robotics and coding training. According to

these results, there is a significant difference between

the experimental and control groups in the results of all

the three scales after the training (p\.05). As a result

of the robotics and coding training, a significant differ-

ence was found in the STEM career, attitude and moti-

vation scale scores between the experimental group

students and the control group students. Cohen’s d

value was found to be 0.67 for the STEM Career (SCS)

scale, 0.58 for the STEM Motivation (SMS) scale, and

0.68 for the STEM Attitude (SAS) scale. These values

indicate that all three scales have a moderate effect size

(Cohen, 1988). The fact that Cohen’s d is greater than

0.2 and less than 0.8 indicates that the results of this

study are meaningful and that the intervention has

positively changed student motivation, attitude, and

career goals.

Correlation Between Robotics and Coding Training and
Participant Variables (Parents’ Education Level, Income
and Intended Profession)

In this section, the correlations between some participant
variables (parents’ education levels, income and intended
profession) and the data obtained from the scales are
presented. No significant correlation was found between
the participants’ scale scores and their parents’ education
levels. On the other hand, while the participants’ scores
taken from the STEM Attitude Scale and STEM
Motivation Scale do not vary significantly depending on
the variable of the intended profession, the scores taken
from the STEM Career Scale vary significantly depend-
ing on the variable of intended profession in favor of the
participants intending to be teachers.

As seen in Table 6, there is a significant correlation
between the scores taken from the STEM Career Scale
and the variable of intended profession and as these
scores are homogenous, Tukey test was conducted to
determine which group the difference is in favor of.

As seen in Table 7, the difference is in favor of the par-
ticipants intending to be teachers. Accordingly, because

Table 5. Post-Test Results: Comparison of Experimental and Control Groups on STEM scales.

Scales Groups N Mean Std. Deviation Std. Error Mean t p n2 Cohen d

SCS Experiment 32 3.77 .59 .104 2.811 .006 0.099 .67
Control 42 3.38 .57 .089

SMS Experiment 32 2.95 .44 .078 2.479 .015 0.079 .58
Control 42 2.72 .35 .055

SAS Experiment 32 3.82 .57 .101 2.904 .005 0.105 .68
Control 42 3.43 .57 .088

Table 7. Tukey Test Results with ANOVA Analysis.

(I) Intended profession (J) Intended profession Mean Difference (I-J) Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

Teaching Health 2.85030* .17424 .000 21.3384 2.3622
Engineering 2.97085* .22180 .000 21.5922 2.3495
Law 2.49231 .20683 .133 21.0717 .0871
Other 2.53956 .24721 .199 21.2321 .1529

Note. An asterisk (*) denotes a pairwise mean difference significant by Tukey’s HSD at the .05 level (p \ .05).

Table 6. Significant Difference Between the Intended Profession and SCS, ANOVA.

Groups Sum of Squares df Mean Square F p Homogeneity

Between Groups 8.128 4 2.032 7.307 .000 (p.0.05) 0.516
Within Groups 19.187 69 .278
Total 27.315 73
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of the robotics and coding training, a significant differ-
ence was observed between the STEM Career Scale
scores of the participants intending to be teachers and
the participants intending to work in the fields of health-
care and engineering.

Correlation Between the Changing STEM Attitude,
Motivation and Career Aspirations as a Result of
Robotics and Coding Training

Pearson correlation was used to determine this correlation.
In Table 8 relationship between the STEM Career

Scale (SCS), STEM Attitude Scale (SAS) and STEM
Motivation Scale (SMS) scores were examined using
Pearson correlation analysis. The results indicated a pos-
itive and significant correlation among all the scales (p
\ .01). The correlation coefficient between SAS and
SCS was calculated as .847, between SCS and SMS as
.749, and between SAS and SMS as .670. These findings
suggest that individuals with a positively changing atti-
tude toward STEM also experience increased motiva-
tion, which is directly related to their interest in a STEM
career. The increase in students’ attitudes and motivation
toward STEM after participating in the robotics and
coding training positively influenced their orientation
toward a STEM career.

Discussion

The current study aimed to investigate the effect of the
robotics and coding training on female students’ STEM
attitudes, STEM motivation and STEM career aspira-
tions. The results indicated that the robotics and coding
training significantly enhanced students’ interest in
STEM careers, motivation and attitudes. In addition,
strong positive correlations were found between career
interest, motivation and attitude scores, indicating that
these variables are interconnected.

Before the training, no differences were found between
the experimental and control groups in terms of STEM
career, attitude and motivation scores. After the training,
it can be said that robotics and coding activities had a
significant effect on the participants’ STEM careers, atti-
tudes and motivation. These findings suggest that women
have positive attitudes and motivation toward robotics
and coding and that they can also develop a career in this
field. The women in the current study receive an educa-
tion primarily focused on humanities and religious sub-
jects. However, the results indicate that women are not
only inclined to develop skills and gain knowledge in reli-
gious or verbal-focused areas but are also capable of eas-
ily gaining proficiency in topics such as coding or
robotics. These findings show that women, like everyone
else, are open to development in coding and the use of
robotics. The improvement observed in students who
participated in the robotics and coding training is consis-
tent with previous studies highlighting the impact of
hands-on, technology-focused learning experiences in
encouraging participation in STEM activities (Dönmez,
2021; K€ucx€uk & Sxisxman, 2020). The current study sup-
ports the claim that exposure to technological tools such
as robotics and coding can enhance career perceptions
related to STEM, especially for female students who are
underrepresented in these fields (Carlone & Johnson,
2007; G€ulen & Yaman, 2019). Similarly, Lyon and
Green (2019) found that women, given the opportunities,
can develop an interest in computer science and advance
their career development, Garcia et al. (2023) highlighted
that coding training positively affects attitudes, Yabas
et al. (2022) reported an increase in girls’ interest in
STEM, STEM careers and STEM identities as a result of
a robotics training program and Mauk et al. (2020)
emphasized that extracurricular computer science/coding
clubs or workshops are effective in supporting women’s
skills.

As a result of the robotics and coding training, corre-
lations between the measured STEM attitude, motivation

Table 8. Relationship Between the Scale Scores of SCS, SAS and SMS.

Variable SCS SAS SMS

SCS Pearson Correlation 1 .847** .749**

Sig. (2-tailed) .000 .000
N 32 32 32

SAS Pearson Correlation .847** 1 .670**

Sig. (2-tailed) .000 .000
N 32 32 32

SMS Pearson Correlation .749** .670** 1
Sig. (2-tailed) .000 .000
N 32 32 32

**
Correlation is significant at the .01 level (2-tailed).
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and career scores of the participants and some variables
(parents’ education levels, intended profession and
income) were examined. No significant correlation was
found between the participants’ parents’ education levels,
family income and scale scores. Although no significant
correlation was found between the variable of intended
profession and STEM attitude and STEM motivation
scale scores, a significant correlation was found between
the variable of the intended profession and the scores
taken from the STEM Career Scale. The participants
who are considering choosing teaching professions (e.g.,
Primary, Science, Turkish, etc.) in the future have signifi-
cantly higher STEM career scores compared to those
who are considering professions in healthcare (e.g.,
Doctor, Nurse, Dentist, etc.) and engineering fields (e.g.,
Civil, Software, Mechanical, etc.). In other words, the
greatest change in STEM career scores occurred among
the participants who are considering the teaching profes-
sion. Students expressing an interest in a teaching career
demonstrated significantly higher STEM career scores
compared to those considering engineering or healthcare
professions. This suggests that the robotics and coding
training not only affected students’ career choices but
also encouraged them to perceive STEM disciplines as
valuable, applicable skills in various professional fields.
This result is consistent with previous research that
shows STEM education can encourage interdisciplinary
interest beyond traditional STEM careers (Farrell &
McHugh, 2020). Similarly, Lyon and Green (2019) found
that women see computer science or coding as an oppor-
tunity to support their dream professions.

The fact that STEM career scores are high especially
in participants who aim for teaching profession can be
interpreted in the context of Pedagogical Content
Knowledge (PCK) defined by Gudmundsdottir and
Shulman (1987). Students who intend to choose the
teaching profession see STEM as more functional and
meaningful because they are orientated not only to learn
STEM knowledge but also to transfer it to others. This
increases their interest in STEM disciplines and is
reflected in their career scores. In addition, since these
students are more sensitive to learning processes, they
tend to evaluate STEM learning within the framework
of social responsibility.

In the current study, no significant correlation was
found between STEM career aspirations and parents’
education level or family income. This situation suggests
that the robotics and coding training may provide stu-
dents with the opportunity to engage with STEM regard-
less of their socioeconomic background. This finding
reinforces the importance of school-based interventions,
as students from low-income families are often deprived
of access to extracurricular STEM resources (Tasx &

Bozkurt, 2021). Indeed, providing school resources for
learning about STEM professions is crucial, regardless
of gender differences (Hanson & Krywult-Albańska,
2020). In addition, it is known that parents’ education
levels influence a student’s decision to choose or consider
STEM professions (Ozfidan et al., 2020). For example, it
is said that children of parents who graduated from any
STEM discipline are likely to consider a profession in a
STEM field until the final years of high school (Starr
et al., 2022).

It can be said that there is a significant, positive and
strong correlation between the participants’ STEM
career, attitude and motivation scale scores. As a result
of the robotics and coding training, a direct and strong
correlation emerged between the participants’ measured
scores. This situation shows that training affects attitude,
motivation and career aspirations and that these factors
are interconnected. Similar training programs for women
could also lead to an increase in any of the attitude, moti-
vation or career scale scores, which could positively affect
the others as well. The findings of the current study are
consistent with the existing literature that highlights the
positive impact of STEM education on career interest
and motivation (McKinnon, 2022; Shahbazian, 2021).
Previous studies have emphasized that early exposure to
STEM-related activities, such as robotics and coding, can
significantly influence career goals (Boateng & Sharman,
2017; Johnson et al., 2019). The results of the current
study also confirm that STEM-focused interventions can
reduce gender biases that deter women from pursuing
STEM careers (Ro et al., 2021). The fact that students
primarily educated in humanities and religious curricula
can demonstrate significant growth in STEM interests
suggests that incorporating STEM elements into curri-
cula can diversify students’ career choices (Modrek et al.,
2021). This situation is consistent with the argument that
the inclusion of technology-based STEM activities in var-
ious educational environments can enhance students’
interdisciplinary career expectations (Fisher et al., 2020).

The findings are directly related to STEM Identity
Theory (Carlone & Johnson, 2007) and Social Cognitive
Career Theory (Lent et al., 1994). According to STEM
Identity Theory, an individual’s self-identification in
STEM fields is shaped by the dimensions of competence
perception, recognition and performance. In the current
study, the positive attitude and motivation of female stu-
dents towards STEM in the robotics and coding process
supported the experience of recognition and competence
among the identity components.

In addition, the phenomenon of selective trust can be
explained in the context of Social Cognitive Theory.
Students’ gender-based occupational expectations are
shaped by learning through observation and social
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feedback. In this context, direct participation in STEM
activities was effective in transforming the low self-
efficacy and occupational expectations observed in female
students.

Conclusion

The robotics and coding training significantly affected
women’s STEM attitudes, motivation and career aspira-
tions. Based on these findings, it can be said that women
would be successful in robotics-coding education or
activities. It is believed that women receiving education
in robotics and coding or fields related to STEM disci-
plines will yield positive outcomes.

No significant correlation was found between the par-
ticipants’ scale scores and their parents’ education levels
or family income as a result of the robotics and coding
training. However, a significant difference was observed
between the STEM career scores in favor of the partici-
pants who are considering the teaching profession.

As a result of the robotics and coding training, a sig-
nificant, positive and strong correlation was found
between the participants’ STEM career, attitude and
motivation scale scores. This suggests that an increase in
one of these scale scores as a result of the robotics and
coding training can also affect the others. For example,
it can be said that training programs that positively
influence STEM attitude or motivation can also have a
positive impact on an individual’s STEM career.

The findings of the study highlight the need for greater
integration of STEM activities in schools with non-
STEM-focused curricula. Given that the robotics and
coding training significantly improved students’ percep-
tions of STEM careers, policymakers and educators
should consider implementing similar programs, especially
in schools that are underrepresented in STEM fields.

The findings were systematically discussed on the axis
of competence, recognition and performance, which are
the three basic components of Carlone and Johnson’s
(2007) STEM identity theory: The participants’ signifi-
cant improvement in STEM scales indicates that their
self-efficacy improved. The fact that they shared their
products during the workshop process and received posi-
tive feedback from the instructors supported the recogni-
tion dimension. Their practical demonstration of STEM
skills through robotics and coding activities overlapped
with the performance component.

Suggestions

STEM-based elective courses should be promoted in sec-
ondary schools with a focus on language and religion.
Technology-based applications (robotics, coding, algo-
rithmic thinking) to be integrated into the curriculum

should be increased. Interdisciplinary education pro-
grams can be developed to raise STEM awareness among
female students at an early age. Robotics and coding
education should be designed not only to impart techni-
cal skills but also with a view to integration with STEM
disciplines. Project-based applications and engineering
design processes that enable students to solve real-life
problems should be supported. The fact that students
aiming for a teaching career showed a high interest in
STEM careers in the current study indicates that teachers
with STEM awareness can be effective role models in the
future. Therefore, teacher training programs should
include special modules on STEM pedagogy. Gender-
sensitive STEM policies should be developed by the
Ministry of National Education and relevant institutions
to increase the participation of female students in STEM
fields. Pilot STEM centers should be established for
female students in rural areas. Raising awareness among
families about STEM professions and technological
developments can bring about significant change, espe-
cially in traditional family structures. In this context,
STEM promotion days or parent seminars can be orga-
nized in collaboration with schools and families. Follow-
up studies should be conducted on students’ post-
secondary career choices to assess the long-term effects
of robotics and coding education. Such research is
important for evaluating the sustainability of STEM edu-
cation. School-based robotics kits, software, and labora-
tory infrastructure should be supported, especially for
students living in low-income or rural areas and access to
these resources should be guaranteed for all students.
The current study highlights how important STEM edu-
cation is not only for acquiring technical skills but also
for gender equality, career development and self-confi-
dence. Policies and practices developed based on the
findings will provide effective steps towards increasing
the representation of female students in STEM fields.

The experimental group consisted of dormitory stu-
dents and the control group consisted of non-dormitory
students. This situation indicates that there may be some
confounding variables that are outside the intervention.
For example, students staying the dormitory may plan
their extracurricular time in a more disciplined way,
while students living with their parents are likely to
encounter more distractions in their daily lives. At the
same time, social environment, study support and self-
study periods may also differ between groups.

Limitations of the Study

This study was conducted in a girls’ high school in Turkey
with a religious and verbal-focused curriculum and the
sample consisted of 74 volunteer students. Limitations of
the study include the small sample size, the fact that it was

12 SAGE Open



conducted in only one school and the inability to monitor
long-term effects. The fact that the majority of the partici-
pants come from low socioeconomic status and have lim-
ited access to technological resources reduces the
generalizability of the data obtained.

The contribution of the current study to the field is
that it is one of the few experimental studies conducted in
girls’ schools with religious and verbal-focused curricula,
unlike previous studies conducted in schools with mostly
numerical content or in coeducational environments.
Such practices conducted with female students, especially
in non-STEM educational settings, provide a roadmap
for increasing STEM awareness. In the study, the short-
term effects of the robotics and coding training were mea-
sured, and long-term follow-up (for example, after
6months or 1 year) was not conducted after the interven-
tion. Therefore, the permanence of the positive changes
obtained cannot be evaluated. This is one of the main lim-
itations of the study. In future studies, the long-term
effects of such trainings should be evaluated with follow-
up tests. Finally, the scales used were developed in the
West and adapted to the Turkish context. Although valid-
ity and reliability studies have been conducted, it should
be taken into account that the conceptual premises of the
scales may be interpreted culturally differently.
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Ömer Sukenari https://orcid.org/0009-0007-8773-729X
Emrah Eke https://orcid.org/0009-0008-4515-5600
Semih Ucxar https://orcid.org/0000-0002-6723-3437

Ethical Considerations

This article was approved by the Scientific Research and
Publication Ethics Committee of Musx Alparslan University
with the decision numbered 54, dated 06.02.2024. All partici-
pants volunteered to take part in the study. Parental consent
forms were obtained from the participants’ families.

Author Contributions

This research was written with the data of the implementation
dimension of the ‘‘The Impact of Robotics Coding Education

on the Development of Women’s STEM Careers’’ project,
which was launched with the support of Musx Alparslan
University. The project team took part in the implementation
of the project, conducting training, collecting, analyzing,
interpreting and reporting data in accordance with their task
distribution. The names of the team members were listed in
accordance with their duties and responsibilities. SG: Project
implementation coordination, data analysis and reporting,
_ID: Project preparation, reporting, FBS and MA: Taking part
in the implementation of the project, guiding the participants,
assisting in the collection of data, TS, ÖS and EK: They took
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