Uluslararasi Avraspsychaal Bilimler Dergisi / The International Journal of Eurasia Social Sciences
Cilt/Volume: 16, Say1/No: 62, Yil/Year: 2025, ss. / pp.: 2307-2326

E-ISSN: 2146-1961

URL:https:/rrpubs.com/index.php/ijoess

Girls in robotics programming: STEAM integration in computer science course

Rukiye ALTIN'/) Nehir YASAN AK?

'Kiel University, Faculty of Engineering, Kiel, Germany
2Akdeniz University, Faculty of Social Sciences and Humanities, Antalya, Tiirkiye

Arastirma Makalesi/Research Article DOI: 10.70736/ijoess.2006
Gonderi Tarihi/ Received: Kabul Tarih/ Accepted: Online Yayin Tarihi/ Published:
20.11.2024 21.09.2025 01.12.2025
Abstract

Seventeen Sustainable Development Goals (SDGs) stated by the United Nations include a call for Gender Equality,
emphasizing the challenges women face in male-dominated fields such as computer science (CS). Introducing
programming at an early age can help girls perceive computer science as enjoyable and accessible. This study
presents an example of interdisciplinary collaboration and provides empirical evidence on the positive impact of
STEAM (Science, Technology, Engineering, Arts, and Mathematics) integration in robotics programming for
female students. The purpose of this study was to examine how interdisciplinary STEAM-based robotics
programming activities influence secondary school female students’ programming self-efficacy and computational
thinking (CT) self-efficacy. The research employed a single-group pretest—posttest experimental design with 60
seventh-grade female students from a public school in Tiirkiye. Over six weeks, students participated in a robotics
programming course using mBlock, supported by STEAM-themed tasks across science, technology, mathematics,
and design curricula. Data were collected using two validated instruments: the Computer Programming Self-
Efficacy Scale (CPSES) and the Computational Thinking Skills Self-Efficacy Scale (CTSSES). Paired samples t-
tests revealed statistically significant improvements in both programming and computational thinking self-efficacy
scores after the intervention (p < 0.05). These findings support the effectiveness of interdisciplinary, STEAM-
based pedagogies in enhancing female students’ engagement and confidence in computing. The study highlights
the importance of inclusive educational strategies in narrowing the gender gap in computer science education.

Keywords: Computer science education (CSEdu), computational thinking, self-efficacy, gender equality,
robotics programming, STEAM integration

Kiz ogrencilerle robotik programlama: Bilgisayar bilimi dersinde STEAM entegrasyonu

0z

Birlesmis Milletler tarafindan belirlenen On Yedi Siirdiiriilebilir Kalkinma Amacindan biri olan Toplumsal
Cinsiyet Esitligi, kadinlarin karsilastigi zorluklara odaklanmaktadir. Bilgisayar Bilimleri (BB) ve bilgi islemle
ilgili meslekler, bu zorluklardan biridir ¢iinkii bu alan, kadin ¢alisan sayismn diisiik olmasi nedeniyle erkek
egemen bir kariyer alani olarak goriilmektedir. Geng kizlara programlamanin tanitilmasi, bilgisayar bilimlerinin
korkutucu degil, eglenceli oldugunu gostermek agisindan énemlidir. Bu ¢alisma, disiplinler arasi STEAM (Bilim,
Teknoloji, Miihendislik, Sanat ve Matematik) temelli robotik programlama etkinliklerinin, kiz ogrencilerin
programlama 6z-yeterlikleri ve biligsel diigiinme oz-yeterlikleri iizerindeki etkisini incelemeyi amag¢lamaktadur.
Arastirmada, tek gruplu on test—son test deneysel desen kullanilmis ve Tiirkiye'deki bir deviet ortaokulunda
ogrenim goren 60 yedinci sinif kiz 6grenci ile ¢alisilmigtir. Alti hafta stiren miidahale siirecinde, 6grenciler mBlock
platformu iizerinden robotik programlama egitimi almis; bu egitim, fen, matematik, teknoloji ve tasarim
derslerinden alinan iceriklerle biitiinlestirilmistir. Veriler, gecerligi kamitlanmig Bilgisayar Programlama Oz-
Yeterlik Olgegi (CPSES) ve Bilissel Diisiinme Becerileri Oz-Yeterlik Olgegi (CTSSES) ile toplanmis; analizlerde
eslestirilmis orneklemler igin t-testi uygulanmistir. Bulgular, STEAM entegrasyonunun her iki degiskende de
anlamly diizeyde iyilesme sagladigini ortaya koymustur (p <0,05). Bu bulgular, disiplinler arasi STEAM temelli
pedagojik yaklasimlarin, kiz dgrencilerin bilgisayar bilimine yonelik katilimini ve ézgiivenini artirmada etkili

oldugunu ortaya koymaktadir. Calisma, bilgisayar bilimi egitiminde toplumsal cinsiyet u¢urumunu daraltmada
kapsayici egitim stratejilerinin 6nemine dikkat cekmektedir.

Anahtar Kelimeler: Bilgisayar bilimi egitimi (BBE), bilissel diisiinme, oz-yeterlik, cinsiyet esitligi, robotik
programlama, STEAM entegrasyonu
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INTRODUCTION

Computer science (CS) is increasingly becoming a foundational discipline that intersects
with nearly every aspect of modern life, including industry, education, health, and
communication. As digital technologies continue to evolve, the demand for professionals
skilled in computing and information and communication technologies (ICT) grows. However,
despite this growing demand, women remain significantly underrepresented in the computing
field (Erete et al., 2020; Blaney, 2021; Marcher et al., 2021). The persistent gender gap in CS
raises a critical question for researchers and educators: Why do fewer women pursue careers in

CS compared to their male counterparts?

Scholars widely agree that encouraging girls to explore computer science should begin at
an early age (Beyer et al., 2003; Dagdilelis et al., 2004; Gorbacheva et al., 2019; Erete et al.,
2020; Happe et al., 2020; Blaney, 2021). Early exposure is essential to counteract stereotypes,
build confidence, and create interest in the subject before gendered perceptions about CS take
hold. In response, integrating computer science into K—12 education has gained attention as a
viable strategy to promote digital literacy and broaden participation in computing (Taub et al.,
2013; Swanson et al., 2019; Hsieh & Lin, 2020; Psycharis et al., 2021). Moreover, research
suggests that incorporating activities grounded in computational thinking and physical
computing within interdisciplinary frameworks like STEAM (Science, Technology,
Engineering, Arts, and Mathematics) can improve students’ engagement and foster a deeper

connection with computer science concepts (Psycharis et al., 2021).

Despite ongoing efforts to attract young women to computing, gender imbalances persist.
This reality highlights the need for pedagogical strategies that do more than teach technical
skills—they must also be inclusive, motivating, and confidence-building. Several barriers have
been identified in the literature, including a lack of visible role models, limited CS content in
school curricula, insufficient teacher training, and a lack of clarity around educational and
career pathways in CS (Goode, 2008; Kulkarni et al., 2018; Altin et al., 2021; Gutica, 2021). In
response to these challenges, this study focuses on the pedagogical dimension of CS education
by exploring how interdisciplinary STEAM-based activities can support girls in developing
programming and computational thinking self-efficacy skills. Specifically, the study
investigates the effect of a six-week robotics programming course using mBlock, integrated
with STEAM activities, on secondary school female students’ programming self-efficacy and

their computational thinking abilities.
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The following research questions guide this study:

1. How does the STEAM integration in robotics programming affect secondary
school female students’ self-efficacy towards programming?
2. How does the STEAM integration in robotics programming affect secondary

school female students’ computational thinking self-efficacy skills?

THEORETICAL BACKGROUND

Pedagogical content knowledge in CS

The concept of Pedagogical Content Knowledge (PCK) was originally introduced by
Shulman in the 1980s to encapsulate the specialized knowledge required to teach specific
subject matter effectively (Gudmundsdottir & Shulman, 1987). Shulman argued that effective
teaching is not merely the sum of content knowledge (CK) and general pedagogical knowledge
(PK) but rather lies at their intersection: knowing how to present disciplinary content in ways
that learners can grasp, including understanding common misconceptions and anchoring new

content in prior student experience (Gal-Ezer & Harel, 1998).

In the context of Computer Science (CS) education, PCK becomes especially crucial. CS
topics such as programming concepts, abstraction, data structures, and algorithms pose specific
learning challenges (Ericson & Guzdial, 2015). Expert CS educators must be equipped to
anticipate common student difficulties, instructional strategies grounded in disciplinary
understanding, and scaffold learning with context-specific pedagogical approaches. Koppelman
(2008) and others have emphasized that CS-specific PCK should include not only the
identification of common misunderstandings (e.g. loops or recursion) but also the design of
targeted activities to address those issues (Hubbard, 2018; Dolgopolovas & Dagiene, 2024). It
is not sufficient for educators to know what to teach (content knowledge, CK) or how to teach
in general (pedagogical knowledge, PK); they must understand how particular topics, problems,
and concepts are best organized, adapted, and presented for instruction to students with diverse
backgrounds and prior knowledge. Therefore, identifying appropriate pedagogical content in
computer science lessons is a challenge of teaching programming to young learners (Webb et
al., 2016; Schulte et al., 2025). As Yadav and Berges (2019) argue, PCK in CS education is
especially critical due to the abstract nature of computing concepts, the novelty of the subject
for many learners, and the specific misconceptions students often bring to the learning

environment.
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Over time, the PCK model has evolved into what is known as Technological Pedagogical
Content Knowledge (TPACK) framework, which emphasizes the integration of technology into
subject-specific instruction (Mishra, 2019). In CS education, this model is particularly relevant,
as teaching CS inherently involves technology—from programming platforms and robotics kits
to simulation tools and collaborative coding platforms. Teachers need to select appropriate
technological tools that support learning goals and adapt pedagogical strategies to ensure that
technology enhances, rather than distracts from, conceptual understanding (Mishra et al., 2024).
This poses a dual challenge for educators: designing lessons that both promote programming
skills and reflect the diverse backgrounds and needs of learners in computer science classes.
Although there is no universally accepted formula for successful CS teaching in K—12, the
literature consistently underscores the importance of strong pedagogical methods combined
with content expertise -what we refer to as pedagogical content knowledge- to activate both

programming and computational thinking (CT) skills in students.

Within this context, using robotics programming tools such as mBlock, effective
educators must know not only how to operate the software and hardware but also how to frame
activities that support students’ computational thinking development (Cheng et al., 2017;
Pisarov & Mester, 2019; Standl, 2024). Activities must be structured to develop key
competencies such as abstraction, decomposition, debugging, and pattern recognition. A well-
developed TPACK teacher is more likely to embed these elements into engaging, age-
appropriate tasks using the robotics to visually convey abstract computational ideas (Psycharis
et al., 2021). PCK in CS education thus goes beyond simply knowing how to code or operate
educational tools. It involves understanding how students learn computing, recognizing the
barriers they face, and implementing inclusive and effective strategies to make CS learning
accessible and equitable. Teachers who enrich instructional content, integrate interdisciplinary
themes, and adapt to student needs are more effective in fostering meaningful programming

experiences (Shulman, 2000; Goode, 2008; Gutica; 2021).

To design CS lessons that are especially inclusive for girls, pedagogical content should
be culturally responsive. Stephenson and Dovi (2013) point out that CS education in K—12
remains a “broken system” in terms of gender equity, largely due to the lack of pedagogically
trained teachers. Indeed, many scholars agree that empowering girls in CS depends not only on
teacher expertise in computing content but also on their pedagogical knowledge and ability to
create a supportive, fear-free learning environment (Shulman, 2000; Gutica, 2021;
Dolgopolovas & Dagiene, 2024).
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STEAM integration in computer science K-12 lessons

STEAM education, which merges Science, Technology, Engineering, Arts, and
Mathematics, offers a powerful interdisciplinary approach to teaching computer science in K—
12 settings. Rather than teaching coding or computational thinking in isolation, combining these
subjects with creative arts brings lessons to life and helps students connect to real-world
problems (Psycharis, 2018; Marin-Marin et al., 2021; Sanchez-Jiménez et al., 2024). The
inclusion of the arts introduces creativity, storytelling, and collaboration into computing tasks,

which not only increases motivation but also makes learning experiences more meaningful.

While STEAM has recently been incorporated across various disciplines
(Hadinugrahaningsih et al., 2017; Taylor & Lowe, 2021; Mari¢i¢ & Lavicza, 2024), its
integration into computer science is particularly impactful. Computer science education
significantly contributes to the development of computational thinking skills (CTS), and when
combined with STEAM principles, it further enhances both computational and creative
capacities (Burbaité et al., 2018). Integrating STEAM into CS lessons helps students see
computing as relevant and creative, rather than dry or purely technical. A bibliometric study
confirms that research on STEAM education is increasingly exploring the integration of
computer science and the arts in K—12 contexts, underlining its growing significance
(Marin-Marin et al., 2021). Such approaches cultivate critical thinking, problem-solving, and

expressive ideas, which are core competencies in modern education and digital citizenship.

Gender-focused studies reveal that girls are often more engaged in computing when
lessons incorporate storytelling, design, and social impact elements (Plaza et al., 2020; Tomar
& Garg, 2020; Altin et al., 2025; Pedrosa de Souza & Sivini Ferreira, 2025). For instance, a
study examining Scratch programming found that girls preferred projects involving dance,
music, or animation, while boys more often developed competitive games (Gral3l et al., 2021).
Recognizing these tendencies and designing STEAM-based lessons around them can foster
increased engagement among female students by aligning programming tasks with their
interests. Scholars further suggest that promoting robotics with the STEAM lesson plans
triggers female students’ interest in computer science and it helps them to cope with their
anxiety towards programming (Gomoll et al., 2010; Master et al., 2017). Integrating STEAM
to computer science lessons with the collaboration of other disciplines, allows teachers to use
their flexibility on curricula because of the rich subject and materials. Looking ahead,
researchers argue that STEAM integration may significantly reduce the gender gap in computer
science over the coming decade, as it “brings new color” to the traditionally black-and-white

2311
©I1JOESS



Auf/ Cited in: Altin, R., Yasan, Ak N. (2025). Girls in robotics programming: STEAM integration in computer
science course. The International Journal of Eurasia Social Sciences, 16 (62), 2307- 2326

programming screen by embedding real-life narratives and creative exploration within
computer science education (Charles & Bradley, 2009; Gomoll et al., 2010; Master et al., 2017;
Psycharis et al., 2021).

In Tirkiye, programming education has been increasingly emphasized in recent years,
beginning from primary school with the introduction of the “Information Technologies and
Software” course in 2012, which includes algorithms and basic programming from the 5th grade
onwards. This early integration aims to foster problem-solving, creativity, and computational
thinking skills (Aldag & Tekdal, 2015; Sayginer & Tiiziin, 2017). However, at the university
level, research indicates that many students remain dissatisfied with programming education,
pointing to limited practice opportunities, outdated teaching materials, and insufficient
preparation for professional life (Gokoglu et al., 2025). Gender remains an important
dimension: although initiatives such as the “Programci Kizlar” (Coder Girls) project highlight
that programming is not solely a “male domain,” girls in Tiirkiye often face structural and
cultural barriers that discourage them from fully participating. While younger female students
show motivation and benefit from initiatives that make coding accessible and enjoyable, by the
time they reach higher education, women continue to be underrepresented in computer science
programs, mirroring global trends (Gokoglu et al., 2025; Yilmaz Findik, 2025). Thus, although
Tiirkiye has taken important curricular steps to promote programming from an early age,
ensuring that girls sustain their interest and confidence through secondary and tertiary levels

remains a key challenge.

STEAM and computational thinking

Integrating STEAM (Science, Technology, Engineering, Arts, and Mathematics) with
computational thinking offers a rich educational approach that merges analytic skills with
creativity. Computational thinking (CT), as conceptualized by Wing (2006, 2008), involves
designing systems, creating algorithms, analyzing problems, and understanding human
behaviors which is linking computing directly with broader cognitive skills. Because CT
naturally aligns with science, mathematics, and technology, it is well suited to STEAM
environments that include artistic expression (Altin et al., 2021; Li et al., 2020; Wang et al.,
2022). Combining STEAM with CT opens possibilities for reaching students who may be
underrepresented in computer science, such as female students, by engaging them in creative,

collaborative tasks that feel relevant and inclusive.
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Over the past two decades, researchers have emphasized CT’s integration across STEM
subjects to offer more authentic and interdisciplinary experiences (Weintrop et al., 2016;
Lockwood & Mooney, 2017; Psycharis, 2019; Li et al., 2020; Wang et al., 2022). In particular,
STEAM-based teaching has shown significant potential to deepen learners’ computational
thinking by embedding creative practices arts into computational tasks. Psycharis (2018)
explains that when art is included alongside engineering and computer science teaching
methods, students improve their computational thinking skills more deeply. Similarly, Tan et
al. (2023) showed through research that using Scratch programming in STEAM lessons helped
both boys and girls get better at key computational thinking skills like solving problems,
thinking logically, working with algorithms, and cooperating with others. Cheng et al. (2023)
state that CT-STEM integration has moderate transfer effects on both cognitive outcomes (like
algorithmic skill and reasoning) and non-cognitive outcomes (such as self-efficacy and
motivation), with greater impact on cognitive domains. Therefore, the combination of STEAM
and CT approaches in computer science education may support transferable learning, as

students develop thinking skills that extend beyond the immediate activity.

METHODOLOGY

Research design

This study employed a single-group pretest—posttest experimental design to examine
whether incorporating an interdisciplinary approach into robotics programming influences
female students’ programming self-efficacy and their computational thinking self-efficacy
skills. This design enables researchers to evaluate changes by comparing pre- and post-
intervention measurements within the same group (Creswell, 2014). Unlike a true or quasi-
experimental design, no control group was used in this study due to contextual constraints. The
purpose of the study was to measure any changes in female students’ programming self-efficacy
and their computational thinking (CT) abilities following a six-week STEAM-integrated

robotics programming course.

Participants

The study was conducted at a public secondary school located in Tiirkiye, and it targeted
a sample of seventh-grade female students to explore gender-responsive approaches in early
computer science education. A total of 60 female students, aged between 12 and 13 years,
voluntarily participated in the study. The participants were selected using purposive sampling,
as the research aimed to examine how first-time exposure to robotics programming and

STEAM-integrated instruction could influence students who are typically underrepresented in
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computer science domains. All students were at a similar developmental stage, enrolled in the
same grade level, and followed a common national curriculum, which helped ensure
consistency in baseline academic exposure. Importantly, none of the students had any prior
experience with robotics programming or formal computer science instruction. This
characteristic made the sample particularly valuable for assessing the initial impact of
interdisciplinary, creative pedagogies on students’ self-efficacy and computational thinking
self-efficacy skills. Their novice status provided a clear benchmark for measuring learning

gains and shifts in self-efficacy as a result of the intervention.

Data collection tools

To evaluate the impact of the STEAM-integrated robotics programming course on female
students’ programming self-efficacy and their computational thinking abilities, two quantitative
data collection tools were employed: self-efficacy in computer programming and computational

thinking skills. The following section provides detailed information about each instrument.

Computer Programming Self-Efficacy Scale (CPSES): The scale was developed by Kukul
et al. (2017) to secondary school students’ confidence in their ability to engage with computer
programming tasks. The scale has a unidimensional structure, consisting of 31 items. A five-
point Likert scale is employed, where responses range from strongly disagree (1) to strongly
agree (5). The CPSES assesses multiple dimensions of programming self-efficacy, including
understanding programming concepts, problem-solving ability, debugging skills, and the ability
to write and comprehend code. The total score on the CPSES can range from 31 to 155, with
higher scores indicating a stronger sense of confidence in one’s programming abilities. In its
original validation study, the CPSES demonstrated high internal consistency with a Cronbach’s
alpha coefficient of 0.95, confirming its reliability for educational research purposes. In this
study, the CPSES was administered both before and after the intervention, allowing for the
analysis of changes in students’ self-efficacy toward programming as a result of their

engagement with the STEAM-based curriculum.

Computational Thinking Skills Self-Efficacy Scale (CTSSES): The instrument was
developed by Giilbahar et al. (2019) to measure students’ self-efficacy perceptions in various
aspects of computational thinking (CT). Designed specifically for students aged 10 to 14, The
scale comprises five factors with 39 items. The scale employs a five-point Likert-type scale,
with responses ranging from strongly disagree (1) to strongly agree (5). The scores on this scale

could range from 39 to 195, with high scores indicating a high level of self-efficacy perceptions
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in computational thinking. The five factors evaluated by the scale are: algorithmic design
competency, problem solving competency, data processing competency, basic programming
competency, and self-confidence competency. The scale demonstrated strong internal
consistency, with Cronbach’s alpha coefficients ranging from 0.76 to 0.93 across its subscales,
confirming its reliability for educational research contexts. This instrument was particularly
suitable for the study, as it enabled the researchers to capture potential gains in computational
thinking self-efficacy skills resulting from the interdisciplinary and creative nature of the
STEAM-integrated robotics course. As with the CPSES, the CTSSES was administered in both

pre- and post-test formats to examine students’ progress over the course of the intervention.

Data collection/processing method

Over a six-week period, students received instruction in robotics programming through
the use of mBlock, a platform selected for its user-friendly interface and suitability for
beginners. The goal was to integrate STEAM elements into computer science education in a
meaningful and interdisciplinary way. The core theme of the project was drawn from the
science curriculum and focused on the topic of “saving endangered species.” This theme served
as the foundation for interdisciplinary learning across four subjects -Science, Computer
Science, Technology and Design, and Mathematics- each contributing unique content and

skills:

e The Science course introduced the environmental issue of endangered species,
which provided the real-world context for the project.

o The Computer Science (CS) course addressed the technology and engineering
aspects of the project by teaching students how to program the robots (mBots)
using mBlock.

e The Technology and Design (TD) course contributed to the artistic element of
STEAM by guiding students in designing physical structures (such as habitats or
rescue tools) to complement their robotic solutions.

e The mathematics course supported students in applying geometric calculations
and measurement concepts to control the movement and functionality of their

robots.

Through the integration of these four subjects, students worked on collaborative,

interdisciplinary projects that combined both creative and technical skills. Each subject teacher
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contributed by delivering lessons aligned with their area of expertise, while the overall activity

was coordinated to ensure coherence across the disciplines.

This STEAM-based intervention was designed not only to improve programming
knowledge but also to demonstrate the relevance of computer science in solving real-world
problems. By combining content from multiple subjects around a shared theme, the project
aimed to make programming more engaging, meaningful, and accessible, particularly for
female students who may not otherwise see themselves represented in computing-related fields.

An example of the weekly structure applied is as follows in Table 1.

Table 1. Weekly structure

Week Course Structure
Science Information about endangered creatures and the dangers waiting for these livings
| CS Introduction of algorithm and the user interface of mBlock
TD Design methodologies
Math Geometrical shapes perimeter calculation

Students were given information about the project. The team was selected as “saving
endangered creature” from the Science course as students were expected to move creatures in
the right living area. Students were expected to design a “Robot Base” Technology and Design
course for the robots. Students were told the base should include three geometrical shapes
because the missions of robots will be moving the animals to the living area they belong to.

Figure 1. is showing an example of the base design.

QO
Start OO
Point Animals Safe area
for flying
creatures
Safe area
for marine
Safe area life
for wild
animals

Figure 1. Robot base
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In the final week, students were told to bring the bases they designed in the Technology

and Design course and start to finish the given following mission.

e Move the animals to the right geometrical shapes you draw on your base to save
their life.

e FEach shape should at least have one animal in.

Students were expected to do mathematical calculations to move the robots at the right

points.

Data analysis

Each participant was assigned a unique identification code prior to data collection to
ensure confidentiality and to accurately match pre- and post-test responses. Data were collected
electronically using a structured questionnaire administered through Google Forms. This format

allowed for efficient distribution and collection while minimizing data entry errors.

To determine whether there were statistically significant differences in students’
programming self-efficacy and computational thinking self-efficacy skills before and after the
intervention, paired samples #-test was conducted. These tests were applied to scores obtained
from two validated instruments: the Computer Programming Self-Efficacy Scale (CPSES) and
the Computational Thinking Skill Self-Efficacy Scale for Students (CTSSES). The paired-
samples #-test was deemed appropriate due to the repeated-measures design of the study, which
involved comparing the same group of students’ scores before and after the six-week STEAM-
integrated programming intervention. Prior to conducting the analysis, the necessary
assumptions were examined. First, sample size adequacy was evaluated through an a priori
sensitivity analysis using G*Power (a = 0.05, 1-f = 0.80). The results indicated that a sample
of 60 participants would be sufficient to detect a minimum effect size of d, = 0.36 in a paired-
samples 7-test. Given that the expected effects of the intervention were in the small-to-moderate
range, this sample size was deemed adequate to achieve the desired statistical power. Both
dependent variables, CPSES and CTSSES total scores, were treated as continuous. The data
involved dependent observations, as the same students completed both tests. Additionally, the
normality of the difference scores was assessed using histograms, skewness values, and the
Shapiro-Wilk test, all of which indicated that the assumption of normality was met. The
significance level was set at p < 0.05, and all statistical analyzes were conducted using IBM’s
Statistical Package for the Social Sciences (SPSS), a widely used software for quantitative data

analysis.
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FINDINGS

This section presents the results obtained from the pre-test and post-test administrations
of the CPSES and the CTSSES. Descriptive statistics and paired-samples z-tests were used to
determine whether the six-week STEAM-integrated robotics programming intervention
produced significant improvements in female students’ programming self-efficacy and

computational thinking self-efficacy skills.

Effect of STEAM integration on female students’ programming self-efficacy
The results of the female students’ averages obtained from the pretest and posttest

application of the CPSES are presented in Table 2.

Table 2. Paired t-test results of pre-test and post-test of CPSES

Measurement X S.d t df p
CPSES Pre-Test 2.62 0.41
-8.12 59 0.00*
CPSES Post-Test 3.74 0.64

*=p<0.05

According to the results presented in Table 2, it can be seen that the female students
obtained a mean of M = 2.62 (SD = 0.41) from the pretest application of CPSES. When we
check the post-test results of the same group for CPSES, it is seen that the group obtained a
mean of M = 3.74 (SD = 0.64). The results tell us there is a significant difference between pre-
test and post-test results of female students’ attitude towards programming #59) = -8.12, p <
0.05. This result may show that teaching programming with STEAM collaboration may have

an effect on female students’ self-efficacy towards computer science.

Effect of STEAM integration on female students’ computational thinking self-efficacy skills
Table 3 displays the pretest and posttest mean scores of female students on the CTSSES.

Table 3. Paired t-test results of pre-test and post-test of CTSSES

Measurement X S.d t df p
CTSSES Pre-Test 7.62 2.64
-9.22 59 0.00*
CTSSES Post-Test 3.74 0.64

¥=p<0.05

When the results regarding students’ computational thinking skill self-efficacy are
examined, it can be seen that the female students’ pre-test mean score is M = 7.62 (SD = 2.64)
while the post-test mean score is M = 9.84 (SD = 1.31). The comprehension of the findings tells
us that female students had a higher score in post-test results. Based on this finding, the results

show that there is a significant difference between pre-test and post-test results of the CTSSES,
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#(59)=-9.22, p <0.05. Thus, it can be said that STEAM integration in computer science lessons

has a positive impact on female students’ computational thinking self-efficacy skills.

DISCUSSION AND CONCLUSION

The study aimed to teach robotics programming to female students with the integration
of STEAM activity to increase their attitude towards programming and computer science. We
focused on two research questions. The first aimed to determine whether there is a significant
relationship between STEAM integration in robotics programming and female students’
programming self-efficacy, while the second explored the relationship between STEAM

integration and their computational thinking self-efficacy skills.

Firstly, our results of the study showed that integration of STEAM activity in robotics
programming increased secondary school female students’ computer programming self-
efficacy significantly. Gunbatar and Karalar (2018). indicated that teaching programming with
mBlock has a significant effect on female students due to its easy-to-use interface. and visual
effects. Similarly, Pisarov and Mester (2019) highlight that having mBlock in a computer
science classroom improves students’ creativity and allows them to use their imagination in
many interesting projects as they are having fun while learning programming. The results of
this study demonstrate that integrating STEAM-based robotics programming into the computer
science curriculum significantly improved female students’ programming self-efficacy and
enhanced their computational thinking self-efficacy skills. The statistically significant increase
in scores on both the Computer Programming Self-Efficacy Scale (CPSES) and the
Computational Thinking Skills Self-Efficacy Scale (CTSSES) supports the conclusion that
interdisciplinary teaching methods, especially those grounded in STEAM principles, can offer
meaningful educational outcomes for female students in computing. These findings align
closely with previous research emphasizing the value of interdisciplinary and student-centered
pedagogies in increasing girls’ engagement in computer science. For example, Psycharis et al.
(2021) found that computational pedagogy, particularly when supported by physical computing
and cross-curricular content, led to significant improvements in self-efficacy and interest among
female learners. Similarly, Master et al. (2017) reported that early exposure to programming
through STEAM-related tasks helped young girls develop stronger motivation for STEM
careers, particularly when programming activities were embedded in real-world, creative

challenges.
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Secondly, the study shows that integration of design, math, and science with
programming provided a balanced STEAM experience, helping female students to increase
their CT skills which reflects Wang et al. (2022) and Li et al. (2020), who describe how STEAM
offers an inclusive framework where computational thinking can flourish, especially when
paired with creativity and problem-solving. The increase in computational thinking self-
efficacy skills observed in this study confirms the assertion of Cheng et al. (2023), who
demonstrated that CT integration within STEM contexts has both cognitive and motivational
benefits, especially for learners new to computing. The collaboration between disciplines
played an important role on students’ computational thinking self-efficacy skills because by
involving multiple subject areas—science, math, technology, and design—students were
exposed to the interconnectivity of computer science with the broader curriculum. This
interdisciplinary approach not only makes learning more engaging but also fosters transferable
skills. As Lockwood and Mooney (2017) and Weintrop et al. (2016) suggest, computational
thinking becomes more effective when embedded in diverse contexts rather than taught in

isolation.

One of the main strengths of this study was its focus on meaningful content, like the theme
of protecting endangered animals. Adding computer science tasks to real-life and socially
important topics helps increase motivation, especially for girls and other underrepresented
groups. Girls often enjoy working together on projects that have a positive impact on society.
This matches what Christensen et al. (2021) found -that women are more interested in
computing activities that connect to real people and real- world problems, rather than tasks that
are abstract or competitive. From a gender perspective, the study’s outcomes contribute to the
ongoing conversation about reducing disparities in CS education. Research has identified that
one of the major challenges in encouraging girls to enter computing is the perception of
computer science as isolated, abstract, and male-dominated (Beyer et al., 2003; Dasgupta &
Stout, 2014). This study offers evidence that STEAM integration disrupts those perceptions,
making programming feel more accessible and relevant to girls’ interests. The results also
support Gutica (2021) and Goode (2008), who argue that increasing girls’ participation in CS
requires changes in both pedagogical practices and curriculum design to address the cultural

and structural barriers in K—12 education.

Limitations and future recommendations
Although this study provides valuable insights into the impact of STEAM-integrated

robotics programming on female students’ programming self-efficacy and their computational
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thinking self-efficacy skills, there are several limitations that should be considered when
interpreting the results. The sample size of 60 participants was adequate for the paired-samples
t-test analysis. According to methodological guidelines, paired-samples t-tests are robust with
moderate sample sizes when assumptions of normality are met (Cohen, 1992; Gribbons &
Herman, 1996). With 60 participants, the study exceeds the commonly recommended minimum
of 30 participants per group to ensure sufficient statistical power for detecting medium effect
sizes (Cohen, 1992). While larger and more diverse samples would strengthen generalizability,

the current sample size was sufficient for the within-group comparisons conducted in this study.

First, the study was conducted with a relatively small and specific sample, 60 female
students from a single secondary school in Tirkiye. As such, the findings may not be
generalizable to other populations, including students from different age groups, educational
settings, or cultural backgrounds. Future studies should include a more diverse and larger
sample size across multiple schools or regions to strengthen the generalizability of the results.
Second, the study focused only on female students and did not include a control group or male
participants for comparison. While this was intentional to address the underrepresentation of
girls in computer science, including mixed-gender comparisons in future research could provide
deeper insights into how different groups respond to STEAM-based programming activities.
Additionally, the study relied on self-report scales (CPSES and CTSSES), which may be
influenced by students’ perceptions rather than objective performance. Combining self-reported
data with qualitative observations, interviews, or performance-based assessments could provide

a more comprehensive understanding of students’ learning and engagement.

Another limitation of this study is the absence of a control or comparison group, which
reduces the ability to determine whether the improvements in programming self-efficacy and
computational thinking were caused solely by the STEAM-integrated intervention. Although
this design was chosen due to contextual constraints, future research could benefit from
adopting quasi-experimental or experimental approaches with control groups to establish
stronger causal inferences. For example, Gunbatar and Karalar (2018) and Master et al. (2017)
included comparison groups in their investigations of programming interventions, providing
more rigorous evidence of the effectiveness of such approaches. Referencing these
methodological models, future studies could compare STEAM-based programming activities
with traditional computer science instruction to better isolate the unique contributions of

interdisciplinary integration.
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For the future studies we recommend the scholars to expand sample diversity and include
participants of different genders and backgrounds, incorporate control or comparison groups
and use mixed methods approaches for more robust data. By addressing these areas, future
studies can build on the promising results of this research and contribute to more inclusive and

effective computer science education practices.
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