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Abstract
This study explores the transformative potential of ubiquitous collabora-
tive learning applications in fostering gender-inclusive success in computer
education. Persistent gender disparities in STEM fields, particularly in
computing, highlight the need for innovative educational approaches that
ensure equitable access and engagement. This research evaluates how
these applications enhance learning achievement and perceptions equi-
tably across genders, providing a promising pathway to address long-
standing challenges in education. A mixed-methods approach was em-
ployed, involving 226 undergraduate computing students from northern
Thailand. Data collected through pre- and post-tests and surveys re-
vealed significant improvements in learning achievement for the exper-
imental group, with no notable gender differences in outcomes. Addi-
tionally, students in the experimental group reported higher satisfaction
with the application’s user interface, perceived usefulness, ease of use, and
overall learning experience than those in the control group. The findings
underscore the capacity of ubiquitous collaborative learning applications
to support inclusive and equitable education, addressing gender dispari-
ties while improving educational outcomes. The implications of this study
are significant, highlighting the importance of leveraging innovative edu-
cational technologies to foster engagement, reduce inequities, and prepare
students for the demands of the digital era.

1. Introduction

The integration of ubiquitous collaborative applications
into computer education offers significant potential to
foster sustainable development and address enduring
gender disparities in learning achievement and percep-
tions. Despite advancements in educational technol-
ogy, gender gaps in STEM fields persist, particularly
in computer education, limiting diversity and innova-
tion in the workforce (Silva et al., 2021; Bairoh, 2023;
Costa et al., 2024). These disparities often lead to
a less diverse talent pool, which can hinder innova-
tion and limit the full potential of technological ad-
vancements. Traditional educational strategies have fre-
quently proven insufficient in effectively engaging and
retaining female students in computing, thereby per-
petuating this imbalance in representation (MIT Pro-
fessional Education, 2023; Pavlov, 2024). These chal-
lenges often stem from pervasive societal stereotypes, a

lack of visible female role models, and pedagogical ap-
proaches that may inadvertently alienate female learn-
ers, leading to lower self-efficacy and reduced interest
in the field (Chan, 2022). Consequently, female stu-
dents frequently report a lack of belonging and confi-
dence within male-dominated computing environments,
contributing to higher attrition rates from these pro-
grams (Yates and Plagnol, 2022). Understanding how
these disparities can be mitigated through inclusive and
adaptive learning tools is essential to promoting equity
and preparing diverse learners for success in the digital
age. While skepticism exists regarding the focus on gen-
der differences in technological learning environments,
the persistence of these inequities highlights the urgency
of such investigations.

Ubiquitous learning, characterized by seamless ac-
cess to educational resources at any time and place,
has emerged as a cornerstone of contemporary educa-
tion. It provides flexibility and accessibility, enabling
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students to learn at their own pace while revisiting con-
tent as needed. Recent studies suggest that integrating
sustainable software development concepts and empha-
sizing mathematical logic in computer education cur-
ricula can make the field more attractive to female stu-
dents, addressing gender imbalances (Silva et al., 2021).
Additionally, the rapid evolution of educational tech-
nologies has created dynamic, interactive, and person-
alized learning environments that significantly enhance
student engagement and academic outcomes (Zabolot-
ska et al., 2021; Schmid and Petko, 2019; Kaur, 2018;
Pavlov, 2024). These advancements not only trans-
form learning environments but also necessitate the de-
velopment of innovative methodological and theoretical
frameworks to critically analyze the role of technology
in education. As Casta neda and Williamson (2021)
argue, new research toolboxes are required to better
understand the sociotechnical and political dynamics of
educational technologies and their broader implications.

When combined with collaborative methods, ubiq-
uitous learning fosters interactive and engaging educa-
tional experiences that are critical to modern education
(Srivastava et al., 2021; Aithal and Aithal, 2023). Ubiq-
uitous learning applications, leveraging mobile and in-
ternet technology, not only offer immediate access to
instructional content but also promote collaboration
and personalization (Tham and Verhulsdonck, 2023;
Elsafi, 2020). These tools enable continuous interac-
tion between real-world and digital environments, of-
fering situation-specific resources and opportunities for
active participation in problem-solving projects (Vir-
tanen et al., 2018; Chin et al., 2018; Pimmer et al.,
2016). Rooted in social constructivism, collaborative
learning emphasizes social interactions and teamwork
as essential for knowledge acquisition, further enhanc-
ing its educational benefits (Ho et al., 2017; Saleem
et al., 2021). Research demonstrates that integrat-
ing collaborative learning into ubiquitous learning envi-
ronments significantly improves academic performance
and critical thinking skills (Wu, 2020; Lin and Wang,
2024). The COVID-19 pandemic further accelerated
the adoption of these technologies, highlighting the need
for adaptable and intuitive platforms to overcome chal-
lenges posed by physical distance and cater to diverse
learning preferences (Liao et al., 2015; Abdullah et al.,
2024; Parthasarathy et al., 2025). Despite these ad-
vances, limited research has explored how ubiquitous
collaborative applications address gender disparities in
educational outcomes, particularly in computer educa-
tion.

The primary objective of this study is to examine
the differences in learning achievement and perceptions
between male and female students using a collaborative
learning application in computer education. Employing
a mixed-methods approach, this research evaluates the
application’s effectiveness among undergraduate com-
puting students across three universities in northern
Thailand. Assessment techniques, including pre- and

post-tests, grading rubrics, and surveys, were utilized
to provide a comprehensive understanding of the appli-
cation’s impact (Garlinska et al., 2023). This investiga-
tion aims to contribute to the growing body of knowl-
edge on educational technology by exploring how col-
laborative learning tools can reduce gender disparities
and improve student outcomes in computer education
(Haleem et al., 2022). Ultimately, this study under-
scores the transformative potential of ubiquitous col-
laborative learning applications to create inclusive and
equitable educational environments. By addressing per-
sistent gender gaps and enhancing teaching and learning
methods, these tools can play a pivotal role in prepar-
ing students for the challenges and opportunities of the
digital age (Borgonovi et al., 2023).

2. Related Work

2.1 Ubiquitous Learning in Higher Educa-
tion

Ubiquitous learning, or u-learning, is characterized by
its flexibility and accessibility, allowing learners to en-
gage with educational content anytime and anywhere
via mobile devices and internet connectivity. This ap-
proach integrates seamlessly into daily life, ensuring
that students can access context-aware and personalized
learning experiences that cater to their unique needs
and schedules (Qurat-ul-Ain et al., 2019; Cárdenas-
Robledo and Peña-Ayala, 2018). As mobile technolo-
gies, cloud computing, and the Internet of Things (IoT)
have evolved, u-learning environments have become
more sophisticated, offering real-time adaptive con-
tent delivery and interaction (Hwang, 2014; Aljawarneh,
2020).

The benefits of u-learning are significant, ranging
from improved engagement to enhanced knowledge re-
tention. By enabling learners to revisit materials at
their own pace, u-learning promotes deeper understand-
ing and supports students with diverse learning styles
(Matthew et al., 2021; Chen and Huang, 2012). Inter-
active technologies, such as multimedia platforms and
social media, further enhance this approach by foster-
ing collaboration and peer interaction, which are essen-
tial for sustained engagement and knowledge sharing
(Gómez et al., 2014).

However, implementing u-learning environments
presents challenges. Technological limitations, partic-
ularly in remote or underserved regions, exacerbate
the digital divide and impede equitable access to these
tools. Additionally, designing effective u-learning en-
vironments requires specialized skills and considerable
effort, particularly when adapting content for mobile
platforms (Matthew et al., 2021). Addressing these
challenges is critical to maximizing the potential of
u-learning for creating inclusive educational environ-
ments.
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2.2 Collaborative Learning Theories and
Models

Collaborative learning is a transformative educational
approach that emphasizes the social aspects of learn-
ing by fostering a sense of community. In this model,
students work together to solve problems, complete
tasks, or create products, promoting active engagement
and shared knowledge construction. The foundation
of collaborative learning is rooted in several influential
learning theories, including Vygotsky’s Social Construc-
tivism, Piaget’s Constructivist Learning Theory, and
Bandura’s Social Learning Theory (Ullah and Anwar,
2020).

Vygotsky’s concept of the Zone of Proximal Devel-
opment (ZPD) highlights the space between what learn-
ers can achieve independently and what they can ac-
complish with guidance from more knowledgeable peers
or instructors. In collaborative settings, peer support
bridges this gap, allowing for shared exploration and
understanding (Zajda, 2021). Additionally, Vygotsky
emphasized the role of dialogue and social interaction
in fostering cognitive development, where learners inter-
nalize knowledge through cooperative processes. Simi-
larly, Piaget’s constructivist theory focuses on active en-
gagement, where learners construct knowledge through
interaction with their environment. Collaborative en-
vironments facilitate this process by enabling hands-on
activities and discussions, which deepen understanding
and refine problem-solving skills (McPeake et al., 2019).
Bandura’s Social Learning Theory adds another layer,
emphasizing observational learning, where learners ac-
quire skills and strategies by observing and modeling
the behavior of their peers. This dynamic interplay of
guidance and imitation creates an enriching collabora-
tive learning environment.

Collaborative learning can take both structured and
unstructured forms. Cooperative learning, a subset of
collaborative learning, involves structured group activ-
ities in which each member has a defined role, promot-
ing accountability and interdependence. Examples in-
clude Jigsaw, Think-Pair-Share, and Group Investiga-
tion. These activities are designed to enhance group
cohesion, foster positive social interaction, and ensure
that every member contributes to the group’s success.
On the other hand, collaborative learning often em-
phasizes less structured approaches that focus on ex-
ploring meaningful questions and solving complex prob-
lems together. Examples include problem-based learn-
ing (PBL), collaborative writing, and online discussion
forums. Both models encourage shared goals, mutual
engagement, and the critical negotiation of meaning,
making them effective tools for fostering a deeper un-
derstanding of concepts.

The benefits of collaborative learning are multi-
faceted. It significantly enhances critical thinking and
problem-solving skills by engaging students in rigor-
ous discussions and negotiations, helping them refine

their analytical abilities (Pardjono, 2002). Commu-
nication skills, such as active listening, articulation,
and constructive feedback, are also improved, prepar-
ing students for both academic and professional chal-
lenges. Furthermore, collaborative learning promotes
knowledge retention by encouraging active participation
and providing opportunities for students to explain con-
cepts and address misconceptions (Loes and Pascarella,
2017).

Despite its numerous benefits, implementing collab-
orative learning effectively requires addressing several
challenges. Group dynamics, such as managing conflicts
or balancing participation, can affect the success of col-
laborative activities. Additionally, assessing individual
contributions and group performance can be complex,
requiring well-designed evaluation methods. Technol-
ogy plays a pivotal role in overcoming these challenges
by providing tools to facilitate communication, manage
resources, and ensure equitable participation (Erkens
and Bodemer, 2019). However, educators must ensure
that all students have access to these tools and possess
the necessary proficiency to use them effectively.

Supported by robust theoretical frameworks and
practical models, collaborative learning remains a pow-
erful approach for fostering critical thinking, commu-
nication skills, and knowledge retention. To maximize
its effectiveness, educators must engage in careful plan-
ning, provide facilitation, and implement assessments
that address the unique challenges of group work and
technology integration. These efforts can ensure that
collaborative learning becomes a cornerstone of inclu-
sive and effective education.

2.3 Integration of Ubiquitous and Collabora-
tive Learning

The integration of ubiquitous and collaborative learning
combines two transformative educational paradigms,
creating dynamic, flexible, and inclusive learning envi-
ronments that cater to diverse student needs. By blend-
ing the continuous, context-aware access of ubiquitous
learning with the interactive, social nature of collabo-
rative learning, this approach significantly enhances ed-
ucational experiences and outcomes. Ubiquitous learn-
ing ensures that students can access resources anytime
and anywhere, supporting participation in group ac-
tivities and discussions among diverse and dispersed
teams (Jeong and Hmelo-Silver, 2016). Collaborative
learning, in turn, fosters social interaction and team-
work, amplifying engagement and motivation in digi-
tal learning spaces (Thongkoo et al., 2019). This in-
tegration is particularly effective in enabling real-time
collaboration, such as problem-based learning (PBL),
where students tackle complex, real-world problems us-
ing a combination of data, tools, and group dynam-
ics. Research by Vallejo-Correa et al. (2021) and Bar-
bosa et al. (2014) highlights how decentralized collabo-
rative platforms enhance student engagement and per-
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formance in higher education by facilitating flexible and
continuous interaction regardless of location. Similarly,
Karakaya and Bozkurt (2022) demonstrated that com-
bining mobile and ubiquitous learning with collabo-
rative approaches significantly enhances learning out-
comes by offering personalized and interactive experi-
ences.

For successful integration, robust technological in-
frastructure is critical, including reliable internet access
and user-friendly platforms that ensure equitable par-
ticipation (Farhan et al., 2019). Instructional design
plays an equally vital role, as activities must be tailored
for mobile platforms to promote meaningful interaction
and provide personalized feedback. Educators must also
navigate challenges such as ensuring consistent partic-
ipation, managing group dynamics, and designing as-
sessment strategies that account for both individual and
group contributions (Grant, 2019). By leveraging the
strengths of both ubiquitous and collaborative learn-
ing, educators can create learning environments that are
flexible, interactive, and inclusive, particularly in com-
puter education. These approaches not only foster per-
sonalized learning and real-world problem-solving skills
but also address equity concerns by providing access and
engagement opportunities for diverse student popula-
tions. However, addressing infrastructure and instruc-
tional challenges is essential to fully unlock the potential
of these integrated methodologies.

2.4 Gender Differences in Learning Achieve-
ment and Perceptions

Despite efforts to promote inclusivity, gender dispari-
ties in STEM education, particularly in computer ed-
ucation, persist, making it imperative to explore in-
novative solutions. Evidence indicates that male stu-
dents often outperform female students in computer
education courses due to factors such as prior expo-
sure, higher self-efficacy, and societal expectations (El-
Hamamsy et al., 2023). Male students typically have
more experience with programming and technology be-
fore entering formal education, giving them a distinct
advantage in related subjects (Chan, 2022). The inte-
gration of ubiquitous collaborative learning applications
has shown promise in mitigating these disparities. By
creating flexible, accessible, and engaging learning envi-
ronments, these applications cater to the diverse needs
of students, allowing them to learn at their own pace
while promoting active collaboration. These tools sup-
port equitable participation by fostering inclusive team-
work and providing personalized feedback, thereby help-
ing reduce barriers faced by underrepresented groups.

Research also suggests that strategies such as incor-
porating sustainable software development and logical
reasoning into computer education courses can make the
field more appealing to female students (Alamri et al.,
2021). Additionally, the use of interactive and adap-
tive learning technologies helps improve both the per-

ceptions and achievements of female students, offering
opportunities for real-time engagement and peer collab-
oration (Alamri et al., 2021). Addressing gender dis-
parities requires a holistic approach, encompassing the
design of inclusive educational environments, targeted
interventions, and the effective use of technology to
personalize learning experiences. Ubiquitous collabora-
tive learning applications provide a powerful framework
for reducing inequities by combining the accessibility of
ubiquitous learning with the social benefits of collabo-
ration. These applications empower students of all gen-
ders to succeed by promoting teamwork, critical think-
ing, and self-directed learning, which are essential for
thriving in STEM fields (Casta neda and Williamson,
2021). This research underscores the transformative po-
tential of ubiquitous collaborative learning applications
in addressing gender gaps in computer education. By
fostering equitable access and engagement, these tools
can play a pivotal role in reshaping perceptions and im-
proving outcomes for all students, preparing them to
excel in the digital era.

3. Novelty and Key Contribution

This study makes significant contributions to the field of
educational technology by addressing gender disparities
in computer education through the lens of ubiquitous
collaborative learning applications. Unlike previous re-
search that has largely examined the benefits of ubiqui-
tous and collaborative learning in isolation, this study
uniquely integrates these approaches and investigates
their combined impact on gender differences in learning
outcomes and perceptions. This focus bridges an impor-
tant gap in the literature, particularly in STEM educa-
tion, where gender inequities remain a critical issue. By
examining how a ubiquitous collaborative learning ap-
plication influences academic performance, engagement,
and perceptions, this research offers a transformative
perspective on the role of technology in promoting eq-
uity in education. The study explores whether these
tools can mitigate or exacerbate gender disparities, pro-
viding empirical evidence to guide educators and poli-
cymakers in designing inclusive learning environments
that cater to diverse learners.

Grounded in social constructivist theories, the study
emphasizes the importance of collaboration and inter-
action in knowledge acquisition. This theoretical foun-
dation is combined with the advancements of ubiqui-
tous learning technologies, which provide personalized,
flexible, and context-aware learning experiences. By
merging these paradigms, the research highlights the
potential of educational technologies to create dynamic
and inclusive environments that address gender-specific
challenges in STEM fields. The findings from this study
have the potential to transform computer education by
offering actionable insights into how gender differences
manifest and can be addressed in technology-enhanced
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learning environments. By demonstrating the effective-
ness of ubiquitous collaborative learning applications in
fostering equitable learning outcomes, this research con-
tributes to the ongoing discourse on gender inclusivity in
computer education. It also underscores the broader so-
cietal benefits of reducing gender gaps in STEM, where
increased diversity has been linked to innovation and
productivity gains.

This research not only extends the theoretical un-
derstanding of ubiquitous collaborative learning but
also offers practical implications for implementing these
technologies in ways that promote gender-inclusive suc-
cess. By addressing critical challenges in computer edu-
cation, the study highlights the transformative potential
of educational technology to foster equity and empower
diverse learners in the digital age.

In summary, the burgeoning fields of ubiquitous and
collaborative learning offer transformative avenues for
modern education by providing flexible, engaging, and
socially interactive environments. While individually
effective, their integration presents a powerful frame-
work for enhancing learning experiences, particularly
in computer education (Lin and Wang, 2024). How-
ever, despite these technological and pedagogical ad-
vancements, persistent gender disparities in computer
education continue to limit diversity and innovation in
the workforce. This body of literature highlights a criti-
cal need to explore how integrated learning applications
can effectively mitigate long-standing gender inequities,
paving the way for more inclusive and equitable educa-
tional outcomes for all students (Borgonovi et al., 2023).

4. Research Methodology

4.1 Participants

Participants were selected from three universities in
northern Thailand. All were enrolled in computer
education-related courses and had no prior experience
with HTML or PHP programming. A total of 226 stu-
dents participated in the study. These students were
drawn from Maejo University (n = 43, comprising 14
female and 29 male students), Mae Fah Luang Univer-
sity (n = 88, with 52 female and 36 male students), and
Chiang Mai University (n = 95, consisting of 45 female
and 50 male students). To ensure an unbiased distribu-
tion, participants were randomly assigned to either the
experimental group (EG) or the control group (CG) us-
ing a computerized randomization method. The EG,
comprising 116 students, learned through the novel ap-
proach of the ubiquitous collaborative learning (UCL)
application. Meanwhile, the CG, consisting of 110 stu-
dents, used an online support system combined with
traditional learning methods (OSTL).

The sample size was determined through a power
analysis to ensure sufficient statistical power for detect-
ing meaningful differences between the groups. Ran-
dom assignment controlled for potential confounding

variables, thereby enhancing the internal validity and
reliability of the study. Moreover, the demographic and
baseline characteristics of both groups were analyzed to
confirm that the groups had comparable starting points.

4.2 Measuring Tools

The study employed various instruments to assess
knowledge acquisition and perceptions. To evaluate
students’ understanding of PHP programming, pre-
test and post-test knowledge tests were developed by
three programming experts. These tests, comprising
15 multiple-choice questions on user-defined and built-
in functions, awarded one point for each correct an-
swer, with a maximum score of 15. To minimize test-
related biases, the pre-test and post-test covered iden-
tical content areas but used different questions. The
tests demonstrated acceptable internal reliability, with
a Kuder-Richardson Formula 20 (KR-20) coefficient of
0.75, and content validity was ensured through expert
review to align the test items with the intended learning
objectives.

Additionally, a perception questionnaire adapted
from Liaw’s model (Liaw, 2008) was utilized to gather
demographic data and evaluate students’ perceptions
of the learning activities. The 19-item questionnaire
employed a five-point Likert scale (1 = ”strongly dis-
agree” to 5 = ”strongly agree”) and covered five di-
mensions: User Interface Design (3 items, Cronbach’s
alpha = 0.81), Perceived Usefulness (6 items, Cron-
bach’s alpha = 0.88), Perceived Ease of Use (5 items,
Cronbach’s alpha = 0.70), Attitudes toward Learning (3
items, Cronbach’s alpha = 0.86), and Intention to Use
(2 items, Cronbach’s alpha = 0.89). With an overall
Cronbach’s alpha of 0.89, the questionnaire exhibited
strong internal consistency, ensuring a reliable evalua-
tion of students’ perceptions.

Figure 1. Outlines the experimental procedure and the
sequence of activities.
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4.3 Experimental Procedure

The study employed a structured experimental proce-
dure, illustrated in Fig. 1, to compare the effectiveness
of the learning approaches. Initially, all participants
completed a demographic survey and a 30-minute pre-
test to assess their baseline knowledge of HTML and
PHP programming, ensuring that any improvements
observed could be attributed to the instructional inter-
vention. Following the pre-test, all students received
a 20-minute interactive introductory lesson, which laid
the groundwork for the subsequent learning phases.

The main instructional phase of the study com-
prised four distinct sessions. Each session consisted of
approximately 150 minutes of primary learning activi-
ties, followed by a 30-minute instructor-led conclusion
and review of the content covered. The experimental
group (EG) utilized the ubiquitous collaborative learn-
ing (UCL) application, which included features such as
real-time individual and group code editors, annotation
tools, and live chat functionalities designed to promote
dynamic collaboration and engagement. Conversely, the
control group (CG) followed traditional learning meth-
ods supplemented by an online support system offer-
ing static resources and asynchronous communication
tools. The same instructor delivered all sessions to both
groups to ensure consistency and minimize instructor-
related biases. The specific learning activities and con-
tent delivery for each session were as follows:

Session 1: Introduction to Basic Concepts (HTML
Structure and PHP Syntax)

UCL Group: Students accessed foundational mod-
ules on HTML structures and basic PHP syntax
through the UCL application. Activities included in-
teractive tutorials, short quizzes, and initial collabora-
tive exercises focused on simple code snippets, allowing
real-time peer feedback within the application’s shared
workspace.

OSTL Group: Learning commenced with instructor-
led lectures covering HTML basics and introductory
PHP concepts. In-class exercises were completed in-
dividually, with the online support system (OSTL) pro-
viding supplementary reading materials and a basic dis-
cussion forum for questions, but offering limited collab-
orative functionality.

Session 2: Intermediate Programming and Logic
(HTML Forms and PHP Conditionals)

UCL Group: The UCL application guided students
through more advanced HTML forms, data handling
using PHP, and an introduction to conditional state-
ments. Collaborative tasks involved pair-programming
challenges and group problem-solving activities using
the application’s integrated code editor and communi-
cation features.

OSTL Group: This session involved lectures on in-
termediate HTML and PHP concepts, followed by indi-
vidual practice exercises. The OSTL primarily served
as a repository for additional examples and a submis-
sion portal for assignments, with instructor feedback

provided after class.

Session 3: Dynamic Content and Database Interac-
tion (PHP and MySQL Basics)

UCL Group: Students explored dynamic content
generation and fundamental database interaction using
PHP and MySQL directly within the UCL environment.
Collaborative projects focused on developing small in-
teractive web pages that retrieved or stored data, with
continuous peer and instructor interaction facilitated
through the application.

OSTL Group: Lectures covered dynamic web con-
tent and the theoretical aspects of database connectiv-
ity. Practical activities involved instructor-led exam-
ples and individual assignments requiring students to
configure their local development environments without
integrated collaborative tools, relying on the OSTL for
resource access and assignment submission.

Session 4: Project-Based Application and Debug-
ging (Comprehensive Web Application)

UCL Group: The final session centered on a com-
prehensive project in which groups developed a simple
web application integrating all previously learned con-
cepts. The UCL platform supported all stages of de-
velopment, from planning and coding to debugging and
peer review, fostering a highly interactive and adaptive
learning process.

OSTL Group: Students completed a larger indi-
vidual project that required the application of HTML
and PHP concepts learned throughout the course. The
OSTL provided project specifications and facilitated as-
signment submission; however, debugging and problem-
solving activities were conducted primarily on an indi-
vidual basis, with limited real-time collaborative sup-
port.

Following the completion of all four learning ses-
sions, students participated in a 30-minute post-test to
assess knowledge acquisition across the entire curricu-
lum. Subsequently, they completed a 40-minute per-
ception survey designed to evaluate their experiences
with the learning activities and to provide insights into
the effectiveness of the UCL application compared with
traditional learning methods.

5. Experimental Results

5.1 Gender Differences in Learning Achieve-
ment

Pre-test and post-test results for the experimental group
(EG) and control group (CG) were analyzed. Pre-test
scores indicated comparable baseline knowledge across
genders and groups, with no statistically significant dif-
ferences (p > 0.05), as shown in Table 1. However, post-
test results revealed significant improvement in both
groups, with the EG outperforming the CG.
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Table 1. Summarizes the results for pre-test and post-
test scores across genders and groups (mean ± SD).

Gender Group Pre-Test Post-Test Diff. p-value

Male EG 6.03±1.87 10.25±2.40 +4.22 < 0.001
Female EG 6.12±1.75 10.07±2.07 +3.95 < 0.001
Male CG 6.02±1.90 7.88±2.29 +1.86 < 0.001
Female CG 6.48±2.01 8.07±1.93 +1.59 < 0.001

An independent-samples t-test comparing post-test
scores between the EG and CG revealed a significant
difference (p < 0.001), with an effect size (Cohen’s d) of
1.02, indicating a large practical impact.

A two-way MANOVA examining the effects of gen-
der, group membership, and their interaction revealed
that group membership significantly influenced learn-
ing achievement (p < 0.001), with the experimen-
tal group (EG) consistently outperforming the con-
trol group (CG). Gender did not have a significant ef-
fect on learning achievement (p = 0.44), indicating no
gender-based differences in outcomes. Furthermore, the
interaction between gender and group was also non-
significant (p = 0.73), suggesting that the effective-
ness of the intervention was consistent across genders.
These findings highlight the effectiveness of the ubiq-
uitous collaborative learning application in enhancing
learning outcomes for all students, regardless of gender.

5.2 Gender Differences in Learning Percep-
tions

Students’ perceptions of the learning experience were
evaluated using a questionnaire comprising five dimen-
sions: User Interface Design (UID), Perceived Useful-
ness (PU), Perceived Ease of Use (PEU), Attitude To-
ward Learning (AT), and Intention to Use (IU).

Figure 2. Heat map of perception scores across dimen-
sions, emphasizing differences between EG and CG.

A heat map Fig. 2 illustrates higher scores across
all perception dimensions for the EG than for the CG.
Within the EG, female students reported slightly higher
mean scores than male students across most dimensions.

Table 2. Summarizes mean scores across dimensions by
gender and group (mean ± SD).

Dimension Group Gender Mean ± SD

UID

EG Male 4.28±0.75
EG Female 4.30±0.75
CG Male 3.62±0.55
CG Female 3.49±0.68

PU

EG Male 4.20±0.67
EG Female 4.25±0.67
CG Male 3.85±0.58
CG Female 3.74±0.58

PEU

EG Male 4.14±0.70
EG Female 4.14±0.70
CG Male 3.73±0.55
CG Female 3.68±0.65

AT

EG Male 4.25±0.78
EG Female 4.32±0.77
CG Male 3.80±0.60
CG Female 3.56±0.62

IU

EG Male 4.20±0.70
EG Female 4.18±0.70
CG Male 3.75±0.62
CG Female 3.50±0.69

Table 2 summarizes the mean perception scores
across the five evaluated dimensions by group and gen-
der. Students in the experimental group (EG) reported
higher mean scores than those in the control group (CG)
for all dimensions. Female students in the EG showed
slightly higher mean scores than male students in most
dimensions; however, these differences were small.

The two-way MANOVA results revealed that group
membership significantly influenced perception scores
across all dimensions (p < 0.001), whereas gender did
not have a significant effect on perceptions (p = 0.71),
nor was there a significant interaction between gender
and group (p = 0.58). These findings indicate that the
learning application was positively received by all stu-
dents, regardless of gender, demonstrating its inclusivity
and gender-neutral user experience.

5.3 Summary of Findings

The findings demonstrate that the ubiquitous collabora-
tive learning application significantly enhanced learning
achievement and perceptions, with a large effect size in-
dicating substantial practical significance. Importantly,
no significant gender-based differences were observed in
either learning outcomes or perceptions, supporting the
inclusivity of the tool and its potential to promote eq-
uity in computer education.

6. Discussion

The findings from this study provide valuable insights
into the role of ubiquitous collaborative learning appli-
cations in computer education, particularly in enhanc-
ing learning achievement, perceptions, and engagement
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while addressing gender differences. The results demon-
strate that the application significantly improved learn-
ing achievement in the experimental group compared to
the control group, with no significant gender-based dif-
ferences in outcomes. This finding is particularly signif-
icant as it validates UCL applications as highly effective
pedagogical tools, surpassing traditional methods, con-
sistent with previous research on technology-enhanced
collaborative learning environments (e.g., Lin and Wang
(2024); Karakaya and Bozkurt (2022)). More critically,
the absence of gender-based disparities in learning out-
comes directly addresses a vital challenge in STEM ed-
ucation, aligning with the aspirational goals of gender
equity and showing a promising divergence from studies
that often report persistent gender gaps in computing
achievement (e.g., Chan (2022)). This suggests that
the UCL application successfully creates an equitable
learning playing field. This highlights the application’s
ability to bridge gender gaps in learning achievement,
making it an inclusive tool that supports the academic
success of all students, irrespective of gender.

Furthermore, students in the experimental group re-
ported higher perceptions across all dimensions—User
Interface Design (UID), Perceived Usefulness (PU), Per-
ceived Ease of Use (PEU), Attitude Toward Learning
(AT), and Intention to Use (IU)—than those in the
control group. These uniformly higher perceptions are
significant as they indicate strong user acceptance and
satisfaction, which are crucial for the sustainable adop-
tion and long-term effectiveness of any educational tech-
nology, resonating with the principles of technology ac-
ceptance models. While male and female students ex-
pressed similar overall perceptions, female students in
the experimental group consistently rated dimensions
such as UI and PU slightly higher, suggesting a partic-
ular appreciation for the application’s supportive and
interactive features, such as real-time collaboration and
instant feedback. This subtle but important nuance
aligns with qualitative findings suggesting that female
learners often value supportive, interactive, and collabo-
rative learning environments more intensely in comput-
ing contexts (e.g., Yates and Plagnol (2022)). These
findings suggest that the application fostered an en-
gaging and motivating learning environment for all stu-
dents, with no evidence of gender bias.

Theoretically, the results align with Vygotsky’s Zone
of Proximal Development (ZPD) ((Yousif, 2025; Rah-
man, 2024), demonstrating how technology-enhanced
collaborative learning environments can provide scaf-
folding that supports equitable knowledge acquisition.
This alignment is further supported by research high-
lighting how interactive and collaborative platforms fa-
cilitate deeper learning and skill development through
social interaction (e.g., (Wu, 2020; Srivastava et al.,
2021)). The lack of significant interaction effects be-
tween gender and group in the MANOVA reinforces the
inclusivity of the tool, affirming its potential to create a
welcoming and supportive learning space that promotes

equitable participation and outcomes. This finding is
especially crucial as it challenges the pervasive notion
of inherent gender biases in technological learning, pro-
viding empirical evidence that well-designed ubiquitous
collaborative applications can effectively neutralize such
disparities (Borgonovi et al., 2023; El-Hamamsy et al.,
2023). In conclusion, the findings highlight the effective-
ness of ubiquitous collaborative learning applications in
enhancing learning achievement and perceptions with-
out introducing gender bias. By catering equally to the
diverse needs of male and female students, these tools
offer a balanced and inclusive approach to computer ed-
ucation. This underscores their potential to foster equi-
table and effective learning experiences, making them
valuable assets in addressing persistent disparities in
STEM education.

7. Conclusion

Integrating ubiquitous collaborative learning applica-
tions into computer education has demonstrated signif-
icant potential to enhance learning outcomes and im-
prove student perceptions, particularly in addressing
gender disparities. Statistical analysis highlights these
applications as inclusive tools that cater to diverse stu-
dent needs, fostering equity in education. By creat-
ing engaging, flexible, and context-aware learning en-
vironments, these tools empower educators to support
students across genders effectively. However, their full
potential depends on overcoming challenges such as en-
suring equitable access to infrastructure and equipping
educators with the necessary training.

Policymakers and educational leaders should prior-
itize the adoption of these applications, especially in
underserved areas, by investing in reliable technologi-
cal infrastructure and professional development for ed-
ucators. Future research should expand beyond gender
to explore demographic factors such as socioeconomic
status, cultural diversity, and educational backgrounds.
Longitudinal studies are needed to evaluate long-term
impacts and explore how emerging technologies such as
AI and augmented reality can further personalize learn-
ing experiences. Researchers should also examine in-
novative pedagogical strategies—such as collaboration,
gamification, and adaptive learning—and their integra-
tion with ubiquitous technologies to maximize educa-
tional outcomes. Addressing these areas will help ad-
vance inclusive and equitable education systems that
meet the diverse needs of students in the digital age.
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