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Abstract: Higher education has been transformed by the digital revolution in ways we never could have predicted a few decades
past. From virtual classrooms to Al-powered learning aids, Information and Communication Technologies (ICTs) are altering the
terrain of Higher Education Institutions (HEIs). The study reveals both the great opportunities and the practical challenges of this
change by means of conversations with teachers, students, and administrators as well as by means of survey data analysis. This
study explores the integration of Information and Communication Technology (ICT) and its effects on teaching and learning
processes at Quli Qutub Shah Government Polytechnic (QQSGP), a technical institution in India. It employs a mixed-methods
approach that combines quantitative analysis, including Principal Component Analysis and K-means clustering, with qualitative
insights gathered from surveys of faculty and students. In light of substantial infrastructure advancements achieving 90% WiFi
coverage, the findings indicate ongoing challenges in ICT integration, as evidenced by only 58% of students and 72% of faculty
engaging with digital tools. Additionally, there are significant gender disparities, with female learners demonstrating 19% lower
engagement levels. The investigation delineates six essential phases of ICT adoption, ranging from Awareness to Innovation, and
suggests specific strategies such as peer mentoring and sandbox training. Additionally, PCA analysis reveals three primary drivers:
Institutional Readiness accounting for 38% variance, Gender Inclusion at 29%, and Pedagogical Alignment contributing 21%. K-
means clustering effectively categorizes users into distinct groups, identifying high-adoption clusters that are mainly urban and
male, alongside low-adoption clusters that are rural and predominantly female. Notably, departments such as Mechanical
Engineering face significant pedagogical challenges, exhibiting only 45% digital content usage, in stark contrast to the 82%
observed in Computer Science. The results highlight the necessity for thorough interventions that tackle infrastructure, training,
and equitable access, providing a model that can be replicated by technical institutions undergoing digital transformation in settings
with limited resources.

Keywords: ICT adoption, K-means clustering, PCA framework, pedagogical integration, gender disparity, Indian higher
education.

Given these various consequences, a thorough analysis of ICT's
influence on HEIs is necessary to direct institutional leaders,
teachers, and legislators in maximizing digital transformation

l. Introduction

The fast development of Information and Communication

Technologies (ICTs) has drastically changed the scene of higher
education and brought in a new phase of digital learning and
institutional management. The explosion of digital tools -
including Learning Management Systems (LMS), artificial
intelligence (Al), cloud computing, mobile learning platforms,
and massive open online courses (MOOCs) has reinterpreted
conventional pedagogical practices [1] throughout the past two
decades. This change was sparked by the COVID-19 epidemic,
which drove Higher Education Institutions (HEIs) all around to
quickly adopt online and hybrid learning environments [2]. ICT
integration presents complicated issues like digital inequality,
opposition to technological adoption, and cybersecurity
vulnerabilities even while it presents until unheard-of chances to
improve educational access, engagement, and efficiency [3].

plans.
1.1 The Digital Transformation of Higher Education

ICT integration in higher education goes beyond simple
digitization of materials to support interactive, student-centered
learning models. By means of discussion forums and real-time
feedback systems, modern LMS systems including Moodle,
Blackboard, and Canvas help teachers to offer multimedia-rich
course materials, perform virtual examinations, and promote
cooperative learning [4]. By allowing different learning
environments, these tools clearly improve student involvement
and knowledge retention [5]. Moreover, by means of data
analysis and recommendation of customized learning paths, Al-
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driven adaptive learning systems personalize educational
experiences [6]. Particularly for non-traditional students,
working professionals, and people living in physically far-off
areas, the move toward digital education has also increased
access to higher learning [7]. Online degree programs and
micro-credentialing efforts have democratized knowledge so that
students may pick skills at their own speed. Notwithstanding
these developments, however, differences in digital infrastructure
and internet access still remain, especially in low- and middle-
income nations, aggravating already existing educational
inequities [8].

1.2 Challenges in ICT Adoption

Although ICT has clear advantages for higher education,
various obstacles prevent its flawless application. The digital
divide—where socioeconomic differences restrict pupils' access
to dependable devices and fast internet—is among the most
urgent problems [9]. According to a UNESCO estimate, about
half of the world's population still lacks internet connection,
disproportionately impacting underprivileged groups [10].
Faculty opposition to technology change is still a major
challenge as many of them battle with digital literacy and the
pedagogical shift from conventional lecture-based instruction to
blended learning approaches [11].

Data privacy and cybersecurity represent still another
important issue. HEIs are now more dependent on digital
platforms, hence they are subject to cyberattacks including
ransomware, data breaches, and illegal access to private student
records [12]. To protect user data, institutions have to make
investments in strong cybersecurity systems and follow laws as
the General Data Protection Regulation (GDPR [13].

1.3 Emerging Trends and Future Directions

The future of ICT in higher education is poised to be
shaped by cutting-edge technologies such as:

Immersive Learning (VR/AR): Virtual and augmented reality
applications are revolutionizing experiential learning, enabling
medical students to perform virtual surgeries or history students
to explore ancient civilizations in 3D environments [14].

Blockchain for Credentialing: Blockchain technology ensures
the authenticity and portability of academic credentials, reducing
fraud and simplifying verification processes for employers [15].

Big Data Analytics: HEIs are leveraging predictive analytics to
improve student retention rates by identifying at-risk learners and
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providing timely interventions [16].
1.4 Research Obijectives and Contribution

This study synthesizes empirical evidence from
publications indexed in IEEE, Scopus, and Web of Science,
offering actionable insights for stakeholders aiming to enhance
ICT integration. The results highlight the importance of targeted
investments in digital infrastructure, faculty development, and
equitable access to guarantee that the advantages of ICTs are
experienced by all demographic groups [17].

11. Problem Background: ICT Integration in Indian Higher
Education - A Case Study of Quli Qutub Shah Government
Polytechnic (QQSGP)

Problem Background: Quli Qutub Shah Government
Polytechnic (QQSGP), a premier technical institution in
Telangana serving 1,850 diploma students annually, presents a
compelling case of digital transformation challenges in Indian
polytechnics. While achieving 100% WiFi coverage in its main
labs (QQSGP Infrastructure Report, 2023) [17], its extension
centers in rural areas report only 48% stable internet connectivity
(Directorate of Technical Education Audit, 2023) [18]. This
dichotomy reflects the broader sectoral trend where 82% of
Indian polytechnics adopted digital tools post-2020, yet merely
29% achieved meaningful skills integration (AICTE Technical
Education Review, 2023) [19]. Our study examines this
implementation gap through QQSGP's dual role as a
government-run institution balancing urban excellence with rural
outreach mandates.

2.1 Research Design

We implemented a four-phase pragmatic sequential design [20]
tailored for technical education:

Infrastructure audit of digital resources (2020-2023)
Skills outcome analysis across disciplines
Stakeholder experience mapping

Policy benchmarking against NSQF guidelines

PwbdPE

a) Eligibility Criteria
Inclusion Parameters:

= QQSGP's authenticated internal reports (2020-2023)

= Student performance records with AICTE verification
codes

= Faculty development program evaluations
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= Peer-reviewed studies on Indian polytechnic education
(Scopus/Web of Science)

b) Exclusion Parameters:
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3. Primary Research:
o Conducted 38 technical interviews (audio-video
recorded)

2.3 Data Collection Process

= Pre-2020 data (pre-dating TEQIP-111 implementation)
= Unverified claims about placement outcomes

2.2 Information Sources

Triangulated from:

1. Institutional Sources:
o QQSGP Digital Workshop logs

o NBA accreditation documents (2022) [21]

2. Government Data:

o DTE's State Polytechnics Dashboard [22]
o TSSC's Skill Gap Analysis Reports [23]

Technical Stream:

= Analyzed 4,750 lab equipment usage logs
= Mapped 12 digital infrastructure parameters from DTE

norms [24]

= Tracked 3,892 student project submissions

Pedagogical Stream:

= Conducted workshop observations (94 contact hours)
= Performed curriculum document analysis using Technical
Discourse Framework [25]

Table 1: ICT Adoption Stages & Strategies for Teachers

Stage

Key Process

Effective Strategies

Gender Considerations

1. Awareness

Introduction to ICT basics

- Hands-on workshops
- Peer demonstrations

- Flexible timing for women

- Female role models

- Mentor support

2. Learning Developing digital skills - Step-by-step training - Women-only sessions if needed
- Practice sandboxes - Local language support
3. Application | Using ICT in teaching - Ready-to-use templates - Show gender-balanced examples

- Address tech stereotypes

4. Experiment

Trying new methods

- Small pilot projects
- Trial periods

- Mixed-gender teams
- Safe space to fail

5. Adoption Regular ICT use - Digital teaching portfolios - Monitor usage by gender
- Recognition awards - Equal recognition
6. Innovation Creating new ICT solutions | - Innovation grants - Funding for women-led projects
- Research opportunities - Equal representation
Table 2: ICT Adoption Stages & Strategies for Students
Stage Student Needs Effective Strategies Support Required

1. Awareness

Understand ICT basics

- Interactive demos
- Tech orientation sessions

- Campus tech tours
- Simple guides

- Digital project work

2. Learning Develop digital skills - Step-by-step tutorials - Practice labs
- Peer mentoring programs - Helpdesk support
3. Practice Apply skills to coursework | - ICT-integrated assignments - Online resources

- Instructor feedback

- Research projects

4. Confidence Use ICT independently - Real-world problem solving | - Troubleshooting guides
- E-portfolio creation - Tech buddies
5. Mastery Innovate with technology - Hackathons/competitions - Advanced tools  access

- Expert mentoring

Copyright © 2025 JAIET All Rights Reserved


https://doi.org/10.47001/JAIET/2025.203002
https://www.jaiet.com/

Key Gender-Sensitive Features:

Ok wNPE

Role Models - Female tech leaders in demos

Safe Spaces - Women-only options where beneficial
Bias Prevention - Gender-neutral materials/examples
Support Systems - Childcare, harassment reporting
Equal Opportunities - In funding and recognition

I11. Results

Principal Component Analysis:

PCA Frame work for QQSGP: Working PCA visualization

for QQSGP's ICT adoption analysis, using Python.

The blue color represents the teacher’s data and the orange
color shows the students data. Also fig. 2 shows the star rating

representation for the adoption patterns.

Figure 1: PCA Visualization

QQSGP ICT Adoption Snapshot:

Teachers Students
Infrastructure ek k ks dkk ki
Training *okkokd  hokokok %

Gender Policy sy dkkkix
Digital Content k% Sk k ki

Figure 2: Star rating visualization
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PCA Components:

PC1:

ICT_Infrastructure: 0.399
Training_Hours: 0.413
Female_Faculty Ratio: 0.403
Gender_Sensitive_Content: 0.390
LMS_Usage: 0.419
Student_Portfolios: 0.425

PC2:

ICT_Infrastructure: 0.490
Training_Hours: 0.335
Female_Faculty Ratio: -0.483
Gender_Sensitive_Content: -0.573
LMS_Usage: 0.282
Student_Portfolios: -0.081
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Figure 2(a): Simplified Working Version of PCA

PCA of ICT Adoption at QQSGP
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Figure 2(b): PCA of ICT adoption at QQSGP
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Figure 3: K-Means Clustering (Faculty vs. Students)

QQSGP ICT Adoption Comparison (2023)
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Figure 4
V. Discussions

The study employed a mixed-methods approach to assess
ICT adoption at Quli Qutub Shah Government Polytechnic
(QQSGP), combining quantitative clustering techniques (K-
means, hierarchical) with qualitative insights from faculty and
student surveys. The methodology addressed key challenges in
ICT integration, including:

1. Infrastructure & Access Disparities

= The K-means clustering revealed distinct adoption
patterns, separating high-usage, high-skill groups (primarily
faculty and urban students) from low-usage clusters (rural
students and non-technical departments).

= Gender disparities were evident, with female students and
faculty showing lower LMS engagement in initial clusters,
aligning with national trends on digital inequity [17].
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2. Pedagogical Integration Challenges

= Hierarchical clustering demonstrated that departments
with structured digital curricula (Computer/Electronics)
formed a separate cluster from those relying on traditional
methods (Mechanical/Civil).

= Faculty resistance, as identified in qualitative surveys,
stemmed from lack of training (only 38% attended ICT
workshops) and workload concerns, consistent with TAM3
model findings (Davis et al., 2023) [33].

3. Policy-Implementation Gap

= While QQSGP had high infrastructure scores (4.2/5),
usage rates lagged (58% for students, 72% for faculty),
indicating a gap between resource availability and effective
adoption.

= The 3D clustering highlighted that age and gender
significantly influenced adoption, with younger faculty
(<35 years) and male students dominating high-usage
clusters.

V. Conclusion

The study’s methodology - blending cluster analysis with
stakeholder surveys - provided actionable insights for QQSGP
and similar institutions:

1. Targeted Interventions Needed

= For Low-Adoption Clusters: Structured training programs
and mentorship (e.g., pairing low-usage faculty with digital
champions).

= For Gender Gaps: Safe learning spaces, flexible training
schedules, and female role models in tech.

2. Curriculum Alignment

= Departments lagging in digital adoption (e.g., Mechanical)
require pedagogical redesign, integrating LMS tools into
core coursework.

3. Policy Recommendations

= Mandate ICT training for faculty promotions.
= Subsidized devices/data plans for rural students.
= Gender-audited analytics to track progress.

Final Takeaway: ICT adoption in Indian polytechnics is not just
about infrastructure but requires cultural, pedagogical, and policy
alignment. This study’s mixed-methods approach offers a
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replicable framework for assessing and improving digital
readiness in technical education.
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