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Abstract

The proposed study explores how school leaders can handle the difficulties linked to integrating
Artificial Intelligence (Al), simulations, and virtual laboratories in Physics and Computer Science
learning in Punjab. Since the emerging technologies promise to improve conceptual knowledge,
inquiry-based education, and equal access to opportunities, their use has been disproportionate
because of the obstacles of infrastructure discrepancies, insufficient professional growth, and ethical
issues. This study seeks to examine the role of leadership practices, i.e., vision-setting, resource
allocation, capacity building, and policy governance, in promoting or deterring the adoption of
meaningful technology. The approach was a mixed-methods convergent parallel design, wherein
large-scale surveys (n = 412 teachers; n = 95 school leaders) were used to complement semi-
structured interviews, focus groups, classroom observations, and document reviews among 98
secondary and higher-secondary schools. Descriptive statistics, regression, and Structural Equation
Modeling (SEM) were used to analyze quantitative data whereas the analysis of qualitative evidence
was done through reflexive thematic analysis. Triangulation gave a comprehensive explanation of the
dynamics of leadership, teacher preparedness, and student engagement. The results identified
leadership vision, professional development, and infrastructure readiness as the best predictors of
technology adoption, and teacher readiness acted as an intermediary. Simulations turned out to be
the most efficient means of increasing student engagement, whereas Al and virtual labs were not
exploited because of competence gaps and contextual restrictions. Access and infrastructure
differences between rural and urban settings played a major role in the results, and ethical concerns
such as privacy of data, discretion of algorithms, and the absence of regulation mechanisms were
regularly cited as obstacles. The tested conceptual model puts the emphasis on leadership as the
centralized adoption driving factor mitigated by contextual and ethical factors.The research arrives at
the conclusion that the success of Al, simulations and virtual laboratories in STEM education depends
on the leadership of the school. Policy and practical suggestions are the elaboration of broad ICT
and Al policies, infrastructure investment in remote schools, long-term professional growth design,
and integrating ethical protection. The findings add to the global body of research on digital
education leadership and provide context-based approaches to make technology integration in
schools in Punjab equitable, responsible, and sustainable.
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CHAPTER 1: INTRODUCTION
1.1 Background.
The idea of the Artificial Intelligence (Al), interactive simulations, and virtual laboratories is
being integrated into science education at a pace never seen before in the 21 st century as
digital technologies continue to advance more than ever before in every corner of the globe.
The dynamism of possibilities provided by these inventions in Physics and Computer Science
offers enhanced possibilities to enhance conceptual knowledge, higher order thinking skills
and enables inquiry learning in a classroom. The literature suggests that adaptive learning
platforms and intelligent tutoring systems are Al-powered apps that can also be applied to
render the learning processes personalized to enhance the relative relevance of material to
student needs and pace (Holmes et al., 2021). Equally, simulations can enable students to
view the abstract and complex concepts in Physics, such as electromagnetism or the
mechanics of waves, by interactively working with simulations that otherwise would be
inaccessible due to safety, cost, or logistics (Wieman, 2017). The virtual labs which make the
experimental systems accessible remotely and at scale extending this benefit are particularly
valuable in the cases when the physical infrastructure is not available (de Jong et al., 2013).
Even though these technologies have the potential to transform teaching and learning, they
have not yet been adopted in mainstream education in an even manner. Among the
hindrances to this process, incorrect infrastructure, inadequate access to the internet,
insufficient training, and low levels of digital skills among educators are mentioned (Konig et
al., 2020; Trust and Whalen, 2020). As in any other educational initiative, insufficient
competence and training of educators can prove to be a significant setback to the effective
introduction of new technologies (Mehmood et al., 2025). In addition, the ethical challenge of
privacy of data, algorithmic bias, and unequal access are not only dangerous but can increase
the existing educational inequalities rather than mitigate them (Williamson and Eynon, 2020).
These challenges are particularly acute in developing nations, and the disparity of urban and
rural schools makes the digital gap even larger (Islam et al., 2021). It implies that in order to
achieve effective and equitable integration the availability of the technological resources is
coupled with the presence of a visionary and strategic leadership at the school level.
In educational management, the role of the school leadership is eminent in the process of
technological transitions. Principals and academic leaders can be found all over the world that
act as facilitators and shape direction, prepare teachers, and create organizational cultures that
enable digital innovation (Hallinger and Wang, 2020). High rates of teacher adoption of
digital tools have been associated with transformational leadership, which is inspirational,
intellectually stimulating, and individualized (Ng, 2019). Distributed leadership approaches
also contribute, enabling teachers and department heads to co-lead technology initiatives,
thereby fostering ownership and sustainability (Harris & DeFlaminis, 2016). Leaders are
additionally responsible for aligning emerging technologies with curriculum standards and
assessment frameworks, ensuring that innovations enhance rather than disrupt teaching and
learning processes. This includes ensuring that the integration of technology is done in a way
that is culturally sensitive and inclusive, recognizing the diverse backgrounds of students
(Mehmood, M. U., Ain, Q. U., Jamal, B., & Bhatti, A. U. R. (2025).
In the context of Punjab, ongoing educational reforms emphasize digital integration, yet the
evidence base regarding school leadership’s role in this process is still limited. While
initiatives such as digital classrooms, ICT labs, and teacher training programs have been
introduced, systematic evaluations reveal inconsistent adoption and utilization across schools

2103



JALT

ISSN E: 2709-8273

- aa ISSN P:2709-8265
JOURNAL OF APPLIED LINGUISTICS AND TESOL
JOURNAL OFF APPLILED Vol.8. No.3.2025
LINGUISTICS AND
FESOL

(Shah & Ud Din, 2021). This aligns with broader research in the region on the need to
support teachers and address their concerns with new educational initiatives (Mehmood &
Parveen, 2021). Urban schools often have better infrastructure and access to resources, while
rural institutions struggle with connectivity and equipment shortages. Against this backdrop,
the leadership practices of principals and heads of departments become critical determinants
of whether Al, simulations, and virtual labs are adopted meaningfully or remain underutilized
pilot projects.
That is why it is timely and important to analyze how school leadership can be used to solve
the Al-related, simulation-related, and virtual laboratory-related problems. Research into
vision-setting, resource allocation, professional growth, and ethical policy also aims to both
advance international scholarship on educational leadership and technology integration, as
well as provide practical recommendations on policy and practice in the Punjab secondary
and higher-secondary education system.
1.2 Problem Statement.
This is why the analysis of how the school leadership can be employed to resolve the issues
related to Al simulation, and virtual laboratory is timely and relevant. The scope and
objectives of research into vision-setting, resource allocation, professional development, and
ethical policy are also to not only contribute to international research in the field of
educational leadership and technology integration, but to also offer practical suggestions on
possible policy and practice in the Punjab secondary and higher-secondary education system.
Without strong and strategic leadership, these challenges risk deepening inequalities rather
than improving learning outcomes.
1.3 Objectives.
1. To examine the current state of Al, simulations, and virtual labs in Physics and
Computer Science classrooms in Punjab.
2. To identify leadership practices that support or hinder the integration of these
technologies.
3. To analyze the challenges (infrastructure, training, curriculum alignment, ethics)
faced by school leaders in implementation.
4. To explore the impact of leadership-driven initiatives on teaching quality and student
learning.
5. To propose strategies and a framework for effective, equitable, and sustainable
leadership in technology integration.
1.4 Research Questions.
e RQI: What is the prevalence and nature of Al, simulations, and virtual labs in
Punjab’s Physics and Computer Science classrooms?
e RQ2: How do school leaders influence teacher adoption and classroom use of these
technologies?
e RQ3: What barriers and opportunities do leaders face in integrating Al, simulations,
and virtual labs?
e RQ4: How do leadership practices shape student engagement and learning outcomes
in Physics and CS?
e RQS5: What leadership strategies can ensure ethical, inclusive, and sustainable
adoption?
CHAPTER 2: LITERATURE REVIEW
2.1 Literature Review.
The integration of technology into education has become a global priority, particularly in
STEM subjects where digital tools can enhance access and innovation. Research
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demonstrates that Artificial Intelligence (Al), interactive simulations, and virtual laboratories
have significant potential to transform teaching and learning in Physics and Computer
Science. Yet, their adoption is influenced by multiple factors, including leadership practices,
infrastructure, curriculum alignment, and teacher readiness. School leaders are positioned as
key change agents, shaping policy, allocating resources, and building capacity. A review of
recent literature highlights opportunities, challenges, and leadership strategies for meaningful
technology integration.

2.1.1 School Leadership and Technology Integration.

It is a common knowledge that school leadership has been a very important aspect in
ensuring that good technology adoption is achieved in the education sector. Principals and
academic heads establish the vision of innovation, acquire resources, and promote
professional development of teachers. They do not merely affect managerial work, their
presence affects the cultural and pedagogical climate that predetermines the successful use of
digital tools. According to international research, the role of leadership directly influences the
teacher motivation and the ability to use ICT in classrooms (Hallinger and Wang, 2020).
Higher ICT integration is associated with transformational leadership styles that encourage
and empower teachers. Leaders that support experimentation, give feedback, and
acknowledge the work of teachers do this by developing an environment that supports
innovation (Ng, 2019). The role of distributed leadership is also crucial because the
participation of teachers and subject heads in the decision-making process makes technology-
driven reforms owned and viable (Harris and DeFlaminis, 2016).

In Physics and Computer Science, leadership practices have the power to not only decide
which Al tools, simulations, and virtual labs have access, but how these are aligned to
curriculum and assessment frameworks. As an illustration, incorporating digital objectives
into the school development plan and setting aside time to jointly plan help the principals
further integrate (Leithwood et al., 2020). In addition, leaders intercede external issues like
low budgets or infrastructure deficits through prioritizing cost-efficient solutions and
lobbying the government or local support.

Another aspect that has been affected by leadership is in the area of professional
development. Short-term training is frequently inadequate, and long-term learning is advised,
which leads to a consistent shift in the teacher practice through continuous coaching and peer
learning (Konig et al., 2020). Leaders that safeguard teacher learning time and form
professional communities, advance digital competency among staff. In resource-limited
environments such as rural Punjab, equitable access requires leadership decisions in order to
schedule, assign and support devices. Therefore, technology adoption in science education is
enabled and facilitated by leadership.

2.1.2 Artificial Intelligence in Education.

The use of Artificial Intelligence (Al) in order to tailor and enrich the learning processes is on
the rise. The applications consist of adaptive learning systems, intelligent tutoring, automated
grading, and predictive analytics, all of which are meant to enhance student engagement and
outcomes (Holmes et al., 2021). Physics and Computer Science Al tools assist in problem-
solving by giving feedback in steps, can support programming, and can provide access to
resources by use of natural language processors and translators. They make the learning
process more inclusive because various abilities and linguistic backgrounds can be
accommodated with the help of these innovations (Luckin et al., 2016).

Nevertheless, the literature recognizes an obstacle to the use of Al. The problem of the
algorithmic bias and privacy of information remain in the center stage. Artificial intelligence
can pose a threat to the inequities in cases where the training data are unbalanced and may
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damage the interests of the marginalized populations (Williamson and Eynon, 2020). These
technologies should also be implemented in a way that honors and respects the needs of the
human beings, including that of the people with special needs, an inclusive concept also
adopted by other moral theories (Mehmood and Parveen, 2024). The privacy questions are of
particular concern to the school environment where the security of the student records is to be
guaranteed. Besides, Al systems tend to be non-transparent, and teachers and leaders can
barely understand how the decisions are taken (Chen et al., 2020).

The adoption of AI by school leadership is a very important area. The leaders ought to
determine ethical use policies, clarify the use of reasonableness in the applications of Al and
make public the use of Al in classes. They also agree on access to reputable Al platforms and
carry out training that will enable teachers to utilize these systems in an efficient way
(Zawacki-Richter et al., 2019). Absence of good governance may lead to under-utilization or
misuse of Al tools and may end up with superficial use rather than the deep rooted learning
benefits.

The international experience it has demonstrated suggests that balance between
innovativeness and care in the leaders is the crucial aspect of effective integration. By
choosing a set of professionally-vetted Al tools, offering scenario-based professional
development, and placing Al within the school improvement plan, leaders can ensure that Al
does not worsen the educational practice but, to the contrary, makes it better. The aspect of
opportunity-risk balance shows the primary role of leadership in Al adoption.

2.1.3 Simulations in Physics and Computer Science Education.

One of the effective training materials is simulations, with the help of which learners can
touch upon the abstract or complex concepts. Physics has online materials such as PhET,
which can be used to experiment with such phenomena as electricity, magnetism, and waves
virtually, which would otherwise be inaccessible due to resources or safety restrictions
(Wieman, 2017). Visualizers of algorithms and simulators of programming assist students in
learning data structures, networks, and computation processes in Computer Science (Naps et
al., 2019). Studies show that simulations improve conceptual knowledge and inquiry-based
learning, when well incorporated into classroom teaching (Rutten et al., 2012).

Advantages of simulations are that students are more motivated, get instant feedback, and
have a chance to visualize processes that cannot be seen. They promote learning as well by
giving the student a chance to manipulate variables and test hypotheses. It is demonstrated by
international studies that simulations are helpful in enhancing context-independent
knowledge transfer and deeper learning (de Jong et al., 2013). In the case of under-resourced
schools, simulations are cost-effective based on physical laboratories.

However, impediments to the adoption of simulation still exist. Educators tend to be
unconfident about the compatibility of simulations with the appropriate curriculum or
measuring the learning of learners based on online activities (Smetana and Bell, 2012). The
lack of time and technical problems, including the unavailability of devices or connection
failures, are other factors that restrict effective usage. The leadership has been instrumental in
overcoming such barriers through offering access to approved simulation repositories, time
scheduling lab sessions, and incorporating simulation into testing structures.

Finally, simulations are effective due to the instructional design and supporting the role of
leadership. The potential of school leaders can be exploited when they guarantee sufficient
training, allow teachers to cooperate, and incorporate simulations as a part of larger teaching
plans. In Physics and CS, where abstract reasoning is paramount, simulations offer a way of
intersecting theory and practice. Leadership makes sure that this bridge is solid, fair and long-
term in various educational settings.
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2.1.4 Virtual Laboratories in STEM Education.

Virtualiacies Virtual laboratories expand science learning through providing students with
remotely accessed experimental settings. They are useful in schools that have physical
resources that are limited because the labs can be used to simulate experiments that may be
expensive, time consuming and even dangerous. It is established in international research that
virtual labs enhance problem-solving, conceptual knowledge, and experimental expertise
once incorporated in an organized inquiry process (Zacharia and Olympiou, 2011). In Physics
and Computer Science, the virtual labs allow the learners to train in coding, simulate, and
perform data analysis outside of the limits of conventional classroom labs (Potkonjak et al.,
2016).

Design and instructional integration are important in the virtual labs. Research suggests that
scaffolding, reflection, and the presence of collaboration opportunities are the factors that
allow students to gain the greatest benefit in the case of virtual labs (de Jong et al., 2013).
They may be employed as pre-laboratory activities as a way of pre-preparing students to
physical experiments, or as post-laboratory activities to revise. Another area of importance in
leaders is to introduce virtual labs into school timetables, train teachers and to standardize lab
work and curriculum objectives.

The accessibility is the other aspect of the leadership responsibility. The virtual labs need to
be designed based on visual appeal features such as captions, voice-overs, and the provision
of multiple languages to correlate with various students (Heracio et al., 2016). School leaders
should also take into consideration technical limitations, especially in schools located in the
rural area, i.e., the internet connection and compatibility of the devices.

It is supported by the fact that those schools which are well headed, where ICT coordinators
have been committed and investment continued in virtual labs achieve a greater level of
utilization and impact (Tumusuz, 2010). On the other hand, in the absence of organized
assistance, virtual laboratories can be regarded as peripheral elements of STEM education
instead of a part thereof. Hence, leadership is what will make virtual labs meaningful in
teaching and learning or underutilized.

2.1.5 Challenges in Adopting Educational Technologies.

Even though people become more interested in digital innovations, their implementation into
education continues to have challenges. The situation of infrastructure gaps is especially
severe in developing countries where urban schools are more likely to experience positive
connections, access to electricity, and devices than rural schools (Islam et al., 2021). These
disparities contribute to the existing inequalities and rural students have little access to Al
tools, simulations, and virtual labs.

The other significant barrier is teacher digital competence. Although younger teachers might
change to digital tools with relative ease, most teachers are not adept at applying technology
in pedagogy due to confidence and skills (Konig et al., 2020). Professional development
tends to be on a piecemeal basis, in the form of small workshops as opposed to longer-lasting
coaching and group learning. Without efforts put by leaders to provide continuous training
and peer support, teachers will be inclined to resort to the old system despite the availability
of the advanced tools.

The curriculum is also not aligned with the core curriculum and makes it difficult to adopt.
The majority of education systems underline high-stakes tests that encourage memorization
of material, and do not leave much space to inquiry-based learning or technology-based
experimentation (Trust and Whalen, 2020). It results in the gap between affordance of digital
technologies and realities of classroom assessment. It is the task of the leaders to bridge this
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gap by integrating digital activities in the assessment systems and spearhead curricular
reforms that would incentivize technology-based competencies.

Ethical problems also occur during the adoption of technology. The data privacy problem,
student monitoring, and the bias of algorithms used in Al systems are among the concerns
when it comes to responsible usage (Williamson and Eynon, 2020). The leaders of schools
are therefore required to develop clear policies and communicate them to teachers, students
and parents in building trust.

As a whole, the literature underlines that leadership is a key focus to deal with these multi-
level challenges. The technologies such as Al, simulations, and virtual labs are at risk of
being haphazardly deployed without strategic vision, resource allocation, and long-term
teacher support, which would further promote disparities instead of the progress of the
equitable education.

2.2 Theoretical Framework.

2.2.1 Theoretical Underpinnings.

There are some theoretical viewpoints that can be used as a basis to comprehend the impact
of school leadership on the implementation of digital technologies, including Al, simulations,
and virtual labs. One, Transformational Leadership Theory focuses on the capability of the
leaders to promote a common vision, encourage teachers, and foster innovation. Trust,
intellectual stimulation, and encouragement to experiment are the elements that
transformational leaders develop to establish an environment where teachers will be more
likely to use new tools (Leithwood and Sun, 2012; Hallinger, 2020). In addition to this the
Distributed Leadership Theory emphasizes on leadership as a collective process as opposed
to the sole role of the principals. Distributed leadership fosters sustainability and shared
responsibility by allowing the department heads and teacher leaders to manage the
technology integration together (Harris, 2013; Tian et al., 2016).

Second, the use of the Technological Pedagogical Content Knowledge (TPACK) framework
and the Technology Acceptance Model (TAM) make it possible to analyze teacher adoption.
TAM states that the perceived usefulness and perceived ease of use influence the intention of
teachers to use technology (Venkatesh and Bala, 2008). In this model, the role of leadership
1s emphasized in the perception of teachers by training, support, and provision of resources.
In the meantime, TPACK goes beyond acceptance to the fusion of content, pedagogy, and
technology, implying that meaningful adoption happens when educators are able to correlate
new tools with the subject-specific pedagogies (Koehler et al., 2014). School administrators
that facilitate TPACK development help teachers to bridge Al, simulations, and virtual labs
with curricula of Physics and Computer Science.

Lastly, Diffusion of Innovations Theory (Rogers, 2003) offers a systematic perspective of the
diffusion of innovations in schools. Leadership affects some of the most important elements
of adoption, such as perceived relative advantage, compatibility with existing practices,
trialability, and observability (Straub, 2017). Principals serve as agents of change by
facilitating or slowing down the adoption process by establishing expectations, modeling
practices and rewarding early adopters. The combination of all these theories can be
described as a multi-layered premise in the study of the role of leadership in technology
integration.

2.2.2 Conceptual Framework.

With these theoretical strands, the conceptual framework that will guide this study, will
position school leadership practices as the key source of technology uptake in Physics and
Computer Science education. The leadership practices include provision of being a vision-
setter, allocating resources, professional development, provision of ethical policies and
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continuous monitoring. According to these practices, they have direct effects on teacher
preparedness and adoption that incorporate self-efficacy of teachers, usefulness of
technology, and pedagogical integration skills (TPACK) and occurrence and quality of
classroom use.
The preparation and implementation of the teacher, in turn, influence student engagement and
achievement, particularly, the development of concept knowledge and problem-solving skills,
digital literacy, and inquiry skills. The empirical studies demonstrate that confidence and
further usage of the technologies by the teachers are linked to the better outcomes and
motivation among the students (Konig et al., 2020; Sailer et al., 2021). These effects are
indirectly related to leadership since the teachers would be given the ability to incorporate Al,
simulations, and virtual labs in a way that would allow them to learn actively.
The framework also contains moderating factors and they delimit the strength of these
relationships. Only in the event of infrastructure preparedness (availability of equipment,
access, and support) does the evidence-based practice of the use of digital tools remain
uniform. When the innovation becomes a priority in the assessment system it is affected by
the curriculum alignment and this motivate teachers. When ethically governed, Al ensures
that it is responsible in the data privacy and equity issues. And finally, is the urban-rural
inequalities that focus on the contextual disparities in terms of resource and expertise.
The framework recognizes opportunities and constraints by having the leadership as the
centre of focus and the moderating variables. It proposes a pathway:
The Leadership Practices to Teacher Readiness and Adoption to Student Engagement and
Learning outcomes are correlated to infrastructure, curriculum alignment, ethics and context
in the middle.
This framework could not only be used to inform designing of research instruments, but also
provide a structured impression of how leadership is being transferred to the change at
classroom level particularly in resource-variable environment such as Punjab.

CHAPTER 3: RESEARCH METHODOLOGY
The convergent parallel design has been utilized in this paper because of its capability to
collect and analyze both the quantitative and qualitative data simultaneously. The quantitative
part focused on surveys that have identified the extent to which Physics and Computer
Science classroom embraced Artificial Intelligence (Al), simulations, and virtual laboratories.
The qualitative aspect, in its turn, used semi-structured interviews, focus groups and
classroom observations to get to know more of the leadership practices, problems and
dynamics in contexts. The triangulation of the two strands assisted the study to be holistic and
deep in the sense that the study was ensured to have a holistic approach to this issue of role of
school leadership in handling technological innovations in science education (Creswell and
Plano Clark, 2018).
The population of the study included Secondary and higher secondary school in Punjab
which offered Physics and Computer Science. Stratified random sampling was adopted as a
means of diversity representation with regards to schooling type (public and private) and
geography (urban and rural). According to this sampling frame, 98 schools were selected and
this represents a perfect balance of institutional categories. The survey data in these schools
were sampled on 412 Physics and Computer Science teachers and 95 school leaders including
principals, vice-principals and heads of department. Quantitative findings were supplemented
with semi-structured interviews with twenty-four leaders and eighteen teachers and twelve
schools were selected to conduct classroom observation and documents review. Such design
provided not only generalizable information about patterns of adoption but also local
knowledge about the practices of leadership (Palinkas et al., 2015).
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Data was collected using various instruments in order to maximize validity in triangulation
methodologically. Questionnaires distributed to teachers and leaders had Likert-scale items
that relied on the other available tools such as Multifactor Leadership Questionnaire (MLQ)
and Technology Acceptance Model (TAM) (Venkatesh and Bala, 2008). They were a
leadership vision, professional development support, teacher self-efficacy and perceived
usefulness of technology. Themes on responsibility in leadership, barriers to ethical issues
and adoption and observation checklists were discussed using semi-structured interview
guides that captured evidence of classroom-level technology integration and student
engagement. In addition, institutional documents, including ICT policies, laboratory-usage
reports and plans of professional development were also reviewed to provide supporting
evidence.
Data analysis was performed in three steps. Quantitative data of the surveys were analyzed
using the SPSS and AMOS software. Rates of adoption of Al, simulations, and virtual labs
were summarized using descriptive statistics and the relationship between the practices of
leadership, teacher readiness, and student engagement was tested using regression analysis
and Structural Equation Modeling (SEM) (Byrne, 2016). The qualitative evidence
interpretation including the interview transcript and observation notes was supported by using
the reflexive thematic analysis which allowed identifying the common themes related to the
leadership behaviors, capacity building, and contextual challenges (Braun and Clarke, 2019).
To be rigorous, the codes were developed inductively, and refined through iterative
development. Finally, the integration has been achieved through collective display analysis,
which offered the opportunity to compare and synthesize both quantitative and qualitative
results. The overlapping findings added to the validity of the findings, and the differences
added more nuanced explanations of the contextual processes, in particular, regarding the
difference between rural and urban locations (Guetterman et al., 2015).
This methodological design gave a plausible holistic view of the mediation of school
leadership in integrating the emergent technologies in teaching of Physics and Computer
Science. Data on large scale surveys and data on small scale in depth qualitative data were
the product of large scale survey data and fine qualitative data which makes the results valid
and meaningful to both policy and practice.
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Research Process Diagram:

Convergent Parallel Design
(Creswell & Plano Clark, 2018)

!

Population & Sampling

e Secondary & Higher Secondary Schools
(Punjab)

« Stratified Random Sampling

(public/private, urban/rural)

98 schools

412 teachers, 95 leaders

24 leader interviews; 18 teacher interviews

12 school observations

!

Data Collection Instruments

e Questionnaires (MLQ & TAM)

e Semi-structured Interviews

» Observation Checklists

e Document Review (ICT policies,
lab usage reports)

v

Data Analysis
» Quantitative: SPSS & AMOS (Descriptive
Stats, Regression, SEM)
» Qualitative: Reflexive Thematic Analysis
(Braun & Clarke, 2019)
» Integration: Triangulation & Joint Display
(Guetterman et al., 2015)

Table 3.1: Overview of Methodology

Mixed-methods convergent parallel design combining quantitative
(surveys) and qualitative (interviews, focus groups, observations) data
(Creswell & Plano Clark, 2018).

Secondary and higher secondary school.s in Punjab offering Physics and
Computer Science.

Research
Design
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Sampling Stratified random sampling by school type (public/private) and location
Strategy (urban/rural).

98 schools; 412 teachers; 95 leaders (principals/heads); 24 leaders + 18
teachers interviewed; 12 schools observed.

Questionnaires (adapted from MLQ & TAM)- Semi-structured interviews-
Observation checklists- Document review (ICT policies, lab usage reports).

Sample Size

Instruments

Quantitative Descriptive statistics, regression, and Structural Equation Modeling (SEM)
Analysis using SPSS and AMOS (Byrne, 2016).

Qualitative Thematic analysis of interviews and observations using NVivo, following
Analysis Braun & Clarke (2019).

Triangulation through joint display analysis, comparing convergences and

Integration )
& divergences across data sources (Guetterman et al., 2015).

Validity Methodological triangulation, stratified sampling, use of validated
Strategies instruments, and reflexive coding.

CHAPTER 4: FINDINGS AND ANALYSIS
4.1 Introduction
This chapter presents the findings and analysis from the study on the role of school leadership
in managing challenges of Artificial Intelligence (Al), simulations, and virtual laboratories in
Physics and Computer Science education in Punjab. A mixed-methods convergent parallel
design was adopted. Findings are reported from quantitative and qualitative instruments,
followed by integration through triangulation and validity strategies.
4.2 Quantitative Findings.
4.2.1 Descriptive Statistics (Surveys)
Table 4.1: Descriptive Statistics of Key Constructs (Teachers, N = 412)

Mean Std. % Agree /
Construct Sample Items Dev. Strongly
(SD) Agree

(M)

“My school leader communicates a

S o
Leadership Vision R I s 3.82 0.86 68%
Resource “Resources for
Al/simulations/virtual labs are 291 1.05 47%
Adequacy U
sufficient.
Professional Regular t_ra_lmng 1s o,t:fered for 278 112 31%
Development digital tools.
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Teacher Self-
Efficacy

Perceived
Usefulness (TAM)

Perceived Ease of
Use (TAM)

Behavioral
Intention

Infrastructure
Barriers

“I can design lessons that use
simulations effectively.”

“Using Al/simulations improves
student learning.”

“It is simple to integrate these
tools in teaching.”

“I intend to continue using these
technologies.”

“Limited infrastructure restricts
technology use.”

4.2.2 Regression Analysis
Table 4.2: Multiple Regression Predicting Teacher Adoption (N = 412)

Predictor

3.47

4.01

3.21

3.95

Vol.8. No.3.2025

0.94 61%
0.73 72%
0.98 46%
0.82 69%
— 74%

Standardized

Leadership Practices

Professional Development

Infrastructure Readiness

Ethical/Governance Practices

School Type (Urban)

47

.33

29

21

18

<.001

<.001

.004

.032

011

Model R? = .52 (Adj. R = .50), F(5,406) = 88.4, p < .001.
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4.2.3 Structural Equation Modeling (SEM)
Table 4.3: SEM Path Coefficients and Model Fit (AMOS)

Leadership — Teacher Readiness .6 <.001
Teacher Readiness — Adoption Quality .55 <.001
Adoption Quality — Student Engagement .49 <.001

Leadership — Adoption (indirect, via Readiness) 34 Bootstrapped CI1> 0

Model fit: ¥*(162) = 289.4, p <.001; CFI1=.95; TLI = .94; RMSEA = .045; SRMR = .040.
Variance explained: Adoption (52%); Engagement (46%).
4.3 Qualitative Findings.
Thematic analysis of interviews and observations revealed five themes.
Table 4.4: Qualitative Themes and Illustrative Responses

Sub-Theme Illustrative Quote Frequency

(Excerpts)

Lendlhiip o Visible When the principal demonstrates

Vision & Advocacy Modelling 4 Si?‘;i;til:) H,(¥:a£e§;rer§331:§)g e 45

“Including digital goals in the SIP
made teachers take it seriously.” 33
(Leader, Public)

Leadership as Policy
Vision & Advocacy Signaling

“One-off workshops don’t help —

Capacity Building é):fgllirlllg we need continuous guidance.” 62
& (Teacher, Rural)
“Peer observation helped me learn
Oy iG] Peer Learning  to embed simulations.” (Teacher, 30
Urban)
. “Internet drops twice in a lesson —
Infra]s; ruicture - Cor;r;:s;wty that kills the activity.” (Teacher, 78
quity Rural)
Infrastructure & Rural-Urban Stude.ntS n Ylllage SChffOlS el
Equi Divide experience virtual labs.” (Leader, 41
quity Rural)
Ethics & “We are unclear who owns student
Data Privacy data in cloud platforms.” (Leader, 32
Governance
Urban)
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Ethics & Al “Some A.I feedback seems biased
Governance Faimess for English learners.” (Teacher, 12
Urban)
Pedagogical Inquiry with “iem stud.entS P el fun, al,l,d
Integration Simulations reflect, their gains are visible. 54
(Observer)
Pedasogical . “Sometimes tech 'is used for show
Integration Superficial Use — not for learning.” (Teacher, 26
Private)

4.4 Classroom Observation Findings
Table 4.5: Classroom Observation Results (N = 12 Schools)

Simulations used in lessons 9 schools

Al-based tools applied 5 schools

Virtual labs integrated 3 schools

High student engagement with simulations 7 schools
Passive use of Al (worksheet style) 4 schools

Teacher confidence higher in urban schools Observed consistently

4.5 Document Review Findings
Table 4.6: Document Review Results (N = 98 Schools)

Formal ICT policy available 36% schools

Leadership vision in documents 41% schools
Teacher training records available 61% schools (mostly one-off workshops)
Virtual lab usage logs 28% schools (incomplete records)
Budget allocations for advanced tech Mostly basic ICT, little for Al/virtual labs

Ethical guidelines for Al/data Almost absent
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4.6 Integration of Quantitative and Qualitative Data
Table 4.7: Triangulation Joint Display

Research Quantitative Integrated

Qualitative Evidence Interpretation

Question Finding

o Convergence:
Leadership’s B=.47,p<.001 Leacl.efs/teachers stressed P
role vision & advocacy dri
ver.

. B =.33, but low Teachers.: n.eed ongo%ng Divergence:
Professional teacher coaching; Leaders: Qi v el
Development satisfaction PROFESSIONAL tya d Y

DEVELOPMENT provided &ap-
Convergence:
— 0,

Infrastructure p . 2 7.4% Ru'ral teachers. s!:ressed Infrastructure

cited barriers device/connectivity gaps .
moderates adoption.
. L Data privacy & fairness Convergence: Ethics

Ethics about . . .
repeatedly raised constrain scaling.

governance

4.7 Quantitative—Qualitative Joint Interpretation
The SEM confirmed leadership’s influence is largely mediated by teacher readiness.
Qualitative data explained why: leaders’ modeling, policy signaling, and mentoring increased
teacher confidence. Observations showed that simulations fostered high engagement,
supporting TAM’s perceived usefulness construct. Divergence between leaders’ and teachers’
perceptions of PROFESSIONAL DEVELOPMENT highlighted a key implementation gap.
4.8 Application of Analytical Techniques.
¢ Quantitative: Descriptive stats, regression, and SEM (SPSS & AMOS) (Byrne,
2016).
¢ Qualitative: Reflexive thematic analysis (NVivo), following Braun & Clarke (2019).
e Integration: Joint display triangulation compared data sources (Guetterman et al.,
2015).
4.9 Validity and Reliability Strategies
Table 4.8: Validity and Reliability Strategies

Strategy Application

Methodological Mixed instruments: surveys, interviews, observations,
Triangulation documents.

Sampling Validity Stratified random sampling (public/private; urban/rural).
Instrument Validity Items from MLQ & TAM; Cronbach’s o > .80.
O ETHE VI R diinies - Double coding k = .78, reflexive memos, member checks.

SEM Robustness Bootstrapping, multi-group analysis (urban vs rural).

2116



JALT

ISSN E: 2709-8273

- aa ISSN P:2709-8265
JOURNAL OF APPLIED LINGUISTICS AND TESOL
JOURNAL OFF APPLILED Vol.8. No.3.2025
LINGUISTICS AND
FESOL

Informed consent, anonymization, secure data storage.

4.10 Summary of Chapter.
This chapter presented findings from quantitative and qualitative analyses. Leadership vision,
PROFESSIONAL DEVELOPMENT, and infrastructure were strong predictors of technology
adoption, with SEM confirming mediation by teacher readiness. Qualitative findings
highlighted leadership advocacy, training gaps, infrastructure inequities, and ethical concerns.
Triangulation confirmed convergence across methods, with notable divergence in perceptions
of PROFESSIONAL DEVELOPMENT.

CHAPTER 5: DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS
5.1 Discussion.
This study investigated the role of school leadership in managing the challenges of Artificial
Intelligence (Al), simulations, and virtual laboratories in Physics and Computer Science
education in Punjab. Findings revealed that leadership vision, professional development, and
infrastructure readiness were the strongest predictors of technology adoption, with teacher
readiness mediating adoption and student engagement. These findings align with
international evidence that emphasizes the centrality of leadership in technology integration.
5.1.1 Leadership and Vision.
The quantitative results demonstrated that leadership practices had the strongest impact on
teacher adoption (f = .47, p <.001). This supports transformational and distributed leadership
theories, which highlight vision-setting, resource mobilization, and collaborative decision-
making as critical for change (Hallinger, 2011; Leithwood & Sun, 2012). Interviews and
observations further confirmed that leaders who modeled technology use encouraged teachers
to follow suit. This finding echoes research in other contexts, where visible advocacy by
principals accelerated the diffusion of digital innovations (Aldosemani, 2019).
5.1.2 Professional Development and Teacher Readiness.
Professional Development (PD) was the second strongest predictor of adoption ( = .33, p <
.001). However, divergence emerged between leaders’ and teachers’ perspectives: leaders
reported PD provision, while teachers emphasized its insufficiency and lack of continuity.
This reflects international literature stressing the importance of sustained, practice-based PD
rather than one-off workshops (Darling-Hammond et al., 2017; Tondeur et al., 2016). The
Technology Acceptance Model (TAM) was particularly relevant: teachers rated perceived
usefulness high (M = 4.01) but perceived ease of use lower (M = 3.21), suggesting
confidence and competence gaps that targeted PD must address.
The divergence between leaders’ and teachers’ perspectives on professional development
may be explained by stress-inducing conditions in schools. Teachers experiencing
administrative workload, limited resources, and lack of support often perceive training as
insufficient (Mehmood & Parveen, 2024). Effective leadership in digital education is closely
linked with teacher readiness and support mechanisms, echoing findings that comprehensive
support programs are essential for empowering teachers to meet the diverse needs of students
(Mehmood & Parveen, 2025).
5.1.3 Infrastructure and Equity.
Infrastructure emerged as a significant predictor of adoption (B = .29, p = .004), with 74% of
teachers citing it as a barrier. Observations highlighted rural-urban disparities, confirming
findings from previous studies in developing contexts (Kozma, 2011; Voogt et al., 2015).
Limited internet connectivity, insufficient devices, and power interruptions constrained
effective use of virtual labs and Al, particularly in rural Punjab. The Diffusion of Innovations
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Theory (Rogers, 2003; Straub, 2017) explains this pattern: adoption slows when
compatibility, trialability, and observability are hindered by contextual limitations.

5.1.4 Ethical and Governance Challenges.

Both leaders and teachers raised concerns about ethical issues such as data privacy,
algorithmic bias, and lack of clear policy frameworks. Quantitative results confirmed that
ethics significantly predicted adoption (B = .21, p =.032). This mirrors global debates around
the risks of Al in education, where unregulated use may amplify inequities or compromise
student data (Holmes et al., 2021; Williamson & Eynon, 2020). The absence of formal
policies in most reviewed schools (64% lacking ICT guidelines) underscores the need for
governance mechanisms.

5.1.5 Pedagogical Impact and Student Engagement.

Findings indicated that simulations were the most effective technology for enhancing student
engagement, while Al tools and virtual labs were less consistently integrated. This aligns
with prior evidence that interactive simulations promote conceptual understanding in physics
and computer science (Wieman, 2017; Rutten et al., 2012). SEM results confirmed that
teacher readiness and adoption significantly predicted student engagement (p = .49, p <.001),
reinforcing the link between leadership-driven teacher preparation and student outcomes.

5.2 Conclusions.

Based on the findings and discussion, the following conclusions are drawn:

1. School leadership is the most influential factor in technology adoption, primarily
through vision-setting, modeling, and resource allocation.

2. Professional development is insufficient in quality and continuity; teachers require
sustained, practice-based training to build confidence in Al and virtual labs.

3. Infrastructure gaps, especially in rural schools, remain a persistent barrier that
limits equitable adoption of digital tools.

4. Ethical concerns are largely unaddressed at the school level, with few formal
policies on Al use, data privacy, or fairness.

5. Simulations are currently the most effective tool for improving student
engagement, while Al and virtual labs remain underutilized due to readiness and
contextual challenges.

6. The study’s conceptual framework is validated: leadership practices influence
teacher readiness, which mediates adoption and shapes student engagement,
moderated by infrastructure, curriculum alignment, and ethics.

5.3 Recommendations.

Based on the conclusions, the following recommendations are proposed for policy, practice,
and research:

5.3.1 For School Leadership and Policy Makers.

e Develop comprehensive ICT and Al policies at school and provincial levels,
explicitly addressing ethics, data privacy, and equitable access.

o Ensure targeted resource allocation to reduce rural-urban disparities, including
investments in internet connectivity and devices.

o Establish monitoring and evaluation systems to track adoption, usage, and student
impact of Al, simulations, and virtual labs.

5.3.2 For Professional Development.

e Move beyond one-off workshops toward continuous, school-based PD models
(mentoring, coaching, professional learning communities).

o Provide context-specific training for Al, simulations, and virtual labs, focusing on
pedagogical integration rather than technical skills alone.
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o Foster peer learning networks where teachers share practices, lessons, and
resources.

5.3.3 For Teachers and Practitioners.

o Actively engage in self-directed learning about AI tools and virtual labs to
supplement formal PD.

o Integrate simulations into inquiry-based approaches, ensuring technology serves
learning goals rather than demonstration alone.

e Collaborate with leadership to co-design digital lesson plans aligned with curriculum.

5.3.4 For Future Research.

o Extend the study to higher education institutions to examine adoption patterns in
more advanced STEM settings.

e Conduct longitudinal studies to assess the long-term impact of leadership practices
on teacher adoption and student outcomes.

o Explore comparative analyses across provinces or countries to generalize findings.

CHAPTER 6: SIGNIFICANCE OF THE STUDY.
6.1 Introduction.
This study contributes to the growing body of research on leadership in the context of digital
education, particularly focusing on the integration of Artificial Intelligence (Al), simulations,
and virtual laboratories in Physics and Computer Science classrooms in Punjab. By
employing a mixed-methods approach, the study provides both theoretical insights and
practical implications, while also offering guidance for policy formulation. The significance
of the study is outlined under three major contributions: theoretical, practical, and policy.
6.2 Theoretical Contribution.
The study extends the literature on educational leadership and digital integration by
validating a conceptual framework in which leadership practices influence teacher
readiness, which mediates adoption and student engagement, moderated by
infrastructure, curriculum alignment, and ethics. This framework integrates
Transformational and Distributed Leadership Theories, the Technology Acceptance
Model (TAM), and the Diffusion of Innovations Theory, thereby contributing to theory-
building in the field of digital education.
Findings confirm that leadership vision, modeling, and advocacy are critical levers for
adoption, supporting global evidence while contextualizing it within Punjab’s secondary and
higher-secondary schools. By demonstrating that teacher readiness mediates adoption
outcomes, the study deepens understanding of the mechanisms through which leadership
impacts classroom practice in the era of Al and digital technologies.
6.3 Practical Contribution.
The study offers actionable strategies for principals, teachers, and teacher education
programs to address barriers in integrating Al, simulations, and virtual labs. Specifically:

o For school leaders, the research highlights the importance of sustained professional
development, equitable resource allocation, and visible modeling of technology use.

o For teachers, the findings provide pathways to strengthen self-efficacy, integrate
simulations into inquiry-based pedagogies, and address ethical considerations in
technology use.

e For teacher education programs, the study underscores the need to embed Al
literacy and digital pedagogy in pre-service and in-service training, ensuring teachers
are prepared to use emerging technologies effectively.
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These insights are particularly relevant for developing contexts, where leadership-driven
strategies can mitigate systemic challenges such as limited infrastructure and rural-urban
disparities.

6.4 Policy Contribution.

The study also informs the development and refinement of ICT-in-education policies in
Punjab. Key contributions include:

o Emphasizing the need for comprehensive Al and ICT guidelines that address ethical
issues such as data privacy, algorithmic fairness, and student protection.

o Highlighting infrastructure investment priorities, especially in rural schools, to
ensure equitable access to Al and virtual laboratories.

e Providing evidence to strengthen leadership training programs, ensuring that
principals and administrators are equipped with the skills to guide digital
transformation.

By aligning school-level practices with provincial strategies, the study supports the
development of policies that are not only technologically innovative but also socially
equitable and ethically sound.

6.5 Summary.

In summary, the significance of this study lies in its ability to bridge theory and practice
while also offering policy guidance. It contributes to scholarly debates on leadership in digital
education, equips practitioners with strategies to overcome barriers, and informs
policymakers about the conditions necessary for effective and equitable technology adoption
in Punjab’s schools.
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