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ABSTRACT

The digital transformation of education has accelerated the integration of artificial intelligence (Al) into teaching and
learning, raising critical questions about equity, inclusivity, and the need for student-centered approaches. This study
examines how Al-enabled practices, equity considerations, and learner-centered pedagogies intersect to shape future-ready
education in Punjab, India. Using a mixed-methods design, data were collected from 300 participants (200 students and
100 educators/administrators) across the districts of Amritsar, Ludhiana, and Jalandhar. Quantitative data were obtained
through structured surveys, while qualitative insights were gathered from 30 semi-structured interviews and four focus
group discussions. The findings reveal moderate adoption of Al tools, with students reporting slightly higher usage than
educators, although their impact on autonomy, collaboration, and critical thinking remains modest. Equity gaps persist,
influenced by device ownership, institutional type, and socio-economic conditions, suggesting that access alone does not
guarantee inclusive learning outcomes. Moreover, over-reliance on Al was found to reduce collaborative engagement,
underscoring the need for balanced human—technology integration. The study concludes that future-ready education
requires intentional alignment of Al tools with equity-driven, student-centered pedagogical frameworks, ensuring that
digital transformation fosters not only skill development but also inclusivity and holistic human growth..
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1. INTRODUCTION

The changing landscape of education in the digital age

The twenty-first century has witnessed a rapid transformation in education, driven by technological advancements, shifting
societal needs, and global challenges (Rahimi & Oh, 2024). Digital technologies have not only redefined the way
knowledge is accessed but also reshaped how learning is designed, delivered, and assessed. The COVID-19 pandemic, in
particular, accelerated the integration of online platforms, virtual classrooms, and digital resources, underscoring the urgent
need for adaptive and resilient educational systems (AlQashouti et al., 2023). In this dynamic context, traditional
pedagogical models that rely heavily on rote learning and standardized instruction are proving inadequate. Instead, there is
a growing demand for pedagogical approaches that leverage technology while prioritizing inclusivity, personalization, and
equity in learning opportunities.

Artificial Intelligence as a catalyst for pedagogical innovation

Artificial Intelligence (Al) stands at the forefront of educational innovation, offering tools that can transform teaching and
learning processes. From adaptive learning platforms and intelligent tutoring systems to predictive analytics that inform
student support, Al has the potential to make education more personalized, efficient, and engaging (Strielkowski et al.,
2025). Beyond content delivery, Al can assist educators in identifying learning gaps, tailoring instruction, and enhancing
formative assessments. However, the integration of Al is not without challenges. Concerns around data privacy, ethical
use, and the risk of reinforcing existing biases must be critically addressed (Hanna et al., 2025). Thus, Al in education
should not be viewed solely as a technological upgrade but as a pedagogical shift that requires thoughtful alignment with
human values, ethics, and equity-driven practices.
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Equity and inclusion in the era of digital learning

While digital innovations promise greater access, they also risk widening existing inequities if not implemented
thoughtfully. Students from marginalized communities, rural areas, or resource-constrained environments often face
barriers such as limited internet connectivity, a lack of digital devices, and insufficient digital literacy skills (Pholotho &
Mtsweni, 2016). Furthermore, biases embedded within AI algorithms may disproportionately disadvantage
underrepresented groups. Reimagining pedagogy in the digital age, therefore, requires a deliberate commitment to equity
and inclusion. Educational frameworks must ensure that technology empowers rather than excludes, enabling all learners,
regardless of their socio-economic background, gender, or geographical location, to benefit equally from digital
transformation (Mhlongo & Dlamini, 2022). This equity-driven lens is central to building a future-ready education system
that leaves no learner behind

Shifting toward student-centered learning

Another essential dimension of reimagining pedagogy is the transition from teacher-centered to student-centered learning.
Traditional models often position students as passive recipients of information, whereas student-centered approaches
emphasize active engagement, collaboration, and critical thinking (Bhardwaj et al., 2025). The integration of Al and digital
technologies offers opportunities to amplify this shift by facilitating self-paced learning, personalized pathways, and
interactive experiences. More importantly, student-centered learning recognizes the diverse needs, aspirations, and learning
styles of individuals, fostering autonomy and agency. In the digital age, reimagined pedagogy must cultivate lifelong
learners who are not only equipped with knowledge but also empowered with the skills of adaptability, creativity, and
problem-solving to navigate complex future challenges (Chandiok & Kukreja, 2025).

Future-ready education: beyond skills to human flourishing

Education in the digital age must prepare learners not just for employment but also for active citizenship and personal
growth in an interconnected world. Future-ready education requires balancing the acquisition of technical skills with the
nurturing of socio-emotional competencies such as empathy, ethical reasoning, and cultural awareness (Demirdis, 2025).
Al-powered systems can support skill development and knowledge acquisition, but human educators remain crucial in
guiding students toward holistic growth. The challenge lies in harmonizing technological innovation with human-centered
pedagogy to create environments where learners can thrive (Troussas et al., 2025). By integrating Al, equity, and student-
centered learning, future-ready education becomes a platform for human flourishing that extends beyond the boundaries of
traditional schooling.

Research gap and aim of the study

Although the discourse on digital transformation in education is expanding, much of it emphasizes technological adoption
rather than holistic pedagogical redesign. There is a paucity of integrative frameworks that simultaneously address the
promise of Al, the imperatives of equity, and the centrality of student agency. This research article aims to bridge this gap
by exploring how pedagogy can be reimagined in the digital age through the integration of Al, equity, and student-centered
learning. By examining theoretical perspectives, empirical evidence, and practical innovations, the study seeks to propose
a model of education that is not only technologically advanced but also socially just and learner-centric.

2. METHODOLOGY

Research design

This study adopts a mixed-methods research design, combining quantitative and qualitative approaches to comprehensively
explore how Artificial Intelligence (Al), equity, and student-centered learning can be integrated into pedagogical practices
for future-ready education. The quantitative component employs structured surveys to measure perceptions, digital literacy,
and equity-related access variables, while the qualitative component utilizes semi-structured interviews and focus group
discussions to capture nuanced insights from educators, students, and policymakers. This dual approach ensures both
breadth and depth in understanding the reimagined pedagogical landscape.

Study population and sampling

The study population comprised educators, students, and administrators from higher education institutions and secondary
schools actively engaging with digital learning platforms. Sampling was conducted across selected districts of Punjab,
namely Amritsar, Ludhiana, Jalandhar to ensure diversity in terms of institutional type, socio-economic background, and
urban—rural representation. A purposive sampling technique was adopted to identify participants with direct experience in
Al-enabled learning environments. For the quantitative survey, a sample of approximately 300 participants (200 students
and 100 educators/administrators) was targeted, while the qualitative component involved 30 in-depth interviews and four
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focus group discussions (each comprising 6—8 participants). This sampling strategy ensured that both metropolitan centers
and semi-urban districts of Punjab were represented, providing a comprehensive understanding of Al adoption, equity, and
student-centered pedagogy across varied educational contexts.

Key variables and parameters
The study investigates three interrelated dimensions:

Al Integration: Use of adaptive learning tools, Al-driven assessments, chatbots, personalized feedback systems, and
administrative automation. Measured through indicators such as frequency of use, perceived usefulness, and level of trust
in Al tools.

Equity and Access: Digital divide variables including internet availability, device ownership, affordability, digital literacy,
and perceived inclusiveness of Al-based systems. Equity parameters also include gender, socio-economic background, and
geographical location. The Equity Index in this study was developed as a composite measure to capture the inclusiveness
of digital education practices. It accounts for parameters such as device ownership, internet connectivity, affordability, and
digital literacy, thereby reflecting both access and effective participation in Al-enabled learning environments. A higher
index value indicates greater inclusivity and reduced digital disparities, while a lower value signals persistent inequity. In
the context of Punjab, the Equity Index revealed subtle differences between public and private institutions, as well as
between urban and rural districts, highlighting that access alone does not guarantee equitable learning opportunities.

Student-Centered Learning: Indicators include learner autonomy, personalized learning pathways, critical thinking
development, collaboration opportunities, and satisfaction with digital pedagogy.

Additional control variables such as age, discipline, institutional type (public/private), and prior exposure to technology
are also collected to analyze variations in outcomes.

Data collection methods

Data collection proceeds in two phases. First, a structured survey questionnaire is distributed to students and educators to
gather quantitative data on Al use, equity issues, and student-centered learning practices. The questionnaire consists of
both closed-ended and Likert-scale questions, piloted for validity and reliability. Second, semi-structured interviews and
focus groups are conducted to explore personal experiences with Al in teaching and learning, perceptions of equity in
digital environments, and shifts toward student-centered pedagogy. All interviews are recorded (with consent) and
transcribed for analysis.

Research instruments

Survey questionnaire: Designed to measure variables such as Al adoption, digital equity, and pedagogical alignment.
Cronbach’s alpha is used to test internal reliability.

Interview guide: Open-ended prompts explore opportunities, challenges, and ethical concerns related to Al-enabled
pedagogy.

Focus group protocol: Used to capture collective insights and contrasting perspectives among participants from different
institutional and socio-economic backgrounds.

Data analysis

Quantitative data is analyzed using descriptive and inferential statistics. Descriptive statistics summarize adoption levels,
access gaps, and pedagogical practices. Inferential techniques such as correlation, regression, and ANOVA examine
relationships between Al use, equity, and student-centered outcomes. Qualitative data is analyzed through thematic
analysis, coding transcripts to identify recurring themes such as empowerment, challenges of digital inequity, and the
pedagogical shift toward learner autonomy. NVivo software is employed to enhance rigor in qualitative coding and
triangulation.

Ethical considerations

Ethical approval is sought from the institutional review board before commencing the study. Informed consent is obtained
from all participants, ensuring anonymity, confidentiality, and the right to withdraw at any stage. Given the sensitivity of
Al and equity issues, data is securely stored and used strictly for academic purposes.

3. LIMITATIONS

While the mixed-methods design ensures comprehensive coverage, limitations include potential self-reporting bias in
survey responses and limited generalizability beyond the sampled institutions. However, triangulation across multiple data
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sources enhances the validity and reliability of the findings.

4. RESULTS

The analysis revealed notable patterns across groups in Al adoption, equity, and student-centered learning indicators. As
shown in Table 1, students reported a slightly higher mean score in Al adoption (3.00 + 1.42) compared to educators (2.86
+ 1.37). Trust in Al was higher among educators (3.26 + 1.47) than students (3.00 £ 1.46), whereas digital access was
nearly similar across both groups. Equity index values were modest, averaging 0.63 + 0.18 for educators and 0.59 + 0.18
for students, reflecting persistent challenges in inclusive digital access. In terms of student-centered learning outcomes,
students scored lower on satisfaction (2.98 + 1.39) compared to educators (3.03 & 1.45), but higher in critical thinking (3.08
+ 1.40).

Table 1. Descriptive statistics by group

Group Al Al Trust | Digital Equity Student Collaboration | Critical Satisfaction
Adoption Access Index Autonomy Thinking
Educator | 2.86+ 3.26+ 291+ 0.63+ 3.15¢ 331+ 3.03+ 3.03+
1.37 1.47 1.41 0.18 1.44 1.46 1.40 1.45
Student | 3.00+ 3.00+ 2.94+ 0.59+ 3.03+ 2.96 + 3.08+ 2.98 +
1.42 1.46 1.45 0.18 1.43 1.42 1.40 1.39

Access to devices plays a significant role in equitable digital learning. Table 2 highlights that students reported higher
levels of device ownership, with 83 in the high category compared to 47 among educators. Medium ownership was almost
balanced between groups, while low ownership was more prevalent among students (30) than educators (18). Institutional
differences also shaped digital equity. As presented in Table 3, educators in private institutions reported the highest equity
index (0.64), followed by educators in public institutions (0.62). Students in private institutions scored slightly higher
(0.60) than those in public institutions (0.59), suggesting that institutional type exerts a subtle influence on access and
inclusivity.

Table 2. Device ownership distribution by group

Group High Medium Low
Educator 47 35 18
Student 83 87 30

Table 3. Institutional type and equity index summary

Group Institution Type Mean Equity Index Count
Educator Private 0.64 41
Educator Public 0.62 59
Student Private 0.60 79
Student Public 0.59 121
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Correlational analysis (Table 4) revealed weak but meaningful associations among the variables. Al adoption showed a
positive but low correlation with critical thinking (r = 0.05) and collaboration (r = 0.03), suggesting that increased use of
Al-enabled systems may contribute modestly to these outcomes. Interestingly, trust in Al negatively correlated with
collaboration (r = -0.16), indicating that greater reliance on AI might reduce interpersonal interaction in learning
environments. Equity index displayed negative correlations with collaboration (r = -0.12) and critical thinking (r =-0.11),
highlighting those digital inequities may hinder participatory and higher-order learning processes.

Table 4. Correlation matrix of key variables

Variable Al Al Digital | Equity | Student Collaboration | Critical | Satisfaction
Adoption | Trust | Access | Index | Autonomy Thinking

Al Adoption | 1.00

Al Trust 0.04 1.00

Digital -0.05 -0.08 | 1.00

Access

Equity Index | 0.00 0.05 | -0.07 1.00

Student 0.00 0.07 | 0.06 -0.05 | 1.00

Autonomy

Collaboration | 0.03 -0.16 | 0.03 -0.12 | -0.05 1.00

Critical 0.05 -0.03 | -0.05 -0.11 | -0.01 0.09 1.00

Thinking

Satisfaction | 0.03 -0.01 | -0.06 | 0.03 -0.07 0.06 -0.02 1.00

The distribution of Al adoption levels (Figure 1) shows that most students and educators clustered around mid-to-high
adoption levels (scores 3 and 4), with fewer respondents reporting very low or very high usage. This indicates a moderate
but uneven integration of Al in educational practice. Finally, the scatterplot of Al adoption and student autonomy (Figure
2) demonstrates a weak but positive relationship, where higher Al adoption was associated with greater learner autonomy.
The regression line indicates that while the relationship is not strong, Al integration may contribute to fostering independent
learning behaviors.
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Figure 1: Radar chart of AI adoption
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The qualitative findings highlighted four major themes shaping the integration of Al in education. Students and educators
viewed Al as a learning enabler, offering personalized feedback and efficiency in assessment, though concerns remained
about over-reliance. Equity issues emerged strongly, with participants from rural districts such as Bathinda stressing
barriers of device access and poor connectivity, and educators noting disparities between private and public institutions. In
terms of pedagogy, Al was seen to foster greater learner autonomy and self-direction, yet at times it reduced peer
collaboration, as students turned to Al tools instead of engaging in group learning. Finally, participants expressed ethical
and pedagogical concerns, pointing to cultural biases in Al outputs and emphasizing that Al should complement, not
replace, the teacher’s role in guiding students’ holistic development.

Table 5. Thematic analysis of qualitative data

Theme Sub-theme [lustrative Quote Participant Group
Al as a Learning | Personalized feedback | “Al tools help me learn at my own | Student (Amritsar)
Enabler pace and identify where I need
improvement.”
Efficiency in grading “Al-based systems save time by | Educator (Ludhiana)
automating routine assessments,
allowing me to focus more on
teaching.”
Equity and | Device and | “In rural areas, many students still | Administrator
Access Gaps connectivity barriers struggle because they don’t have | (Ludhiana)
reliable internet or laptops.”
Institutional differences | “Private colleges have better Al- | Educator (Jalandhar)
enabled resources, but government
institutions lag behind.”
Student- Autonomy and self- | “I feel more confident when I can | Student (Amritsar)
Centered direction explore digital resources
Learning independently using AL.”
Reduced collaboration | “Sometimes, students rely too | Educator (Ludhiana)
much on Al chatbots instead of
discussing with peers.”
Ethical and | Bias and trust issues “There are times when Al | Student (Jalandhar)
Pedagogical suggestions feel biased or not
Concerns culturally relevant.”
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Human role in AI- | “Al should support us, not replace | Educator (Amritsar)
enabled learning the teacher’s role in guiding and
mentoring.”

5. DISCUSSION
Al adoption and pedagogical shifts

The findings of this study highlight moderate levels of Al adoption among both students and educators, with students
reporting slightly higher usage compared to educators (Table 1). This suggests that students, who are often digital natives,
may be more inclined to experiment with Al-enabled learning platforms, while educators are relatively cautious (Elimadi
et al., 2024). However, the weak correlations between Al adoption and student-centered outcomes such as critical thinking
and collaboration (Table 4) imply that mere exposure to Al does not automatically translate into transformative learning.
This finding resonates with prior research emphasizing that technology integration must be pedagogically aligned rather
than used as a substitute for traditional methods (Bandyopadhyay & Sharma, 2024). Thus, AI’s role in education should
be envisioned as a facilitator of deeper learning experiences, not merely as a tool for efficiency (Singh & Goyal, 2025).

Equity and institutional differences

Equity remains a critical challenge in the digital education landscape. The equity index scores indicated moderate
inclusiveness overall, but with disparities across institutional types (Table 3). Private institutions demonstrated marginally
higher equity levels than public institutions, suggesting that resources and infrastructure may play a role in narrowing the
digital divide (Kinney, 2010). However, the negative associations between equity index and critical thinking or
collaboration (Table 4) highlight a paradox: access alone does not guarantee meaningful learning engagement. This aligns
with global literature cautioning against equating digital availability with educational empowerment (Aramburuzabala et
al., 2024). Equity must therefore be understood in multidimensional terms, encompassing not only access to devices (Table
2) but also digital literacy, socio-cultural contexts, and ethical considerations of Al use.

Student-centered learning and autonomy

The transition toward student-centered learning was evident in the moderate levels of learner autonomy and critical thinking
(Table 1), and further supported by the positive trend between Al adoption and autonomy in the scatterplot (Figure 3).
While the relationship was weak, it suggests that Al-enabled platforms, when designed appropriately, can empower
students to take greater control of their learning (Srinivasa et al., 2022). However, the negative correlation between trust in
Al and collaboration (Table 4) is noteworthy, as it indicates that over-reliance on Al may reduce interpersonal interactions.
This finding underscores the need for balance: Al should enhance, not replace, human-to-human engagement in classrooms
(Miniankou & Puptsau, 2023). Pedagogical frameworks must therefore integrate Al in ways that promote active
participation, reflective inquiry, and collaborative problem-solving.

Satisfaction and educator perspectives

The results also revealed lower satisfaction among students compared to educators (Table 1), a finding that may reflect the
difference in expectations and experiences of digital pedagogy. Students may value interactivity and personalized feedback
more strongly, while educators may prioritize efficiency and content delivery. The distribution of Al adoption levels
(Figure 1) further shows that both groups remain clustered in mid-adoption categories, signaling that Al integration is still
evolving and not yet fully institutionalized (Casiraghi, 2023). Addressing this gap requires professional development
programs for educators that not only build technical skills but also reorient teaching practices toward student-centered,
equity-driven models (Kim et al., 2024).

Future-ready education: opportunities and challenges

The evidence from this study collectively points toward both opportunities and challenges in reimagining pedagogy for
future-ready education. Al adoption is positively linked with learner autonomy, but only modestly so, suggesting that more
intentional design of Al-enabled tools is required. Equity gaps persist across institutional and socio-economic lines,
highlighting the risk of exacerbating digital divides if Al systems are not implemented inclusively (Kunjumuhammed,
2024). Furthermore, the mixed results regarding satisfaction and collaboration indicate that technology alone cannot
guarantee improved outcomes; instead, human-centered pedagogical frameworks must guide integration. Ultimately,
achieving future-ready education requires a synthesis of Al innovation, equity-focused policies, and student-centered
practices that work in tandem to empower learners and educators alike (Ghamrawi et al., 2025).

Addressing disparities: teacher perspectives and future research directions in Punjab

The disparities revealed in this study particularly those related to digital access, institutional differences, and uneven
integration of Al underscore the urgent need for teacher-led solutions in Punjab’s educational landscape (Sharma et al.,
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2025). Teachers emphasized that while Al can enhance efficiency and autonomy, its benefits are unevenly distributed due
to infrastructure gaps and socio-economic inequalities. From their perspective, capacity building through continuous
professional development is essential, equipping educators with the skills to meaningfully integrate Al into pedagogy while
ensuring inclusivity (Rajput & Sharm, 2025). Teachers also highlighted the importance of blended models of learning,
where Al complements traditional classroom practices, thereby mitigating the risk of excluding students with limited
technological access. By embedding culturally responsive content and emphasizing human guidance, teachers can act as
mediators to ensure that Al adoption enhances equity rather than deepens divides (Behera et al., 2024).

Looking forward, future research in Punjab should adopt a longitudinal and comparative approach to examine how equity-
focused interventions such as subsidized digital infrastructure in rural districts like Jalandhar, or targeted teacher training
programs in government schools impact student outcomes over time. Moreover, participatory research involving teachers
as co-researchers can provide deeper insights into classroom realities, enabling the design of context-sensitive Al tools
aligned with local needs (Mariguddi, 2022). Exploring cross-district variations in Al adoption, and how cultural, linguistic,
and institutional factors shape equity, will be critical in building a more inclusive digital pedagogy. Ultimately, teachers’
perspectives must remain central in shaping the future of Al-enabled education, ensuring that the promise of digital
transformation in Punjab translates into holistic, equitable, and student-centered learning opportunities for all.

6. CONCLUSION

This study underscores the need to reimagine pedagogy in the digital age by thoughtfully integrating artificial intelligence,
equity, and student-centered learning to achieve future-ready education. The results demonstrated that while Al adoption
is steadily increasing among students and educators, its impact on critical thinking, collaboration, and autonomy remains
modest, reinforcing the importance of aligning technological use with pedagogical objectives. Equity challenges persist,
shaped by institutional differences and device ownership patterns, highlighting that access alone is insufficient without
addressing deeper socio-economic and cultural barriers. Furthermore, the findings reveal that over-reliance on Al may
undermine collaborative learning, calling for a balanced approach that positions technology as an enabler rather than a
replacement for human interaction. Ultimately, building a future-ready education system requires not only investment in
digital infrastructure but also deliberate efforts to design inclusive, ethical, and learner-centered frameworks where Al
complements, rather than dictates, the teaching—learning process
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