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Abstract

This paper describes contemporary models of teacher professional development (TPD) 
in technology-enhanced learning environments in the Indian education sector. With 
digital adoption in education continuing at a fast rate, particularly post COVID-19 
pandemic and introduction of the National Education Policy 2020, there is a pressing 
need to reframe how teachers develop technological pedagogical content knowledge. 
Through systematic review of existing literature and case study analysis in diverse Indian 
learning contexts, this study finds best models and frameworks that facilitate teachers 
to build digital competence. Effective TPD programs, as mentioned in this study, consist 
of continuous learning paths, communities of practice with collaborative interaction, 
contextualisation of technology integration, and reflective practice. The paper presents 
a comprehensive TPD framework to suit the country-specific socioeconomic and 
infrastructural challenges of the Indian education system to maintain the global best 
practices of digital pedagogy. Based on the evidence in this study, this paper presents 
an integrated technology-based Teacher Professional Development (TPD) framework to 
address the unique requirements and problems of the Indian education system.

Keywords: Teacher Professional Development, Education Technology, Digital 
Pedagogy, Indian Education, Technological Pedagogical Content Knowledge 
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Introduction

The Indian education system is in the 
midst of a deep digital shift, driven by 
the COVID-19 pandemic and steered 
by the far-reaching vision of the 
National Education Policy 2020 (NEP 
2020). The NEP clearly focuses on the 
integration of technology in teaching 
and learning activities with the goal 
of “appropriately integrate technology 
into all levels of education” (Ministry of 
Education, 2020).

However, the success of technology 
integration is highly dependent on 
teacher readiness and competence. 

According to Mishra and Koehler (2006), 
successful technology integration is 
not only about knowing technology, 
but also knowing where technology, 
pedagogy, and content knowledge 
intersect.

Indian educators’ issues with 
adopting education technology 
are multifaceted. There exists an 
enormous digital divide that spans 
geography and socioeconomic groups 
(Jena, 2020), in which there exist wide 
disparities in possessing devices, 
good internet connectivity, and digital 
literacy. Further, traditional teacher 
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education programs have traditionally 
not sufficiently prepared teachers to 
use technology to enhance teaching 
(Padmanabhan and Ramatoulaye, 
2023). All these necessitate that 
teacher professional development 
makes bold moves that are sensitive 
to the Indian education’s diverse and 
unique context.

This paper reflects on the current state 
of teacher professional development 
(TPD) in technology-enabled 
environments in India and what can be 
emulated in terms of best practices 
that equip teachers for success 
in increasingly digital classrooms. 
Drawing from theoretical models 
as well as authentic case studies, it 
tries to answer the following research 
questions:

1.  What are the primary challenges 
and opportunities for inculcating 
digital competences in Indian 
teachers?

2.  What professional development 
models are best suited to enable 
teachers to integrate technology 
into pedagogical practice?

3.  	How should TPD be designed to answer 
the diverse settings andconstraints of  
Indian schooling?

4. What role do communities of 
practice play in sustaining 
teacher development in digital 
technology?

5. How technology embedded 
pedagogy is to be used for 
achieving class specific learning 
outcomes in future?

The paper concludes by presenting 
a comprehensive framework for 
technology-focused TPD addressing the 

specific needs and limitations of the 
Indian schooling environment.

Theoretical Framework
Technological Pedagogical Content 
Knowledge (TPACK)

The TPACK model (Mishra and 
Koehler, 2006) is a theoretical model 
of foundation to understand the 
complex knowledge requirements 
of effective technology integration 
in education. TPACK is an 
extension of Shulman’s (1986) 
pedagogical content knowledge 
with the addition of technology as a 
necessary third aspect. The TPACK 
model conceptualises teacher 
knowledge as the intersection 
of content knowledge (what to 
teach), pedagogical knowledge 
(how to teach), and technological 
knowledge (tools to facilitate 
teaching).

In the Indian scenario, TPACK 
needs to be adopted to suit the 
diversity of education settings 
from technology-equipped 
private schools in urban areas to 
government schools with meagre 
resources in rural settings. Indian 
teachers have strong content 
knowledge but may be lacking 
in technological knowledge to 
include digital resources in a 
meaningful way in their teaching, 
as suggested by Padmanabhan 
and Ramatoulaye (2023). Effective 
TPD programs should therefore 
address this knowledge gap 
and also enlighten teachers on 
how technology can transform, 
rather than supplement, their 
pedagogical practices.
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Source: Karsten Krauskopf (2017)

Situated Learning and Communities 
of Practice: Lave and Wenger’s (1991) 
situatedlearning theory assumes that 
learning is a social phenomenon and 
takes place within communities  of  
practice. This view is most applicable 
to technology-oriented TPD, as it 
acknowledges that learning digital 
competencies  is not only about learning 
technical   skills   but being part of a   
community that prizes and encourages 
technology integration.

Indian teachers greatly benefit from 
comparative learning spaces in which 
they may exchange stories, solve 
problems, and cooperatively develop 
creative methods of integrating 
technology, Thakur (2022). Such 
communities of practice can be located 
in single schools, school networks, 
schools, school complexes or virtual 
places that ignore physical boundaries.

Adult Learning Theory and Teacher 
Agency

Andragogical principles focus on the 
fact that adult learners are self-directed, 
experience-based, and intrinsically 
motivated by relevance to their 

professional setting, Knowles’ (1984). 
Aligning to the same school of thought 
successful TPD programs recognise 
teachers

as independent professionals and 
treat teachers as skilled professionals 
with valuable insights. They promote 
autonomy by involving teachers in 
setting learning goals and strategies. 
This fosters ownership and relevance, 
making the learning process more 
impactful. Such agency leads to deeper 
engagement and lasting improvements 
in practice.

In the Indian context, National 
Curriculum Framework 2005, 4.8 (Page 
98) has discussed autonomy of teachers. 
Batra (2020) contends that conventional 
TPD models in India have too often 
made teachers mere passive recipients 
of knowledge instead of being active co–
constructors. Technology-centred TPD 
presents a chance to reimagine this.

Literature Review

The use of educational technology 
in India has undergone a profound 
transformation. Early debates, once 
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focused on the fundamental adoption 
or rejection of technology, have evolved 
into an intricate exploration of effective 
integration approaches (Charania et 
al., 2022b). This revolutionary process 
was strongly boosted by the COVID-19 
pandemic, which irrevocably reshaped 
the conversation around technology’s 
presence in pedagogy (Wohlfart et 
al., 2021). As such, the post-pandemic 
period has highlighted the imperative 
necessity for teacher professional 
development (TPD) in online learning, 
calling for an unequivocal shift towards 
technology-aided learning (Anis, 2024; 
Rana and Sharma, 2022).

The National Education Policy (NEP) 
2020 envisages as a holistic and

vision-oriented document that explicitly 
recognises the central role played by 
technology to meet the ever-changing 
demands of 21st century learning 
(Sarkar, 2021). The policy highlights that 
while the world continues to digitise, 
teachers are required to develop 
not only content knowledge but also 
the technological skills necessary to 
effectively apply digital tools within 
their teaching environments. Teachers 
are encouraged to take advantage of 
the opportunities offered in the digital 
age to develop greater skills, improve 
pedagogical processes, and stay 
attuned to international educational 
developments (Rajesh and Rao, 2021). 
At the heart of the NEP’s vision lies 
the promotion of lifelong learning, 
redefining teachers as dynamic, 
changing learners who stay abreast 
of both pedagogical and technological 
changes (Sarkar, 2021).

It is this philosophy that forms 
the basis of the NEP’s core aim: to 
create systematic TPD programs 
for personal and professional 
development.

Formulated to be adaptable and 
flexible, these programs address 
the unique requirements of 
teachers in different geographic 
settings, such as urban, rural, 
and remote locations (Kumar 
and Singh, 2021). In order 
to maximise accessibility 
and comprehensiveness, 
these programs are regularly 
administered using blended 
learning models, merging face-to-
face instruction with digital learning 
platforms without any interruption 
(Kumar and Singh, 2021). This 
flexibility is especially beneficial for 
teachers who are located in remote 
or resource-scarce areas, where 
access to traditional professional 
development courses is limited 
(Natarajan and Singh, 2020).

In addition to official training, NEP 
2020 purposefully encourages 
peer learning through enhancing 
collaborative professional networks. 
Teachers are motivated to engage 
in communities of practice, enabling 
the active sharing of resources, 
expertise, and experience to foster a 
culture of shared growth (Ministry of 
Education, 2020). This peer-learning 
approach tends to deconstruct 
the conventional isolation usually 
felt by teachers, triggering co-
growth of solutions for classroom 
problems and fostering innovation 
in instructional methods.

Additionally, the NEP 2020 aims 
to enhance teacher development 
through increased access to 
online materials, such as Massive 
Open Online Courses (MOOCs), 
professional webinars, and digital 
libraries (Bhattacharya, 2020). 
These online offerings provide 
teachers with on-demand, self-
directed learning, allowing them 
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to stay current on cutting-edge 
teaching techniques, new research, 
and advancing tools. This deliberate 
infusion of technology repositions 
professional development from 
sporadic workshop-style events 
to an ongoing, dynamic process, 
which allows teachers to continue 
to build their skills throughout 
their professional careers.

One of the notable, school-level 
initiatives aligned with NEP’s 
vision is the Integrated approach 
to Technology in Education (ITE) 
(Charania, 2022).

Introduced in 2012 for Indian 
secondary government school 
teachers (grades 5-10), ITE focused 
on project-based learning with 
technology (PBLT). The cornerstone 
principle was to enable teachers 
to create curriculum-aligned 
activities that allow students to 
create digital learning artifacts. 
The effective rollout and continued 
uptake of the PBLT/ITE approach, 
especially within rural government 
schools, all depended on strong 
TPD (Charania, 2022). The context 
of operation for such initiatives is 
Indian government schools that 
follow a standardized curriculum 
in accordance with the National 
Curriculum Framework (NCERT, 
2005) and offer free schooling 
under the Right to Education Act 
2009 (Government of India, 2009). 
Of particular note is that 65% of 
pupils enrolled in such schools 
come from lower socioeconomic 
status (ASER Centre, 2017).

NEP’s drive for technology 
integration goes beyond the 
basic adoption of digital literacy 
by teachers; its approach is 
to fundamentally change the 

teaching-learning process (Sharma, 
2020). The policy invites teachers 
to go beyond traditional practices, 
which leads to experimentation 
with blended learning approaches, 
inverted classrooms, and interactive 
technologies. This forward-thinking 
policy ensures that teachers 
are not only more prepared for 
the modern classroom but also 
are set to innovate and take 
on leadership positions in an 
increasingly digitalised education 
system (Sharma, 2020). To ensure 
this happens, the policy actively 
promotes national digital platforms 
like SWAYAM (Study Webs of Active 
Learning for Young Aspiring Minds) 
and DIKSHA (Digital Infrastructure 
for Knowledge Sharing). They 
provide an abundance of learning 
resources, ranging from training 
modules to online courses and 
instructional videos, especially 
designed to assist in teachers’ 
professional development 
(Ministry of Education, 2020). They 
grant wide exposure to various 
areas of academic study (SWAYAM) 
and customise content for 
teacher education, ranging from 
pedagogical to subject matter ones 
(DIKSHA). They enrich teachers’ 
exposure to worldwide best 
practices, making the educational 
community more connected and 
enlightened (Mukherjee, 2021).

Despite the evident policy guidelines 
and technological innovation, 
issues continue to plague TPD 
for digital classrooms. As much 
as programs such as DIKSHA and 
NISHTHA have provided greater 
access to training, the problem 
of high-quality, context-specific 
programs continues to be a 
challenge (Jithesh and Jadoun, 
2024). Most teachers still feel 
inadequate when it comes to using 
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technology because they were not 
well trained (Priyamvada, 2022), 
and issues such as few resources, 
resistance, and insufficient time 
continue to prevail (Anis, 2024).

However, effective implementation 
models and approaches to 
technology-enhanced TPD 
have been established. 
Successful TPD models include 
individual learning plans, 
online courses, and collaborative 
communities (Anis, 2024). Effective 
implementation involves ongoing, 
practice-oriented, and responsive 
approaches (Charania et al., 
2023), in combination with follow-
up assistance and extensive 
school leadership (Jithesh and 
Jadoun, 2024).

School-level TPD through 
technology has proved to be 
effective in facilitating pedagogical 
change and enhancing classroom 
practices, especially under 
resource-poor conditions (Shohel 
and Banks, 2012). In addition, 
successful types of technology-
enabled TPD for low- and middle-
income countries are virtual 
coaching, social messaging, 
blended learning, and video-
stimulated reflection (Hennessy et 
al., 2022). Kerala’s KITE and Hi-Tech 
School programmes are examples 
of the potential of state-led, policy-
driven professional development 
(Jithesh and Jadoun, 2024).

In order to meet changing needs 
and achieve maximum efficacy, 
TPD must prioritise digital 
proficiency, social-emotional 
development, and overcoming 
recognised barriers (Anis, 2024). 
As much as benefits for instructors 
are realised, current evidence 

remains minimal regarding the 
sustainability, cost-effectiveness, 
and measurable effects of 
these programs on students’ 
performance (Hennessy et al., 
2022). Thus, in order to improve 
their effectiveness, TPD programs 
need to uphold the interpersonal 
aspect of teachers’ learning 
and recognise the significant 
contribution of facilitators or peer 
experts (Hennessy et al., 2022). 
In essence, NEP 2020 presumes 
a future with empowered, self-
regulated teachers who are able 
to innovate, adapt, and ultimately 
improve the learning experiences 
delivered to learners. By taking 
a comprehensive approach 
towards TPD, the policy seeks to 
place teachers at the forefront 
of educational change, hence 
catalysing not just student success 
but also the overall quality of 
education in India.

Methodology

This study used a mixed-methods 
convergent parallel research 
design where both quantitative 
and qualitative data are collected 
simultaneously and then merged 
for analysis to examine effective 
models of technology-centred 
TPD in India. The methodology 
involved:

Case Study Analysis

Detailed analysis of five TPD programs in 
various Indian states that reflect varied 
socioeconomic contexts and education 
settings: Implementation of DIKSHA 
platform in Maharashtra, ICT integration 
program for teachers in Kerala, 
Microsoft Innovative Educator program 
in schools in Delhi-NCR, Rural teacher 
mentorship programme in technology 
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in Rajasthan, TPD component of the 
Andhra Pradesh Technology-Enabled 
Learning Initiative.

Expert Interviews

Semi-structured interviews with 15 
stakeholders i.e. teacher educators, 
educational technology experts, policy 
makers, and school principals. The major 
questions were on digital pedagogy 
integration, effectiveness of different 
timing models for technology integration 
in pre-service vs. in-service training: 
essential digital skills and pedagogical 
knowledge teachers need, assessment 
methods: how to evaluate teachers’ 
technology integration capabilities 
; cultural adaptation: strategies for 
contextualising global ed-tech practices 
for Indian classrooms; infrastructure 
requirements and minimum technology 
standards for effective digital learning 
environments; choosing appropriate 
learning management systems and 
tools and implementation challenges.

Survey of Teacher Experiences

Online survey of 287 teachers who 
took part in technology-focused TPD 
programs in 12 Indian states. The survey 
questions covered a wide range including 
demographic and background factors 
capturing their teaching experience 
(years in profession), subject areas 
and grade levels taught, geographic 
location (urban/rural/semi-urban), type 
of institution (government/private/
aided), educational qualifications 
and technology training background, 
technology access and infrastructure, 
available hardware and software 
resources, internet connectivity quality 
and reliability,  technical support 
availability, personal device ownership 
and usage patterns, classroom 
technology setup and maintenance: 
professional development experiences; 
pedagogical integration.

practices; technology use in lesson 
planning and curriculum design, 
student engagement strategies 
using digital tools, assessment and 
feedback mechanisms differentiated 
instruction approaches, collaboration 
and communication enhancement, 
challenges and barriers; outcomes 
and impact assessment, impact of 
PLCs etc.

Data analysis utilised thematic 
coding with NVivo software, adopting 
an interpretivist strategy that aimed 
to explore the lived experience of 
teachers working with technology-
oriented professional development.
Findings and Discussions 

The analysis of data leads to following 
findings:

Current State of Technology-Focused 
TPD in India: The study found 
considerable differences in the extent 
and quality of technology-oriented TPD 
in India.

Urban areas, especially in more 
economically developed states 
like Maharashtra, Karnataka, 
and Delhi- NCR, had stronger 
and more systematic systems 
for building teachers’ digital 
capacity. Rural areas and poorer 
states had more dispersed and 
irregular TPD offerings. Various 
national programs have tried 
to bridge this gap. The DIKSHA 
(Digital Infrastructure for 
Knowledge Sharing) platform, 
rolled out under the National 
Teacher Platform, offers digital 
content, courses, and tools 
for assessment for teachers in 
India. Likewise, the National 
Initiative for School Heads’ and 
Teachers’ Holistic Advancement 
(NISHTHA) also has major 
modules dealing with integration 
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with technology. Nevertheless, 
survey reports showed wide 
disparity in awareness and use 
of such resources, as only 42% of 
respondents reported accessing 

national TPD platforms, on 
a regular basis.The study 
enumerated the following 
major challenges in Technology-
Focused TPD Implementation.

Table-1: Access to National TPD Platforms by Respondents

Access Frequency Percentage of Respondents

Accessing TPD Platforms Regularly 42%

Not Accessing TPD Platforms Regularly 58%

Total 100%

Infrastructure and Access

Even with remarkable advancements 
in digital infrastructure, most schools, 
especially in rural settings, continue to 
grapple with simple issues regarding 
constant electricity supply, internet 
access, and the availability of devices. 

Rural school respondents indicated that 
67% encountered frequent internet 
outages while participating in online 
TPD, and 58% did not have specific 
devices allocated for professional 
development purposes. Most of the 
computers in the rural settings lacked 
updated software.

Table-2: Internet Connectivity Issues Among Rural School Respondents in Online TPD

Issue Percentage of Respondents

Frequent internet outages during online TPD 67%

No frequent internet outages 33%

Total 100%
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Table-3: Availability of Devices for Professional Development in Rural Schools

Device Availability Status Percentage of Respondents

No specific devices allocated for professional development 58%

Devices allocated for professional development 42%

Total 100%

One-Size-Fits-All Approaches

Most TPD Programs did not consider the 
different technological environments 
and differing levels of digital literacy 
among Indian teachers. As an 
interviewee explained: “The training 

presumes we all begin at the same point.  
But in  my school, some teachers have 
never even used a computer, while others 
are already producing digital content. 
“We require differentiated pathways.” - A 
Teacher, Government School, Bihar.



Indian Journal of Educational Technology
Volume 7, Issue 2, July 2025

266

Connection  Between  Training  and  
Classroom  Reality 

Teachers consistently reported a 
disconnect between the technological 
uses modelled in TPD courses and what 
was possible within their classroom 
settings. Professional development (PD) 
often showcases technology under ideal 
conditions using the latest tools, while 
many schools operate with outdated 
or limited tech infrastructure. Training 
sessions typically overlook the minimal 
IT support in schools, leaving teachers 
to resolve technical problems on their 
own. The time required to apply new 
technology in real classrooms is often 
underestimated, especially in existing 
curriculum demands. The diverse 
conditions of actual classrooms, such as 
different student needs, class sizes, and 
room layouts are not paid attention in 
the TDP programmes.

Technology use is often emphasised in 
these programmes without aligning it 
to the curriculum standards teachers 
are expected to follow. Further 
assessment methods mandated in 
schools may or may not align with 
the tools used in the programme. 
Teachers are often left without 
follow-up guidance after initial  
training, making implementation 
difficult. Lack of regular mentoring 
and troubleshooting support 
greatly hindered teachers from 
overcoming initial hurdles in 
technology integration. This 
discrepancy frequently resulted in  
minimal transfer of learning, as 
73% of respondents to the survey 
reported they applied less than half 
the technology-related practices 
taught in TPD sessions.

Table-4: Application of Technology-Related Practices from TPD Sessions

Application Level Percentage of Respondents

Applied less than half of the practices taught 73%

Applied half or more of the practices taught 27%

Total 100%
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Sustainability and Follow-Up Support

Most TPD initiatives were defined 
by single-shot workshops with no 
persistent follow-up or implementation 
support.

Effective Models of Technology-
Centred TPD

Despite these challenges, the study 
identified several promising frameworks 
that were found to be effective in 
increasing teachers’ technological 
pedagogical knowledge:

School-Based Learning Communities 
of the Kerala

ICT integration case study uncovered 
the potential of School-based teacher 
professional learning communities 
(PLCs) that collectively experimented 
with technology uses. The PLCs were 
conducted on a regular basis to exchange 
experience, cooperatively develop 
digital resources, and offer feedback via 
peers. The model illustrated noteworthy 
benefits in capacity building in a 
sustainable way, whereby participating 
schools achieved a 37% higher rate of 
technology integration compared to 
schools that did not have effective PLCs.

Table-5: Impact of Effective PLCs on Technology Integration in Schools

School Type Technology Integration Rate

Schools with Effective PLCs Higher by 37%

Schools without Effective PLCs Baseline (Reference Group)

Coaching and Mentorship Programs 
of Rajasthan

The Rajasthan teacher mentorship 
program formed alliances between 
teachers with higher levels of digital 
competence and their less competent 
peers in a structured mentoring system. 
This approach provided individualised, 

timely support that addressed 
the precise needs teachers had in 
classrooms. Studies based on surveys 
showed that teachers who participated 
in mentoring alliances were 2.3 times 
as likely to report being confident using 
educational technology compared to 
teachers who participated in workshop-
based training alone.
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Table-6: Teacher Confidence in Using Educational Technology Based on Training Type

Training Type Relative Confidence in Using EdTech

Mentoring Alliances 2.3× more likely to report high confidence

Workshop-Based Training Only Baseline (Reference Group)

Blended Learning Strategies in the 
Delhi-NCR

Microsoft   Innovative   Educator   program   
used   blended learning strategy that 
integrated face-to-face workshops 
with online learning modules, virtual 
mentoring, and collaborative activities. 

The strategy supported teachers’ hectic 
work schedules and offered multiple 
points of entry for skill acquisition. The 
rates of enrolment were considerably 
higher (82% completion) when 
compared to the all-online (34%) on all-
face-to-face (61%) programs.

Table-7: Effectiveness of Blended learning

Blended program 82%

All Online program 34%

Face-to-face program 61%
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Micro- learning and TPD through Mobile

As the spread of smartphones in India 
increased, mobile learning strategies 
led to encouraging outcomes in terms 
of making TPD accessible. The Andhra 
Pradesh program utilised brief, targeted 
learning modules offered through 
mobile applications, enabling teachers 
to experience professional development 

through available short time slots. 
The strategy also effectively reached 
rural teachers, with 76% reporting 
frequent use of the mobile platform in 
rural areas. Mobile learning resulted in 
teacher-led design and implementation 
interventions that made teachers co-
designers instead of recipients of TPD 
were more effective in participation and 
implementation.

Table-8: Frequency of Mobile Platform Use in Rural Areas

Usage Frequency Percentage of Respondents (Rural Areas)

Frequent use of mobile platform 76%

Infrequent or no use 24%

Total 100%

The teacher leadership-based Kerala 
ICT integration program

It engaged teachers in self-identification 
of learning needs, development of 

relevant    interventions,  and    peer    
learning    workshops. This generated 
more ownership and pertinence, with 
52% higher implementation rates than 
top-down TPD programs.

Table-9: Implementation Rates – Bottom-Up vs. Top-Down TPD Programs

TPD Program Type Implementation Rate

Bottom-Up (Generated ownership and pertinence) 52% higher than Top-Down TPD

Top-Down TPD Programs Baseline (Reference Group)
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Essential Elements of Successful 
Technology-Centric TPD

Case study and analysis of surveys 
identified a number of essential factors 
that defined good technology-centred 
TPD:

(i)  	Contextualisation within Domestic 
interventions

(ii)	 Contexts Effective programs 
tailored content and delivery 
to consider local infrastructure 
Language usage 

iv)  Cultural settings

(v)  	Prevalent technological ecosystems. 
Contextualisation in this way 
rendered TPD pertinent and 
immediately applicable to teachers’ 
particular circumstances.

Practical, Experiential Education TDP 
courses that utilised active, experiential 
methods in which the instructor 
used the technology in real teaching 
situations resulted in much improved 
outcomes compared to lecture or 
demonstration-based courses. As one 
teacher described: “Actually creating a 
digital lesson plan and applying it with 
feedback made all the difference. I was 
able to see what was going well and what 

wasn’t working in real-time.”  Teacher, 
Private School, Bangalore.

The Maharashtra Digital Education 
Framework
SARAL 2.0: Systematic Administrative 
Reforms for Achieving Learning

Maharashtra’s SARAL 2.0 (Systematic 
Administrative Reforms for 
Achieving Learning by Students) 
serves as the foundation for digital 
education transformation, creating 
a comprehensive platform that 
manages student, school, and teacher 
data while facilitating government-
funded education schemes. This 
initiative benefits approximately 2.25 
crore students across Maharashtra 
tracking teacher career progression, 
while providing unified professional 
development pathways, and streamlines 
the implementation of government 
schemes by reducing time and effort 
required for information collection at 
the school level. Practical skill building 
for teachers includes hands-on training 
in Google Classroom integration, 
CollabGeo tools, and technical support 
systems, supported by multilingual 
access including Marathi language 
support and QR code integration 
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with NCERT textbooks The model 
systematically addresses identified 

barriers like teachers’ ICT reluctance 
and insufficient training.

Educational Application Focus rather 
than Technological

Functionality of the most successful 
programs is focused on the 
pedagogical value of technology 
and not just on technical processes. 
Teachers indicated higher use when 
TPD centred on the ways technology 
could solve specific teaching problems 
or improve specific learning experience.

Ongoing Engagement throughout 
Duration

One-day workshops had little impact 
on classroom practices. By contrast, 
programs that were designed as 
an extended learning process with 
repeated interactions, incremental 
skill development, and opportunities 
for reflection had much greater 
implementation rates and greater teacher 
satisfaction.

Interventions that incorporated formal 
recognition of teachers’ developing 
competence, such as digital badges, 
certificates, career development 
opportunities, or reward systems 
based on performance, showed higher 
completion and persistence.

Challenges in Implementing Technology- 
Centric TPD

The study uncovered some persistent 
issues in the effective technology-
focused TPD:

Infrastructure and Accessibility 
Constraints

In spite of tremendous strides in digital 
platforms, especially rural, schools, are 
still grappling with fundamental issues 
of stable electricity, connectivity, and 
availability of devices. Rural school 
respondents in the survey indicated 
that 67% of their schools frequently 
experienced intern et connectivity 
during online TPD, and 58% did not 
have dedicated devices for professional 
development. Uniform Methods the 
majority of TPD programs were not 
planned with the multiple technological 
contexts and disparate digital literacies 
of Indian teachers in considerations. As 
one interview mentioned: “The training 
presumes that everybody is beginning from a 
level playing field. But in my institution, some 
teachers have never worked on a computer, 
while others are occupied creating digital 
resources.” It is important that we develop 
differentiated learning pathways.
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Training vs. Classroom Environment 
Discrepancy

Teachers often complained about a 
mismatch between the technological 
applications showcased in TPD programs 
and what was practically possible in 

their classroom environments. This 
mismatch was often responsible for 
minimal transfer of learning, and 73% 
of the survey respondents reported 
to have applied less than half of the 
technology- based practices presented 
during TPD sessions.

Table-10: Application of Technology-Based Practices from TPD Sessions

Level of Practice Application Percentage of Respondents

Applied less than half of the practices 73%

Applied half or more of the practices 27%

Total 100%

Ongoing Support and Sustainability

Most TPD efforts were marked with  
single-shot workshops that lacked 
continued follow-up or implementation 
facilitation. Lack of continued mentoring 
and troubleshooting support greatly 
hindered teachers’ capacity to overcome 
starting blocks in technology integration.

Successful Models for Technology-
Centric TPD

Despite these challenges, the research 
identified several promising frameworks 
that showed effectiveness in the 

improvement of teachers’ technological 
pedagogical knowledge:

School-Based Learning Communities

The Kerala ICT case study uncovered the 
power of the school-based Professional 
Learning Communities (PLCs) where 
teachers met together to discuss uses 
of technology. The PLCs met regularly 
and shared experience, co-creating 
digital materials, and gave peer review. 
This was demonstrated to have real 
strengths in its ability to develop 
capacity sustainably, with these schools 
achieving 37% more than the rate in 
schools without functioning PLCs.
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Table-11: Impact of Functioning PLCs on Sustainable Capacity Development

School Type Capacity Development Rate

Schools with Functioning PLCs 37% higher than schools without PLCs

Schools without Functioning PLCs Baseline (Reference Group)

Mentorship and Coaching Programs

The Rajasthan teacher technology 
mentorship program matched technology-  
comfortable teachers with less 
experienced peers in a formalised 
mentoring framework. This method 
offered context-specific and timely 
assistance that was specifically tailored 

to the particular problems of teachers 
in their learning environments. Survey 
information collected showed that 
teachers who took part in mentorship 
programs were 2.3 times more likely to 
report confidence in the use of educational 
technology than teachers who only 
attended training through workshops.

Table-12: Teacher Confidence in Educational Technology Use by Type of Professional Development

Type of Professional Development Relative Likelihood of Reporting Confidence

Mentorship Programs 2.3× more likely

Workshop-Based Training Only Baseline (Reference Group)
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Blended Learning Strategies
The Microsoft Innovative Educator 
program in Delhi-NCR adopted a 
blended model of learning that 
combined face-to-face workshops 
with online learning modules, virtual 
coaching, and collaborative projects. 

This was convenient for teachers with 
hectic schedules and provided multiple 
channels for acquiring skills. The 
engagement rates were significantly 
higher (82% completion) than for solely 
online (34%) or solely face-to-face (61%) 
programs.

Micro-learning and Mobile-Based TPD

With the widespread use of 
smartphones in India, mobile-based 
micro-learning strategies were found 
to be yielding encouraging outcomes in 
terms of making TPD more accessible.  
The Andhra Pradesh program 
included short, targeted learning 
modules imparted through a mobile 
app, enabling teachers  to receive 
professional development in short 
available windows. This method was 
found to be especially valuable in terms 
of reaching rural teachers, with 76% or 
rural teachers indicating frequent usage 
of the  mobile  platform. This method 
was found to be especially valuable 
in terms of   reaching   rural teachers, 
with 76% of rural teachers indicating 
frequent usage of the mobile platform.

Teacher-Led Design and 
Implementation

Interventions that viewed teachers 
as co-designers, not mere recipients 

of professional development, had 
more favourable use and participation 
outcomes. ICT integration by teachers 
in Kerala involved teachers in needs 
assessment, developing context-
specific interventions, and conducting 
peer learning activities. This approach 
allowed for higher ownership and 
context-specific applicability, and 
implementation rates were 52% higher 
compared to top-down professional 
development programs.

A Suggested Framework for Techno-
logy-Oriented Teacher Professional 
Development

Based   on   the evidences   in   this   
study, this paper presents an integrated 
technology-based Teacher Professional 
Development (TPD) framework to 
address the unique requirements 
and problems of the Indian education 
system. The ARISE framework (Access, 
Relevance, Integration, Support, 
Empowerment) consists of five 
interconnected dimensions:
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Source: Author

Access: Enabling Equal Opportunities

(i)		 Develop multi-channel delivery 
mechanisms for TPD (offline digital 
goods, online, fact-to-face, mobile)

(ii) 	Create low-bandwidth and offline-
accessible materials for low –
connectivity areas

(iii) 	Set up technology resource 
centres at block or cluster levels 
and school complexes for teachers 
without personal devices

(iv) 	Provide varying entry points based 
on teachers’ existing digital literacy 
levels, and plan programmes of 
varied duration.

(v)	 Carrying out prior needs assessments 
to determine context-specific 
challenges and opportunities

Relevance

(i) 	 Create content in local languages 
other than Hindi and English

(ii)	 Use examples and applications 
appropriate to various Indian 
classroom contexts

(iii)	Coordinate TPD content with 
curriculum frameworks and 
assessment practices

Integration: Connecting Technology 
with Teaching Methodology

(i) Structure TPD around particular 
pedagogical concerns rather than 
particular technical competencies.

(ii)	 Recognise discipline-specific 
instructional technology strategies 
that address the distinctive 
pedagogical requirements of 
various subjects.

(iii)	Enable the development, 
implementation, and assessment 
of lessons involving technology 
upgrades.

(iv)	Explain adaptations to different 
levels of resources (high-tech, low-
tech, and no-tech solutions).

Support: Facilitating Continued 
Implementation by Communities

(i) Build school-based professional 
learning communities for 
technology integration

(iii) 	Create mentorship programs 
that match technology-savvy 
teacherswith colleagues

(iii)	Establish virtual networks of 
teachers from geographical 
locations
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(iv)	Provide easy-to-access technical 
support and troubleshooting 
resources

Empowerment: Increasing Teacher 
Autonomy and Leadership

(i)  	Involve teachers in identifying TPD 
needs and designing appropriate 
interventions Identify and tap 
teachers’ prior knowledge and 
experience

(ii) 	Establish channels for teachers to 
become leaders and mentors in 
technology integration

(iii)	Create recognition mechanisms 
that identify emerging expertise

Suggestions

Implementation of considerations for 
successful technology-focused TPD in 
India requires concerted efforts from 
various stakeholders and system levels. 
The following are some of the important 
considerations emerging from this study:

Policy Alignment and Support

The NEP-2020 offers an enabling  
policy framework for embedding 
technology in education. Yet, the 
translation of policy vision into 
effective TPD entails:

(i) 	 Committed financial sources for 
sustainable technology-driven TPD

(ii)	 Integration of teaching digital 
skills within teacher professional 
standards and career progression 
routes

(iIi)	Alignment of pre-service teacher 
education programs and in-service 
professional development

(iv)	Recognition of the time spent 
on professional development as 
legitimate professional activity.

Institutional Capacity Building

Schools and institutions of education 
need more capacity and support to 
facilitate technology-mediated TPD.

 (i)	 Fostering educational leadership 
that emphasises and facilitates the 
incorporation of technology.

(ii) 	Strengthening District Institutes of 
Education and Training (DIETs) to 
support technology-based TPD.

(iii)	Creating jobs for technology 
integration specialists in 
educational systems.

(iv)	Establishing partnerships with 
technology firms and institutions 
of higher education.

Leveraging Existing Ecosystems

Instead of building entirely new systems, 
successful implementation should build 
on and enhance current educational 
settings:

(i)  Inserting technology components 
into the existing TPD channels and 
activities

(ii)	 Strengthening existing teacher 
networks to include technology 
integration priorities building on 
popular platforms such as DIKSHA 
but transcending their limitations

(iii) Partnering with existing civil society 
organisations in educational 
technology

Monitoring, Research and Continuous 
Improvement Sustainable impact 
ongoing review and refinement

(i) 	 Building frameworks to assess 
the effect of technology-enabled 
TPD on student achievement and 
teaching practice.

(ii)	 Establishing feedback loops to 
continuously improve TPD.
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(iii)	Enabling practitioner inquiry 
where teachers reflect on their 
own approaches to technology 
integration.

(iv)	Cultivating venues for sharing 
lessons learned and innovations 
among various educational 
settings.

Conclusion

With ongoing digitalisation of India’s 
education system, it is important to 
implement successful technology-centred 
teacher  professional development 
strategies so that this change improves, 
rather than diminishes, educational 
quality and equity. This study has revealed 
critical obstacles in existing teacher 
professional development practices, such 
as infrastructural deficits, one-size-fits-all 
mentality, irrelevance in the classroom, 
and poor sustainability. However, this 
study has suggested potential model 
that addresses such challenges by 
means of school-based learning 
communities, mentorship initiatives, 
blended learning approaches, mobile 
micro-learning methods, and teacher-
designed models. These models share 

some commonalities: they localise 
learningto local contexts, prioritise 
experiential learning, focus on 
pedagogical implementation,  sustain 
motivation in the   long   term, and 
integrate systems of recognition.

The ARISE framework suggested in the 
paper provides an integrated strategy 
for technology-oriented TPD that is 
responsive to the unique needs and 
limitations of the Indian educational 
context. By specifying issues of access, 
relevance,  integration,  support,  
and  empowerment,  this framework 
presents a strategy for building teachers’ 
capacity to integrate technology in their 
teaching in a meaningful way. Future 
research can study the long-term effects 
of various TPD models on teachers’ 
teaching and students’ learning, study 
the scalability of successful approaches, 
and study how technology-enabled 
TPD can be used to address particular 
issues like multilingual teaching and 
inclusive teaching. As ed-tech continues 
to change, so must   our methods of 
preparing   teachers   to   harness   its 
potential to improve teaching and 
learning in heterogeneously constituted 
Indian classrooms.
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