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ABSTRACT:

The 21%-century educational landscape has undergone an extreme paradigm shift due to the rapid advancement
of technology. In this evolving scenario, teachers are expected to possess not only content and pedagogical
knowledge but also the ability to effectively leverage digital tools for curriculum delivery, student engagement,
and assessment. Today’s techno-pedagogical competencies are a primary requirement for modern teachers. It
enables teachers to create an interactive, inclusive and effective learning environment. In the present study,
researchers explore the existing literature on techno-pedagogical competencies for teachers. For this purpose,
the study follows a systematic review approach. The study mainly explored five aspects: its importance in
classrooms, different levels of education, teachers’ performance and professional development, challenges, and
Ways to navigate challenges to implementing techno-pedagogical competencies among teachers.
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INTRODUCTION

In the contemporary era, digital transformation is growing worldwide and has significantly reshaped how
societies think, work, communicate, and learn. Over the past decade, technological advancements like artificial
intelligence, cloud computing, innovative technologies, and digital learning platforms have advanced rapidly
and transformed every domain of our society (Miah & Parhi,2024), including the education system. In this era,
education is no longer just textbooks and the classroom; now it happens in a digital environment, where teaching
and learning increasingly depend on technology. However, this transformation not only changed the classroom
dynamic but also signifies a paradigm shift in pedagogical approaches, teachers’ roles, student engagement, and
institutional management (Warpade, 2012). Additionally, it changes the way education is delivered, the way
teaching materials are created and distributed, and also the way teachers interact with the students (Jain &
Mittal,2020). The integration of technology into the educational landscape has fundamentally changed the roles
and responsibilities of teachers worldwide. It reshaped the traditional teaching-learning paradigm and offers new
opportunities for both teachers and learners (Al1,2018). Therefore, the teachers’ roles and responsibilities have
been completely transformed from instructor to facilitator (Dabbeeru & Gannavaram, 2024). They have to
acquire new competencies for using blended technological tools with pedagogical strategies to meet the growing
demands of 21%-century education (Koehler & Mishra,2009). So, today, teachers must possess not only content
knowledge but also the skills to use digital tools effectively, from curriculum planning to the evaluation stage
(Asad et al.,2021; Qurashi &Jan, 2022). These changes in teachers’ roles and responsibilities due to technology
integration in the education sector have given rise to a new concept, Techno-Pedagogical competencies, which
refers to teachers’ ability and skills to integrate technology into teaching to achieve learning goals and outcomes
effectively (Chauhan,2024; Sathiyaraj & Rajasekar,2013).

It is observed that the COVID-19 pandemic has raised the urgency of digital transformation in the education
sector, which compelled educational institutions to adopt technology-mediated learning environments
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worldwide instead of face-to-face instruction (Safyari et al.,2024; Mondal,2024). During that time, along with
the globe, India also rapidly adopted online platforms like videoconferencing, Google Meet, Zoom, etc., to
provide education. Before the pandemic, virtual teaching was uncommon in India, but it not only changed the
scenario of education but also highlighted the potential of technology to sustain the teaching-learning process
during a crisis. Additionally, it exposed the massive gap in teachers’ preparedness, emphasising the need for
ongoing professional development in techno-pedagogy (Safyari et al., 2020).

In the rapidly evolving digital landscape, techno-pedagogical competencies are recognised as foundational for
effective teaching. It not only empowers teachers to design and deliver meaningful learning experiences but also
helps them create a dynamic and interactive learning environment to meet the needs of digital native learners
(Jana & Chattopadhyay, 2026; Thappa & Baliya, 2022; Parkash & Hooda, 2021). In 2006, Mishra & Koehler
developed a framework which was Technological Pedagogical Content Knowledge (TPACK) that integrates
technology, pedagogy, and content knowledge holistically. This framework was an extension of Shulman’s
Pedagogical Content Knowledge (Deb, 2026; Sena et al., 2018). It describes how teachers can use technology
more successfully in the teaching-learning process (Karmakar et al.,2025). This model emphasises the interplay
between three core knowledge domains: Technological Knowledge (TK), Pedagogical Knowledge (PK), and
Content Knowledge (CK).

Technological B
Pedagogical Content
”’ Knowledge

J/ (TPACK) \
'/ . \\
y Technological A Technological b
{ Pedagogical Tﬁchnog?lcal Content
; Knowledge , “’TW KI ge Knowledge \
I (TPK) = (TK) (TCK) :
IL :"l
} Pedagogical Content y
Knowledge Knowledge ’
(PK) (CK) 7
\ 4
: \4. «'/
\_‘ F 4
. Pedagogical F 4
- Content ”
N Knowledge ”
(PCK) _ -
~. C _

— A

Figure 1: Mishra& Koehler, 2006, TPACK framework

Table No. 1: Terms of the TPACK framework

Terms Definition

It refers to what to teach. This category concerns a teacher’s deep
understanding of the subject matter they teach.

It refers to how to teach. It is the knowledge and skills related to the
art and science of teaching.

It refers to the teacher’s knowledge and understanding of using various
Technological Knowledge (TK) | technologies, tools, devices, and resources in the process of teaching
and learning.

Content Knowledge (CK)

Pedagogical Knowledge (PK)
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Pedagogical Content Knowledge | Itrefers to the intersection of content knowledge (CK) and pedagogical
(PCK) knowledge (PK).

It refers to the reciprocal relationship between technology and content

(Agustini et al.,2019). It involves teachers’ understanding of how

technology and content can both influence one another.

It refers to the teacher’s knowledge and understanding of how

particular technologies can change both the teaching and learning

process.

It refers to the integration of all three, enabling teachers to develop

context-specific, technology-enhanced teaching strategies (Mishra &

Koehler,2006).

Technological Content Knowledge
(TCK)

Technological Pedagogical
Knowledge (TPK)

Technological Pedagogical Content
Knowledge (TPACK)

Techno-Pedagogy

The word techno-pedagogy is derived from a combination of two words, techno and pedagogy. Pedagogy refers
to the art and science of teaching, and techno means weave or construct. Therefore, “Techno-pedagogy refers to
weaving the techniques of teaching into the learning environment itself” (Gloria & Benjamin, 2014). Itis a
hybrid approach of teaching in which information and communication technology is used to create an effective
learning environment (Bansal,2022). It helps the teachers to make the teaching-learning process joyful and
interesting. Bala & Tao (2018) declared that techno-pedagogy refers to the effective use of different technological
tools and resources to provide inclusive and high-quality learning experiences. Also, Bhuyan & Tripathy (2021)
stated that techno-pedagogy comprises the applicability of ICT in the teaching process; ultimately, it ensures the
quality of teaching and learning by designing lesson plans, instructional delivery and assessment. Techno-
pedagogy is a process of weaving digital tools into the instructional process, empowering communication and
fostering a learning environment rather than just the use of technology (Jayaraj & Ramnath,2018; Fullan,2012).

Techno-pedagogical competency

Techno-pedagogical competency refers to the capabilities of teachers to effectively integrate pedagogy and
technology for their teaching (Guru & Beura,2019). According to Chauhan (2024), techno-pedagogy is the
capability and efficiency of teachers to enhance the performance of teaching tasks by successfully integrating
technology with content and subject matter in the teaching-learning process. Teachers who have this competency
are better able to bring the entire world into the classroom, and it helps the teachers to make their teaching very
interesting to the students, no matter which subject they teach (Lyonga & Nkeng,2022). In techno-pedagogy,
teachers need to plan, implement, and evaluate the teaching process by using knowledge of technology,
pedagogy, and content, which helps the teachers stay updated on their skills and adopt various tools in teaching
(Guru & Beura,2019; Gloria & Benjamin,2018; Setua,2020). Nowadays, teachers must require techno-
pedagogical competencies to enhance student engagement and active learning (Dangwal & Srivastava, 2016),
and it refers to the skill set of the teachers to use different technological tools in the teaching process (Rao &
Jalajakshi,2021)

Objective Of The Study

e To study the importance of techno-pedagogical competencies for classroom teachers.

e To study the teachers’ techno-pedagogical competencies at different levels of education.

e To understand the role of techno-pedagogical competencies towards teachers’ performance and
professional development.

e To identify the challenges faced by the teachers in using techno-pedagogy in the teaching and learning
process.

e To identify the ways to enhance techno-pedagogical competencies among teachers.

METHODOLOGY
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The present study is mainly descriptive in nature and based on secondary sources of data. A systematic review
approach is employed to understand and analyse teachers’ techno-pedagogical competencies. Studies published
between 2013 and 2025 were selected as relevant papers through databases such as Google Scholar,
ResearchGate, Web of Science, JSTOR, PubMed, and Scopus etc.

Selection Process and Criteria for Inclusion and Exclusion:

Initially, the literature search identified 190 articles using different databases, out of which 42 articles were found
to be relevant for the study. Articles were selected based on predefined inclusion and exclusion criteria (Table
No.2). Only peer-reviewed studies were included in this study. The search process exclusively focused on articles
that were published in the English language. After that, selected articles were filtered with the help of the title of
the study and articles that were suitable for the objective of the study.

Table No.2: Criteria for inclusion and exclusion

Criteria Inclusion Exclusion
Year From 2013 to 2025 Before 2013
Language Studies published in English Studies published in non-English
Articles Only peer-reviewed articles Abstract without full text, magazine, etc.

Table No. 3: Themes related to the review of literature

SL. No Themes

Importance of techno-pedagogical competencies for classroom teachers

Teachers’ techno-pedagogical competencies at different levels of education

Role of techno-pedagogical competencies towards teachers’ performance and professional
development

Challenges to using techno-pedagogy for teachers in the teaching and learning process

Ways to navigate challenges to implementing techno-pedagogical competencies among teachers

DN D] W N =

Importance of techno-pedagogical competencies for classroom teachers

In the present global landscape, the rapid advancement of technology is reshaping and transforming the dynamics
of human existence, affecting our day-to-day lifestyles, social relations and interactions (Vernyuy, 2024).
Similarly, the education sector has been influenced by new advancements in technology, which offer unique
opportunities to enrich teaching and learning (Mena-Guacas et al.,2025). Therefore, teachers' competencies in
using technology in the classroom are increasingly recognised as an essential aspect for teachers that enables
them to meet evolving educational standards and prepare for a technology-driven world (Perumal &
Saravanakumar, 2020). These techno-pedagogical competencies of teachers enable them to design, deliver, and
assess more effectively (Mishra & Koehler, 2006).

The growing emphasis on technology in classrooms has led to significant changes, not only improving the
teaching and learning process but also influencing the way how students learn. It also fulfils the diverse needs
of each student by creating student-centred, interdisciplinary and self-paced learning experiences, which are
facilitated by the teachers (Gangmei & Thomas, 2025). It also helps students acquire higher-order thinking skills
like analyzing, synthesizing, applying, and creating, which are essential to prepare students to navigate today’s
competitive environment (Hota,2024). Therefore, teachers must know the application of techno-pedagogy in the
teaching process. They should understand how to incorporate techno-pedagogy into their course while planning
and offering learning experiences (Miah & Parhi,2024). Additionally, teachers’ techno-pedagogical
competencies help to create a conducive learning environment and offer user-centred instruction to meet the
needs and demands of students (Sachan & Dwivedi,2023). In the same way, integration of technology into
teaching significantly improves students’ learning outcomes (Bihari,2024). So, teachers who have adequate
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techno-pedagogical competencies are better able to make learning more interesting by using technological
resources such as multimedia content, interactive software and virtual simulation.

Teachers’ techno-pedagogical competency at different levels of Education

In our education system, teachers play a central role in imparting knowledge to students. Teachers are responsible
for introducing and integrating various digital technologies in front of students to support and enhance their
learning experiences. However, teachers’ roles and responsibilities are not the same at all stages of education.
Similarly, teachers’ techno-pedagogical competencies vary significantly depending on the level of education they
teach. The uses of digital tools, pedagogical requirements, and expectations are not the same for primary,
secondary, and higher education teachers.

At the primary level of education, teachers generally use technology for simple classroom activities and make it
effective and interesting, and their techno-pedagogical competencies are at a moderate level. Usually, teachers
can use digital tools like videos, smart boards, apps, etc. Zhakiyanova et al. (2023), primary teachers are
generally strong in content and pedagogy, but their use of technology in the classroom is mostly at a basic level.
At this level, teachers frequently use digital tools primarily for presentation and content delivery, but their use
in data management, collaborative learning, assessment, and digital creation remains limited due to insufficient
technological proficiency and time constraints (Alptekin & Taneri, 2025).

In modern classrooms, teachers must be knowledgeable not only in their subject matter and pedagogy but also
in how to effectively utilise technology to make learning more engaging and effective. As students at the
secondary level are familiar with digital tools and online learning environments, teachers must incorporate
technology to enhance students’ learning outcomes. In light of this, techno-pedagogical competency is now
crucial for teachers at the secondary education level. Many studies revealed that secondary school teachers
demonstrate a moderate to high level of competencies (Guru & Beura, 2019; Sarkar et al.,2014; Alegre &
Galado,2023; Ering & Ering,2025). This means that they are able to pick suitable digital tools and use them
effectively to support lessons and explain concepts more clearly. However, the level of competencies is not the
same everywhere. Teachers in urban schools exhibited higher proficiency in techno-pedagogy due to better
access to technological and training opportunities than rural school teachers (Bala & Tao, 2018). Similarly,
private school teachers tend to possess higher levels of techno-pedagogical competencies than their counterparts
in government schools (Qurashi & Jan, 2022; Erring & Ering, 2025; Revati,2025).

In higher education, techno-pedagogical competencies signify a teacher’s ability to blend technology effectively
into teaching, transforming conventional teaching practices into innovative, research-driven and learner-oriented
experiences. At this level, teachers generally demonstrate an average level of techno-pedagogical competencies
(Anand,2019). Most of the faculty members possess strong subject matter expertise and sound pedagogical
knowledge, but their technological skills and capability to integrate digital tools remain limited due to a lack of
resources, improper infrastructure, and institutional support, etc (Thakur,2015; Moreira et al.,2023; Marak &
Dwivedi, 2025).

Role of techno-pedagogical competencies towards teachers’ performance and professional development

The integration of techno-pedagogical competencies into teaching has become a key determinant in improving
teacher performance and facilitating professional growth in the digital era (Ghavifekr & Rosdy,2022). As the
evolving demands of the 21 century classroom, teachers must be able to effectively integrate technology with
pedagogy, which is crucial for delivering, engaging and student-centred instruction (Mishra & Koehler,20006).
In the classroom, teachers enhance instructional delivery with the help of techno-pedagogical competencies,
which not only improve students’ learning outcomes but also develop teachers’ self-efficacy (Kumari &
Rani,2020) and skills of classroom management (Alayyar et al.,2021). Most importantly, it also helps teachers
to build their confidence in using modern tools, relieve their workload, and encourage creativity and innovation
in teaching. Moreover, teachers who have gained proficiency in techno-pedagogical competency can use this
knowledge in a way to deliver an easier and more efficient learning experience to students (Bansal,2022).
Additionally, several studies consistently showed that teachers who have a high level of techno-pedagogical
competencies tend to demonstrate greater confidence, better adaptability in every situation, and job satisfaction
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(Borah & Das,2024). Furthermore, these competencies also help to promote inclusive teaching practices,
enabling them to use varied instructional strategies and address the diverse needs of students (Alayyar et
al.,2021).

Some educational research has also established that techno-pedagogical competency is a key requirement for
improving teachers’ performance. As John & Rexlin Rose (2023) revealed that teachers with better techno-
pedagogical competencies perform their duties in a professional way. It also helps to promote the continuous
professional development of teachers by introducing emerging educational technologies, new teaching
methodologies, and reflective practices. But a lack of proper training in using techno-pedagogy may hamper
teachers’ ability to adopt innovative teaching methods, which can negatively impact both teachers’ performance
and opportunities for professional development (Thakur,2015; Sharma & Saarsar,2020). Ndongfack (2015)
developed a model for teachers’ professional development for techno-pedagogy, whose name was Mastery of
Active and Shared Learning Processes for Techno-Pedagogy (MASLEPT). The MASLEPT model emphasises
collaborative learning, continuous improvement of techno-pedagogical content knowledge, and reflective
practices. This model mainly integrates three key aspects, such as the lesson study approach, techno-pedagogical
content knowledge, and the social constructivist framework.

Challenges to using techno-pedagogy for teachers in the teaching-learning process

In the modern education system, the integration of techno-pedagogy into the teaching-learning process is
indispensable, but teachers face some significant challenges in its implementation. One of the major issues is a
lack of proper training (Beegum,2022). Roy (2022) and Sarkar & Sharma (2026) highlighted that today’s teacher
education institutions lack the provisions of techno-pedagogy skills or knowledge, and in-service teacher
education does not train in the development and use of techno-pedagogical skills. Similarly, a study found that
“teachers must receive ongoing training in digital technology skills in order for them to be fully prepared and
knowledgeable of how to use these tools” (Moses et al.,2022). Additionally, many teachers face troubles as a
result of technological knowledge and confidence in using digital tools. However, Limited knowledge and lack
of confidence give rise to technostress, anxiety, and reduced self-efficacy in teaching (Ardi & Nugraha et al.,
2022; Darsih et al.,2024). Another major challenge is a lack of proper infrastructure, particularly in rural and
underdeveloped areas (Sarkar & Sharma, 2026). Many institutions do not have proper facilities to incorporate
technologies into classrooms, such as insufficient internet connectivity, outdated computers, absence of
projectors, smart classrooms, unreliable electricity, etc (Beegum, 2022; Moses et al.,2022; Setua, 2023;
Atabek,2019). Without its foundational support, technology use in the classroom remains impractical. Teachers
are expected to use technology on their own, but many teachers are not able to solve technological problems
independently. According to Roy (2022), a single teacher cannot handle all technical aspects of hardware and
software, and due to a lack of help, they often feel discouraged. Johnson et al. (2016) emphasizes that without
technological support, teachers find it difficult to use ICT tools in the classroom. Low English proficiency is
another barrier. Singh & Gupta (2022) point out that language difficulty affects teachers’ ability to use and adapt
online materials, especially teachers from non-English backgrounds. Despite the availability of technology,
many teachers are afraid or unwilling to adopt new methods due to fear of failure or lack of confidence (Asad et
al.,2022). Last but not least, the gap between the curriculum and digital pedagogical practices is a major barrier
to effective implementation. According to Atabek (2019) and Muneer et al. (2023), there is often no clear
guideline or curriculum framework for integrating technology into teaching.

Ways to improve techno-pedagogical competencies among teachers

Although integrating techno-pedagogy into teaching offers numerous opportunities for positive changes in the
classroom. But several studies consistently showed that teachers faced a lot of challenges in integrating it into
the classroom. Therefore, addressing these challenges is essential. There is a need to adopt specific strategies
and measures for the successful integration of techno-pedagogy.

There is a need to establish a proper infrastructure and institutional support system to strengthen techno-
pedagogical competencies among teachers. Every institution must ensure that it has appropriate accessibility in
techno-pedagogy-supporting labs, various technological tools such as a cable network with internet connection,
computer system, radio, television, phones, etc (Singh,2022; Singh & Gupta,2022). A continuous professional
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development program is another effective way to enhance techno-pedagogical competencies among teachers
(Sarkar & Sharma, 2026; Mittal & Dubey, 2025). Therefore, every institution should organise regular workshops,
discussion sessions, and hands-on training, which help teachers to acquire the necessary updated knowledge,
technical skills and build confidence to adopt new tools and techniques in their teaching. Additionally, a positive
attitude and strong motivation are indispensable qualities for every teacher. Teachers with positive attitudes are
more comfortable to using technology into their teaching activities (Beegum,2022).

A well-established research and development culture is crucial for the successful integration of techno-pedagogy
in education; without this, it is impossible to enhance the efficiency of techno-pedagogical competencies among
teachers and address the emerging challenges. Moreover, English is the most common language on the internet
(Singh,2022; Thakur,2015). In this context, most of the digital tools and software are available in English. It
helps teachers to access global resources, engage in international webinars and effectively utilize various
technological tools in the teaching and learning process. Therefore, improving teachers’ proficiency in English
is crucial to strengthening techno-pedagogical competency. However, the awareness of existing techno-
pedagogical services is a major concern. Teachers who are unaware of the availability of digital resources face
several problems in effectively integrating techno-pedagogy in the classroom. Therefore, it is important to
develop awareness of existing techno-pedagogical resources, which help to teachers equip the necessary
knowledge and improve the quality of teaching (Thakur,2015).

Table 4: Authors and thematic discussions

Authors Themes
Vernyuy (2024), Mena-Guacas et al. (2025),
Perumal & Saravanakumar (2020), Mishra & | Importance of techno-pedagogical competencies for
Koehler (2006), Gangmei & Thomas (2025), classroom teachers
Hota (2024), Miah & Parhi (2024), Sachan &
Dwivedi (2023), Bihari (2024).
Zhakiyanova et al. (2023), Alptekin & Taneri
(2025), Guru & Beura (2019), Sarkar et al. | Teachers’ techno-pedagogical competency at different
(2014), Alegre & Galado (2023), Ering & levels of Education
Ering (2025), Qurashi & Jan (2022), Revati
(2025), Bala & Tao (2018), Thakur (2015)
Moreira et al. (2023)
Ghavifekr & Rosdy (2022), Mishra & Koehler
(2006), Alayyar et al. (2021), Bansal (2022), Role of techno-pedagogical competencies towards
Kumari & Rani (2020), Borah & Das (2024), | teachers’ performance and professional development
John & Rexlin Rose (2023), Thakur (2015),
Sharma & Saarsar (2020), Ndongfack (2015),
Roy (2022), Moses et al. (2022), Setua (2023),
Atabek (2019), Johnson et al. (2016), Singh & | Challenges to using techno-pedagogy for teachers in
Gupta (2022), Asad et al. (2022), Muneer et al. the teaching-learning process
(2023), Beegum (2022), Sarkar & Sharma
(2026), Ardi & Nugraha et al. (2022), Darsih et
al. (2024)
Singh (2022), Singh & Gupta (2022), Thakur
(2015), Sarkar & Sharma (2026), Mittal &
Dubey (2025), Beegum (2022).

Ways to improve techno-pedagogical competencies
among teachers

DISCUSSION

In the era marked by rapid digital transformation, techno-pedagogical competencies are essential for teachers.
In the last few decades, the expectations and standards of education has undergone a profound transformation
due to the emergence of innovative technologies, digital tools and platforms, etc. It has fundamentally reshaped
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how learning is designed, delivered, and experienced across educational contexts (Arifani et al.,2025).
Additionally, this transformation redefined the role of teachers (Dochia, 2025). Now, teachers are no longer
merely transmitters of knowledge but rather act as facilitators who are responsible for designing interactive
digital environments that enhance critical thinking, creativity, and innovation (Abdeslam et al.,2025). Therefore,
to meet the evolving standards of 21%-century education, teachers must develop techno-pedagogical
competencies (Perumal & Saravanakumar, 2020). The findings of the study also demonstrate that teachers’
techno-pedagogical competencies are significantly different across educational level and context, because each
level of education is designed to achieve distinct goals, curriculum expectations, pedagogical principles, and
intended learning outcomes. However, the review of related literature also revealed that techno-pedagogical
competencies play a significant role in teachers’ performance and professional development. Ansari (2025)
highlight that techno-pedagogical competence has become a foundational pillar of teachers’ professional
development. Several studies consistently showed that teachers with strong techno-pedagogical competence are
more confident, creative and proactive in seeking professional development opportunities (Safyari, 2024; Singh
& Indian, 2024). It not only enhances their expertise in teaching but also helps in long term job satisfaction and
greater adaptability (Chauhan, 2024). Further, the findings of the study also highlighted substantial challenges
in developing techno-pedagogical competencies among teachers. Lack of proper training, limited knowledge
about technology, lack of an institutional support system, inadequate infrastructure, low confidence in using
technology, and lack of proper guidelines are the prominent barriers. Moreover, addressing these challenges is
crucial for strengthening teachers’ techno-pedagogical competence and ensuring the effective integration of
technology in the teaching-learning process. Each and every educational institution must prioritise institutional
support and infrastructure, ensure continuous professional development, nurture a positive attitude and
motivation towards technology, and build a collaborative entail learning environment, etc are essential for
enhancing techno-pedagogical competencies among teachers. Additionally, the development of techno-
pedagogical competencies must remain a priority for policymakers, educators, and stakeholders.

CONCLUSION

It can be concluded that techno-pedagogical competencies are vital for meeting the evolving standard of
education. As education increasingly shifts towards digital, hybrid, personalised learning models, the importance
of these competencies is crucial for empowering teachers and enhancing the teaching-learning outcome (Mishra
& Koehler, 2006). It is key for teachers to effectively plan, execute, and manage classes well in today’s world.
By mastering these competencies, teachers can create an interactive, inclusive and effective learning
environment. Additionally, it helps teachers to make informed decisions about when, how, and why technology
should be used in the classroom.
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