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Abstract:  
Introduction: The integration of digital technologies and virtual co-teaching has 

become a common practice in education. This was accelerated by the COVID-19 

pandemic. These innovations play a key role in addressing global challenges and 

are a response to digital advances to which primary and secondary schools need to 

adaptively respond.  

Methods: The study used thematic analysis and a scoping review to investigate 

the effectiveness of virtual co-teaching in primary and secondary schools, with a 

focus on new digital technologies and artificial intelligence. 

Results: The results show that virtual co-teaching supported by the use of 

artificial intelligence is an effective alternative to traditional teaching methods that 

increases both the efficiency and flexibility of the learning process. Further 

research is necessary to show new possibilities and optimize the use of this 

method in formal education. 

Discussion: Pupils should be divided into smaller groups, respecting their 

individual needs, abilities, and speed of learning. Artificial Intelligence assistants 

should be involved to support teachers and pupils. 

Limitations: Experiments should be implemented in other subjects in primary and 

secondary schools. 

Conclusions: Virtual co-teaching has a strong potential to contribute to future 

innovations in education, especially when combined with artificial intelligence to 
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enable more personalized learning. It extends the pedagogical space with a virtual 

component – a virtual teacher or subject matter expert. 

 

Key words: artificial intelligence, COVID-19 pandemic, digital technologies, 

innovative teaching methods, virtual co-teaching.  

 

Introduction  
The integration and use of digital technologies in primary and secondary schools 

has become standard practice. Along with this technological expansion, virtual 

co-teaching has been incorporated into school environments. This teaching 

method is emerging as a crucial tool, not only in response to global societal 

changes – such as wars, escalating political tensions, or migration and refugee 

crises – but also due to technological advancements associated with the concepts 

of Industry 4.0 and, more recently, Industry 5.0. These developments signal the 

next wave of global industrial transformation, which will inevitably impact 

school education (cf. Leng et al., 2022). 

The most significant shift in the integration of digital technologies into formal 

education can be traced back to the spring of 2020 when schools were closed in 

most countries due to the COVID-19 pandemic. Schools were repeatedly closed 

and reopened, leading teachers to navigate previously untried combinations of 

face-to-face, hybrid, and distance learning. Educators were compelled to adapt to 

unprecedented conditions, employ synchronous and asynchronous teaching 

methods, and grapple with maintaining connections with students, families, and 

colleagues (Sokal et al., 2020). This period naturally sparked a need for research 

that would explore the effects of this atypical time on education, students, and 

teachers. 

On the one hand, research has demonstrated a negative impact on student 

learning (e.g., Spiteri et al., 2022); on the other hand, it has highlighted the 

necessity for teachers to adopt innovative approaches in the new educational 

contexts and make extensive use of digital technologies (e.g., Berry, 2020; Ivari 

et al., 2020; Pokhrel & Chhetri, 2021). 

The pandemic also underscored the importance of focusing education on the 

broad development of competencies, relationships, and human values (Sakalli et 

al., 2021). Based on a survey of 1,045 teachers, Zamaro et al. (2021) found that 

approximately 30% of these teachers taught remotely for most of the 2020–2021 

school year; a total of 49% reported teaching in a hybrid model; and 21% 

reported teaching face to face. A large majority (71%) indicated that they had to 

modify their teaching methods at least once during the 2020–2021 school year, 

with an average of two changes per teacher. Similar shifts in pedagogical 

methods have been reported, along with increased use of digital technologies and 
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innovative approaches to student engagement (e.g., Barnum, 2021; Chizhik & 

Brandon, 2020; Steiner & Woo, 2021). 

In 2020 and 2021, the focus shifted toward methods that allowed for flexible 

responses to changing teaching conditions, student and teacher quarantines, and 

other unexpected events. As teachers could not rely on the standard progression 

of the school year or their physical presence in classrooms, they were compelled 

to devise new ways to motivate themselves and their student to ensure continuity 

of teaching under nonstandard conditions. In this nontraditional environment, 

nontraditional approaches gained prominence. The interpretation and delivery of 

knowledge shifted to virtual instruction, which could be recorded and 

asynchronously accessed, thereby laying the groundwork for flipped classroom 

models. 

During the initial phase of the post-COVID-19 era, it was assumed that certain 

limitations might persist in subsequent years. In response, the Ministry of 

Education, Youth, and Sports of the Czech Republic initiated a project to pilot 

distance and hybrid teaching approaches. The practical implications of distance 

education were also examined by the Czech School Inspectorate (2020), which, 

in a series of thematic reports, highlighted the need for flexible teaching 

methods, including support for group work in online environments, the 

implementation of social games, and careful consideration of traditional didactic 

approaches (e.g., reports, presentations; Experience of Primary School Pupils 

and Teachers with Distance Education in the Second Half of the 2019/2020 

School Year, 2020). 

The Czech School Inspectorate further noted that teachers often employed 

methods and formats that did not facilitate active student participation in the 

learning process. It emphasized the importance of using engaging teaching 

methods and adapting instructional content accordingly. 

The Ministry of Education, Youth, and Sports of the Czech Republic repeatedly 

emphasized the necessity of new teaching methods in its methodological 

recommendations for distance education, both in regular primary and secondary 

education and for students with special educational needs (Ministerstvo školství, 

mládeže a tělovýchovy ČR, 2020). 

Current projections suggest that the ongoing turbulent period –including 

challenges associated with the post-COVID-19 era, the war in Ukraine, and the 

influx of refugee children into Czech schools – will lead to further shifts in 

pedagogical processes at all levels, particularly in the realm of didactics, with a 

strong emphasis on transforming teaching methods. Activating teaching methods 

that effectively alternate during instruction and maintain student motivation to 

learn are now preferred (Czech School Inspectorate, 2021). 

In this context, the demands on teaching staff and the practical application of 

teaching methods are also evolving. The current era has opened the door to 
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educational innovations with the potential to transform traditional teaching 

practices, with digital technologies and artificial intelligence becoming integral 

components of the educational process. 

1 Review of research findings in the field of virtual co-teaching 
An innovative solution for teachers during the pandemic and related quarantines 

was the implementation of virtual co-teaching. This method was based on the 

collaboration between one educator who was physically present in the classroom 

and another who was virtually connected, and it allowed teaching to continue 

under nearly any pandemic conditions. During this period, our team initiated a 

research project funded by the Czech Technology Agency titled “A New Method 

of Education for the 21st Century: Virtual Co-Teaching.” The very concept of 

co-teaching in pedagogical practice, however, lacks a uniform definition. 

In a global context, the term “co-teaching” is often associated with the concept of 

inclusion, whereby the traditional classroom environment is regarded as the most 

appropriate setting for most students, thus necessitating the provision of ample 

support (Wilson & Blednick, 2011). 

Additionally, the literature defines co-teaching as a method in which two or more 

educators collaborate to teach in conventional classroom settings (cf. Bacharach 

et al., 2010; Murawski, 2017). In our research, we extended this definition 

beyond special education, drawing on a broader concept that involves the 

collaboration of two educators (Veteška et al., 2020). Our study focused on 

incorporating a virtual component as a novel extension of the co-teaching model. 

The primary aim was to introduce innovative solutions for school education, 

particularly at the primary and secondary levels. The initial phase of the research 

involved a scoping review to analyze co-teaching as an innovative instructional 

method with the potential to enhance pupils' learning outcomes and key 

competencies. This review identified six central themes related to co-teaching: 

effectiveness, challenges, teaching methods, teacher roles and relationships, 

collaboration, and special educational needs. These themes subsequently formed 

the foundation for our research activities. 

Our findings suggest that by addressing both technical and human readiness 

challenges, co-teaching – including its virtual form – can significantly contribute 

to the effectiveness of the educational process and foster the acquisition of 

competencies essential for student success (Svobodová, 2023; Veteška et al., 

2020). 

This project did not merely involve the addition of a virtually connected educator 

in a random manner; rather, it integrated the virtual teacher as a fully embedded 

component of the teaching process. Research methodologies were employed to 

evaluate the effectiveness of virtual co-teaching as well as to identify its potential 

opportunities, challenges, and barriers. Based on the research findings, virtual 
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co-teaching was optimized and procedures were established to enhance its 

positive impact on learners. In parallel, the research also examined specific areas, 

such as the education of pupils with special educational needs and issues faced 

by novice and future teachers. 

The project rigorously tested the effectiveness of virtual co-teaching  and 

identified its possibilities, limitations, and barriers. The outcomes of these 

research activities are summarized in Table 1. 

 

Table 1 

 

Overview of outputs from the Czech Technology Agency project focused on the 

research of the virtual co-teaching method (2021-2023) 
 Title Methodology            Citation 

2

0
2

1 

Co-teaching: 

Advantages and 
disadvantages 

thematic analysis and 

scoping review 

Kursch, M., & Veteška, J. (2021). Co-teaching: 

Advantages and disadvantages. In Z. Szarota and 
Z. Wojciechowska (Eds.). Learning never ends... 

Spaces of adult education: Central and Eastern 

European perspectives (pp. 93-107). Warsaw: 
Faculty of Education, University of Warsaw. 

https://doi.org/10.31338/uw.9788323552062. 

 
2

0

2
1 

Problems and 

obstacles of 

distance learning 
in the point of 

view of primary 

school teachers in 
the “Covid period” 

qualitative research, 

semi-structured 

interviews 

Svobodová, Z., Kursch, M., & Veteška, J. (2021). 

Problems and obstacles of distance learning in the 

point of view of primary school teachers in the 
“COVID period.” In I. A. Sánchez, P. Kommers, 

T. Issa, and P. Isaías (Eds.). Proceedings of the 

international conferences mobile learning and 
educational technologies 2021 (pp. 83-90).  

 

2
0

2

1 

Virtual co-teaching 
in primary school 

– a case study 

quantitative research, 
experiment 

 

Svobodová, Z., Kursch, M., & Veteška, J. (2022). 
Virtual co-teaching in primary school – a case 

study. In J. Kříž, and Z. Svobodová, Adult 

education 2021 - In diverse learning environments. 

(pp. 13-31). Prague: Czech Andragogy Society. 

 

2

0
2

2 

Longitudinal Co-

teaching projects: 
scoping review 

scoping review Veteška, J., Kursch, M., Svobodova, Z., 

Tureckiova, M., & Paulovcakova, L. (2022). 
Longitudinal co-teaching projects: Scoping review. 

In: D. Ifenthaler, P. Isaías, and D. G. Sampson 

(Eds.). Orchestration of Learning Environments in 
the Digital World. Cognition and Exploratory 

Learning in the Digital Age. Springer. 

https://doi.org/10.1007/978-3-030-90944-43 
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2
0

2

2 

Longitudinal co-
teaching projects: 

scoping review 

scoping review Veteška, J., Kursch, M., & Svobodova, Z. (2022). 

Longitudinal co-teaching projects: Scoping review. 

In D. Ifenthaler, P. Isaías, and D. G. Sampson 

(Eds.). Orchestration of Learning Environments in 

the Digital World. Cognition and Exploratory 

Learning in the Digital Age. Springer. 

https://doi.org/10.1007/978-3-030-90944-4_3 

 

2

0

2
2 

Efficiency of 

virtual co-teaching 

quantitative research, 

experiment 

Kursch, M., Liška, R., Tureckiová, M., & Kříž, J. 

(2022). Efficiency of virtual co-teaching. In B. 

Pitula and M. Kowalski (Eds.). Co-Teaching – 

Everyday Life or Terra Incognita of Contemporary 

Education? (pp. 145-159).  

V&R Unipress. 

 

2

0
2

2 

Virtual co-teaching 

through the eyes of 
primary and 

secondary school 

students 

qualitative research, 

experiment 
Svobodová, Z., Veteška, J., & Dvořáková, D. 

(2022). Virtual co-teaching through the eyes of 

primary and secondary school students. In B. 

Pitula and M. Kowalski (Eds.). Co-Teaching - 228 

Everyday Life or Terra Incognita of Contemporary 

Education? (pp. 125-143). V&R Unipress. 

 

2

0
2

2 

Efficiency of 

virtual co-teaching 
 

experiment Kursch, M., & Veteška, J. (2022). Výzkum 

efektivity virtuálního co-teaching. In M. Krystoň 

(Ed.). Andragogické štúdie 2022 (pp. 44-53). 

Belianum.  

 

2
0

2

3 

 qualitative research Svobodová, Z., Kursch, M., & Veteška, J. (2023). 
Virtual co-teaching and future teachers. In J. 

Veteška and J. Kříž (Eds.). Adult Education 2022 - 

Balance in the Context of Strategic Changes: 
Proceedings of the 12th International Adult 

Education Conference (pp. 222–228). Czech 

Andragogy Society.  

 

Research results based on pedagogical experimentation have confirmed that 

virtual co-teaching can be considered an extension of the educational space into 

environments that schools would not typically be able to access. However, it is 

also a method that places high demands on other teachers, particularly in terms 

of their collaboration and preparedness. Ensuring that teachers have adequate 

time for preparation is critical to the success of co-teaching. In addition to 

preparation time, access to appropriate technical equipment is a key determinant 

of the effectiveness of virtual co-teaching (Veteška et al., 2020). Virtual co-

teaching also presents an opportunity to enhance the appeal of the subject matter 

by involving experts who may otherwise be unavailable due to time constraints, 

distance, or concerns regarding student safety in specific environments. 
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This teaching method thus opens new possibilities to make subjects, such as 

technical education, chemistry, physics, and foreign languages, more engaging. 

Several measurements conducted to assess the effectiveness of virtual co-

teaching have demonstrated that it is a fully viable alternative to traditional, in-

person co-teaching. Our experiments convincingly showed that students' test 

results from virtual co-teaching were not statistically different from those in 

classical, frontal co-teaching. 

However, in an evaluation of teaching effectiveness—which we define as 

achieving the intended learning outcomes while considering associated costs—

virtual co-teaching appears to be even more efficient. This increased efficiency is 

attributed to lower transportation costs, minimized time loss, and positive effects 

on scheduling due to flexibility in the virtual teacher’s availability (cf. Kursch et 

al., 2022; Svobodová, 2023; Svobodová et al., 2022). 

Based on these findings, virtual co-teaching was then optimized, and procedures 

were established to further enhance its positive impact on students. The research 

also explored specific areas, including the education of students with special 

educational needs and the challenges faced by novice and future teachers. 

The project outcomes were designed for practical implementation in educational 

settings and were intended to have a tangible impact on the teaching reality in 

Czech schools. To ensure this, all results were integrated into teaching practices 

through collaboration with the project’s application sponsors, namely two 

secondary and two primary schools. The results were also continuously reviewed 

in consultation with the Czech School Inspectorate, and any feedback was 

incorporated throughout all phases of the project. 

The research findings indicate that virtual co-teaching has the potential to be as 

effective as traditional co-teaching while offering several advantages unique to 

the virtual environment. These advantages include: 

- Enhanced student engagement: Unlike distance learning, virtual co-

teaching benefits from the presence of a physically situated teacher who can 

provide immediate feedback and respond to changes in students’ 

concentration, alertness, and interest. 

- Flexible use of recorded lessons: Virtual co-teaching offers the potential for 

lessons to be recorded and reused, allowing for the possibility of a virtual 

teacher who operates asynchronously. 

- Cost-efficiency: Virtual co-teaching is less costly than traditional co-

teaching, providing a competitive edge in terms of efficiency for future 

educational use. 

- Technological advancements: The virtual aspect of co-teaching continues to 

improve with developments in information and communication technology 

(ICT), such as enhanced image and audio quality, motion capture for 
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feedback, and the use of sports cameras for improved image capture and 

recording. 

Looking ahead, virtual co-teaching could potentially support fully virtual 

teachers, such as educational robots adapted to assist in the teaching process. 

However, virtual co-teaching also presents certain challenges and barriers, such 

as: 

- Higher costs compared to single-teacher instruction, 

- Complex and demanding planning processes, 

- The ad-hoc nature of virtual co-teaching as permanent implementation is 

often not feasible, 

- High equipment costs necessary for effective virtual co-teaching, 

- The need for specialized teacher training to deliver effective virtual co-

teaching sessions. 

In conclusion, virtual co-teaching has substantial potential and is likely to 

continue developing due to its significant benefits for both students and teachers. 

It can also serve as a more effective bridge between theory and practice in many 

schools or educational institutions, opening doors that traditional co-teaching 

methods cannot. 

2 Methodology  
The aim of this article is to describe and evaluate recent changes and innovations 

in teaching methods, with a special focus on innovative approaches involving 

virtual co-teaching, digital technologies, artificial intelligence (AI), and virtual 

environments as well as to predict their future development and potential 

integration into the educational process. The study employed the Delphi method 

as the primary tool for identifying and forecasting trends and innovations in 

virtual co-teaching and its prospective applications. The Delphi method is a 

qualitative research technique that enables the structured and iterative gathering 

of expert opinions to achieve consensus (Hodyakov et al., 2023; Linstone & 

Turoff, 1975, in Svobodová, 2023). 

This method is particularly well-suited for research areas involving complex 

problems that lack definitive solutions and in which rapid advancements are 

anticipated, such as educational technology. Evidence for this study was 

systematically collected during the research project from experts associated with 

the Department of Andragogy and Educational Management at the Faculty of 

Education, Charles University, as well as from participating primary and 

secondary schools (see Svobodová, 2023 for further details). 

Thematic analysis was used to analyze the data gathered through the Delphi 

method to identify key themes and trends in virtual co-teaching. This approach 

not only enabled the identification of current innovations but also facilitated the 

prediction of future developments. Thematic analysis was conducted in several 
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stages, including data coding, the identification of patterns, and the synthesis of 

key themes. To further complement the findings of the Delphi study, a scoping 

review was conducted, which involved the systematic search, selection, and 

synthesis of existing studies on virtual co-teaching, digital technologies, and AI 

in education. This methodology provided a comprehensive overview of the 

current state of research in the field and highlighted areas requiring further 

exploration (Arksey & O'Malley, 2005). 

Key search terms included "virtual co-teaching," "artificial intelligence," "AI in 

education," "digital technologies," and "virtual learning." The search for studies 

was conducted across databases, such as Web of Science, Scopus, and ERIC, 

with studies selected based on their relevance to the topic after considering both 

theoretical and empirical contributions. 

By combining the Delphi method with thematic analysis, this methodological 

approach not only identified current trends and innovations in virtual co-teaching 

but also predicted its future evolution and highlighted areas in need of further 

research. This comprehensive approach provided a robust foundation for future 

research and the practical application of virtual co-teaching. 

3 Results and current possibilities for virtual co-teaching  
In the analysis of research articles, several new innovations in virtual co-teaching 

were identified. The first innovation was presented by Velentz, Lefkos, and 

Fachantidis (2022), who explored the integration of a humanoid robot in virtual 

co-teaching. Their study was inspired by previous research, including outcomes 

from our project that demonstrated the positive impact of co-teaching and virtual 

co-teaching on both students and teachers. The aim of their study was to 

investigate the effect of a humanoid robot acting as a co-teacher on students’ 

comprehension of the material and their overall enjoyment of the learning 

process. The research compared the effectiveness of and student satisfaction with 

the instruction conducted by a human–human co-teaching tandem and a human–

robot tandem. The results indicated that students perceived the contributions of 

the humanoid robot and the human educator as equally positive. 

A second study, by Barron et al. (2022), analyzed selected learning platforms – 

specifically Google Meet, MS Teams, and Zoom – and their potential for use in 

virtual co-teaching. The study also examined the integration of additional 

applications to enhance student engagement and maximize the potential of co-

teaching. The focus was on the active role of educators in virtual environments, 

which is moving away from traditional frontal teaching (i.e., "talking heads"), 

with an emphasis on the importance of student-driven activities, which are 

central to all innovative educational methods. 

One of the major challenges faced by many countries is the shortage of qualified 

teachers. An intriguing project from China (Guo et al., 2022) addressed the 
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severe lack of qualified teachers in remote areas. With the development of ICT, 

China launched a remote ICT intervention program for rural classrooms and 

established a "virtual co-teaching classroom" in which rural teachers collaborate 

with qualified educators from distant cities. As depicted in Figure 1, a remote 

teacher can simultaneously teach multiple rural classes, providing a solution to 

the shortage of teachers in these areas.  

 

 
 

Figure 1. Teaching as a remote teacher in multiple classrooms (Guo et al., 2022). 

 
The study employed a qualitative methodology to describe co-teacher 

collaboration practices and assess the impact of this project on the quality of 

teaching. The authors conducted semi-structured interviews with nine remote 

urban teachers and twelve local rural teachers to investigate the standard 

practices in remote classrooms for co-teaching and the collaborative processes 

between co-teachers. Based on the interviews, it was reported that rural teachers 

were actively involved in the process by contributing to the teaching and 

adapting resources provided by remote teachers to suit the capabilities of their 

students. While the rural teachers subjectively evaluated the increase in the 

quality of teaching, they also highlighted several challenges, including technical 

difficulties encountered during the project (Guo et al., 2022). 

Virtual co-teaching has also been applied in unforeseen contexts, such as the war 

in Ukraine where it became the primary means of maintaining international 

collaboration and teaching connections with foreign countries. Oleksiyenko, 
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Shchepetylnykova, and Furiv (2023) reported on several specific educational 

activities based on virtual co-teaching in higher education, thereby 

demonstrating its adaptability in crisis situations. 

Virtual co-teaching also holds significant potential for the integration of AI. 

With AI becoming increasingly embedded in various sectors, including 

education, the next steps for research will likely involve deepening the 

understanding of how AI technologies, such as ChatGPT, can be incorporated 

into pedagogical methods. ChatGPT, which has rapidly evolved and which 

gained over one million users shortly after its launch (cf. Haque et al., 2022), has 

sparked discussions among educators regarding its impact on teaching 

professions and student learning outcomes. 

Glaser (2023) noted that ChatGPT, in particular, can be used to address 

individual student needs and preferences by providing personalized content and 

feedback (Chan & Zary, 2019; Zhai, 2023). This approach can enhance student 

engagement with the material and improve learning outcomes. For instance, 

teachers can submit student essays, discussion board responses, and other 

assignments to ChatGPT for comparison with assignment criteria to identify 

areas where additional instruction or intervention may be necessary. While such 

applications have been considered in the past (e.g., Uto & Okano, 2020; 

Warschauer & Grimes, 2008), earlier efforts faced technological limitations that 

ChatGPT has since addressed (Vijaya Shetty et al., 2022). 

This new perspective in virtual co-teaching opens up possibilities for 

personalized learning tailored to the specific needs and preferences of students. 

With the aid of advanced algorithms and AI, educators can adjust lesson content 

in real time, thereby increasing the effectiveness of the learning process. 

Conclusions  
Virtual co-teaching supported by digital technologies and artificial intelligence 

has shown significant potential to revolutionize education, especially in response 

to challenges like the COVID-19 pandemic and teacher shortages in remote 

areas. Research confirms that virtual co-teaching is an effective alternative to 

traditional methods as it increases both the flexibility and efficiency of the 

learning process. By dividing students into smaller groups and incorporating AI-

powered co-teachers, this approach allows for more personalized support tailored 

to individual learning needs, ultimately enhancing student engagement and 

outcomes. AI offers new opportunities for the development of soft skills through 

virtual co-teaching. For instance, AI can simulate scenarios that require 

teamwork, conflict resolution, or communication, which can be incorporated into 

virtual co-teaching environments where both teachers and AI collaboratively 

guide students toward achieving soft skill development goals. AI can further 

provide personalized feedback and advice to help students better understand their 
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strengths and weaknesses and improve in areas essential for their future 

professional lives. 

However, several limitations need to be addressed for this method to reach its 

full potential. The key barriers are the high cost of necessary equipment, the 

complexity of planning, and the requirement for specialized teacher training. 

Additionally, the research presented in this article was limited to specific 

subjects and educational settings, which calls for further exploration to optimize 

and extend its use across a wider range of contexts. 

Despite these challenges, virtual co-teaching, when fully integrated and refined, 

has the potential to become a transformative tool in education. In combination, 

the strengths of human and AI-driven teaching can bridge gaps between theory 

and practice, offering a more flexible, scalable, and innovative approach to 

teaching that meets the evolving demands of modern education. 
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