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Educational institutions have continuously adapted to new realities in school education, accelerated recently by the COVID-19 pandemic’s transformation of learning modalities. This article analyzes teachers’ and Students’ acceptance of a web-based virtual reality (WebVR) tool called Virtual Campus proposed to overcome the limitations of teaching strategies using video conferencing platforms. To measure the acceptance of the Virtual Campus, we designed an instrument based on the Technology Acceptance Model (TAM) that involves variables related to online contexts, the future perception of using the tool, skills development, and appreciation and recommendation. The results indicate that the participants favorably accepted WebVR technology as an alternative teaching methodology in emerging learning scenarios and intend to use it post-pandemic. The best-valued elements were interactions in the socialization spaces, the simulation of presence, and the environmental dynamics. The principal areas of opportunity for improvement were overcoming technical problems and improving the internet connection quality; however, these did not affect the participants’ recommendations. Future studies should incorporate variables related to analyzing learning mediated by WebVR-based strategies and using different methodological designs to compare the findings.
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INTRODUCTION

The COVID-19 virus forced educational institutions worldwide to migrate teaching-learning processes from traditional face-to-face teaching modalities to remote learning, adapting technological tools for educational innovations (Shaw et al., 2021), and supporting digital-skills development in students and teachers in diversified educational environments (Zhao, 2020).

Thus, digital technology was adopted for learning, communication, and socialization among students (Vuorikari et al., 2020). In this scenario, teachers found it necessary to articulate their academic practices through video-conferencing platforms using tools such as Zoom, Skype, Teams, Blue Jeans, or Google Meet to continue education and school activities (Sánchez et al., 2021).

Although this solution favored teaching-learning strategies and interactions among teachers and students, problems arose from the fatigue and stress of reading non-verbal signs (sometimes non-existent), the absence of emotions, silent sessions, and constant eye contact with the camera (Ebner and Greenberg, 2020; Nadler, 2020). This phenomenon has been called “Zoom fatigue”: teachers and students feel stressed from long sessions using digital devices with an absence of sensory stimuli (Cranford, 2020).

Some experts have stated that regardless of the educational modality of training processes, it is necessary to constantly offer students changes of stimuli (Peper et al., 2021) to manage non-presential teaching mediated by technologies. It is possible to reduce the feelings of isolation, anxiety, and depression caused by the cognitive load and the mental effort to establish effective communication among the participants of non-face-to-face teaching sessions (Bailenson, 2021).

As an alternative to reduce these phenomena and Zoom fatigue, some teachers have used web-based virtual reality tools (WebVR) to change the way they share knowledge with students. They also transform their teaching practices through strategies based on reality simulation (Videva et al., 2019). Regarding this, empirical studies have shown that WebVR technology is an attractive tool for displaying academic content, boosting Students’ participation and collaboration, and generating environments in which alternate learning simulations reduce the feeling of social isolation (Radianti et al., 2020; Jauhiainen, 2021; Mikhailenko et al., 2022).

Thus, learning mediated by the WebVR environment allows users to immerse themselves in simulated environments employing a realistic-looking multimedia scenario (Neroni et al., 2021). One aspect to consider when using WebVR technology is that it allows interaction in 3D spaces using personal computers, leaving external devices such as glasses or cardboard as an option (Vorobyeva et al., 2017). It has been confirmed that participating in this environment allows independent and collaborative learning and significantly supports Students’ knowledge development (Mora et al., 2020).


Web-Based Virtual Reality in the COVID-19 Environment

More than two decades ago, Heim (1998) stated that virtual reality had three fundamental value elements to be successfully incorporated into education: interactivity, immersion, and intensity of information. When the COVID-19 pandemic emerged, the meaning of this statement was confirmed because empirical studies revealed that VR offers the perception of learning by satisfying prevailing teaching needs during non-face-to-face training (Wolfartsberger, 2019; Sepasgozar, 2022).

The acceptance of WebVR technology has been evaluated in various contexts, like textual browsing in digital libraries (Hahn, 2018), visualizing complex structures in virtual laboratories (Xia et al., 2018) and designing immersive experiences in virtual museums (Oliver et al., 2019). In the case of academic training, this technology has been increasing because it has been proven to improve teaching and learning in various disciplines such as aeronautics, medicine, industrial safety, and others (Nemer et al., 2020). Thus, WebVR technology leverages the potential of three-dimensional elements and immerses teachers and students in simulated, realistic learning contexts (Christopoulos et al., 2020).

Some educational institutions have observed that virtual reality ceased being an idea of future education during the pandemic to become a present experience to develop and strengthen learning strategies (Allcoat and von Mühlenen, 2018; Zahabi and Abdul Razak, 2020). WebVR has been used during the pandemic with satisfactory results in educational research at the professional and postgraduate levels (Liang, 2020) disciplinary training (Mora et al., 2020; Cheng, 2021), linguistics (Jain et al., 2020), and for transferring knowledge immersively and interactively to people with special educational needs (Cardona et al., 2021).

This research starts with the premise that VR training processes implemented in higher education institutions need the Participants’ acceptance of this technology to be assessed (Akdere et al., 2021). Despite the benefits of using this technology, there is evidence that sensory immersion does not always offer positive experiences (Ferreira et al., 2021). Therefore, this research aimed to evaluate the acceptance of WebVR technology by teachers and students who participated in learning and socialization activities using this platform through the analysis of their experiences, to know if it represents a better option than the video conferencing tools for learning in online modalities.




METHODOLOGY

The study employed a mix-method, sequential exploratory approach with a descriptive logic and followed a QUAN-qual taxonomy (Creswell and Plano Clark, 2007). The concurrent procedure used by Díaz and colleagues was adapted to begin the data exploration and perform a quantitative analysis (Díaz et al., 2019). Subsequently, a qualitative study was conducted.


Participants

Although there are various WebVR platforms in cyberspace, one of the most used during the pandemic has been Virbela. It is a space of information and collaboration that impacts the reduction of costs related to the mobility of people and strengthens networking and new ideas among them (Jauhiainen, 2021).

At Tecnologico de Monterrey, a private, non-profit higher education institution in Mexico, an environment called “Virtual Campus” was designed on the Virbela platform, implemented to carry out video-conferenced training activities typically conducted face-to-face in regular sessions (see Figure 1). In this application, a university campus is simulated with closed areas such as buildings, offices, auditoriums and classrooms, and open spaces, including a soccer field, a beach, and a lighthouse. In this virtual reality environment, participants carry out academic and socialization activities.
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FIGURE 1. View of the Virtual Campus.


The sample was non-probabilistic for convenience (Creswell, 2012). This research involved 262 students and 164 teachers participating in different training processes in the Virtual Campus during April and May 2021. The participants personalized their virtual identity avatars and attended induction sessions to explore the platform’s functionalities and collaborate in this environment’s teaching and learning activities.

The data collection techniques included a questionnaire with Likert-type and open questions that were applied once the professors taught their class or at the end of an academic activity for the students. Prior to the evaluation of the user experience in the Virtual Campus, a participant observation of the courses and training sessions was carried out and a field diary was recorded. To avoid bias in the self-reported data obtained in the questionnaire, the findings were triangulated between the different sources of information.



Instrument

Questionnaires are the most common methods to evaluate usability and user experiences in digital environments (Sousa and Lopez, 2017). We began with a systematic review of the literature to design the instrument used in this research, using the Scopus and Web of Science (WOS) databases. The result of this SRL allowed us to identify trends and various studies that suggest that the variables of perceived usefulness, ease of use, and intention to use are decisive in achieving a favorable acceptance of the implementation of the technology. Based on the above, the technology acceptance model (TAM) of Davis (1989) was used as primary references to build the instrument, the Tam is a solid reference framework used worldwide to evaluate the acceptance of various technologies in different contexts and despite the fact that it emerged several decades ago, it continues to be valid (Al-Emran and Granić, 2021), there is even an adaptation to virtual reality by Sagnier et al. (2020). However, this model has been criticized for ignoring processes related to socialization and interaction with other people (Benbasat and Barki, 2007).

To counteract this area of opportunity, this proposal incorporated socialization processes related to learning in the designing of the instrument, we added elements from our institution’s educational model called Tec21, these variables were disciplinary and transversal competencies (Tecnologico de Monterrey, 2022). We also included variables related to the transition from the non-face-to-face education caused by COVID-19, the appreciation of the different spaces comprising the Virtual Campus, the usability of the tools presented, and the degree of participants’ recommendations concerning the training experiences. This is possible because the Tam has proven to be a model capable of improving its explanatory power through the incorporation of new variables (Al-Emran et al., 2020). Figure 2 illustrates the dimensions in which these variables were integrated.
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FIGURE 2. Dimensions analyzed to design the study’s questionnaire.


From this, we constructed an instrument called “Questionnaire to Evaluate the User Experience in Learning Spaces Mediated by WebVR Technology,” which can be consulted at the following link.1 To collect participant responses, we decided to use a Likert-type scale with four options so the respondents could select a position in favor or against each item. The instrument was validated per the expert judgment methodology proposed by Cooke (2014). The result can be seen in Table 1, where eight dimensions related to the acceptance of web-based virtual reality are described and 32 items emerging from these dimensions.


TABLE 1. Dimensions and items included in the instrument.
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Procedure

The instrument was shared with the participants via email once their participation in the learning experience concluded. They were invited to review the informed consent notice, clarifying that personal data would not be collected, except the data necessary to understand the intentions of the study and that these would only be used to achieve the purposes of the research. The characteristics of the study were explained, and they were asked to respond voluntarily.

The Qualtrics platform was employed to collect and manage information from the respondents, which was configured in two profiles: (1) Student (based on student ID) and (2) Teacher (based on employee ID). The time frame for receiving responses was set to 2 weeks. Quantitative items were analyzed using descriptive and inferential statistics with Minitab software, while open coding was performed for the questions to find the most significant experiences about the advantages and disadvantages that the participants found when develop their activities using WebVR. The results presented below show the attendees’ experiences using the Virtual Campus.




RESULTS


Acceptance of the Virtual Campus

User acceptance was made up of three elements (see Table 2). The first factor analyzed corresponded to the perceived ease of use, where the characteristics of the training, installation, preparation, and adaptation of the necessary technical requirements for using the Virtual Campus were examined. Procedural tasks such as installing the software, personalizing the avatar, and adapting to using the commands, among others, were analyzed. The second factor was the perceived usefulness, where the opportunities to strengthen the teaching/learning process in the Virtual Campus were reviewed, and the integrated tools useful for collaboration and teamwork activities. The third factor corresponded to the intention of use, where the participants expressed their interest in continuing to use the Virtual Campus as a space for socialization and recreation.


TABLE 2. Study factors that compose the evaluation of acceptance.
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The results indicated a positive perception of ease of use, usefulness, and intention to use. The users’ global acceptances of the Virtual Campus were a mean [image: image] = 3.41 by the students and [image: image] = 3.48 by the professors. The element valued highest by the students was usefulness, but among the teachers, the perceived usefulness, and the intention to use were equally highly valued (see Table 3).


TABLE 3. Means for the elements of acceptance of the Virtual Campus by participants.

[image: Table 3]



COVID-19 Pandemic Context and Future Perception

Regarding the pandemic contextual factors and future perception, initially, we analyzed whether participation in the Virtual Campus improved interactions with other participants, including professors, students, and other invited members of the university community. The results highlighted that there was a more favorable appreciation by the students ([image: image] = 3.32) than the teachers ([image: image] = 3.01).

Subsequently, the Students’ intention to continue future academic activities was analyzed. Events such as Bootcamps, Hackathons, Symposiums, and Congresses were the activities best valued with [image: image] = 3.13, while Leadership and Students Affairs (called LiFE) extracurricular activities or groups obtained [image: image] = 2.87. On the other hand, academic services such as references in the library or a curriculum vitae from the Career Center scored an intention of [image: image] = 2.89, while administrative services such as scholarships, graduations, and school departments scored [image: image] = 2.77 (see Table 4).


TABLE 4. Intention to participate in future activities using the Virtual Campus.
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Contribution to Competencies Development

The instrument used also allowed identifying users’ perception regarding the contribution of interactions in the Virtual Campus toward developing the Tec21 transversal competencies, which are digital transformation, ethical and citizen commitment, innovative entrepreneurship, self-knowledge and management, social intelligence, the reasoning for complexity, and communication. In addition, the disciplinary competencies in the learning of each area of knowledge were contemplated.

The results identified that teachers and students considered the activities in the Virtual Campus environment could contribute to developing transversal and disciplinary competencies (see Figure 3). For this case study, the transversal competencies that stood out the most for both students and teachers were Digital Transformation ([image: image] = 3.49), Social Intelligence ([image: image] = 3.39), and Communication ([image: image] = 3.35). Likewise, both groups agreed that ethical and citizen commitment was the competence least developed in activities designed for the Virtual Campus environment ([image: image] = 3.22).
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FIGURE 3. Assessment of the impact on transversal and disciplinary competencies.




Appreciation and Recommendation

The assessment factors contemplated the satisfaction of the spaces and tools integrated into the Virtual Campus. Also, the criterion of recommending this tool to colleagues and co-workers was inquired. The approval analysis of the various Virtual Campus spaces indicated that 67% of the participants were highly satisfied with the virtual practice and less than 4% rated it unsatisfactory (see Table 5). Likewise, the results showed that, on average, 30% of the people did not go through the Virtual Campus in its entirety, which is a crucial finding for the development of future activities.


TABLE 5. Appreciation of Virtual Campus spaces.
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Regarding Virtual Campus’ interactive spaces, the Beach had the highest means of students and teachers ([image: image] = 3.68) ([image: image] = 3.65), respectively (see Figure 4), showing that the simulated reality socialization activities allowed the participants to reduce their feelings of isolation caused by video-conference interactions. Students felt more satisfied with using playful socialization spaces; for example, among the participants, there was a greater preference for using the boats ([image: image] = 3.69).
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FIGURE 4. The space best valued by the participants.


On the other hand, as shown in Figure 5, the teachers highly valued using spaces oriented to more academic purposes, such as the Conference Hall ([image: image] = 3.68).


[image: image]

FIGURE 5. General evaluation of Virtual Campus spaces.


Regarding satisfaction with the tools integrated into the Virtual Campus, we analyzed the assessment of five: sticky notes, screens, text messages, voice communication, and body language of the avatar. The students yielded a general mean of [image: image] = 3.23 in the tools, and the teachers, [image: image] = 3.39 (see Figure 6).
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FIGURE 6. Evaluation of Virtual Campus tools.


The best-valued tool by the participants was voice communication with [image: image] = 3.5 (see Figure 7), which allowed them to be in contact in real-time with students and teachers. The least valued tool was sticky notes with [image: image] = 2.91.
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FIGURE 7. Voice communication tool.


We also analyzed the participants’ level of recommendation for possible new users: 92.8% indicated that they would recommend a colleague or friend to participate in Virtual Campus activities. The results by group are presented in Table 6. Although there is a high percentage of acceptance by teachers and students, future research should analyze if this acceptance results from applying pedagogical models and selecting learning theories oriented to the designs of experiences in virtual reality.


TABLE 6. Recommendation of the Virtual Campus.
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Additionally, two open questions in the instrument and interviews on the Virtual Campus made it possible to identify the findings of the participants regarding participating in the VC vs. using video-conferencing tools. Table 7 shows the information collected, which was coded, categorized, and analyzed per two deductive dimensions: (a) Advantages of participating on the Virtual Campus; and (b) Disadvantages of participating on the Virtual Campus.


TABLE 7. Analysis of advantages and disadvantages of participating in Virtual Campus.
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The participants’ narratives recovered during the experience were collected, organized, and analyzed using an open coding strategy (Merriam and Tisdell, 2016). The results indicated that among the advantages are the simulated interactions between students and teachers, the perception of presence, and the dynamics generated during the activities on the WebVR platform. The following are example quotations of acceptance of using the virtual environment.

“It allows greater interactions among people, promotes oral and written communication, and is an innovation that allows one to get out of the monotony of talking through a screen” (P342).

“I had never felt so close to my classmates until we used Virtual Campus, it completely broke down the barriers, and I felt that they really were classmates and not just people in my class” (P414).

“It is very dynamic, innovative, and flexible. The avatars have movement and voice and can look like the real person, which is funny and at the same time useful and real for the students. It seems the best tool that Tec has adopted for students and other fellow professors, even for department meetings or graduations” (P42).

In coding the narratives, we found that the disadvantages were related to the technical requirements to install the software, which can be inferred to link to the participant’s computer equipment characteristics. Although the requirements to run a virtual world do not require advanced computers, neither are they for equipment with basic features. They need software to render 3D graphics (Krassmann et al., 2021).

“I couldn’t enter. I was able to make my avatar with work, but when I entered, I only saw black, and at times I could hear the people who received me” (P383).

“It’s too heavy for my computer, and I couldn’t use it well. In fact, I had to leave the class and submit the activities separately” (P385).

“The process to implement the activity is too tedious and confusing. I depend on others to be able to carry out my activity, and there are many technical failures during the implementation with hardly anyone available to support me” (P70).

“The platform does not work well for everyone; it is disconnected at times. It is very far from being a useful service” (P294).




DISCUSSION

Emerging technologies are a good option for developing activities in the COVID-19 pandemic. WebVR has become a low-cost platform for teachers to design virtual and intuitive content and learning activities (Nguyen et al., 2019). It has also been claimed that this technology can be used to promote participation and student learning (Li and Wang, 2021). The academic experience of the users was satisfactory for both teachers and students in the perceived ease of use, usefulness, and intention to use. The results align with recent research that has proposed using web-based virtual reality (WebVR) as a disruptive technology to support teaching using an internet browser (Chessa and Solari, 2021). Above all, when considering other key factors in developing the teaching-learning process, one must go beyond analyzing technological acceptance to identify other elements linked to knowledge acquisition.

In the context of non-face-to-face teaching, the participants found in the Virtual Campus an ideal space for interactions and socialization, which coincides with other studies that highlight the interactions among the participants as one of the benefits of implementing virtual reality tools in the classrooms of higher education (Radianti et al., 2020). Although both students and teachers made positive assessments, the evaluation of the students had higher scores. The activities carried out by each group could explain this. While teachers used the platform only for academic purposes, the students stayed in the Virtual Campus, exploring the platform, and living with their peers once the class finished.

The students were questioned regarding their preference for academic activities in the Virtual Campus compared to video-conferencing environments. Most expressed greater interest in continuing to use the tool to participate in educational events. However, it should be noted that the students positively valued the socialization activities, academic services, and administrative services, even though these types of events were not yet scheduled on the Virtual Campus. Chessa and Solari (2021) specified that virtual reality environments could be used for conference-type events where an exhibitor presents before an audience and, also, due to the high degree of immersion, other activities can be carried out in face-to-face scenarios.

The instrument used also allowed us to recognize the participants’ perception regarding the contribution of the interactions in the Virtual Campus in developing disciplinary and transversal competencies. The results identified that both teachers and students considered that Virtual Campus activities could help develop transversal skills such as digital transformation, social intelligence, and communication. These results are consistent with studies confirming that 3D virtual tools promote meaningful learning, increase engagement, and improve user experience (Allcoat and von Mühlenen, 2018). Our study highlights the need to establish control points to identify how technological tools, such as the one used in this WebVR research, integrate into academic activities to fulfill pedagogical intentions.

Concerning the appreciation of the spaces, the students favored the open areas, where it was easier to interact with their classmates freely without the supervision of teachers. In contrast, teachers highlighted closed spaces, which were more like traditional classrooms where they could maintain control of students. Despite the differences between the groups, both expressed their preferences for the Beach. This can be understood because most academic activities concluded in this space with a socialization exercise; that is, the interests of the two profiles converged. Both groups had a positive assessment regarding the tools integrated into the Virtual Campus, with voice communication being the best-evaluated element. However, the scores assigned by the teachers were slightly higher than the students, which can be explained by the interest that they had to incorporate different tools into their classes to make them more attractive. Using virtual reality technologies, participants highlighted the attractiveness of a simulated environment and the wide range of tools they could access (Neroni et al., 2021).

Finally, the participants recognized WebVR technology as an alternative to video-conferencing platforms during the pandemic caused by COVID-19 and would recommend colleagues to use the Virtual Campus. The main advantages identified were the interactions, the similarity to the face-to-face modality, and the dynamics. On the contrary, the disadvantages included the need for better devices, the difficulty handling the software, and the technical problems; however, these details did not affect the participants’ recommendations. The preceding coincides with what was reported by Allcoat and von Mühlenen (2018) because, regardless of the complications that users may encounter when using virtual reality for the first time, these do not negatively determine their experience with the platform.

This research makes some contributions to the theory. In the first place, it shows that the TAM not only evaluates acceptance of new technologies, but can also incorporate processes related to socialization, something for which it had been criticized (Benbasat and Barki, 2007). Also, it is a flexible model that can incorporate other proposals to remain valid (Al-Emran et al., 2020; Al-Emran and Granić, 2021), as in this case it was the perception of the future, the pandemic context, the academic competencies, and the appreciation of spaces and tools.

Among the practical implications of the study, the predilection of the participants for the Virtual Campus compared to videoconferencing tools stands out, the preference to carry out activities in spaces that simulate a real campus and the interest in carrying out other types of activities in addition to the academics and the socialization. Finally, it would be convenient to use a platform that not only works on computers, but also on tablets and smartphones.



CONCLUSION

WebVR technology was identified as an alternative to video-conferencing platforms during the pandemic and was positively accepted by students and teachers. WebVR technology contributed to the teaching and learning processes, strengthened skills development, and provided new opportunities for interaction and collaboration thanks to the tools incorporated in this pedagogical environment.

Moreover, regarding the experience for students and teachers, the participants enjoyed a satisfactory experience in the Virtual Campus, positively valuing its ease of use, usefulness, and intention to use. Concerning the spaces, the teachers prioritized the areas for academic activities, while the students preferred the spaces for socialization. Even when they only carried out school activities, the students were interested in participating in other types of events unrelated to academics and having the possibility of accessing procedures and services within the virtual environment.

Therefore, the study’s objectives were met because it was possible to evaluate the acceptance of WebVR technology by teachers and students participating in the training processes. The use of this technology is in an exploratory stage, and its implementation still generates questions. Therefore, this research aimed to know the changes that WebVR can generate to improve learning, evaluate its acceptance as a web-based virtual reality platform, and consider it a tool that can ensure educational quality.

This research refers to a case study, so the findings should be taken with caution, however, they may be useful for researchers interested in the subject or institutions planning to implement virtual reality tools. One of the limitations of this study was the accessibility to the Virtual Campus, since the participants could only enter through a computer with medium-high technical characteristics and require a stable Internet connection, something that is especially complicated in developing countries. Also, the platform initially can be complex for participants to use. Therefore, we recommend validating in future experiences that all participants have adequate equipment and receive training on the platform’s functionalities before and during its use. Other variables related to the teaching-learning process are invited to be examined in detail in future research, and longitudinal studies should be conducted to rule out that the results are influenced only by the novelty of the environment.
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