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Abstract: We present a prototype of a Virtual Reality classroom that is designed to investigate 

students’ engagement as they interact with student- and teacher-avatars, multimedia 

presentations, and environmental cues. Student engagement is assessed by triangulating 

multiple measures, including self-reported data, system trace data, electroencephalography 

(EEG) brain data, and eye tracking. 
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Background 
Student engagement is a complex, multidimensional construct that is typically viewed as incorporating affective, 

cognitive, behavioral, and social components and is thought to be an important pathway between instruction and 

learning (D'Mello et al., 2017). Due to its multidimensional nature, student engagement is difficult to 

operationalize and measure. Assessing student engagement is even more challenging in online environments, 

where information about students’ behavior (e.g., nodding, taking notes) is very limited. Advances in virtual 

reality (VR) technologies now make it possible to examine student engagement in an authentic context with 

experimental manipulation of the learning environment (Glaser & Schmidt, 2018). Further, VR allows for the 

study of complex and intricate phenomena (in this case, engagement) within replicable scenarios (Bailenson et 

al., 2008). VR refers to a three-dimensional, computer simulated environment experienced by users via specialized 

equipment such as tracking systems and head-mounted displays (HMD) that mediate one’s interactions within the 

digital environment. The use of VR HMDs also provides the additional affordance of promoting a user’s sense of 

telepresence (i.e., feelings of immersion and sense of presence; Bailenson et al., 2008) and enabling users to 

embody their actions and social interactions to construct an online identity (Dalgarno & Lee, 2010). Users of VR 

learning systems are represented by avatars that act as the nexus for engagement as they interact with and have 

their actions mirrored into the world around them and with other users through scripted events that serve as 

instructional objects and outcomes. An additional affordance of this technology is the benefit of automating data 

logging (trace data) to provide a holistic snapshot of student–computer, student-student, and student-teacher 

interaction in the virtual world (Glaser & Schmidt, 2018). These trace data can be further coupled with 

physiological data, such as eye tracking and Electroencephalography (EEG), to further glean insights into the 

nature of student behavior within virtual learning environments (Yang et al., 2019).Yet, several challenges should 

be considered in the context of using VR in learning sciences research. Beyond the more apparent limitations 

related to the cost and resources required to develop such software, not much is known about the perception of 

instructional content and multimedia within 3D virtual learning environments (Sutcliffe et al., 2019). There are 

also concerns related to adverse effects such as cybersickness that some individuals experience while using VR 

(Davis et al., 2014) 

 
Proposed VR classroom  
Here, we present a prototype of a VR classroom, where students control an avatar and receive instructional content 

delivered by a teacher-agent avatar. The strength of the VR classroom is that it allows simulating real-world 

learning in the lab, while researchers maintain full control over the learning environment, and can manipulate it 

to test specific hypotheses. As such, it provides an excellent intermediate tool for bridging between controlled 

lab-based research and real-world classroom research. Whereas previous attempts to use VR classrooms have 

focused on attention-deficit/hyperactivity disorder (ADHD) assessment with highly artificial tasks (e.g., 

identifying a target letter in a sequence of letters) (Parsons et al., 2007), our VR classroom allows investigating 

student engagement with authentic learning tasks that can evolve in complexity. The system also supports the 

collection of self-reported data, eye gaze, and EEG brain activity (Fig. 1). In recent years, there has been growing 

interest in a variety of physiological measures that may supply more direct means for assessing student 

engagement (D'Mello et al., 2017). Whereas eye tracking can provide important information on how students 

engage with the virtual classroom environment as they shift their gaze between different elements (e.g., from the 

teacher to other students), EEG can provide information about covert shifts of attention during periods of steady 
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 eye-gaze (e.g., students might be staring at the teacher while thinking about their weekend plans).  

 
Figure 1. The VR Classroom (inset: a participant wearing an HMD with built-in eye tracker over an EEG cap). 

 

 Due to the COVID-19 pandemic, we have not yet been able to collect experimental data with the VR 

classroom. Instead, we will discuss the type of research areas that can be addressed with the VR classroom 

environment. For example, using the VR classroom researchers can investigate the interaction between the type 

of instruction, level of distractors, and student engagement. In other words, at what level of distractors do students 

become disengaged and does that depend on the type of instruction (e.g., listening to a lecture vs. solving a 

problem)?  Whereas in a real-world classroom, it is hard to manipulate distractors experimentally, in the VR 

classroom, researchers can introduce and vary the level of distractors, such as a siren of an ambulance passing by 

and student conversations. Furthermore, the VR classroom offers high fidelity as the learning scenarios are pre-

programmed and applied consistently across students. By using this approach, we can seek to examine content 

and pedagogy types with the goal of identifying how the individualized needs of learners can best be met in online 

learning spaces. Varying degrees of interaction by the user and within the environment itself can also be designed 

to examine how the features of the system can promote attention and learning outcomes. The VR classroom also 

allows to address questions related to how students experience the environment itself, such as to what extent do 

students experience telepresence, how the features in the environment foster engagement, and whether they 

experience any adverse feelings (e.g., cybersickness). This line of inquiry has direct implications to the learning 

sciences as research suggests that these feelings can impact students’ sense of presence, cognitive load, usability, 

flow, engagement, and satisfaction (Servotte et al., 2020). We believe that our findings will have broad 

implications to the learning sciences, instructional design, and beyond. At the conference, we will seek to engage 

attendees in discussions related to the feasibility of our approach, methods of collecting data concerning 

engagement, and the design of different kinds of pedagogy within a VR classroom. 
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