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Abstract: Online learning platforms are integrated systems designed to 

provide students and teachers with information, tools and resources to 

facilitate and enhance the delivery and management of learning. In recent 

years platform designers have introduced gamification and multimodal 

interaction as ways to make online courses more engaging and immersive. 

Current web-based platforms provide a limited degree of immersion in 

learning experiences that diminish learning impact. To improve immersion, 

it is necessary to stimulate some or all of human senses by engaging 

users in an environment that perceptually surrounds them and allows 

intuitive and rich interaction with other users and its content. Learning 

in these collaborative virtual environments (CVEs) can be aided by 

increasing motivation and engagement through gamification of the 

educational task. This rich interaction that combines multimodal 

stimulation and gamification of the learning experience has the potential 

to draw students into the learning experience and improve learning 

outcomes. This paper presents the results of an experimental study 

designed to evaluate the impact of multimodal real-time interaction on 

user experience and learning of gamified educational tasks completed in a 

CVE. Secondary school teachers and students between ages 11 and 18 

participated in the study. The multimodal CVE is an accurate 

reconstruction of the European Parliament in Brussels, developed using 

the REVERIE (Real and Virtual Engagement In Realistic Immersive 

Environment) framework. In the study, we compared the impact of the VR 

Parliament to a non-multimodal control (an educational platform called 

Edu-Simulation) for the same educational tasks. Our experiment results 

show that the multimodal CVE improves student learning performance and 

aspects of subjective experience when compared to the non-multimodal 

control. More specifically it resulted in a more positive effect on the 

ability of the students to generate ideas compared to a non-multimodal 

control. It also facilitated some sense of presence for students in the 

VE in the form of emotional immersion. The paper concludes with a 

discussion of future work that focusses on combining the best features of 

both systems in a hybrid system to increase its educational impact and 

evaluate the prototype in real-world educational scenarios. 
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The impact of multimodal Collaborative Virtual Environments on 
learning: A gamified online debate 

Online learning platforms are integrated systems designed to provide students and teachers with 

information, tools and resources to facilitate and enhance the delivery and management of learning. In 

recent years platform designers have introduced gamification and multimodal interaction as ways to make 

online courses more engaging and immersive. Current web-based platforms provide a limited degree of 

immersion in learning experiences that diminish learning impact. To improve immersion, it is necessary to 

stimulate some or all of human senses by engaging users in an environment that perceptually surrounds 

them and allows intuitive and rich interaction with other users and its content. Learning in these 

collaborative virtual environments (CVEs) can be aided by increasing motivation and engagement through 

gamification of the educational task. This rich interaction that combines multimodal stimulation and 

gamification of the learning experience has the potential to draw students into the learning experience and 

improve learning outcomes. This paper presents the results of an experimental study designed to evaluate 

the impact of multimodal real-time interaction on user experience and learning of gamified educational 

tasks completed in a CVE. Secondary school teachers and students between ages 11 and 18 participated in 

the study. The multimodal CVE is an accurate reconstruction of the European Parliament in Brussels, 

developed using the REVERIE (Real and Virtual Engagement In Realistic Immersive Environment) 

framework. In the study, we compared the impact of the VR Parliament to a non-multimodal control (an 

educational platform called Edu-Simulation) for the same educational tasks. Our experiment results show 

that the multimodal CVE improves student learning performance and aspects of subjective experience 

when compared to the non-multimodal control. More specifically it resulted in a more positive effect on the 

ability of the students to generate ideas compared to a non-multimodal control. It also facilitated some 

sense of presence for students in the VE in the form of emotional immersion. The paper concludes with a 

discussion of future work that focusses on combining the best features of both systems in a hybrid system 

to increase its educational impact and evaluate the prototype in real-world educational scenarios.     

 

Keywords: online learning platforms; virtual environments; collaboration; immersion; multimodal 

interaction; gamification; learning performance; subjective experience 

1. INTRODUCTION 

 

Technology is rapidly changing the way teachers create and pass knowledge to 

students and vice versa. The use of e-learning platforms (e.g., Moodle (Al-Ajlan & 

Zedan, 2008) and Blackboard (Coopman, 2009)) is gaining momentum in almost all 

levels of education. These platforms provide teachers with powerful tools to enhance 

and improve student learning both inside and outside the classroom. Research has 

suggested that e-learning is at least as effective as traditional “brick and mortar” 

classrooms (Russell, 1999). This “no significant difference” phenomenon means that 

the impact of digital tools on education is already significant. To move beyond this 

phenomenon technology has the potential to revolutionise education by 

complementing traditional education. We subscribe to the view that traditional 

education plus digital tools are greater than either on their own. The possible 

disruptions in education of the marriage of traditional and online learning are 

endless (e.g., new pedagogies and teaching cultures). However, there are several 

design and technical challenges that will need to be addressed before e-learning 

becomes a vital part of the curriculum in education. This paper focuses on the 

research of gamification and multimodal interaction in online learning environments. 

Gamification refers to the use of game mechanics and game design thinking to make 

online courses fun and engaging (Huotari & Hamari, 2012) (e.g., the Level Up1 plugin 

for the Moodle platform). Although gamification can boost the learner’s motivation 

(Egenfeldt-Nielsen, 2011) (de Freitas, 2006) to engage with online learning materials 

alone, it does not guarantee that the intended learning will occur. Most online 

courses follow a single-mode (unimodal) approach to instruction (e.g., read the 

 
1 https://moodle.org/plugins/block_xp  
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PowerPoint slides) with little opportunities for students to get involved. This 

limitation creates an environment that stifles the student immersion in the learning 

experience and their ability to create rapport with the teacher and other students. To 

address these limitations, it is necessary to consider a multimodal approach to 

instruction. A multimodal instruction involves some or all of the human senses (e.g., 

vision, hearing, touch) when interacting with the material and other users to fully 

immerse students in the learning experience.  

 

Some entry-level multimodal e-learning platforms already exist in the market (e.g.,  

ilearn (University, 2017) and FrogPlay (Inc, 2017)). These platforms use a wide range 

of technologies and tools (e.g., virtualisation, web conferencing, analytics, mini-

games, gamification) to enable teachers to design instructional strategies involving 

mostly asynchronous (and less often synchronous) multimodal interactions. These 

instructional strategies have the potential to draw students into the learning 

experience (e.g., through collaborative problem solving) and improve student learning 

outcomes. Although these learning experiences achieve a degree of immersion, the 

mostly asynchronous communication with a faceless teacher prevents students from 

developing a deep feeling of immersion that diminishes learning effectiveness 

(Georgiou & Kyza, 2017). By immersion, we refer to three dimensions of immersion: 

spatial immersion, emotional immersion and temporal immersion (Ryan, 2001). 

Spatial immersion refers to the capability of the online educational experience to 

construct a setting or a virtual space where learning can occur. Emotional Immersion 

is about evoking emotional participation in the educational experience. Temporal 

immersion is about producing stimulating educational experiences which students 

have the desire to follow to completion. The use of multimodal Collaborative Virtual 

Environments (CVEs) in online learning experiences holds the potential to 

successfully address these dimensions of immersion. A multimodal CVE is a virtual 

environment involving representations of teachers, students and / or learning 

content. In such environments users interact via real-time multimodal interactions. 

This rich sensational interaction coupled with real-time responses (simulated or from 

other human users) produces a deep feeling of immersion (Burdea, Richard, & 

Coiffet, 1996). In turn, teachers can design better online courses aimed squarely at 

improving student learning outcomes. To explain how enhanced learning 

performances can be achieved in multimodal CVEs we introduce an adapted version 

of the pedagogical model P2 (Bronack et al., 2008). The model provides the 

theoretical framework for this paper. As the technology has only recently enabled 

multimodal CVEs (Education, 2017), few empirical studies have addressed their 

impact on online learning (Isabwe, Moxnes, Ristesund, & Woodgate, 2018; Zizza et 

al., 2017). However, studies are yet to examine the impact of immersion (spatial, 

emotional and temporal) on the student subjective experiences and learning 

performance.  

 

We conducted a field experiment to measure the impact of immersion on students’ 

learning performance and subjective experiences with gamified educational tasks in 

a multimodal CVE. We recruited secondary school teachers and students between 

ages 11 to 18 to participate in the study. Both gamified educational tasks immerse 

users in a virtual environment (VE) reassembling the European Parliament in 

Brussels where they had to participate in an online debate. Participants completed 

the educational activities once using the immersive virtual Parliament and another 

using a non-immersive control (an educational Web platform called Edu-Simulation 
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(Economou et al., 2015)). The virtual Parliament (VP) was built using the REVERIE 

(Real and Virtual Engagement In Realistic Immersive Environments) (Fechteler et 

al., 2013) framework. REVERIE is a framework designed to facilitate real-time 

multimodal interaction on the Web. It integrates a wide range of tools (e.g., realistic 

3D environments, human puppeted avatars, Embodied Conversational Agents 

(ECAs), human body reconstruction as a replica, spatial audio adaptation techniques 

(Bai, Richard, & Daudet, 2015) and others) that can be used to develop multimodal 

CVEs aimed at affecting spatial and emotional immersion. This type of multimodal 

CVEs can also affect temporal immersion, but as REVERIE does not offer 

representations for learning content, any impact is limited. The results of the 

experiment showed that the virtual parliament improves student learning 

performance and user satisfaction compared to the non-immersive platform. Also, the 

results suggest that the two platforms (multimodal CVE and Web platform) 

complement each other and future developments should be directed towards merging 

their functionalities into a hybrid platform. The remaining of the paper is organized 

as follows: Section 2 explains the theory behind the type of learning supported by 

REVERIE VP; Section 3 gives a detailed account of the REVERIE VP prototype; 

Section 4 gives a detailed account of the user trials, research environment, and goals; 

Section 5 presents  the results of the study; Section 6 discusses the lessons learned 

from the study; Section 7 presents a list of design recommendations developed based 

on the study; and the paper ends in Section 8 with the conclusions and future work. 

2. THEORETICAL FRAMEWORK 

 

The REVERIE VP educational scenario implements an adapted version of the 

presence pedagogy (or P2 model) (Bronack et al., 2008). P2 is a new pedagogy that 

prepares students as global citizens by providing opportunities for active learning, 

interactive experiences, access to subject matter experts, collaborative projects, peer 

and social exchanges, and a deepened understanding of global diversity and 

interconnectedness. A critical attribute of the P2 model is immersion, and how its 

pedagogical principles can help to effect and affect it. In this paper, we discuss 

immersion for each pedagogical principle in light of the following three dimensions: 

 

 Spatial immersion, which occurs when the educational experience constructs 

a setting for a potential learning narrative action. It is about creating a space 

to which students and teachers can relate, and populating this space with 

individual objects so it constitutes a viable world and becomes a setting 

where learning narrative can occur.  

 Emotional immersion, which refers to the capability of the learning 

experience to invoke emotional participation; feelings of happiness or sadness 

towards the experience and its participants (e.g., peers, teachers).  

 Temporal immersion, which necessitates the accumulation of the learning 

narrative. Successful learning experiences persistently stimulate the 

student’s desire to see the learning narrative progress until it reaches a 

satisfactory conclusion. A core element of this dimension of immersion is the 

skills of the instructional designer to produce learning activities which 

stimulate students’ interest. 

   

Below, we present the ten principles of the P2 model, along with a discussion on how 

the REVERIE VP educational scenario that has been created implements each 
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principle offering an environment and educational activities tailored to activate 

background knowledge and expertise in useful ways and foster learning. 

#Principle 1: Ask questions and correct misconceptions  

 

Question and answer (Q&A) sessions are an integral part of learning enabling 

facilitation of self-exploration of learning narrative which is key in affecting temporal 

immersion. REVERIE VP complies with this principle by offering an appropriate 

environment where teachers and students can engage in collaborative inquiry and 

build a mental model of the space (which affects spatial immersion) and serve as a 

catalyst in promoting learning. For example, the visuals of the VE (i.e., an accurate 

representation of the European Parliament in Brussels) and the use of spatial audio 

adaptation techniques (Bai et al., 2015) suggest a virtual space for questioning, 

pondering, and discussion.  

 

#Principle 2: Stimulate background knowledge and expertise  

 

Empowering students to impart their knowledge and personal experiences in 

educational practice is critical in affecting temporal immersion. Enabling students to 

share their current knowledge helps to identify gaps that need to be addressed. In 

REVERIE VP a group of educational tasks have been designed that encourage 

students to share what they know about a topic with their group peers and come up 

with an answer to a specific question. The gamification of the educational tasks (e.g., 

competition) creates a competitive environment which further stimulates students to 

support the group.  

 

#Principle 3: Capitalise on the presence of others 

 

The formation of a mental model in the learning environment of who is actively 

engaged in the learning activity and who is the knowledgeable source learner should 

relate to in order to receive support are important steps towards developing spatial 

and emotional immersion respectively. In REVERIE VP students and teachers are 

represented by a range of digital representations, that indicate explicitly the user’s 

role (student/teacher) and status (active/inactive). Avatars act as virtual “bodies” via 

which users experience the mediated environment.  

 

#Principle 4: Facilitating interactions and encouraging community  

 

Offering support for community formation, interaction and collaboration between 

community members play an important role in affecting emotional immersion. In 

REVERIE VP, puppeted avatars (with a user-adapted look and feel) and spatial 

audio (Bai et al., 2015) are used to facilitate interactions between participants. 

Puppeted avatars map user facial expressions (by mapping those on the avatar's face) 

and user engagement (via the affective tool that indicates if the users are engaged/or 

disengaged with the activity). Such features add an emotional dimension to user 

interaction. 

 

#Principle 5: Support distributed cognition 

 

VEs can readily facilitate distributed cognition by providing spaces that encourage 

participants to: interact with each other and objects in the VE, creating in this way 
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spatial immersion; and collaborate with each other enabling the formation of 

affective relations, which is prerequisite for emotional immersion. REVERIE VP 

offers the virtual environment to form groups, navigate and discuss the requirements 

of a task. The learning sessions can be recorded allowing asynchronous access to 

conversations of individuals and a community of students.  

 

#Principle 6: Share tools and resources 

 

Learning in a VE needs to be facilitated by tools and resources easily identifiable, 

accessible and easy-to-use. Those factors play a key role in effecting temporal 

immersion and support participants to progress with their learning. In REVERIE VP, 

a range of tools is provided (e.g., spatial audio and multimedia creation tools) for 

participants to exploit the power of collaborative and active learning. These tools are 

easily identifiable and available to all participants through a common GUI. Also, the 

REVERIE social network (Fechteler et al., 2013; Wall et al., 2014) provides a 

common knowledge base resulting in a shared cognitive base for activity throughout 

students and teachers.        

 

#Principle 7: Encourage exploration and discovery 

 

The P2 model assumes that to sustain presence, a VE needs to be rich with resources 

and encourage learners to take the time to discover and explore those resources. By 

engaging students in activities which require the utilisation of shared-in-world tools, 

resources and knowledgebase allow them to easily build a mental model of the VE. 

REVERIE VP supports exploration in the virtual space and discovery of educational 

resources (e.g., videos from the TrueTube2 platform that they can select and stream 

to all participants in the VE), which are key elements in affecting spatial immersion. 

 

#Principle 8: Providing and delineating context and goals 

 

A learning environment should provide the context for educational activity/s that 

address students and teachers’ goals, with personal meaning and relevance to 

students. This can act as a catalyst towards temporal immersion that motivates 

students to explore a learning narrative to its completion. REVERIE VP delineates 

context and meaning by providing the environment (e.g., virtual parliament, 

pathways, chairs, avatars, interface elements, flags of different countries) to facilitate 

an educational activity on the topic of multiculturalism and accessibility to required 

tools and resources for the successful completion of the activity.     

 

#Principle 9: Foster reflective practice 

 

Successful learning activities require students not only to perform but also to reflect 

upon the outcome of their learning. Fostering reflective practice draws participants 

deeper into the learning narrative and helps them develop affective relations with 

the community (e.g., other students). VEs can nurture reflective practice using a 

variety of techniques (e.g., gamification and public speaking) and 

multimodal/multimedia tools. The educational activity that has been designed in 

REVERIE VP requires students to reflect upon the topic of multiculturalism before 

 
2 https://www.truetube.co.uk/  

https://www.truetube.co.uk/
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presenting their views to their peers. The learning process is guided by an observant 

teacher who provides feedback during every step of the process. After completing 

their presentation, students award each other points (1 to 5) and provided feedback 

using spatial audio. A GUI element (participants’ menu) displayed the total score 

achieved for each presentation next to the name of each student. The guided activity, 

the verbal feedback and scores enabled students to reflect on their views and 

understand the significance of their arguments.  

 

#Principle 10: Utilise technology to achieve and disseminate results 

 

The REVERIE framework is consisted of the five following components (Fechteler et 

al., 2013): (1) multimodal and multimedia signal acquisition; (2) interaction and 

autonomy; (3) composition and visualisation; (4) networking and immersive 

communication and (5) social networking. These components work together to 

facilitate communication and collaboration between teachers and students online. 

Each of these components implements a range of functionalities (e.g., fully puppeted 

avatars and autonomous Embodied Conversational Agents (ECAs) to affect and effect 

immersion (spatial, emotional and temporal) of participants in the educational 

experience. 

3. THE VIRTUAL PARLIAMENT PROTOTYPE 

 

We used the REVERIE framework (Fechteler et al., 2013) to implement an 

educational scenario which immersed participants in a guided tour of the virtual 

European Union (EU) parliament followed by an online debate session. In this role-

playing scenario participants (in the role of teachers or students) interacted with 

each other and an Embodied Conversational Agent (ECA) to complete educational 

tasks designed to promote dialogic learning (Hajhosseiny, 2012). 

 

 
Figure 1: The REVERIE’s Virtual Parliament educational scenario 

 

The REVERIE VR environment features an immersive 3D representation of the 

European Union (EU) Parliament (see Figure 1); a participants’ list button; the main 

menu button; and two bars (viewpoint and volume). Participants could explore the 

environment, communicate with other participants and the autonomous ECA (in the 

role of a tour guide) using avatars in a multimodal manner (e.g., using spatial audio 
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and nonverbal communication). In addition, users could create multimedia content to 

share with other users on social media. Students could create personalised avatars 

using the RAAT tool (Apostolakis & Daras, 2013), while teachers were assigned with 

a default avatar. Each user sessions was moderated by the teacher assigned to each 

group (e.g., to permit students to speak, monitor and prevent cyberbullying). 

4. EXPERIMENTAL APPARATUS 

 

The study was designed to evaluate the learning performance of students after 

completing gamified educational tasks within a multimodal CVE (REVERIE VP). We 

were also interested in evaluating the impact of the multimodal CVE on the users’ 

subjective experience of the system. The success of the REVERIE VP in imparting 

knowledge depends on the usability of the system and the cognitive accessibility 

(CoA) of the educational tasks. This is because to successfully acquire knowledge 

users should be enabled to: (a) complete the assigned tasks with completeness 

(effectiveness), little effort (efficiency) and satisfaction (Nielsen, 2012) and (b) 

cognitively process (access, interpret and respond to) the information conveyed by the 

virtual environment (simulated or by other human users) (Seeman & Cooper, 2015). 

Information in a multimodal CVE such as the REVERIE VP can be conveyed through 

multiple multimodal and multimedia means of communication and artefacts (e.g., 

ECA, other human users, etc.). The educational tasks required participants to take a 

guided tour of a virtual parliament and to participate in a debate on the topic of 

multiculturalism with other participants. The experimental evaluation activities for 

REVERIE’s VP educational scenario included lab-based testing and contextual 

studies in schools.  

4.1 Edu-Simulation (non-multimodal control) 

The Edu-Simulation web platform (see Figure 2) is a prototypical online learning 

platform (similar to Moodle). It features a menu bar at the top of the page with the 

learning scenarios (or simulations) the user participates.  

 

 
Figure 2: The Edu-Simulation Educational Platform 

 

The web platform has all the necessary features (e.g., role-playing, voting among 

students) for users to complete the same tasks to REVERIE VP, but interaction is 

restricted to a conventional multimedia Web environment. As on REVERIE VP 

system, online learning sessions were moderated by the teacher assigned to each 

group (e.g., to permit students to speak, monitor and prevent cyberbullying, etc.). 
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4.2 Overview 

The first study was conducted in the laboratory in a set-up simulating an actual 

classroom environment (see Figure 3). The same setting was replicated in two schools 

in the UK where teachers and students performed the same educational tasks as 

those in the laboratory. We manipulated the following variables: 

 

 The type of systems (i.e., multimodal CVE vs multimedia Web) 

 The type of educational content (multimodal vs multimedia) 

 Type of educational activity (individual vs group) 

 The order of systems (REVERIE VP vs Edu-Simulation vs vice versa) to 

study practice effects 

 

Four REVERIE researchers were present in the lab to record each session and to 

provide the necessary support (technical and logistical) for the successful completion 

of each session.  

 

 
Fig. 3. One of the evaluation sessions in the laboratory 

 

Participants used a standard computer (with a keyboard and wireless mouse) to 

complete the educational tasks on both platforms. Also, they had access to a 

Bluetooth headset and a web camera when interacted with REVERIE VP. At the 

beginning of each session, participants were given a short training session to become 

familiar with the use of the prototypes. All user sessions were recorded on HD video. 

About the possible effects of each platform we had the following hypotheses: 

 

H1: The amount of learning of a topic is higher in a multimodal CVEs (such as 

REVERIE VP) compared to a conventional multimedia Web environment. This is 

because the educational activity implements the presence pedagogy (P2) and hence, 

produces a more immersive experience in the multimodal CVE compared to the 

multimedia Web.  The increased immersion renders the interaction smoother 

between users (and the VE), enhances the understanding of the content, thus 

supporting greater learning. 

 

H2:  The students’ subjective satisfaction is higher with REVERIE VP regardless of 

the type of educational activity (individual vs group). This is because the game-like 

environment and educational tasks positively impact how they perceive the fun and 
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enjoyment of the learning experience. The use of multimodal real-time interaction 

enhances this effect by enabling a more natural way of communicating with their 

peers and teachers. 

4.3 Participants 

In total, 48 participants have participated in this study.  Six of the participants were 

used in a pilot study, to ensure that the main study will run problem free. Those six 

participants completed the same tasks as the others but spent overall more time in 

the lab to discuss improvements in the instruments of research and identify any bugs 

the prototypes might have. The remaining 42 participants (36 students and 6 

teachers) were assigned at random to the study conditions. Each group included 

eighteen participants (including teachers); Twelve of the participants were females 

and twenty-four males; the age range of the first group was 11-14 while the second 

group 11-18. All participants were English–speakers (either native or as a second 

language) and had a variety of familiarity with video games and social networking 

sites (e.g., Facebook, Twitter, etc.). 

 

In the following sections, we describe the data which we collected and the methods 

that we used to evaluate those two hypotheses. Section 4.3 covers the research 

instruments that had to be created, and section 4.5 explains the experimental 

conditions. 

4.4 Measures and Methods:  

We measured usability as effectiveness, efficiency and satisfaction (Nielsen, 2012). 

Effectiveness was measured as task completion and error rates, i.e., the number of 

tasks participants completed and the errors they made when attempted to complete a 

task. Another important measure of effectiveness was rating/voting, i.e., the total 

number of votes participants cast. Efficiency was measured as the time needed to 

perform a task. Satisfaction was evaluated using the Post-Study System Usability 

Questionnaire (PSSUQ) (Lewis, 2002). We measured Cognitive accessibility (CoA) as 

user satisfaction using a standardised questionnaire (Adams, 2007). The user 

experience includes all of the previous measures as well as objective and subjective 

measures of immersion. Finally, we measured learning performance as the fluency of 

argumentative behaviour of students (Frijters, ten Dam, & Rijlaarsdam, 2008).  

 

Objective measures: 

 

 Completion rate: The completion rate was recorded as a binary measure of 

task success (coded as 1) or task failure (coded as 0). The completion rate for the 

educational scenario is the number of users who completed the assigned task 

(group or individual) divided by the total number of users who attempted it.  

 

 User errors: A user error was defined as the case in which a user: (a) did not 

choose the appropriate method to achieve their objective (e.g., the correct UI 

button to increase the volume or the gesture needed to start the interactive 

tour); (b) did choose the appropriate method to achieve their objective but did 

not use the method correctly (e.g., the keyboard shortcut properly navigate their 

avatars in REVERIE VP) (Norman, 2013).    
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 Total time: This is the average time (in seconds) of users completing tasks 

with both systems (REVERIE VP and Edu-Simulation). 

 

 Rating/Voting: Voting was an integral part of the educational activities on 

both systems (REVERIE VP and Edu-Simulation). As students were able to 

vote on both platforms (REVERIE VP and Edu-Simulation) the total number of 

votes per group of users was taken as a measurement of task effectiveness. 

 

 Assessment of learning: We examined the impact of each system on the 

dialogic learning of the topic of multiculturalism. In particular, we were 

interested in measuring the fluency of argumentative behaviour of students 

(Frijters et al., 2008) when completed educational tasks on each system. In the 

individual activity, we measured the number of arguments in support of the 

position taken by the student (for/against multiculturalism). In the group 

activity, we measured the number of arguments used by the representative of 

the group to support the provided solution. Using the Toulmin Model of 

Argument (Toulmin, 2003), we analysed the validity of the arguments used by 

students. Specifically, we distinguished three parts of a basic argument (Claim, 

Data and Conclusion) and counted how often they appeared in each student’s 

response. The total score of each group quantifies the short-term post learning 

effect of each system. The score was also considered as evidence of the degree of 

students’ temporal immersion in the learning narrative of each activity. To 

ensure reliability of measurements, we asked an external researcher to assess a 

sample of the data. We measured inter-rater reliability by computing the intra-

class correlation coefficient (ICC). The ICC score was 0.821 with 95% CI (0.604, 

0.914) indicating good inter-rater reliability.  

 

 Amount of immersion: This is the degree of immersion elicited by each 

system. We thought that the sense of emotional immersion of each group of 

users would be reflected on the user’s facial expressions. The more attentive 

and emotionally engaged a group of users was to the task, the more 

immersed it was thought to be in the experience (Paul Cairns, 2014). Using the 

Crowdsight Toolkit,3 we analysed the videos of each group for attention and 

emotional engagement. The toolkit measures attention and emotional valence 

(positive, neutral, negative) (Kensinger, 2004). As emotional engagement, we 

computed the average of emotional valence for each group of users in the study. 

The developers say that the cross-validated accuracy of the application is 83.5% 

(Valenti, 2017)  The technology behind the toolkit has also been used in several 

scientific publications (Shan, Guo, You, Lu, & Bie, 2017) (Machajdik et al., 

2011) which ensures reliability of results. Both the reliability and validity of the 

immersion measurements can be increased by human coding. However, using 

human coding requires expertise in FACS (Facial Analysis Coding System) 

(Sayette, Cohn, Wertz, Perrott, & Parrott, 2001). As we did not have access to 

such expertise, we decided to rely on the computational approach. 

 

Subjective Measures: 

 

 
3 http://sightcorp.com/   

http://sightcorp.com/
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The responses to the individual items of the four electronic questionnaires: 

All, but the first questionnaire used a seven-point Likert scale (1=strongly disagree, 7 

= strongly agree). Both students and teachers completed the same type of 

questionnaires (addressing the same aspects of the prototypes), but their length and 

complexity differed. Students had to answer shorter versions of the questionnaires 

with fewer and less complex questions for each aspect of the two prototypes.    

1) The first questionnaire used mixed format (binary and open-ended) 

questions, and it was designed to assess the users’ spatial immersion with 

the educational activities in REVERIE VP. Participants were asked to 

indicate (yes/no) whether they saw specific objects in the VE and if they could 

recall their names. 

2) The second questionnaire addressed the usability of the systems. The 

usability questionnaire is based on the standardised Post-Study System 

Usability Questionnaire (PSSUQ) (Lewis, 2002) questionnaire. 

3) The third questionnaire assessed the cognitive accessibility (CoA) 

(Adams, 2007) of the educational tasks completed with the systems. It 

addressed the effectiveness of each prototype in completing an educational 

scenario and numerous aspects of the user’s satisfaction.  

4) The fourth questionnaire examined qualities of the virtual representations 

(ECA and user avatars) used in REVERIE VP. This questionnaire was 

divided into two areas, the first addressing qualities of the users’ avatars 

(e.g., fidelity, realism, interaction, etc.) and the second, addressing qualities 

of the tour guide ECA (e.g., quality of voice, gesturing, etc.). 

 

We determined the internal reliability of the four questionnaires for both prototypes 

(see Table 1). Cronbach alpha’s scores range from 0.648 to 0.926 indicating good 

internal consistency. The KR-20 score for spatial immersion also indicates good 

internal consistency. The student version of the CoA and usability questionnaires has 

lower internal consistency (< 0.70). This is to be expected because of the low number 

of questions (14 items) addressing multiple constructs. The validity of the CoA and 

usability questionnaires have been determined in prior studies (Adams, 2007; 

Fruhling & Lee, 2005). We assessed the content validity of the remaining two 

questionnaires by consulting relevant experts in the project consortium.  
 

Table 1.  Reliability of the four questionnaires 

Questionnaire Cronbach's 

alpha  

(REVERIE VP) 

KR-20 

(REVERIE 

VP) 

Cronbach's alpha  

(Edu-Simulation) 

Cognitive Accessibility 

(CoA) 

0.809 N/A 0.926 

Usability  0.648 N/A 0.897 

Spatial Immersion N/A 0.60 N/A 

Virtual Representation 0.842 N/A N/A 

 

 The answers to the semi-structured group interview. The interview was 

conducted at the end of each session with each group of students. It was led 

by a REVERIE researcher, and it had a mixed structure. Each interview 

session combined standardised questions and session-specific questions that 

were asked based on participant observation made in the particular session. 
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Both types of questions were open-ended and provided participants with an 

opportunity to give their impressions about the platforms (REVERIE VP vs 

Edu-Simulation) and offer suggestions, about what we should improve in 

future versions. Each interview lasted 5-10 minutes. 

4.5 Educational Tasks 

Participants were administered in groups of six. Each group had to complete two 

educational activities, one individually and another as a group. Both activities 

required students to present their views about multiculturalism. Because of the 

complexity of the topic, we asked teachers to complete a pre-learning task with 

students to brainstorm ideas. In the individual activity students freely selected a 

topic of interest (e.g., multiculturalism and food). In the group activity, students had 

to consider the impact of multiculturalism on an aspect of the society (e.g., schools 

and communities) given by their teacher. To complete each activity groups had to use 

the interactive tools available on each system (e.g., spatial audio on REVERIE VP 

and group chat on Edu-Simulation). We gamified each task by adding relevant 

elements (e.g., exploration, rewards and competition).  

   

The individual activity had the following format:  

 

 Teachers and students participated in a guided tour of the virtual parliament 

given by a tour guide Embodied Conversational Agent (ECA) (applicable only 

to REVERIE VP) 

 The teacher asked the first student to give a presentation. 

 After the presentation, the teacher had a discussion with the student and 

asked the class to provide feedback (verbally and using points) about the 

presentation. 

 

After students had finished presenting, the teacher announced the winner of the 

activity (i.e., the student with the highest total points). 

 

The group activity had the following format: 

 

 Students discussed the topic in separate groups. 

 Each group voted for a representative whose task was to present the group’s 

view to the class. 

 After each group’s presentation, the teacher awarded points for good aspects 

of the presentation (e.g., clarity of language) and deducted points for bad 

aspects of the presentation (e.g., racial comments). 

 The group with the highest points won the group activity. 

4.6 Experimental Design 

We conducted the study with a mixed factorial design because apart from not being 

possible to expose each participant to every single variable, a mixed design might be 

favoured to avoid practice effects. The type of the system (multimodal CVE vs 

multimedia Web), type of content (multimodal vs multimedia) and type of 

educational task (individual vs group) was measured as within-subjects variables. 

The order of task (group vs individual vs vice versa) and order of systems (REVERIE 

VP vs Edu-Simulation or Edu-Simulation vs REVERIE VP) were measured as 
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between-subjects variables to observe any practice effects. Participants were 

randomly assigned to four groups of nine participants and the eight study conditions.  

 

 

 
 

 

Table 2, shows the eight study conditions. 1) REVERIE VP with group task vs Edu-

Simulation with individual task or 2) REVERIE VP with individual task vs Edu-

Simulation with group task or 3) Edu-Simulation with individual task vs REVERIE 

VP with group task or 4) Edu-Simulation with group task vs REVERIE VP with 

individual task.  

5. RESULTS 

 

Objective measures. In this section, we provide the results of the objective user 

assessment. This includes analysis of the data for each of the following measures. 

 

Completion rate. Completion rate of users on REVERIE VP was 100% with both 

educational activities. However, the completion rate on Edu-Simulation was 94.4% 

with the individual task and 100% with the group task.  

 

User Errors. An analysis of the videos for each user session revealed the following 

about user errors: 

 

REVERIE VP: 

Table 2.  Experimental Design 

Participants 

(N = 42) 

REVERIE VP 

(Multimodal CVE) 

Edu-Simulation 

(Multimedia Web) 

1 – 9 

Students  

(+ 1 teacher) 

Group Educational 

Activity 

Individual Educational 

Activity 

 

 

10 – 18 Students 

(+ 2 teachers) 

 

Individual Educational 

Activity 

 

Group Educational 

Activity 

  

Edu-Simulation 

(Multimedia Web) 

 

REVERIE VP 

(Multimodal CVE) 

19 – 28 Students 

(+ 2 teachers) 

Individual Educational 

Activity  

 

Group Educational 

Activity 

 

29 – 36 Students 

(+ 1 teacher) 

 

Group Educational 

Activity  

 

 

Individual Educational 

Activity   

 

 

Dependent Variables 

 

Objective and subjective measures/ 

Learning Performance 
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(1) Most participants (teachers and students) could not find how to permit the 

RAAT tool to use the computers’ camera. The two buttons (Deny/Allow) at the 

top of the browser were not immediately visible, which confused as to what 

they needed to do to continue. 

(2) Out of the six teachers, three had problems identifying the correct gestures 

(i.e., head nod or head shake) to properly interact with the ECA at the 

beginning of the guided tour. 

(3) Out of the six students, five had problems avoiding clashing their avatars in 

the virtual parliament. 

 

Edu-Simulation:  

(1) Out of the six students, three required additional help to find specific pages 

on Edu-Simulation as part of an educational activity. 

 

Total Time. In Table 3, we present the total time needed to complete the educational 

tasks with REVERIE VP and Edu-Simulation. A two-factorial ANOVA revealed that 

the average time (in seconds) to complete the educational tasks (individual and 

group) differed as a function of the type of system (F (1,6)=14.193; p < .05). 

Specifically, participants spend significantly more time on REVERIE VP (mean 

REVERIE VP = 1872.8 sec.) than on Edu-Simulation (mean = Edu-Simulation 1254.8 

sec.). No other ANOVA comparison reached a significance level.  

 

Table 3.  Time (seconds) as a function of type and order of systems 

Type of System REVERIE 

VP vs. 

Edu-

Simulation 

(N = 42) 

Std. 

Deviation 

Edu-

Simulation  

vs. 

REVERIE VP 

(N = 42) 

Std. 

Deviation 

REVERIE VP 1912.65 355.4 1833 329.5 

Edu-Simulation 1194.15 173.7 1315.5 191.6 

 

Rating/Voting. All students (36/36) voted for each other when completed the 

individual educational activity on REVERIE VP. However, on Edu-Simulation not all 

students voted for each other (20/36).  

 

Assessment of learning. A two-factorial ANOVA revealed that students made 

significantly more claims (Table 4) when completed educational activities on 

REVERIE VP (F(1, 34) = 4,451; p<0.05) than on Edu-Simulation. No other 

comparisons reached statistical significance.  

 

Table 4.  Assessment of learning 

Type of system Claim Data Conclusions 

REVERIE VP 35 31 13 

Edu-Simulation 23 19 15 
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Amount of Immersion. The amount of users’ immersion as a factor of emotional 

engagement (positive, negative and neutral valance) with each of the systems is 

shown below. It is clear that participants experienced a high proportion of negative 

and neutral valance emotions on both systems. A one-way ANOVA showed a 

significant main effect for system (F (1,36422) = 176.361; p<.001). Participants 

experienced significantly more negative valance emotions on Edu-Simulation (mean 

Edu-Simulation = 16.1%) than on REVERIE VP (mean REVERIE VP = 14.3%). The 

most disruptive emotional state experienced by participants was sadness. However, 

as the Crowdsight toolkit does not recognise facial expressions of boredom, it is 

unknown if sadness was indeed the most frequently negative emotion experienced by 

participants. Then, additional ANOVA comparisons showed a significant main effect 

of system for both Neutral Valance (F (1, 9104) = 22.797; p < .001) and Positive 

Valance (F (1, 18210) = 14.013; p <.001). The results for neutral valance show that 

participants experienced significantly more neutral emotions on REVERIE VP (mean 

REVERIE VP= 33.9%) than on Edu-Simulation (mean Edu-Simulation = 32%). Then, 

the results for positive valance suggest that participants experienced significantly 

more positive valance emotions on REVERIE VP (mean REVERIE VP = 9.85%) than 

on Edu-Simulation (mean Edu-Simulation = 9.15%). 
 

Table 5.  Amount of emotional engagement using the two systems 

Type of  

System 

Positive  

Valance 

Std. 

Dev. 

Negative  

Valance 

Std. 

Dev. 

Neutral  

Valence 

Std. 

Dev. 

REVERIE VP 9.85% 13.11 14.3% 12.0 33.9% 20.8 

Edu-

Simulation 

9.15% 12.13 16.1% 13.0 32.0% 16.1 

 

Regarding attention, were more attentive when completed tasks on Edu-Simulation 

(mean = 15.8 seconds) than REVERIE VP (mean = 12.01 seconds). A one-way 

ANOVA showed that the difference is statistically significant (F (1, 9103) = 80.819; p 

< .001).  
 

Table 6.  Amount of attention using the two prototypes 

Type of  

System 

Attention (sec.) Std. Dev. 

REVERIE VG 12.01 15.6 

Edu-Simulation 15.8 23.6 

 

Subjective Measures. This section provides the results of the subjective user 

assessment. This includes analysis of the user feedback gathered through the four 

questionnaires and the exit group interviews.  

 

Spatial Immersion Questionnaire. The left column of Table 7 shows that teachers 

recognised 74% (29 out of 36) of the objects they encountered in REVERIE VP.  

 

Table 7. Spatial immersion results 

Objects(Y/N) Teachers (N = 6) Students (N = 36) 

Recognised  29/7 161/55 
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Attached Meaning 30/6 162/54 

 

Also, they could attach meaning to 83% of the objects they recognised (30 out of 36). 

Students (see right column of Table 7), recognised 80% of the objects in the VE. They 

could also recall 75% of the names of the objects they recognised.  

Usability Questionnaire (Teachers Only). To identify the impact of the independent 

variables on the usability qualities, we performed a series of one-way ANOVAs. One 

of the ANOVAs revealed a significant main effect of type of system (F (1, 94) = 4.657; 

p< .05) on the Interface Quality (IQ). Teachers rated the interface quality of 

REVERIE VP significantly higher (mean IQ = 5.13) than Edu-Simulation (mean IQ = 

4.50).  

   

Table 8. Teachers’ mean usability ratings for the two systems 

Usability 

Qualities 

REVERIE 

VP 

Std. 

Deviation 

Edu-

Simulation 

Std. 

Deviation 

System Quality 5.33 1.2 4.86 1.5 

Information Quality 4.53 1.6 4.19 1.9 

Interface Quality 5.13 1.5 4.50 1.4 

 

Cognitive Accessibility (CoA) Questionnaire (Teachers Only). The following table 

(Table 9) shows how teachers rated the cognitive accessibility (CoA) of the 

educational tasks. To investigate the potential impact of the independent variables 

on specific CoA measures, we conducted a series of two-factorial ANOVAs.  
 

Table 9. Teachers mean CoA ratings for REVERIE VP and Edu-Simulation 

CoA Qualities REVERIE 

VP 

Std. 

Deviation 

Edu-

Simulation 

Std. 

Deviation 

The organisation and 

implementation 

requirements of the 

educational task 

5.27 1.05 4.63 1.31 

Input Modalities 4.70 1.15 4.08 1.77 

Feedback Mechanisms 4.64 1.42 4.70 1.66 

Short Term Memory 

Requirements 

4.13 1.96 3.93 1.73 

Emotional Responses 5.67 1.03 4.94 1.26 

Long Term Memory 

Requirements 

4.63 0.98 4.63 1.31 

Building a Mental Map 4.79 1.75 4.22 1.26 

User responses 4.25 1.75 4.17 1.86 

Complex user responses 4.50 1.53 4.50 1.69 

 

The ANOVA comparisons showed an effect of task on the following questionnaire 

items for REVERIE VP: 

 

 Item 1 (“The educational activities in the Virtual Parliament were too simple”) 

(F (1, 4) = 8.00; p < .05) 

 Item 18 (“I did not have to think hard about what I was doing in order to 

respond in the virtual parliament”) (F (1, 4) = 49.00; p< .05) 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Multimodal E-Learning Using REVERIE                                                                          
                                                                                                                                         

 

  

 Item 16 (“I did not need help to properly navigate in the virtual parliament”) 

(F (1, 4) = 25.00; p < .05) 

 

Teachers thought that the group task (mean Group = 5.67) was simpler that the 

individual task (mean Individual = 4.33). They also felt that they had to think less in 

the group task (mean Group = 7.00) than in the individual task (mean Individual = 

4.66). Finally, they felt they needed less help navigating the virtual parliament in the 

group task (mean Group = 4.66) than in the individual task (mean Individual = 3.0). 

 

It also showed an effect of task on the following questionnaire item for Edu-

Simulation: 

 

 Item 19 (“The platform responded appropriately when I am confused or 

overloaded with information (e.g., by allowing me to create my own To-do 

list”) (F (1, 4) = 16.00; p < .05) 

 

Teachers thought that Edu-Simulation responded more appropriately when they 

were confused or overloaded with information in the individual task (mean 

Individual = 3.3) than in the group task (mean Group = 2.0). 

 

Students’ version (Usability and Cognitive Accessibility). Between the usability 

qualities, a one-way ANOVA test did not reveal any significant differences in the way 

students rated the usability of the systems.  

 

Table 10. Students mean usability ratings for REVERIE VP and Edu-Simulation 

Usability 

Qualities 

REVERIE 

VP 

 

Std. 

Deviation 

 

Edu-

Simulation 

Std. 

Deviation 

 

System Quality 4.83 1.207 5.36 1.222 

Information 

Quality 

2.64 1.515 3.08 1.763 

Interface Quality 4.81 1.283 5.08 1.228 

 

Additional two-factorial ANOVA tests on each questionnaire item did not reveal any 

significant main effects for either type of task or order of systems. A one-way ANOVA 

test, however, did reveal a significant main effect of type of system on the following 

CoA qualities: 

 

 Short-Term Memory Requirements (F (1,72) = 14.006; p < .001) 

 Emotional responses (F (1,72) = 4.900; p < .05) 

 

Students thought that the educational activities they completed on REVERIE VP 

had less demands (mean REVERIE VP = 4.31) from their working memory compared 

to Edu-Simulation (mean Edu-Simulation = 5.53). Also, they experienced 

significantly higher emotional responses when they completed tasks with REVERIE 

VP (mean REVERIE VP = 5.83) than with Edu-Simulation (mean Edu-Simulation = 

5.17). 
 

Table 11. Students mean CoA ratings for REVERIE VP and Edu-Simulation 

CoA Qualities REVERIE Std. Edu- Std. 
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VP Deviation 

 

Simulation Deviation 

The organisation and 

implementation 

requirements of the 

educational task 

3.97 1.230 4.36 1.606 

Input Modalities 4.19 1.369 3.67 1434 

Feedback Mechanisms 3.33 1.639 3.25 1.381 

Short Term Memory 

Requirements 

4.31 1.489 5.53 1.183 

Emotional Responses 5.83 1.108 5.17 1.298 

Long Term Memory 

Requirements 

4.38 1.614 5.06 1.264 

Building a Mental Map 5.38 1.399 4.72 1.323 

User responses 2.97 1.594 2.92 1.538 

Complex user responses 3.36 1.676 3.56 1.557 

 

We also found a main effect for the type of task on the following questionnaire items 

of Edu-Simulation: 

 

 Item 1 (“The educational activities in Edu-Simulation was too simple”) (F (1, 

34) = 14.268 p< .01) 

 Item 2 (“The ways to communicate in Edu-Simulation (e.g., text and images) 

are enough to immerse me in the educational scenario. I wouldn’t like to use a 

different environment (e.g., more game-like)”) (F (1, 34) = 4.857; p <.05) 
 

Table 12.  Summary of responses for questionnaire items with a significant type of 

task effects for Edu-Simulation (Students) 

 Type of Task 

Item Group Std. Deviation Individual Std. Deviation 

Item 1 3.5 1.6 5.2 1.0 

Item 2 3.1 1.38 4.1 1.33 

 

Virtual Representations Questionnaire (Teachers Only). We compared the teachers’ 

ratings between VR qualities below (Table 13) using one-way ANOVA tests. We did 

not find any significant differences between the way teachers rated the qualities of 

REVERIE VP.  

 

Table 13. Teachers mean ratings of the virtual representations used in REVERIE VP 
Qualities REVERIE  

VP 

Std. Deviation 

 

User Avatar 4.22 1.73 

Communication  

between avatars 

4.25 1.56 

Feedback Mechanisms 4.33 1.39 

Tour guide ECA 4.83 1.54 

 

Virtual Representations Questionnaire (Students Only). However, a one-way ANOVA 

test revealed a statistically significant difference (F (1, 3) = 4.139; p < .05) between 

the way students rated the virtual representation qualities of REVERIE VP. A 
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Tukey’s post-hoc test revealed that the mean score for the dimension “communication 

between avatars” (M= 4.34, SD =1.56) was significantly different than the dimension 

“user avatar” (M= 4.22, SD=1.73). There was no statistically significant difference 

between the remaining qualities.  

 

 

 

Table 14. Students mean ratings of the virtual representation qualities of REVERIE 

VP 

Qualities REVERIE VP Std. Deviation 

User Avatar 3.92 1.8 

Communication  

between avatars 

4.34 1.5 

Feedback Mechanisms 4.21 1.5 

Tour guide ECA 4.13 1.6 

 

Finally, additional two-way ANOVA comparisons showed a significant main effect of 

type of task for Item 29 (“The virtual guide helped me to understand more about the 

EU Parliament (areas, operation, etc.)”) (F (1, 34) = 7.026; p< .05).  

 

Table 15. Summary of responses for Item 29 of the virtual representation 

questionnaire  
Questionnaire Type of Task 

Item Group Std. Deviation Individual Std. Deviation 

Item 29 4.8 0.9 3.8 1.3 

 
Post-Task Group Interviews. In the interview teachers and students had several 

comments about the systems. We used thematic analysis (Braun & Clarke, 2006) to 

analyse the data. Specifically, we clustered the participant comments in three 

categories related to learning performance, immersion and subjective experiences. 

Below, we present the three categories that provide further user insights.  

 

Students’ learning performance with REVERIE VP: 

 

 Close simulation of reality where people can freely navigate and explore space. 

 Natural speech-based communication which made easier for students to explain 

things and elaborate their thoughts that would take more time if they had to 

type.  

 It aided recognition (students could identify their classmates or friends) and 

allowed expression of emotions with the change of the tone of voice. 

 Students felt more comfortable presenting their ideas in-front of an audience 

disguised behind an avatar.  

 

Students’ emotional immersion with REVERIE VP: 

 

 Being able to use their voice allowed them to recognise others and to change the 

tone of voice allowed the expression of emotions. 

 The spatial audio, especially in an open space like the EU parliament felt like “in 

real life” and contributed to the feeling of immersion. However, the absence of 
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control over its use often resulted in noise which was distracting and disengaged 

students from the experience. 

 Having their avatar and customising it to their liking allowed users to effectively 

express their personality and their emotional state (e.g. using funny accessories 

allowed expressing a jolly mood). 

 Being able to facially puppet their avatars allowed them to effectively 

communicate with others (e.g., to know when it is their turn to speak). 

 

Teachers’ subjective perceptions: 

 

 On REVERIE VP teachers raised the need for better control of the class. This 

includes guiding groups of students through tasks; follow a group discussion and 

individual user progress; coordinate turn taking; being able to talk to individual 

users; allowed tools for online note-taking and be able to give accurate feedback.  

 The section of Edu-Simulation where students had to post their presentations 

(named Q&A)  appeared disconnected, and it was difficult to follow the student 

activity. 

 

There was a consensus among teachers that the educational scope of the systems is 

similar. They suggested combining the best features (e.g.  3D environment and access 

to information and documents) of the systems into a hybrid platform. 

 

Students’ subjective perceptions: 

 

 Students found the lack of interaction with objects in REVERIE VP 

unsatisfactory. They thought that for students to be engaged and motivated, they 

should be able to fully interact with the virtual environment. 

 Students mentioned that the asynchronous text communication on Edu-

Simulation was distracting and limited their effectiveness when working on the 

educational tasks. 

6. DISCUSSION 

 

Objective Assessment. About the objective assessment results show the following 

about the variables measured. 

 

 Completion rate. The high user completion rate cannot be solely attributed to 

the design of the systems. As both systems have an average Technological 

Readiness Level (TRL) (Technology readiness levels (TRL), 2014), it was 

necessary to train our users at the beginning of each session. Hence, it can be 

said that both systems effectively enabled participants to complete the 

assigned tasks, but this can be partly attributed to the set-up of the 

experimental study. 

 

 User Errors. In all experimental conditions, we encountered two type of 

errors: (1) interaction errors and (2) system design errors.  Both type of errors 

made it difficult for participants to complete the assigned tasks. In Edu-

Simulation, system design errors prevented two of the participants to fully 

complete the individual task.  
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 Total Time: A possible explanation for why students spent less time on Edu-

Simulation than REVERIE VP could be due to different emotional reactions 

to the educational tasks. If students disliked the tasks on Edu-Simulation, it 

is possible that they spent overall less time than on REVERIE VP. 

 

 Rating/Voting. The pattern of voting on both systems shows that it was 

difficult for students to vote using the available voting mechanism on Edu-

Simulation. However, the voting mechanism on REVERIE VP was 

straightforward to use, which in turn, enabled them to vote for all of their 

peers. 

 

 Assessment of learning. A possible explanation for the learning results could 

be found in the modalities used by each system. The modalities used by 

REVERIE VP (e.g., spatial audio and avatars) encouraged communication 

between students and teachers which resulted in a higher productivity of 

ideas (in the form of claims) compared to Edu-Simulation. This effect is 

independent of the type of educational task, which shows that participants 

were equally immersed (temporal immersion) in the educational activities. It 

is possible, therefore, that students might have retained information about 

multiculturalism after the study was well over. However, because of the 

prototypical nature of the systems, we did not measure any retention effects 

(either long-term or short-term) after the completion of the study. Our results 

support the main hypothesis of the study (see H1), at least referring to the 

ability of students to produce ideas on each system. 

 

 Amount of Immersion: Neutral emotions represent the majority of emotions 

experienced by participants on both systems. It is not practical to consider 

these findings as evidence that something is amiss with REVERIE VP. 

Although, it is known that positive emotions facilitate learning, their 

presence is not required for students to learn (D’Mello, Lehman, Pekrun, & 

Graesser, 2014). Neutral emotions, therefore, may represent a state where 

students were neither distracted by negative activating emotions (e.g., anger 

or anxiety) or disengaged by negative deactivating emotions (e.g., boredom) 

(Pekrun, Goetz, Titz, & Perry, 2002) and did what they needed to do: learn 

about multiculturalism. On the other hand, students were more affected by 

negative emotions in Edu-Simulation. They perceived both educational tasks 

quite negatively on Edu-Simulation (mean Group = 15.55% and mean 

Individual = 16.67%) which can also explain the significant finding for total 

time. As students did not enjoy completing tasks on Edu-Simulation, they 

spent overall less time compared to REVERIE VP. Regarding attention, we 

believe that because participants had to read and produce large amounts of 

text on Edu-Simulation, they were more attentive to the educational tasks 

compared to REVERIE VP. 
 

Subjective Assessment. The subjective assessment shows the following about each 

of the questionnaires: 

 

 Spatial Immersion Questionnaire. The high recognition rates show that both 

teachers and students had a good understanding of the virtual space. It is 

possible that the increased attentiveness of participants to the educational 
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tasks (see Table 6), facilitated some sense of spatial presence in the VE. As a 

result, participants were able to recognise and attach meaning to the 

majority of the objects.  

 

 Usability Questionnaire (Teacher Only): The significant difference for 

interface quality can be attributed to problems teachers experienced with the 

user interface of Edu-Simulation. Teachers explained in the interview that 

the user interface of Edu-Simulation made it difficult to follow the activity of 

their students. The asynchronous chat communication and some sections of 

the platform which appeared disconnected prevented them from properly 

following what each student was doing in both educational tasks.   

 

 Cognitive Accessibility (CoA) Questionnaire (Teachers Only): Beginning with 

the REVERIE VP questionnaire and Item 1 (“The educational activities in the 

Virtual Parliament were too simple”), teachers explained in the interview that 

the system does not provide the necessary tools to control their class (e.g., 

coordinate turn taking). Because the individual task required teachers to 

manage every single student, they may have thought that the group task was 

simpler than the individual task. The results for Item 18 (“I did not have to 

think hard about what I was doing in order to respond in the virtual 

parliament”) align with this finding. It is possible that teachers felt that 

micromanaging the students required more cognitive effort than giving them 

the freedom to discuss a question in a group. Finally, the results for Item 16 

(“I did not need help to properly navigate in the virtual parliament”) show 

that teachers required a different degree of assistance to navigate the VE in 

different educational tasks. In the group task teachers did not have to 

navigate in the virtual space. They had to wait for their students to finish 

discussing a topic in different areas of the parliament. As a result, they may 

have thought that they needed less help navigating the virtual space in the 

group task than in the individual task. Continuing with the Edu-Simulation 

questionnaire, the results for Item 19 (“The platform responded appropriately 

when I am confused or overloaded with information (e.g., by allowing me to 

create my own To-do list”)) suggest that teachers thought that the system 

responded differently when they were confused or overloaded with 

information in different educational tasks. In the group task teachers had to 

use extensively an asynchronous text chat to communicate with their 

students. The inability to communicate in real-time with their students 

might have created an impression that Edu-Simulation responded less 

appropriately in the group task than the individual task.  

 

 Students’ version (Usability and Cognitive Accessibility): Overall, students 

rated the usability of Edu-Simulation higher than REVERIE VP. One 

possible explanation is because of prior familiarity with e-learning platforms 

(e.g., Moodle). Then, students thought that the tasks completed on REVERIE 

VP had fewer demands from their working memory. It is possible that 

because REVERIE VP simulated a real-world scenario (e.g., a class debate), it 

was easier for students to understand the structure of the educational tasks 

compared to Edu-Simulation. Then, students experienced significantly higher 

emotional responses when completed tasks on REVERIE VP than on Edu-

Simulation. These results corroborate with our findings for immersion and 
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learning. Students may have thought that REVERIE VP is a more suitable 

environment to debate about multiculturalism. Also, students may have 

perceived the educational tasks on REVERIE VP as more fun and enjoyable 

than on Edu-Simulation. The absence of significant differences for type of 

task shows that the pre-learning activity teachers carried out in the 

laboratory was effective in distilling an understanding to students about the 

topic of multiculturalism. Then the significant results for the Edu-Simulation 

questionnaire follow the findings for teachers. The main effect of task on item 

1 (“The educational activities in Edu-Simulation was too simple”) show that 

students found the group activity more difficult than the individual activity. 

As their teacher's students may have felt that the asynchronous chat 

communication in Edu-Simulation had a detrimental impact in their 

experience of the group task. The results for Item 2 (“The ways to 

communicate in Edu-Simulation (e.g., text and images) are enough to immerse 

me in the educational scenario. I wouldn’t like to use a different environment 

(e.g., more game-like)”) show that students prefer Edu-Simulation over a 

more game-like environment for the individual task than the group task. If 

students found the group educational task more complex than the individual 

educational task, then it is to be expected that they would prefer a different 

environment to complete it than Edu-Simulation.       
 

The above findings support the hypotheses H2. Also, these findings show that only 

the emotional participation (emotional immersion) of students in the educational 

activities was sufficient for successful learning to occur (see Table 4). Emotional 

immersion is a core element in the following principles of the presence pedagogy:   

 

 #Principle 3: Capitalise on the presence of others 

 

REVERIE VP uses multiple tools (e.g., different avatars for teachers and students) to 

ensure that students can benefit from the expertise of all participants in the learning 

experience. This facilitated the development of affective relations that led to high 

emotional responses about the learning experience. 

 

 #Principle 4: Facilitating interactions and encouraging community 

 

REVERIE VP uses multiple tools (e.g., puppeted avatars and spatial audio) to 

facilitate interaction and collaboration between group members (peers and teacher). 

This multimodal interaction facilitated group creation and stronger relations 

between group members that led to high emotional responses about the learning 

experience. 

 

 #Principle 5: Support distributed cognition 

 

REVERIE VP offers a safe and open virtual space where participants can interact. 

This open space further facilitated interaction between the group members that led 

to high emotional responses about the experience. For example, students were able to 

walk to different areas of the virtual environment to discuss the requirements of the 

group activity. 
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 Virtual Representations Questionnaire (Teachers). Teachers rated the virtual 

representations used in REVERIE VP slightly above average (with a higher 

score indicating a higher degree of satisfaction). It is interesting, however, 

that they gave the highest score for the tour guide ECA. Teachers perceived 

the visual qualities of the tour guide better than the other qualities. It is 

possible that teachers thought that the visual qualities of the tour guide were 

suitable for the assigned tasks.   

 

 Virtual Representations Questionnaire (Students). The significant effect for 

visual qualities shows that students may have thought that some work has 

been done in the area of communication between avatars, but the overall 

fidelity of REVERIE VP is not “quite there yet” to create enhanced spatial 

immersion. As students explained in the interview the spatial audio 

contributed to the feeling of participation (e.g., in the discussions between the 

group members). However, the absence of control over its use often resulted 

in noise (e.g., because of students talking on top of each other) which 

disengaged students from the experience. As a result, it may have been easier 

for students to build a setting for the learning narrative of each educational 

task on Edu-Simulation. Finally, a possible explanation for the main effect on 

Item 29 (“The virtual guide helped me to understand more about the EU 

Parliament (areas, operation, etc.)”) is that students paid more attention to 

the tour in the group task and hence, found it more helpful than the 

individual task.   

7. DESIGN RECOMMENDATIONS  

 
Based on the findings of the empirical study reported above, we generated a list of 

design recommendations for optimising the user experience (including immersion) in 

REVERIE VP. To prioritise the recommendations, we used a custom nine-point scale 

(0 = not important, 8 = extremely important) inspired by the planning poker agile 

method (Calefato & Lanubile, 2011). These recommendations are highly actionable 

and situated to CVEs and hence, can be implemented in similar systems. About 

REVERIE VP, we deemed these recommendations are necessary for future versions 

of the system. In total we have identified ten important recommendations that we 

present in layman terms below: 

 

1) Design for emotional immersion (priority = 8) 

 

Successful dialogic learning scenarios are based on three pedagogical principles - 

capitalise on the presence of others, facilitate interactions and encourage community 

and support distributed cognition. 

 

2) Merge the two systems into a hybrid platform (priority = 7) 

 

Extend the architecture of the REVERIE framework and update the design of the 

virtual parliament to merge it with Edu-Simulation. Consider a hybrid system which 

combines the following features: 

 
Features from REVERIE VP: 
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 3D environment  

 Virtual representation with an avatar  

 Navigation in the world  

 Speech with aided control  

 

Features from Edu-simulation: 

 

 Access to information and documents  

 Grouping users  

 Textual communication  

 Public and private communication  

 Dialogue log.  

 

3) Allow teachers to control the ECA (priority = 6) 

 

Teachers should be able to turn on/off the tour guide ECA as needed. When the ECA 

is not needed, do not include it in the VE. 

 

4) Provide teachers with full control of their classes (priority = 8) 

 

Teachers should have full control of their classes. Try, empowering them to: 

 

 Control the navigation of students. An “auto” navigation option can 

automatically navigate students to an area of the VE selected by the teacher. 

 See what their students see. A “surrogate avatar” option can enable teachers 

to temporarily take control of a student’s avatar in the VE. This way teachers 

can effectively moderate each session (e.g., advice students on how to use the 

system). 

 Group students into teams as needed. The participants’ list menu could 

include a secondary tab where teachers can create and add students in 

teams.  

  

5) Give control of avatar facial puppeting to users (priority = 6) 

 

Offer users control of their avatar facial puppeting so they can adapt it to their 

needs. For example, users may decide that for a given discourse fully multimodal 

communication is not appropriate or even desirable.  

 

6) Provide more interaction opportunities in the VE (priority = 5) 
 
Provide users with more interaction opportunities in the VE. For example, users 

could select an object in the VE using their mouse to examine it closely. 

 

7) Use system-assisted navigation when a collision is imminent 

(priority = 5) 

 
Integrate a proximity alert to warn users that they are about to collide with another 

avatar or object. When the proximity alert activates, the automated navigation 

system takes over and navigates the user safely around a potential collision. 
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8) Give control of the spatial audio to teachers (priority = 7) 

 

This is about giving control over the use of spatial audio to teachers and information 

about their students’ conversational behaviour. Consider:  

 

 Allowing to mute/unmute individual students as required 

 Allowing to mute/unmute group of students as required 

 Allowing to enable/disable groups of students to talk to each other 

 Offering private audio communication with selected students 

 Providing summary information about overlapping speech (e.g., students who 

frequently talk on top of each other)  

 

 

9) Provide visible alerts in the RAAT tool (priority = 4) 

 

Enable users to allow/deny permission for the RAAT tool to use the computer’s 

camera and microphone through separate alerts displayed at the centre of the 

browser’s window. 

 

10) Worlds within a world (priority = 8) 

 

Place at least one separate room within the main VE for teachers to use as needed. 

For example, teachers may wish to have a brainstorming session in the room with 

students before entering the main world for the main educational activity to start. 

8. CONCLUSIONS AND FUTURE WORK 

 
The study demonstrated the potential of REVERIE VP as an educational tool to 

enhance online dialogic learning experiences. The analysis of the data showed the 

following. First, REVERIE VP results in a more positive impact in generating ideas 

about multiculturalism, compared to Edu-Simulation. This effect is independent of 

the type of educational task (individual vs group) which shows that students were 

equally immersed (temporal immersion) in the learning narratives. Second, 

REVERIE VP facilitated some sense of presence in the virtual Parliament in the 

form of emotional immersion. However, it was not sufficient to enable participants to 

create a more viable space (spatial immersion) for the learning narratives compared 

to Edu-Simulation. Third, teachers perceived the CoA of the educational tasks 

similarly across the two systems. However, in specific CoA dimensions (e.g., 

complexity of the task) they rated the group task higher than the individual task on 

REVERIE VP. On the other hand, teachers perceived the group task as more 

cumbersome than the individual task on Edu-Simulation. In terms of usability, 

teachers perceived the quality of REVERIE VP interface better than Edu-Simulation. 

Finally, teachers suggested combining the best features of both systems into a single 

platform. The subjective experiences of students show they perceived the usability of 

the two systems similarly. It also shows that they did not perceive the educational 

tasks differently on REVERIE VP. This clearly shows the effectiveness of the pre-

learning activity teacher conducted prior to each session with the systems. The 

students’ experiences on REVERIE VP re-iterate the need for a hybrid platform. 

Given the positive impact on perception, there is the prospect of improved learning 

outcomes in real-world scenarios. However, the REVERIE framework does not offer 
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virtual representations and the necessary tools to manage learning material. Using 

REVERIE VP to support real-world online learning scenarios requires integrating 

the REVERIE framework with an existing e-learning platform, such as Edu-

Simulation. Finally, the students' subjective experiences on Edu-Simulation follow 

the teachers; they show a clear preference for the individual task over the group task.  

 

The first avenue for future work is to implement the above recommendations and re-

evaluate the impact of the system using alternative dialogic learning scenarios. A 

hybrid system alone can have a positive impact on all evaluation metrics, including 

learning performance. Participants in the current study indicated that a hybrid 

system could deliver significant improvements in a plethora of online learning 

scenarios compared to each system alone. Second, because REVERIE VP was not 

designed as a cloud application, it was difficult to evaluate the user's experience and 

learning performance in an actual class environment. Although the prototype was 

taken to schools in the UK, it was not used during class time. Asking schools to 

evaluate a hybrid system as part of their curriculum can provide deep insights into 

the real-world impact of multimodal CVE’s. These insights refer to how a multimodal 

CVE can affect long-term and short-term knowledge retention as well as the student 

experience. Finally, the commercialisation of immersive displays (e.g., Oculus Rift) 

holds the potential to enhance the educational impact of REVERIE VP. With HMD 

users can immerse deeper in the educational scenario, which can have a significant 

impact on how they perceive the system and the educational tasks. As previous 

evaluations of such immersive set-ups are few, we believe that it is a suitable area 

where future development and evaluation work of the REVERIE project should be 

directed. 
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Highlights: 

 A multimodal CVE fosters student learning performance in dialogic 

scenarios. 

 Emotional immersion is essential for successful dialogic learning 

scenarios. 

 A successful dialogic learning scenario is based on three pedagogical 

principles. 

 Gamification of the task is sufficient for successful dialogic learning 

scenarios. 

 Merging a multimodal CVE with an LMS is essential for real-world 

applications. 

 

 

*Highlights (for review)


