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The highly immersive Virtual reality (VR) headset is gaining popularity in multiple application domains. In the context of learning, it has been proposed to be beneficial by increasing presence and attention in noisy and distracting environments, both factors that are considered important for learning. Despite intensified research efforts in recent years, empirical knowledge of experimental research addressing the link between presence and learning in specific environmental contexts is still rather scarce. In this study following an experimental mixed-method approach, the link between presence and memorization as a particular form of learning is addressed by comparing memorization with a highly immersive VR headset to a less immersive system (desktop screen) in noisy and calm learning environments. Using a 2 (learning location) x 2 (learning device) between-subjects design, 63 participants interacted with one of the two devices in either of the two environments. As expected, VR headset users reported higher presence levels. While participants subjectively evaluated the VR headset as a better device for learning, the memorization test scores were higher for desktop screen users in both calm and noisy environments. Learning location did not show significant effects. Attention distraction and context-dependent learning are discussed with regard to the unexpected results, while implications for practice and future research are discussed.
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1 INTRODUCTION
In the past few years, a new trend has emerged in line with the commercialization of a new device, allowing for complete immersion in a virtual world (Lombard, 2016; Skarredghost, 2017). Virtual reality (VR) technology is opening up a plethora of new opportunities. It is being used in exposure therapy (Price and Anderson, 2007; Parsons and Rizzo, 2008), treatment of addiction, and post-traumatic stress disorder (Beck et al., 2007; Baños et al., 2011), military training (Rizzo et al., 2011), medical training (Piedra et al., 2016; Rahm et al., 2016), museums (Sylaiou et al., 2010), tourism (Huang et al., 2016; Potdevin et al., 2021), and other domains (Merchant et al., 2014). Another promising application domain for VR technology is the field of education and training (Pan et al., 2006; Hayes et al., 2013; Stevens and Kincaid, 2015; Cryer et al., 2019). In this context, the question arises as to whether the use of VR technology has a beneficial influence on learning outcomes. Although this question has been addressed in previous research, the number of methodologically sound studies assessing learning outcomes objectively are rather scarce (Radianti et al., 2020). In addition, still very little is known regarding the underlying processes influencing the link between VR use and learning. In this regard, experience of presence is often referred to as explanation for a positive link between VR use and learning. However, the empirical findings are inconclusive, with studies indicating positive effects of presence on student learning while others reported the opposite effect (Jensen and Konradsen, 2018; Radianti et al., 2020). Several factors have been put forward that might have an influence on the interplay between presence and learning such as the experience of cybersickness, type of content to be learned and the environment or context in which such learning takes place (Jensen and Konradsen, 2018; Radianti et al., 2020). In this respect, this study sets a focus on the interplay between the experience of presence as a consequence of VR use, learning environment, cybersickness and learning outcomes in the context of cognitive skills acquisition.
1.1 Immersion, Presence and Virtual Reality
VR is a computer technology composed of hardware and software that simulates a physical presence of a user in an environment that is virtually created (Biocca and Delaney, 1995; Radianti et al., 2020). While different definitions of VR have been put forward, a classification often referred to differentiates between low and high immersive VR (Biocca and Delaney, 1995; Lee and Wong, 2014). Low immersive VR relates to technological devices such as a desktop computer screen while high immersion VR is most commonly associated with a head-mounted system (i.e., VR headset).
VR systems will meet a user’s sensory expectations to different degrees (Alhalabi, 2016). The more the system meets these expectations, the more a person will be able to forget that she or he is using a VR system and will be able to appreciate its content (Burdea et al., 1996; Slater and Wilbur, 1997; Bowman and McMahan, 2007). The quality of the experience in virtual environments is generally referred to as presence or immersion. Although slightly different in terms of scope and definition, the two concepts are closely linked: if immersion is high, presence will be high and vice versa (Bowman and McMahan, 2007).
There is some disagreement about the definition of immersion (Slater, 2003; Mütterlein, 2018). Some researchers consider immersion as a psychological state and define it as the feeling of being absorbed in the virtual world (Freina and Canessa, 2015; Mütterlein, 2018). Other researchers, us included, define immersion as an objective measure that reflects the level of sensory fidelity a VR system affords (Slater and Wilbur, 1997; Bowman and McMahan, 2007). It represents an objective indicator which depends on the hardware and/or software of the VR environment (e.g., the display size and resolution, the refresh rate, the realism of lighting, the type of position tracker, the quality of the visual, audio, and haptic feedback Burdea et al. (1996)).
Presence, on the other hand, is the subjective psychological response to a VR experience, reflecting the extent to which users actually feel part of the (virtual) world they are experiencing (Slater and Wilbur, 1997; Bowman and McMahan, 2007). Presence is defined as the successful experience of being somewhere else (Heeter, 1992; Butler, 1997). In other words, the level of immersion with a specific VR system should be the same for every user as it is an objective measure that depends on the software and hardware of the device. In contrast, the individual experience of presence is very subjective and depends heavily on specific individual appraisal processes (Bowman and McMahan, 2007).
Several studies have indicated that presence may have a considerable influence on emotional reactions (Riva et al., 2007), motivation (Vogel et al., 2006), pain management (Sharar et al., 2008), exposure therapy (Parsons and Rizzo, 2008), and training (Stevens and Kincaid, 2015). Several authors also suggested that presence might be linked to learning. Psotka (1995) and Makransky et al. (2019) suggest that the feeling of presence might increase students’ motivation to learn which leads to better learning. Witmer and Singer (1998) argued that the positive link between presence and learning can be explained based on the reduction of distraction and increasing focus. In addition, they suggest that VR is beneficial for learning due to the increased level of immersion it offers (as compared to a desktop computer).
1.2 Presence and Learning
Defined as “the relatively permanent change in a person’s knowledge or behaviour due to experience or practice” (Mayer, 1982), learning can be categorized into various levels of difficulty, with memorization (e.g., being able to recall facts and concepts) being the simplest and creating (e.g., producing new or original work) the most complex level (Anderson et al., 2001). In addition, various types of learning can be differentiated. In this regard, the distinction between the acquisition of cognitive, psychomotor and affective skills has been suggested (Jensen and Konradsen, 2018).
Potential positive benefits of presence for learning were already discussed before highly immersive devices were available on the consumer market (Psotka, 1995; Salzman et al., 1995; Mikropoulos and Natsis, 2011). Few studies however addressed this link in low immersion environments. One study reported that presence felt by participants using a desktop computer did have an effect on learning (Ai-Lim Lee et al., 2010). Regarding highly immersive VR, quite a few studies have been conducted in the context of learning. Most of these studies, however, were addressing issues of usability of educational software, in which neither presence nor learning was measured (Schofield, 2012; Hupont et al., 2015; Dolezal et al., 2017; dela Cruz and Mendoza, 2018; Veronez et al., 2018; Radianti et al., 2020). While the usability of a virtual learning environment is necessary for both successful learning and presence, it does not guarantee a sense of presence or successful learning.
To our knowledge, very few studies have assessed both presence and learning in low and highly immersive environments. Some studies only measured presence and others only measured learning. Hupont et al. (2015) for example showed that presence was higher in a highly immersive VR educational environment (e.g., head-mounted headset) than in a low immersive desktop computer environment without assessing learning. In a similar vein a different study measured presence, immersion and self-efficacy in a low and highly immersive VR environment and reported that while presence and immersion was significantly higher, self-efficacy did not significantly vary between devices (Shu et al., 2019). The consequences on learning however have not been assessed in that work.
In other studies, learning was assessed in different immersive environments, but not presence. Alhalabi (2016) for example, compared the learning performance of students using four different devices (e.g., high immersive VR headset with head tracking, high immersive corner cave system, low immersive VR headset without head tracking, and low immersive computer screens). While students performed best in the most immersive system (which made the authors conclude that immersion was positively influencing learning), presence was not measured. In a similar study comparing learning with three devices (i.e., desktop computer, cave system and VR headset), VR users performed the worst. While the paper suggest that the novelty of immersion might have led to lower score, presence was also not measured. In another study (Kozhevnikov et al., 2013), participants learned relative motion concepts either on a desktop computer or with a VR headset. VR headset users had a higher learning score, which was interpreted by the authors to be a consequence—among others—of the higher immersion of VR devices, which however was not assessed. Learning was also shown to be higher for VR users in a study comparing learning on the topic of vocational training either with a google carboard VR headset or in a conventional classroom setting (Ray and Deb, 2016). Another study using google carboard VR headset, users were reported to specifically do better on questions regarding spatial awareness (Rasheed et al., 2015). Lastly since the start of the COVID-19 pandemic some studies have also looked into the possibility of teaching medical skills thanks to VR, with mixed results in terms of learning (Lohre et al., 2020; Birrenbach et al., 2021; Clarke, 2021; Pears and Konstantinidis, 2021). However, in none of these studies presence was measured. Therefore, is not clear what processes led to differences in learning performance comparing the different learning environments.
Astonishingly, two studies that did asses presence and learning in low and highly immersive learning environments (Moreno and Mayer, 2004; Makransky et al., 2019) showed that while presence was higher in the highly immersive VR device, learning scores were lower. The authors assumed that these results were due to a higher cognitive workload that was linked to the novelty of the VR headset. In a similar vein, findings of other studies indicated that while presence was higher in a more immersive environment (cave system vs interactive workbench and PC vs head mounted display), learning (referred to as memorization) was not affected by immersiveness of device, with no significant link between presence and memorization (Sutcliffe et al., 2005; Buttussi and Chittaro, 2018). In contrast to this, Cadet and Chainay (2020) reported that both presence as well as memorization were significantly higher for participants using the more immersive device (VR-headset vs computer scren; Cadet and Chainay, 2020). In a similar vein, Stevens and Kincaid (2015) reported a moderate positive correlation between the degree of presence and learning performance (Stevens and Kincaid, 2015). Interestingly another more recent study found that while device (screen vs VR headset) showed no effect on learning performance, there was a link between presence and performance, with participants subjectively reporting higher levels of presence also obtaining higher scores on a performance test (Grassini et al., 2020).
Hence, it can be summarized that the state of knowledge regarding the relation between presence and learning is inconclusive. In theory, presence has been argued to be beneficial for learning, suggesting VR to be a useful technology in this context. Studies indicating a positive relation between VR and learning hence often refer to increased presence as explanation for the effect, without explicitly assessing it. In contrast to this, presence did not show a positive relation with learning in several studies assessing both, learning and presence empirically. Therefore, additional research addressing the link between presence and learning is needed, taking into consideration other potential influencing factors such as the learning environment or negative consequences of technology use such as cybersickness (Psotka, 1995; Witmer and Singer, 1998; Salzman et al., 1999; Alhalabi, 2016; Jensen and Konradsen, 2018).
1.3 Additional Factors Influencing Learning in Virtual Reality
1.3.1 Learning Environment
With regard to training and education, an advantage to VR environments is the control they provide over the contextual learning environment. This is because contextual elements such as temperature (Hutchinson, 2003), noise (Haines et al., 2001; Cassidy and MacDonald, 2007), lighting (Haines et al., 2001), air quality (Wyon, 2004), furniture setting, and visual cues (Davis, 1984) have been shown to have significant effects on learning.
Although it is not yet possible to control all elements of the learning environment in a VR application (e.g., temperature or air quality are difficult to influence), aspects such as lighting, colour, noise, and visual cues can be designed in order to create an ideal environment for learning. Especially with regard to disturbances due to visual cues, VR head mounted systems might come with an extra benefit for learning. In highly-immersive VR learning environments, students wear a headset, which forces them to focus on the content provided in the VR-environment. Since they cannot see anything else, it can be expected that they are less prone to distractions compared to a classical learning environment (Salzman et al., 1999; Bowman and McMahan, 2007). Because any form of distraction in the environment (e.g., visual, physical or auditory) has been shown to create short interruptions in attention that impinge on individual learning outcomes (Altmann et al., 2014), this isolation from the exterior world in a VR environment can be a decisive advantage over conventional learning environments. This is particularly the case taking into consideration the fact that nowadays, most people receive pop up messages on their phone or computer that distract them and entice them to multitask, which has been shown to negatively influence learning (Spira and Feintuch, 2005; Winter et al., 2010).
In current VR environments, the user is fully immersed in the environment he or she is learning in (Salzman et al., 1995; Fried, 2008; Winter et al., 2010; Fisher et al., 2014). Although the isolation from external disturbing cues seems to be an obvious advantage of highly-immersive VR systems, very limited evidence of empirical research is available addressing this question by comparing high and low immersive technology while varying disturbance potential of the learning environment.
1.3.2 Cybersickness
One potential influencing factor regarding the link between increased presence as consequence of a highly immersive virtual environments and learning is cybersickness. Cybersickness, also referred to as virtual reality induced symptoms and effects (VRISE, e.g., Nichols et al., 1997) or negative effects (e.g., Lessiter et al., 2001), is a subtype of motion sickness that is used to describe symptoms of discomfort and illness caused by VR (Mazloumi Gavgani et al., 2018). Possible manifestations of cybersickness are nausea, vomiting, fainting, dizziness, a sensation of spinning, sweating, feeling hot, tiredness, annoyance, and blurred vision (e.g., LaViola, 2000).
The sensory mismatch theory has been put forward in order to explain both cybersickness and motion sickness (Mazloumi Gavgani et al., 2018). The theory posits that motion sickness occurs when conflicting signals are received from the spatial orientation senses (e.g., the vestibular system, the eyes, and the non-vestibular proprioceptors; Bles et al., 1998). Cybersickness is most likely caused by a mismatch between visual stimuli and the appropriate vestibular or proprioceptive feedback (Mazloumi Gavgani et al., 2018).
Some factors are known to increase the likelihood of experiencing cybersickness (Mousavia et al., 2013). Some of these are related to technical issues such as flickers, lags, and position tracking errors. While others are related to individual difference such as gender, age, and illness (e.g., Sharples et al., 2008; Davis et al., 2014). Children from the age of 2–12, women and individuals experiencing some form of illness are more likely to be affected by cybersickness. Cybersickness has been shown to negatively influence presence (Lessiter et al., 2001; Polcar and Horejsi, 2015; Weech et al., 2019), and might hence play an important role in the context of VR and learning. However a previous study comparing two different VR headset devices has shown that cybersickness had no effect on learning (Moro et al., 2017).
1.4 The Present Study
VR allows for the simulation of real-life scenarios and create immersive and captivating experiences. This is why this technical environment has often been considered to be the future of teaching and training (Abulrub et al., 2011; Fisher et al., 2014). While there seems to be evidence for an increased use of VR-technology in teaching and education (e.g., Lessiter et al., 2001; Carrozzino and Bergamasco, 2010; Radianti et al., 2020) it is still not clear how the use of VR is related to learning performance and to what extent presence as underlying mechanism plays a role in this relation. In addition, only very little is known so far regarding the usefulness of VR in different learning environments. While learners in a classical learning environment using a desktop computer may be distracted by visual and auditory cues of their environment, VR isolates learners from contextual distractors. As distraction has been negatively linked with learning performance in previous research, VR users are expected to show better performances in a learning task compared to computer users.
In order to address these open questions, an experiment was conducted in which participants either used VR or a desktop computer screen for a learning task. Presence and cybersickness were assessed in order to better understand the underlying processes linked with the use of VR for learning. In order to reduce a potential novelty effect, participants were given time to familiarize themselves with the virtual environment. In addition, the level of contextual distraction was manipulated experimentally. Half of the participants completed the learning task in a calm and quiet room with no visual and auditory distractions. The other half learned in the entry hall of the university cafeteria, a noisy space with a lot of activity going on. The experiment being quite short we conceptualized learning as the simplest category of Bloom’s taxonomy of educational objectives: participants were only expected to recall facts and basic concepts (Bloom et al., 1984). We therefore tested their learning performance with a memory test on information participants had seen in the virtual environment. It was expected that learning performance would be highest for VR users in the lab, followed by VR-users in the cafeteria and computer users in the lab, while computer users in the cafeteria were expected to show the weakest learning performance.
2 METHOD
2.1 Participants
Sixty-five participants aged 18 to 26 (M = 21.27, SD = 1.64) took part in the study (Nfemale = 50). In order to obtain a homogeneous sample, only university students from the University of Fribourg were recruited for the study. Participants could receive course credits in exchange for participation. Data of two participants were removed; one, due to technical problems during data collection, the other because the language of the experiment was not the mother tongue of the participant (which was a prerequisite for participation in the study). An additional exclusion criterion, participants had to meet was not to be dyslexic.
We also controlled participants' level of exposure to media devices (TV, Virtual reality headset, video games) that could influence their experience with VR. Of the 63 participants, 19 had already used a VR headset. From these, none had used one more than four times. Participants reported their level of expertise with a VR headset on a five-point Likert scale (1 = novice and 5 = expert) with a mean of 3.27 (SD = 0.77). On average, participants, watched 6.27 h of TV a week (SD = 0.679). Only 4.8% of the participants reported playing video games daily while 57.1% reported never playing any video games.
2.2 Experimental Design
The experiment followed a 2 by 2 between-subjects design, with location and immersion as independent factors. The participants either did the experiment in the university cafeteria (N = 32) or a lab (N = 31). They either completed the memorization tasks with a desktop computer screen (N = 30) or with a VR headset (N = 33). Figure 1A shows an actor representing a participant working with a VR headset while in Figure 1B, the same actor can be seen working in the desktop computer condition.
[image: Figure 1]FIGURE 1 | Example participant (actor) in (A) the VR headset condition, (B) the desktop computer condition.
2.3 Material
2.3.1 Hardware
A desktop system (Apple Mac Pro A1481) was used with either an immersive VR system (Oculus Rift CV1) or a 17 computer screen (DELL monitor E916H, resolution 1366 x 768 pixels). Participants using the VR only used a controller (Griffin™ PowerMate Programmable Multimedia Controller). It allowed them to select documents, advance on the timeline and zoom into documents. Participants using the virtual environment on a desktop computer screen also had to use a mouse (Microsoft L2 Comfort Mouse 4500) to change visual fields. Figure 2 depicts both the controller and mouse.
[image: Figure 2]FIGURE 2 | left is mouse, right is controller.
In addition, loudspeakers were used to play the pre-recorded instructions for the memorization tasks. A decibel meter (Voltcraft SL-100) was used to measure the sound level in all experimental conditions.
2.3.2 The Virtual Environment
The environment the participants used was a virtual archive for historical documents of a traditional watch-manufacturer (Figure 3). The documents appeared on the sides of a timeline in chronological order. The participants could travel the timeline in both directions and select documents. The documents and the timeline were represented in an abstract black three-dimensional space.
[image: Figure 3]FIGURE 3 | VR archives of a watch-manufacturer used for the memorization task.
The documents were organized by country of origin of the document. There was a main timeline with documents originating from Switzerland. From this timeline, it was possible to get to timelines from other countries (e.g., French timeline contained only documents that originated from France). The content of the documents were letters, pictures, contracts, flyers, and newspaper articles.
2.4 Measures
2.4.1 Virtual Reality Experience and Media Usage
We asked a few questions in order to control for eventual differences of VR effects. We asked participants to estimate how much television they watched (“Please estimate your daily television consumption (hours/minutes).”). Participants were as well asked to rate their frequency of video game playing (“How frequently do you play video games?”) on a Likert scale 1 (never) to 5 (every day). They were also asked to rate on a Likert scale ranging from 1 (none) to 5 (expert), their experience with computers (“Please rate your level of experience with computers”) as well as their knowledge on VR (“How would you rate your level of knowledge on VR? (e.g., how it functions).”). Lastly, participants were asked if they had ever used a VR headset before (“Have you already used a VR headset before?”) and if so, how often (“If yes, how often have you used it?”)
2.4.2 Presence
To measure spatial presence we used an adapted version of the ITC-Sense of Presence Inventory (ITC-SOPI) (Lessiter et al., 2001). In contrast to most other presence questionnaires, the ITC-SOPI was created to measure presence independently from the type of device and environment that is used (TV, computer, VR headset, etc.). The original questionnaire is composed of 44 items that can be divided into four factors: spatial presence, ecological validity, engagement and negative effects (i.e., cybersickness). The questionnaire uses a five-point Likert scale (ranging from completely disagree to strongly agree). In this study we only used negative effects (i.e., cybersickness) and spatial presence which together encompassed 25 items.
Spatial Presence
The spatial presence dimension refers to the participant’s sensation of “being there”. Thirteen items of the spatial presence scale were removed because they were irrelevant for this study. Example of reasons for exclusion are referring to non-existing characters (e.g., “I had the sensation that characters were aware of me.”) or non-existing smells (e.g., I could almost smell different features of the displayed environment). The items that were selected for spatial presence can be found in Table 1. The deletion of the inappropriate items left a scale of five items. The items could be answered on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The reliability for this shortened Spatial Presence scale (5 Items) was 0.76 (Cronbach’s alpha).
TABLE 1 | Items of the short spatial presence scale.
[image: Table 1]Cybersickness
The subscale “negative effects” of the ITC-SOPI is referred to in this study as cybersickness and measures adverse physiological reactions while using a VR headset (e.g., dizziness, headache). The scale is composed of six items. Each item could be answered on a Likert scale ranging from (strongly disagree) to (strongly agree). The reliability for the for cybersickness scale was 0.9 (Cronbach’s alpha).
2.4.3 Memorization Test
A memorization test was developed on the basis of the information presented in the digitalized archive. The tasks the participants completed (cf. procedure section) ensured that participants read all the respective text in the archive to be able to answer the test. The test was composed of 21 multiple choice questions with an option of four answers, with only one answer being correct. Six questions asked about the date and locations of the documents (i.e., when and where something happened). Five questions were asked about the number of documents represented in a specific area in the VR environment. Four questions were about the type of document which was viewed. Finally, seven questions were asked about the content of the diverse documents (i.e., what was said). The average item difficulty was M = 0.58, SD = 0.2, with the most difficult item having a difficulty level of 0.3 and the easiest being at 1.
2.4.4 Disturbance due to Location
A four-item scale was created to measure the possible level of experienced disturbance by the participants depending on the location. Participants could answer on a Likert scale ranging from 1 (not at all) to 5 (a lot). Two items asked questions regarding the sound level (‘was there any noise during the experiment?’ “Were you disturbed by the noise?”) and two other items were linked to the presence of others (“were you disturbed by the presence of others during the experiment?” “Did you feel uncomfortable during the experiment?”)
2.4.5 Comparative Questions on the Two Devices
At the end of the experiment, after participants had interacted with the other device (e.g., VR for those who learned with the computer, cf. procedure section), a final questionnaire was administered containing five questions comparing the two devices (e.g., “Which of the two devices was easier to use?”). The five questions can be found in Table 3. A semantic differential scale ranging from one (computer screen) to five (VR) was used. In addition, after each of the five questions, participants were asked to justify their rating by entering a short comment as free text.
2.5 Procedure
Participants were either received in the lab or the cafeteria. They were first asked to sign the consent form and were informed about the procedure of the experiment. They then filled out a questionnaire containing the demographic and control questions. After this, they were instructed in detail on how to use the device they were going to use (desktop computer screen or virtual reality headset). This was done so that users wouldn’t encounter usability issues during the experiment. In a warm-up phase, participants were asked to familiarize themselves with the device for 3 minutes. We did this to avoid concerns put forward by Moreno and Mayer (2004) and Makransky et al. (2019) about participants not performing well in VR due to excitement and distraction in the new and unfamiliar virtual environment, to which we refer to as the “wow-effect”.
After the warm-up phase, participants received instructions for the following tasks. They were informed that questions would be asked later about their task. In addition, they were reminded to stay concentrated throughout the whole experiment. Then, the facilitator left the laboratory or the cafeteria and went to a neighbouring room, from where she could see and hear what the participant was doing by means of a screen-mirroring application (TeamViewer). Participants received all information regarding the different tasks via pre-recorded audio-instructions. If needed, participants could ask to have the task instructions repeated by saying “repeat”.
After task completion, participants were asked to answer a series of questionnaires including the spatial presence and negative effects (i.e., cybersickness) dimensions from the ITC-SOPI, the test on the tasks, the questions on annoyance and finally the ones on satisfaction.
After this, participants changed the device (e.g., computer screen for participants who completed the memorization tasks in the VR environment) and interacted with the alternative device for 3 minutes. They then replied to the questions comparing the two devices.
2.6 Data Analysis and Manipulation Check
Data was analysed using a two-factorial analysis of variance (ANOVA). For some variables, the Kolmogorov Smirnoff test indicated a non-normal distribution and the assumption of homogeneity of variance was not met (short presence 2, disturbance, satisfaction and learning). Since the QQ plots showed for most of these variables a normal distribution and since the absolute size of the skewness and kurtosis relative to their standard error was always below 2, it was assumed that the ANOVA can be considered robust (Khan and Rayner, 2003).
Results of the manipulation check regarding location can be found in Table 2. Manipulation check indicated that the physical sound measured (in decibels) was louder in the cafeteria (M = 55,59, SD = 11.31) than in the lab (M = 30,14, SD = 10,48) indicating a significant manipulation of noise F (1,58) = 81.51, p < 0.05, η2 = 0.58. There was also a positive correlation between the level of sound and the perceived level of sound r = 0.60, N = 60, p < 0.05, as well as between the level of sound and the level of disturbance through sound r = 0.51, N = 60, p < 0.05.
TABLE 2 | Results for disturbance items.
[image: Table 2]The level of disturbance was not affected by the device used by the participant F (1, 53) = 2,1 p > 0.05, η2 = 0.04. Participants using VR headset (M = 1.9, SD = 1.23) reported a similar level of disturbance to desktop computer screen users (M = 1.51, SD = 0.74).
3 RESULTS
3.1 Memorization Test
Results in the memorization test showed, in contrast to our expectations, that participants in the desktop computer screen condition performed better (M = 12.57, SD = 1.87) than participants in the VR headset condition (M = 10.73, SD = 2.71; F (1, 58) = 9.51 p < 0.05, η2 = 0.14). In order to control for the influence of cybersickness, the same analysis was run with cybersickness as a co-variate. Results showed that desktop users still showed a higher memorization score than the VR headset users, but the size of this effect was considerably smaller F (1, 57) = 5.38 p < 0.05, η2 = 0.09.
Location had no significant effect on learning F (1, 59) = 0.21, p > 0.05, η2 = 0.01. Participants in the cafeteria (M = 11.5, SD = 2.99) showed similar learning scores compared to the ones in the lab (M = 11.71, SD = 1.92). There was no significant interaction of device and location on the memorization score F (1, 59) = 0.79, p > 0.05, η2 = 0.01.
3.2 Presence
3.2.1 Spatial Presence
Results showed that there was a significant main effect of device indicating higher spatial presence scores in the VR condition (M = 3.54, SD = 0.6) compared to the computer condition (M = 3.16, SD = 0.72; F (1, 59) = 5.76, p < 0.05, η2 = 0.09). Location did not show a significant main effect F (1, 59) = 2.05, p > 0.05, η2 = 0.034. There was also no significant interaction between the two factors F (1, 59) = 0.003 p > 0.05, η2 = 0.00.
3.2.2 Cybersickness
Cybersickness was higher in VR headset users (M = 3, SD = 1.16) compared to desktop users (M = 1.93, SD = 0.76; F (1, 59) = 18.37 p < 0.05, η2 = 0.87). There was no significant difference between participants in the cafeteria (M = 2.52, SD = 1.2) and in the lab condition (M = 2.46, SD = 1.04; F (1, 59) = 0.11, p > 0.05, η2 = 0.00). There was also no significant interaction between the two factors F (1, 59) = 3.37, p > 0.05, η2 = 0.05. An analysis of the above-reported triple interaction on spatial presence using cybersickness as co-variate did not result in any changes with regard to the presented results.
3.3 Correlation of Main Variables
Analysis of correlations between our main variables (memorization test, spatial presence, and cybersickness) revealed a significant negative link between cybersickness and the score on the memorization test (cf. Table 3). Spatial presence, however, was not significantly linked to memorization or cybersickness. As can be seen in Table 3, when running the analysis for each of the two immersion conditions separately, there was no significant link between the different variables.
TABLE 3 | Correlations of the main variables for participants in VR and computer condition.
[image: Table 3]3.4 Comparative Evaluation of the Two Devices
Participants interacted with both devices (cf. method section). This made it possible to ask participants, at the end of the study, to reply to items addressing their beliefs on the benefits and disadvantages of these two devices for learning and studying. In addition to the comparative semantic differentials, written comments were screened and categorized by one of the authors. Two coders then coded participants’ answers into the categories defined by the author. In case of disaccord, the statement was discussed by the two raters in order to obtain a consistent assessment.
As can be seen in Table 4, a majority of participants preferred the VR headset to the desktop computer. Reasons for preferring VR for learning given by participants were being more immersed with VR (mentioned by 46.03% of participants), feeling more implicated (14.28%), finding VR more interesting (12.69%) and interactive (11.11%). In terms of device preferences for work, the results are more nuanced. Participants that reported preferring VR for work explained that they felt more immersed with VR (17.46%), that VR was easier to use (11.11%) and that they would be more concentrated with VR (11.11%). Participants that though they would work better with the computer listed the absence of cybersickness symptoms (12.7%) and their previous knowledge with computers (12.7%) as reasons. Cybersickness symptoms were also listed as an explanation for believing that they would be more focused on a desktop computer (12.69%). Additionally, some participants expressed the belief that VR was for fun and not for work (15.87%). Participants who believe that they would be most concentrated with the VR headset listed immersion (31.74%) and being physically cut off from the outside world (23.8%) as reasons.
TABLE 4 | Device preferences.
[image: Table 4]In terms of ease of use (cf. Table 4), participants preferring VR explained that VR felt more intuitive and that it was easier to orient oneself. Several participants (15.85%) mentioned that the desktop computer was easier to use because of previous experience.
There was no clear preference with regard to the question about the device’s usefulness for information retention (cf. Table 4). However, only VR users gave explanations about their reasoning, mentioning higher immersion (17.46%), implication (17.46%) and focus (19.05%) as reasons for why they prefer VR over desktop computers regarding information retention.
4 DISCUSSION
The primary hypothesis of this study was that students using a VR headset would feel more present and hence learn better compared to participants using a desktop computer. The difference between the groups was expected to be even stronger if the participants took part in the experiment in the noisy and distracting cafeteria instead of the calm and quite lab.
As expected, students reported higher values of spatial presence when using a VR headset compared to the desktop screen users. Contrary to our expectations, however, this had no beneficiary influence on participants’ memorization performance, since data of the memorization test showed that participants learned better when using a computer screen. Interestingly, this also contradicts participants’ subjective evaluation of the usefulness of the two technological devices for learning; 65% of the participants reported that they expected to learn better using a VR headset compared to the desktop computer. These findings are is in stark contrast to the widely accepted assumption that presence positively influences learning (Psotka, 1995; Salzman et al., 1995; Mikropoulos and Natsis, 2011). Interestingly, this is in line with results of other studies that have addressed presence and learning in highly immersive environments (Moreno and Mayer, 2004; Makransky et al., 2019). Several potential explanations can be put forward in this regard.
A first potential explanation for this unexpected result might be found in the data on cybersickness and disturbances. VR headset users reported increased disturbance levels (e.g., felt uncomfortable) and experienced cybersickness (e.g., dizziness, feeling sick, headaches). Also, in their qualitative feedback, participants mentioned cybersickness as main reason for preferring the desktop computer screen to the VR headset for working and memorization (cf. Table 4). However, presence seems to be affected by cybersickness only to a very limited extent, as the correlation between these two variables was rather small.
However, factors such as lag (delay between user action and system response), flicker, calibration (interpupillary adaptation), and general ergonomics (e.g., heavy and poor fitting headsets) have also been shown to have a considerable influence on the prevalence of negative consequences of VR use (e.g, McCauley and Sharkey, 1992; LaViola, 2000; Sharples et al., 2008). Previous research has shown that the occurrence of cybersickness was linked with lower attitudes towards the technology, lower learning outcomes and lower presence (Polcar and Horejsi, 2015; Weech et al., 2019). With regard to learning and VR, future research needs to address the question of how the improvement of hardware and software can help to reduce the occurrence of negative consequences in VR use, as this aspect seems to have an important influence on learning performance. Although such negative effects seem to impinge on learning with the VR headset (cf. the negative correlation between the two measures in this study), analysis of co-variance showed that when controlling for cybersickness, participants still perform better in the desktop computer screen condition—however with a reduced effect size. Therefore, it can be assumed that cybersickness linked with the use of the VR headset is not the only explanation for the reported differences in learning performance.
A second assumption explaining this unexpected effect might be found in differences in previous experience of the participants with their respective device. All 65 participants had used a desktop computer screen before and had considerable experience using it. On the contrary, only nineteen participants reported previous experiences of using a VR headset, and no one had used it more often than five times. Participants using the desktop computer screen did not need to adapt and learn how to use the device, while VR headset users did. Although we provided participants with clear explanations on how to use both devices and gave them 3 minutes to practice and familiarize with the virtual environment, it is possible that this was not enough time. VR headset users might have needed to spend cognitive effort on the handling of the VR device during the memorization task that the computer users did not need. The verbal comments of the test participants (cf. Table 4) indicate that the lack of experience with a VR headset device is one reason why the environment was considered less suitable for learning. This suggestion is in line with Makransky et al. (2019) and Polcar and Horejsi (2015) who also reported better learning performances for less immersive environments. Both suggested that lower learning might be linked to the lack of experience with the device. Makransky et al. (2019) explained that a lack of experience might lead to a higher cognitive load for participants using a VR environment.
A third explanation could be what we refer to as the “wow-effect.” Using the VR headset was a new and impressive experience for most of the participants. For many of them, it was the first time they used such a high immersive device. Therefore, it can be assumed that they were distracted by the immersive experience and were, in consequence, less able to concentrate on the content provided in the virtual environment that they were supposed to memorize. For desktop users, however, this wow-effect was less pronounced as the device is less immersive and well known among university students. A similar argument was put forward by Makransky et al. (2019). They suggested that the strong hedonic component of the VR experience might lead participants to view the environment as playful and hence distract from the learning task. We were aware of the risk of a “wow-effect” and the potential impact it could have on learning. Therefore, participants in this study were asked to familiarize with the environment in a warm-up phase, what was expected to reduce initial excitement when experiencing for the first time such an immersive environment. It might be assumed however that the 3-min session was too short for the participants in our study. As VR becomes common and participants are expected to become more and more accustomed to its use, it could be speculated that the wow-effect as well the cognitive load due to lack of experience will be of lesser importance in the near future. Nonetheless, it might be interesting for this field of research to address questions regarding the wow-effect (e.g., does it wane over time, and how long does it last?) and the influence of extended usage experience (e.g., is cognitive load reduced in highly experienced VR users?), and their link to learning in future studies.
Finally, context-dependent memory might play a role in the unexpected effects reported in this piece of research. The essence of this well-established research topic (Godden and Baddeley, 1975; Herz, 1997; Smith and Vela, 2001) is that information is better recalled in the environment the information was learned in comparison to a new and unfamiliar context. Godden and Baddeley (1975) for example, found that divers learning underwater recalled the information better underwater than above. In the present study, both VR headset and desktop computer screen users answered the test (i.e., information recall) on the computer. As a consequence, computer users filled in the test on the same device they had been using while learning. In contrast, VR users answered on a different device, which might lead to reduced learning performances due to context-dependent memory. Although not explicitly mentioned in their article, Makransky et al. (2019) also asked their participants to answer the learning test on a desktop computer, regardless of which device they used for learning (personal communication). As they reported similar results to ours, context-dependent memory might have had an impact on the reduced learning performance of VR headset users in both studies. Future studies comparing learning with a VR headset with less immersive environments (e.g., desktop screen) should control for this potential error variable. This could be done either by presenting the assessment or test in the same technological environment as the learning took place (e.g., participants learning in VR take the test in VR as well) or by choosing an alternative medium (e.g., participants using high and low immersive devices complete the test with paper and pencil).
Overall, it is not possible to conclude with certainty that presence has no influence on learning based on the findings presented in this piece of research and the similar previous studies. It could be that that presence has a positive effect on learning, but this positive effect is outweighed by the negative consequences of using a highly immersive VR headset (i.e., cybersickness, increased cognitive workload, wow-effect or context dependent memory). In this regard, additional research is needed in which the confounding effect of these different influencing variables for learning can be controlled. This is important since the use of highly immersive VR headsets used to increase presence in this research context is always directly linked with an increase in the other influencing variables (e.g., increased cognitive workload). Possibilities to handle these issues have been discussed above: new VR systems need to be developed that reduce the prevalence of cybersickness, the recruitment of experienced participants might reduce the wow-effect, knowledge tests should be conducted in the same environment as the learning has taken place and cognitive workload needs to be held constant. One possibility to overcome these issues in experimental research might be to refrain from comparing VR systems with computer screen environments but to manipulate a VR environment which induces different levels of presence while keeping cognitive demand, cybersickness and other aspects constant.
With regard to learning, it was rather astonishing that the location did not show any influence. The manipulation check showed that the noise level in the cafeteria was considerably above the one in the lab (56 dB compared to 30 dB). Subjective ratings of participants’ distraction and disturbance level also revealed significant differences between the two experimental conditions with the cafeteria being rated more disturbing and distracting than the lab. Since previous research has shown that noise (e.g., Cassidy and MacDonald, 2007) and interruptions (e.g., Altmann et al., 2014) have a negative effect on learning performance, it is intriguing that the location had no influence on learning in the present study. A possible explanation for this nil effect could be the sample of this study. Participants were students who are generally used to learn in noisy environments such as cafeterias and libraries. Accustomed to these places, their learning performance therefore might not have been influenced strongly enough. In addition, it could be speculated that the nil effects are a consequence of a participant behaviour particular in experimental studies. Although much effort has been put into making the experimental setup as natural as possible, participants were aware of the fact that they take part in a scientific study. This might have kept their concentration and focus on the presented content, while in a real learning situation, they might be more inclined to let themselves be distracted by the environment. This represents an extremely difficult challenge for future studies addressing the influence of the learning context experimentally. A possible approach could be a longitudinal field experiment, in which students’ learning success with different systems is compared over a longer period of time–if possible, in a natural environment as implemented in this study.
Additional limitations relate to the generalisability of the results. It should be noted that only students were considered for this study. A generalisation across this population is therefore not appropriate. But as students are an important group of potential users of VR systems for learning, these results seem to be of practical relevance for an important part of the population. However, it would be of considerable interest for future studies to evaluate whether similar results (especially with regard to noisy environments) could be obtained with different user groups (e.g., pupils, adult trainees etc.). A second limitation concerns the controls used in the experiment. The controls in the VR headset were slightly easier to use compared to the ones for the desktop computer. VR headset users only had to use one controller (PowerMate) while desktop computer users had to deal with two (mouse and PowerMate). Four participants reported this in the comment section of the questionnaire as a factor that made them prefer the VR headset. This is particularly important since usability has been shown to be an important factor influencing the suitability of VR for learning (Hupont et al., 2015; Fernandes et al., 2016; Dolezal et al., 2017; Bryan et al., 2018; dela Cruz and Mendoza, 2018; Veronez et al., 2018). Although it would have been preferable to have used the same interaction mode for both experimental conditions in this study, this was technically not feasible since navigation via head movement was not applicable for the desktop computer condition. We would, however, expect the higher usability of the VR system to have a positive effect on learning performance and hence would expect an increase in the learning performance in the VR condition compared to the desktop computer condition—which was not the case. Another possible issue might have been the chosen time to adjust and practice to the novel device. Three minutes is possibly not enough time to familiarize participants with a novel device like a VR headset or at least not enough to eliminate a preference for the desktop computer due to experience. Extra time could have also reduced a possible wow-effect. Participants should have been given more time with the VR headset to overcome the wow and experience effect, although it remains unclear and subject for future research how much additional interaction time should be accorded to novice participants in order to overcome those two effects. Another way to control for the wow-effect would be running the experiment with experienced VR headset users. Lastly, while this study chose to conceptualize learning as memorization, other forms of learning (i.e., psychomotor or embodied learning) might be of interest for future research (Seo et al., 2018; Alvarez-Lopez et al., 2020). In addition, the VR environment in this study was simulating a place illusion in a pointandclick manner which is highly similar to a traditional screen usage, while plausibility illusion or agency in the VR world has not been assessed but might be of interest for future research (Slater, 2017; Gruber and Kaplan-Rakowski, 2020; Hurault et al., 2021).
5 CONCLUSION
Evidence of this study indicates that highly immersive VR may not always be beneficial for memorization, despite the higher level of perceived presence experienced by students using the VR headset and despite the fact that students are isolated from noisy and distracting environments. These results suggest that the link between presence and memorization with highly immersive devices is not as strong as often expected. Although performance was lower with the VR headset, users subjectively preferred the VR headset compared to a low-immersive desktop system. This might suggest that the VR headset may be a useful device for learning, nevertheless. This might especially be the case taking into consideration that feelings of presence increase students’ motivation to learn (Psotka, 1995), suggesting that learning and presence might be positively correlated in the long run. Future studies should address the possible reasons for the reduced learning performance in VR (e.g., cybersickness, experience effect, wow effect, context-dependent memory) adopting a longitudinal research approach. This would provide in-depth knowledge of the VR learning processes and procedures that are necessary to create meaningful and useful learning environments for the future.
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