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Abstract: Background: Virtual Reality (VR) is utilized in health simulations as a method for presenting clinical 

cases. VR experiences offer numerous advantages such as interactivity and a high level of immersion, which 

enhance performance compared to conventional teaching methods. The extent of immersive VR's impact on 

cognitive load remains insufficiently investigated. This experimental cross-over study aimed (a) to assess students' 

cognitive load, (b) to evaluate the usability, intrinsic motivation, and cybersickness of the system, and (c) to 

compare students' performance in resolving two clinical cases between immersive VR and non-immersive 

conditions. 

Method: Twenty students were included in this study. We developed two physiotherapy clinical cases 

(musculoskeletal and respiratory) as 360° videos. The clinical cases were randomized between exposure 

conditions: immersive VR using a head-mounted display (HMD) and non-immersive VR using a laptop. 

Performance was evaluated through multiple-choice questions, cognitive load was measured using functional near-

infrared spectroscopy, and usability, intrinsic motivation, and cybersickness were assessed using the System 

Usability Scale, Intrinsic Motivation Inventory, and Simulator Sickness Questionnaire, respectively. 

Results: There was no significant difference between the scores obtained with the HMD and the laptop (p = 0.245). 

Results indicated a higher activation of the prefrontal cortex with the laptop condition (p = 0.007). Usability was 

significantly better (p = 0.005), and the number of reported side effects was lower for the computerized condition, 

whereas intrinsic motivation was similar. 

Conclusion: Immersive VR led to a lower cognitive load compared to non-immersive VR. Despite similar 
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performance between the two exposure conditions, usability was superior, and side effects were fewer for the 

computerized condition. 

Keywords: Virtual reality simulation, Cognitive load, Immersive VR, Functional neuroimagery 

Résumé : Contexte : La réalité virtuelle (RV) est utilisée dans la simulation médicale pour présenter des cas 

cliniques. Les expériences en RV offrent de nombreux avantages tels que l'interactivité et un haut niveau 

d'immersion, mais l'impact de la RV immersive sur la charge cognitive reste insuffisamment exploré. Cette étude 

expérimentale visait (a) à mesurer la charge cognitive des étudiants, (b) à évaluer la facilité d'utilisation, la 

motivation intrinsèque et le cybersickness du système, et (c) à comparer les performances des étudiants dans la 

résolution de deux cas cliniques entre les conditions de RV immersive et non immersive. 

Méthode : Vingt étudiants ont été inclus dans cette étude. Nous avons développé deux cas cliniques de 

kinésithérapie (musculo-squelettique et respiratoire) sous forme de vidéos 360 degrés. Les cas cliniques ont été 

répartis de manière aléatoire entre RV immersive à l'aide d'un visocasque et RV non immersive à l'aide d'un 

ordinateur portable. Les performances ont été évaluées à l'aide d’un QCM, la charge cognitive a été mesurée à 

l'aide de la spectroscopie proche infrarouge fonctionnelle, et la facilité d'utilisation, la motivation intrinsèque et le 

cybermalaise ont été évalués respectivement à l'aide de la System Usability Scale, de l’Intrinsic Motivation 

Inventory, et du Simulator Sickness Questionnaire. 

Résultats : Aucune différence significative n'a été observée entre les scores obtenus avec le visocasque et 

l'ordinateur portable (p = 0,245). Les résultats ont indiqué une activation plus élevée du cortex préfrontal avec la 

condition de l'ordinateur portable (p = 0,007). La facilité d'utilisation était significativement meilleure (p = 0,005), 

et les effets secondaires rapportés était plus faible pour la condition informatique, tandis que la motivation 

intrinsèque était similaire. 

Conclusion : La RV immersive a entraîné une charge cognitive inférieure par rapport à la RV non immersive. 

Malgré des performances similaires entre les deux conditions d'exposition, la facilité d'utilisation était supérieure 

et les effets secondaires étaient moins nombreux pour la condition sur ordinateur. 

Mots clés : Simulation virtuelle, Charge cognitive, Réalité virtuelle, Neuroimagerie fonctionnelle 
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Introduction 

Case-Based Learning (CBL) serves as a pivotal method in healthcare education, using genuine clinical 

cases within a controlled learning environment to prepare students for real-world clinical practice (1). It 

allows students to apply theoretical knowledge to tangible clinical scenarios. CBL exists in various 

forms, from text-based to simulation with acting or virtual patients. In this regard, virtual reality (VR) 

is an effective tool for medical and paramedical education, enabling the simulation of specific situations 

in virtual environments (2). VR facilitates learning from real-life scenarios, allowing practice, error 

learning, and skill repetition without endangering patients (3). In this sense, the design of VR scenarios 

can focus on specific skills such as communication, decision-making, critical thinking, or clinical 

reasoning skills (4).  

Environments within VR can derive from real-life sources (videos and photos) or artificial content 

typically generated by computer (5). VR environment encompasses different levels of immersion, from 

non-immersive experiences introduced on a 2D screen, such as a laptop, to immersive experiences, 

integrated with a Head-Mounted Display (HMD). The degree of immersion varies based on the device 

used, defining the subjective sensation of “being in the environment” (6). Interactivity with the 

environment might also fluctuates; for instance, in a 360° video, students have the ability to explore but 

not interact within the environment (7). Medical fields like surgery employ interactive content, allowing 

students to actively influence the ongoing task and simulate real-life decision-making (2). 

These different aspects of VR significantly impact learners' motivation and the cognitive load (CL) 

associated with the learning process (8,9). In essence, learning requires the assimilation of new 

information that the working memory (WM) processes to effectively store it in long-term memory (10). 

However, WM has limited capacities for temporary storage and manipulation of information (10,11), 

making it susceptible to the CL of the ongoing task. CL is categorized into intrinsic, extraneous, and 

germane loads, according to the CL theory (12,13). Intrinsic load involves task complexity modulated 

by user knowledge, while extraneous load relates to task presentation and procedure execution. Germane 

load encompasses WM for managing the learning process. Therefore, it is crucial to identify and assess 

these factors by considering the devices and levels of immersion in a learning task, to prevent WM from 

overloading and optimize CBL in VR scenarios. 

CL assessment methods include indirect, subjective, efficiency measures, or secondary task assessments 

(12). Frederiksen and colleagues evaluated CL in laparoscopic surgery simulation using immersive and 

non-immersive VR via secondary task reaction time, noting higher CL and lower performance in 

immersive VR (14). Another study from Chao and colleagues compared CL of medical students during 

history-taking and physical examination, finding higher intrinsic load in 360° video but superior 

procedural skill evaluation results (15). 
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Additionally, CL can be assessed physiologically by monitoring variations in brain activity through 

neuroimaging techniques such as functional Magnetic Resonance Imaging (fMRI), 

Electroencephalography (EEG), or functional Near-Infrared Spectroscopy (fNIRS). Specifically, the 

prefrontal cortex (PFC) plays a crucial role in WM and task response (16). Studies using fNIRS reported 

increased PFC activation with heightened WM task difficulty (17,18). Aksoy and colleagues evaluated 

PFC activation during a healthcare training course with VR, finding decreased fNIRS signals with 

increased familiarity and practice, potentially indicating decreased CL (19). However, no studies 

comparing CL across different VR devices using fNIRS have been reported. 

Therefore, this experimental cross-over study aimed to (a) assess students' CL using fNIRS and (b) 

evaluate performance during two clinical cases in immersive versus non-immersive VR conditions. We 

hypothesized that PFC activation would be higher in immersive VR irrespective of clinical case; and 

that performance would be superior in immersive VR. Secondary objectives were to assess VR 

experience through intrinsic motivation, usability and cybersickness. We hypothesized that immersive 

VR would show higher motivation and usability, but more cybersickness than non-immersive 

environment. 

Method 

Population 

This original research took place between November 25 and December 7, 2022, at the ILFOMER 

(Institut Limousin de Formation aux Métiers de la Réadaptation) in Limoges, France. The study was 

presented as a mandatory class for 5th year physiotherapist (PT) students from ILFOMER, with 

voluntary participation in the study. The inclusion criteria were being a 5th PT student, having a normal 

or corrected to normal vision, having a normal or corrected to normal hearing and agreeing to participate 

in this study. The exclusions criteria were having a neurological or cerebral pathology, having known 

effects on VR, having a contraindication to VR, putting the VR device down during the exercise, leaving 

the clinical case interface, and not finishing the clinical case. Before the start of the study, informed 

consent was obtained from all participants. They were informed of their right to refuse participation and 

stop the simulation at any time if they had to.  

All participants begin by VR and continued with laptop. Then, they were assigned to one of the two 

groups, one group did the musculoskeletal clinical case with the HMD first and then the respiratory, and 

second group does the inverse. 
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Intervention 

The intervention timeline is visually represented in Figure 1. Participants underwent a 15-minute 

briefing, which included instructions on how to navigate the online 360° platform, an overview of the 

clinical cases' objectives, guidance on what to anticipate, and instructions on responding to multiple-

choice questions (MCQs). Additionally, we provided a comprehensive presentation on the fNIRS 

device, covering its installation, utility, and characteristics 

Subsequently, we proceeded to install both the fNIRS device and the Head-Mounted Display (HMD), 

as depicted in Figure 2. During the first clinical case, participants were positioned at the center of a 

fictitious circle with a diameter of 2 meters, ensuring an obstacle-free environment. Upon completion 

of the HMD case, the device was removed, and participants were directed to complete an online 

questionnaire on a laptop, focusing on their experience with the simulation device 

For the second clinical case, participants stood in front of a stand with the laptop set at eye level. After 

concluding the case, we removed the fNIRS device and instructed participants to respond to the online 

questionnaire for the second time. 

Prior to each condition (HMD and laptop), a 25-second baseline recording was conducted, during which 

participants were instructed to stand quietly without any movement. 

Figure 1: The intervention timeline 

 

Figure 2: Immersive VR and non-immersive VR device installation 
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Clinical case production 

We developed two clinical cases in two physiotherapy fields: respiratory (initial assessment of a patient 

with chronic obstructive pulmonary disease (COPD)) and musculoskeletal (initial consultation with a 

patient with a knee sprain). Both cases adhered to the French recommendations for physiotherapy 

assessments (Ministry of Social Affairs, Health, and Women's Rights 2015) and the International 

Classification of Functioning, Disability and Health (World Health Organization 2001). The scenarios 

were designed based on specialized literature (20,21). For the respiratory case, we enlisted a patient 

from Limoges University Hospital to participate in the scenes, while for the musculoskeletal case, we 

engaged an actor. All actors provided signed authorization for image rights. Both scenarios underwent 

review by registered French physiotherapists. 

The clinical cases included 360° videos and photos captured with an Insta360 Pro (Insta360, Shenzhen, 

China), 2D videos and photos recorded with an iPhone 12 mini (Apple, Cupertino, USA), and audio 

recordings using a Tascam DR-40X microphone and an EW 100 G4-ME2-B wireless set (Sennheiser 

electronic GmbH & Co. KG, Wedemark, Germany). Insta360Stitcher version 3.0.0 (Insta360, Shenzhen, 

China) was used for the stitching of 360° media. The footage underwent editing in Adobe Premiere Pro 

(Adobe Inc., San Jose, USA) and was transformed into an interactive virtual environment using Uptale 

(Uptale, Paris, France). Additional documents, such as prescriptions and further tests, were displayed. 

In the clinical cases, participants assumed the role of physiotherapy trainees observing the interactions 

between the physiotherapist and the patient. Each clinical case comprised four segments: i) patient's file, 

ii) anamnesis, iii) clinical and functional tests, and iv) multiple-choice questions (MCQ) (Figure 3). 

These MCQ focused on the patient's characteristics and the participant's reasoning regarding the 

International Classification of Functioning (ICF) and the treatment plan. Each case had a duration 

ranging from 20 to 30 minutes. 

The VR modules were presented on two supports: a HMD Meta Quest 2 (Menlo Park, California, USA) 

with its two controllers and an HP laptop (Palo Alto, California, USA) with a wired mouse. 



RSE2R N°1 | 2023 :  

https://www.unilim.fr/rse2r - ISSN : 3038-3617 

 7 

Figure 3: Musculoskeletal clinical case. A: clinical test and B: MCQs 

 

Assessment 

Performance and cognitive load 

To assess students’ performance, we developed a scale to mark the MCQ’s answers, which resulted in 

scores out of 20. Each question was out of 1 point, with 0.25 points awarded for each item correctly 

checked.  

To assess the CL, we used the PortaLite fNIRS system (Artinis Medical Systems, Elst, the Netherlands) 

to measure changes in HbO2 and HHb concentrations. The PortaLite uses near infrared light, transmitted 

at 2 wavelengths, 760 and 850 nm. Data were sampled with a frequency of 10 Hz. One probe was 

positioned on the left side of the forehead the other one on the right side, above the VR HMD, to measure 

PFC activity. The probes were held with a headband and shielded from ambient light by a black patch 

covering the forehead. Oxysoft version 3.0.97.1 (Artinis Medical Systems, Elst, the Netherlands) was 

used for data collection. Concentration changes of HbO2 and HHb in the PFC were calculated from the 

changes in detected light intensity using the modified Lambert-Beer law, assuming constant scattering. 

The PortaLite probes are both composed of 3 transmitters and 1 receiver, with transmitter-receiver 

distances of 30, 35, and 40 mm. The concentrations of HbO2 and HHb were exported and processed in 

HOMER3 (MATLAB and Statistics Toolbox Release 2012b, The MathWorks, Inc, Natick, MA). 

Because HbO2 has been reported to be a more accurate indicator of cortical activity, we only used 

statistical analysis of HbO2 (22). Regarding the signal processing, the same procedure as the one applied 

in Maidan and colleagues (2016) was used (23). A bandpass filter with frequencies of 0.01 to 0.14 Hz 

was used to reduce physiological noise such as heartbeat and drift of the signal. A wavelet filter was 

used to remove motion artefacts, followed by correlation-based signal improvement (CBSI). HbO2 
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concentration signals of the three channels of each probe were averaged, resulting in an HbO2 signal 

for the left PFC and one for the right. The two baselines (HMD and laptop) consisted of 25 seconds of 

standing, with participants instructed to stand quietly, with no movement. The last 10 seconds of the 

baseline, just before the task, were averaged and referred to as the baseline’s concentration. Time 

markers were put at the beginning of each part of the clinical case (patient’s file, anamnesis, clinical and 

functional tests and MCQ). Since task duration differed between each participant and for each task in 

both conditions, average HbO2 concentrations were made from the minimal common time of activity 

for each part, regardless of condition or case. The minimum common time for each part was:  23s for 

the patient’s file, 86s for the anamnesis, 199s for the tests and 154s for the MCQs. In addition, the first 

6s of activity of each task were excluded to take into account the hemodynamics response delay. Each 

baseline concentration was subtracted from the average concentration during the task performance, 

resulting in the relative activity during each specific task. 

VR experience 

To assess participants' intrinsic motivation for each clinical case, we translated in French the subscale 

Interest/Pleasure from the Intrinsic Motivation Inventory by Ryan (24) validated in English by (25). We 

used the 6 first items of this subscale. They are marked on a 7-point Likert scale from “1 strongly 

disagree” to “7 strongly agree”.  

System’s usability was assessed with the validated French System Usability Scale (SUS) (26), consisting 

of 10 items marked on a 5-point Likert scale from 1 “strongly disagree” to 5 “strongly agree”.  We also 

translated the Single Item Adjective Rating of Usability scale from Bangor et al (27), consisting of 7 

adjectives from “the worst imaginable” to “the best imaginable”. 

We used the Simulator Sickness Questionnaire (SSQ) items to assess the symptoms felt after each 

clinical case (28,29). For each item, participants answered “yes” or “no” depending on whether they felt 

the symptom or not. 

Statistical analysis 

The data were analyzed using, Jasp version 0.17.1.0. We checked the normality distribution by 

conducting Shapiro-Wilk tests and checked variance homogeneity with Levene’s tests. To analyze 

performance, we used an two-way ANOVA with the condition (HMD and laptop) and clinical cases 

(musculoskeletal and respiratory) as fixed factors. A Shapiro-Wilk test confirmed the non-normality of 

our fNIRS data. A Kruskal-Wallis test was then conducted to compare the differences in HbO2 levels 

between conditions (HMD and laptop) and clinical cases (musculoskeletal and respiratory). To analyze 

IMI, SUS and SSQ scores we used paired sample t-tests between the HMD and laptop data. The 

significance level was set up at a p value <0.05.  
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Results  

A total of 20 participants were recruited, of which 10 were males (50%) and 10 were females (50%). 

The median age was 24 years (IQR 23-24). 

Performance and cognitive load 

There is no significant difference between the scores obtained with the HMD and the laptop (HMD: 

15.6 points; laptop: 16.1 points. p= 0.245). 

There was a significant effect of condition (p = 0.007) with a higher PFC activation in the laptop 

condition compared to the HMD condition (laptop condition mean HbO2 concentration: -22.64 ±1.10 

μmol.L-1; HMD condition mean HbO2 concentration: -49.12±7.13 μmol.L-1). There was no effect of 

conditions on HbO2 levels according to different parts (see Table 1). 

Table 1: Mean HbO2 concentration (μmol.L-1) by task and by condition and p values 

 
 HMD  Laptop 

p value 

Patient’s file  -23.10±1.15 -14.40±1.42 0.488 

Anamnesis  -69.00±1.03 -33.70±1.10 0.113 

Clinical and functional 

test 
 -63.10±9.94 -36.30±1.24 0.279 

Multiple choice questions  -41.30±7.61 -62.30±1.18 0.107 

Total  -49.12±7.13 -22.64±1.10 0.007 

VR experience 

The IMI, SUS and SSQ outcomes data are presented in Table 2. For the IMI, there was no significant 

difference between the scores with 6.30±0.68 for the HMD condition and 6.05 ±1.03 for the laptop one 

(t-test p= 0.258). 

For the SUS, the laptop score (91.71±8.08) was a significantly higher (p=0.05) than the HMD score 

(81.28±9.70). For the laptop condition it was “Ok”: 2 participants, “Good”: 10 participants and 

“Excellent”: 8 participants.  For the HMD condition, the adjectives chosen on the Single item Adjective 

Rating of Usability were “Ok”: 3 participants, “Good”: 11 participants and “Excellent”: 6 participants. 

Concerning the SSQ, all the symptoms were felt more during the HMD condition than the laptop 

condition, except difficulty concentrating (HMD: 11; laptop: 11), stomach awareness (HMD: 1; laptop: 

1) and burping (HMD: 1; laptop: 1) that were equally felt in both conditions. With the HMD condition, 
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more than half of the participants felt general discomfort (13), fatigue (12), eyestrain (19), difficulty 

focusing (11), difficulty concentrating (11), fullness of head (15) and blurred vision (17). With the HMD 

condition, all participants felt at least 2 symptoms. With the laptop one, the most felt symptoms were 

fatigue (9), eyestrain (12) and difficulty concentrating (11), and 4 participants felt no symptoms. 

Table 2: IMI, SUS and SSQ results 

 HMD LAPTOP p-value 

IMI 

Mean score /7 (SD) 

n = 20 

6.30±0.68 6.05±1.02 0.258 

SUS 

Mean score /100 (SD) 

n = 20 

81.28±9.70 91.71±8.1 <0.05 

SSQ  

nb (%) 

n = 20 

   

General discomfort 13 (65) 5 (25) / 

Fatigue 12 (60) 9 (45) / 

Headache 9 (45) 6 (30) / 

Eyestrain 19 (95) 12 (60) / 

Difficulty focusing 11 (55) 5 (25) / 

Increased salivation 2 (10) 1 (5) / 

Sweating 7 (35) 3 (15) / 

Nausea 4 (20) 0 (0) / 

Difficulty concentrating 11 (55) 11 (55) / 

Fullness of head 15 (75) 6 (30) / 

Blurred vision 17 (85) 3 (1) / 

Dizzy (eyes open) 6 (30) 1 (5) / 

Dizzy (eyes closed) 1 (5) 0 (0) / 

Vertigo 4 (20) 1 (5) / 

Stomach awareness 1 (5) 1 (5) / 

Burping 1 (5) 1 (5) / 

Legend: IMI: Intrinsic Motivation Inventory; SUS: System Usability Scale; SSQ: 

Simulator Sickness Questionnaire; nb: number 

Discussion 

Our results revealed higher PFC activity in non-immersive VR on a 2D screen compared to immersive 

VR through an HMD. Participants exhibited similar performances both setups.  

Interestingly, our results deviate from the current literature, which support a higher CL in immersive 

VR conditions. A potential explanation for this difference originates from the content displayed. 
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Frederiksen and colleagues used two distinct VR conditions with substantial differences: a simulated 

surgery on a 2D screen (non-immersive VR) for the control group and the same procedure on in a fully-

presented operating room environment in a HMD (immersive VR) for the intervention group (14). The 

additional environment available only in the immersive VR condition increased the quantity of 

information processed by the participants, potentially leading to heightened CL and worse performances. 

Likewise, Chao et al. used HMD in both conditions but with different fields of view (15). Specifically, 

they presented an operating room with a 360° view in one condition and a 2D video limited to a 120° 

view from another perspective in the other condition. The increased quantity of information in the 360° 

condition might explain the related higher PFC activity. In contrast, our study presented identical 360° 

video with the same quantity of information in both the immersive and the non-immersive conditions. 

The consistency of the intrinsic load could explain the absence of difference in performance for our 

participants between the two conditions. Regarding PFC activity, the use of HMDs facilitated natural 

and effortless spatial exploration of the environment through head movements, while spatial navigation 

on a laptop requires using a computer mouse. This difference in access to information might have 

contributed to reducing the extraneous load in immersive VR, thus decreasing the overall CL and PFC 

activity.  

Concerning VR experience, no significant difference of intrinsic motivation was observed between the 

conditions. While the level of immersion varied, 360° videos did not allow for direct interaction with 

the environment in both setups (7). Students could not ask the patients additional questions, gather more 

information, conduct additional clinical tests, or perform them differently. This lack of interaction may 

explain the similar intrinsic motivation, irrespective of the device used. Regarding the usability, both 

HMD and laptop SUS scores demonstrated acceptable usability based on the scale proposed by Bangor 

and colleagues (27). Novelty of an HMD device for participants could explain the lower score in contrast 

to the familiarity of a laptop. Regarding the SSQ, the number of participants presenting each symptom 

was higher with the HMD than with the laptop. Cybersickness can result in discomfort, fatigue, 

headache, nausea, disorientation, difficulty concentrating and blurred vision (6). While this difference 

did not affect performance scores, futures studies should assess the impact of cybersickness on usability 

and motivation, as well as the impact of exposition on cybersickness, with multiple training sessions. 

This study presents some limitations. Participants were all recruited from the same PT institute and had 

followed the same training. It would be interesting to assess CL with a similar multicentric study, 

increasing the number of participants and the background from several PT institutes. Regarding brain 

activity, while the current study used filtering techniques to minimize motion artefacts and physiological 

noise, future studies should use fNIRS devices with short-separation channels to reduce artefacts more 

efficiently.  
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Conclusion 

In our study we found that CL was higher during the clinical case in non-immersive VR compared to 

the immersive one. A possible explanation could be that with a HMD information is more easily 

accessible than on a computer.  

The device used to introduce the clinical case had no impact on students' performance. This may suggest 

that in terms of performance, the HMD may be as relevant a choice of medium as the computer. 
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