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Abstract
Introduction Myalgic encephalomyelitis/ chronic fatigue syndrome (ME/CFS) is a chronic condition which may be 
characterised by debilitating fatigue, post-exertional malaise, unrefreshing sleep, and cognitive difficulties. ME/CFS 
has significant negative impact on quality of life for those living with the condition. This may be exacerbated by a lack 
of knowledge within healthcare regarding the condition. Previous research has found that immersive virtual reality 
(VR) educational experiences within healthcare education can increase knowledge and empathy.

Methods The present study employed a quasi-experimental pre-test-post-test design to investigate the impact 
of a short immersive VR educational experience on knowledge of ME/CFS and empathy for those living with the 
condition. The VR experience placed participants into a virtual scene which told real life stories of the experience of 
people living with ME/CFS and their families. 43 participants completed in this pilot study: 28 medical students and 
15 primary care health professionals. Participants completed measures of knowledge of ME/CFS and empathy before 
and after engagement with the experience.

Results A statistically significant increase was found for levels of knowledge (p < .001, d = 0.74) and empathy (p < .001, 
d = 1.56) from pre-VR experience levels to post-VR experience levels with a medium and large effect size, respectively. 
Further analysis revealed no statistically significant difference between baseline levels of knowledge of ME/CFS 
between healthcare professionals and medical students.

Discussion The present study is the first to explore the use of this short immersive VR experience as an education 
tool within healthcare to increase knowledge of ME/CFS, and empathy for those living with the condition. Findings 
allude to the previously established lack of knowledge of ME/CFS within healthcare although promisingly the 
increases in knowledge and empathy found suggest that this immersive VR experience has potential to address this. 
Such changes found in this small-scale pilot study suggest that future research into the use of VR as an educational 
tool within this setting may be beneficial. Use of a control group, and larger sample size as well as investigation of 
retention of these changes may also enhance future research.
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Background
Myalgic Encephalomyelitis is a chronic condition which 
may be suspected from a presentation of debilitat-
ing fatigue, post-exertional malaise, unrefreshing sleep, 
and cognitive difficulties [1]. The condition was first 
described in the 1930s following an outbreak of similar 
symptoms among the staff of Los Angeles County Gen-
eral Hospital in 1934 [2]. Although case definitions since 
have differed and no one name for the condition has been 
agreed upon [3, 4], the present paper will use the com-
posite term Myalgic Encephalomyelitis/ Chronic Fatigue 
Syndrome (ME/CFS] as is most commonly used in the lit-
erature. An estimated three million people live with ME/
CFS in Europe [5]. However, prevalence estimates are 
also challenging as there is currently no diagnostic test 
nor effective treatment [6]. Recent research aims to bet-
ter understand the development of ME/CFS, for example 
‘DecodeME’, a large scale genome-wide association study 
[6]. Other research has suggested the condition is associ-
ated with viral infections [7–9].

ME/CFS has a significant impact on quality of life, with 
48% of those living with ME/CFS reporting an inability 
to engage in any productive activity [8]. Those living with 
the condition scored significantly lower on health-related 
quality of life than the population mean and the lowest 
of 20 conditions, including multiple sclerosis and stroke, 
with reports of fewer relationships and higher unemploy-
ment [10]. Additionally, people living with ME/CFS have 
commonly reported experiences of minimisation of their 
condition by health care professionals [11]. This may be 
heightened by General Practitioners (GPs) lack of knowl-
edge, and in some cases, an unwillingness to recognise 
ME/CFS as a genuine illness [12, 13]. For example, across 
a range of countries many doctors and medical students 
have reported that they are unsure that ME/CFS is real, 
while patients have reported suspicion of their condition 
by healthcare professionals [3, 12, 14–16].

Issues with diagnosis have been suggested to fuel the 
stigmatisation of the condition, with stereotypes and 
potential maltreatment of patients based on a lack of 
knowledge and awareness [11]. Hospital doctors reported 
a lack of formal teaching on ME/CFS, and knew little 
about the clinical manifestations of the condition, the 
appropriate management, and its impact on daily liv-
ing [16]. Further, in a survey of 811 UK GPs less than half 
of respondents correctly identified all three key clinical 
features of ME/CFS [3]. GP’s and hospital doctors have 
also reported a lack of confidence in diagnosing and 
managing ME/CFS patients [3, 16, 17] .

It is evident that health care professionals show a lack 
of knowledge in regard to ME/CFS and research has 
shown minimal, if any, training on the condition. For 
example, an analysis of 119 medical textbooks found 
information on the condition on only 0.09% of pages, 

indicating that ME/CFS was vastly underrepresented 
compared to other conditions  [18]. Further, only 13 of 
22 UK medical schools respondents taught about ME/
CFS, although no information was provided on what they 
taught [19]. Encouragingly, medical schools and hospital 
doctors are aware further training is required, and have 
expressed a willingness to engage with such [16, 19].

A European wide study of 23 experts in the field 
identified serious concerns among academics and 
medical experts regarding the lack of knowledge and 
understanding of ME/CFS among primary care physi-
cians  [20]. These experts expressed unanimous support 
for increased teaching on ME/CFS within undergradu-
ate courses, postgraduate training, and specifically within 
primary care. Little evidence exists for the incorpora-
tion of such education however, one case study found, 
increases in medical students’ empathy for those living 
with ME/CFS and their ability to better diagnose and 
manage the condition were found following engagement 
with a learning module [21].

Empathy is an important trait of health care profes-
sionals, with physician empathy linked to increased 
patient satisfaction [22–24]. Virtual reality [VR] may help 
to promote empathy and has shown promise as an edu-
cational tool within healthcare. For example, students 
from various health care courses reported positive learn-
ing and increased empathy following an immersive VR 
experience of a patient with vision and hearing loss [25]. 
Nursing and midwifery students also reported increased 
engagement and motivation to learn following an immer-
sive VR experience of a baby’s life in the womb  [26]. 
Students have shown satisfaction with VR learning 
experiences, rating such experiences as highly valuable 
and requesting their inclusion in curricula [27]. Further, 
gains in understanding of disease processes, patients’ 
experience, the challenges faced by family members’, and 
empathetic discourse have been found following VR edu-
cational experiences [27]. The immersive element of VR 
education may facilitate constructivist learning experi-
ences [28]. Constructivism emerged from Piaget’s devel-
opmental perspective and emphasises the importance 
of learners developing knowledge through experience 
rather than passively absorbing information [29]. This 
is in line with the effectiveness of interventions such as 
VR, specifically within medical education, for increasing 
knowledge, enthusiasm, and enjoyment [30].

Given the promise of VR as an educational tool cou-
pled with the discussed lack of existing knowledge and 
stigmatisation regarding ME/CFS, the condition may 
be amenable to an educational intervention such as VR. 
the present study aims to evaluate the effectiveness of 
an educational immersive VR experience in increas-
ing knowledge of ME/CFS and empathy for those living 
with the condition. As primary care health professionals 
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are likely the first point of contact for someone with 
symptoms of ME/CFS, and medical students are likely 
to encounter people living with ME/CFS in their future 
career, this evaluation will be conducted these groups. 
The objectives of this study were as follows:

1. To determine if engagement with the immersive VR 
experience improved medical students and primary 
care health professionals’ levels of knowledge of ME/
CFS.

2. To determine if engagement with the immersive VR 
experience improved participants’ levels of empathy 
for people living with ME/CFS.

Methods
Design and setting
This pilot study employed a quasi-experimental pre-test/
post-test design to compare participant knowledge and 
empathy before and after engagement with the immersive 
VR experience. It was conducted by undergraduate stu-
dent researchers under academic supervision and formed 
the basis of their degree dissertation. Questionnaires 
which measured knowledge and empathy were delivered 
immediately prior to and following the VR experience.

Population
Recruitment was supported by Queen’s University Bel-
fast, School of Medicine, Dentistry and Biomedical Sci-
ences, Ulster University, School of Medicine, the Derry 
GP Federation, Western Health and Social Care Trust, 
and Western Rural Healthcare. Recruitment and test-
ing occurred in Northern Ireland between November 
2022 and February 2023. A recruitment flyer was shared 
by both UU and QUB Medical schools to their student 
portals. This flyer contained a QR code at which poten-
tial participants could register their interest, and then 
were contacted by a member of the research team. Pri-
mary care health professionals were recruited through 
opportunistic sampling in a GP surgery local to a mem-
ber of the research team. Initial contact with the GP 
surgery was made via a letter, a member of the research 
team then attended the surgery to enable those working 
there to participate. This also led to snowball sampling 
of other primary care health professionals outside of this 
GP surgery.

Intervention
The immersive VR experience, ‘Discover ME’, was com-
pleted using a VR headset provided by ‘Hope 4 ME and 
Fibro NI’, a non-profit registered charity run by patients 
and volunteers. The experience was created by Deepa 
Mann-Kler along with the charity, who granted full per-
mission to use this for the purposes of this research. The 

VR experience was created as part of the charity’s aware-
ness and education campaign. The experience lasted 
just under seven minutes and placed participants into a 
virtual scene which told real life stories consisting of an 
animation accompanied by audio. The VR experience 
enables users to hear the experiences of people living 
with ME/CFS and their family members while looking 
around a virtual scene portraying animations of the indi-
vidual’s story. The stories presented incorporate facts 
about the condition, for example post-exertional malaise 
as the defining feature of the disease.

Survey instrument
The pre- and post-measures were designed and adminis-
tered using Qualtrics. Two separate questionnaires were 
administered: one for medical students and one for pri-
mary care health professionals. The medical student pre-
questionnaire recorded gender and year of study. Primary 
care health professionals were asked to indicate gender, 
role (e.g., GP, nurse, etc.) and their length of time work-
ing in primary care. Following these demographic ques-
tions, both questionnaires then included the 20-item 
knowledge of ME/CFS scale developed by experts in 
the field [16] (α = 0.71). This scale consisted of differ-
ent types of questions; 13 true/false (e.g. “ME resolves 
within 6 months”), and seven multiple-choice questions 
(e.g. “ME affects more… Men OR Women”). Finally, an 
adapted version of six-item empathy scale developed 
by Hannans et al. (2021) was completed [25]. This scale 
had previously been validated by content experts [25] 
and was adapted to reflect a patient living with ME/CFS 
rather than the originally included vision impairment 
(α = 0.44). Each item, (e.g. “I understand the perspective 
of a patient living with ME”) consisted of a seven-point 
Likert response scale ranging from 0 - strongly disagree, 
to 6 - strongly agree. Both scales were adapted for health-
care professionals to ensure they reflected their current 
career rather than their future careers.

Data collection
Participants attended a testing session where one 
researcher present. Participants were welcomed and 
assured that if, at any time, they became uncomfortable 
or did not wish to continue, they could remove the head-
set and inform the researcher.

Participants first completed the pre-questionnaire on 
Qualtrics which was accessed via a QR code presented by 
the experimenter and completed on the participants own 
device (e.g., mobile phone). A participant information 
sheet outlining details of the study and an informed con-
sent form were embedded within this pre-questionnaire 
and participants could not progress to the questionnaire 
until informed consent had been obtained.
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Once pre-measures had been completed a holding 
screen was displayed which informed the participant to 
let the researcher know they were ready for the VR expe-
rience. The researcher then assisted the participant to put 
on the VR headset and ensured they could see the title 
screen and hear the music. Once ready, the researcher 
pressed ‘play’ to begin the immersive experience. The 
experience did not require any movement or interaction 
from participants, but they could look around the virtual 
scene by moving their head. Therefore, participants com-
pleted the VR experience sitting down, with a member of 
the research team present at all times to assist the par-
ticipant if they wished to take the headset off or had any 
difficulty with participation.

When the experience ended, participants removed 
the headset and returned to the Qualtrics page to com-
plete the post-questionnaire. Finally, participants 
were debriefed and thanked. The entire session took 
15–20 min.

Ethics
Queen’s University Belfast, Faculty of Engineering and 
Physical Sciences Research Ethics Committee granted 
ethical approval for this study on October 28th 2022 
(Ref: EPS 22_349) after considering benefits and risks 
and ensuring participants autonomy would be respected. 
All participants provided informed consent via an online 
form. All methods were performed in accordance with 
the Declaration of Helsinki [31].

Data analysis
All analyses were conducted in SPSS version 28. Knowl-
edge scale data were coded as zero for incorrect answers 
and one for correct answers; total knowledge scores rep-
resented the number of correct answers provided. Empa-
thy scale data was coded based on the Likert response 

scale ranging from zero (strongly disagree) to six 
(strongly agree). A number of items were reverse coded 
to ensure higher scores reflected either more accurate 
knowledge or higher empathy levels.

Descriptive statistics were performed to observe demo-
graphic details of the participant sample. Two paired 
t-tests were then conducted to examine the change from 
pre-test to post-test for both the knowledge and empa-
thy scales. Cohen’s d was calculated as a measure of effect 
size by dividing the difference between the pre- and post-
test means by the pooled standard deviation.

Additionally, an independent samples t-test was con-
ducted to examine any difference between medical stu-
dents and primary care health professionals’ level of 
baseline knowledge. Due to three t-test analyses in total, 
a Bonferroni correction was applied to the alpha value 
when determining the statistical significance of the 
results of the analyses to reduce the risk of false positives 
associated with multiple comparisons [32]. Alpha (0.05) 
was divided by the total number of comparisons (3) to 
give a value of α = 0.017. Results were therefore only con-
sidered to be statistically significant if their associated 
p-value was 0.017 or below.

Results
In total, 43 participants (Table 1) were recruited to evalu-
ate the impact of the immersive VR experience on knowl-
edge of ME/CFS and empathy for those living with ME/
CFS as assessed by pre- and post-questionnaires. 28 par-
ticipants were medical students while 15 were primary 
care health professionals (three GPs, 11 first contact 
physiotherapists, and one advance practice paramedic). 
Most participants were female (67.4%), and medical stu-
dents represented the majority of the sample (65.1%). 
Medical students’ level of study ranged from first to fifth 
year with the majority in their third year of study (25.6%). 
Most health professionals had worked in primary care for 
less than five years (25.6%). Table 1 provides participant 
demographics.

Pre-test to post-test changes in knowledge and empathy
Knowledge
Due to non-normally distributed data, the non-para-
metric Wilcoxon signed-rank test was used to deter-
mine whether there was a statistically significant 
difference between pre- and post-test levels of knowl-
edge of ME/CFS. Descriptive statistics (Table  2) show 
that post-test scores were higher than pre-test scores. 
Participants showed increased scores on post-test mea-
sures (Mdn = 30) compared to their mean pre-test score 
(Mdn = 26), a statistically significant increase of Mdn = 3, 
Z = 4.86, p < .001, with medium effect size d = 0.74.

Table 1 Participant descriptive statistics
Descriptive Statistics N %
Gender Male 14 32.6

Female 29 67.4
Role Medical Student 28 65.1

General Practitioner 3 7.0
First Contact Physiotherapist 11 25.6
Advanced Practice Paramedic 1 2.3

Level of 
Experience

First year medical student 5 11.6
Second year medical student 6 14.0
Third year medical student 11 25.6
Fourth year medical student 1 2.3
Working in primary care for less than 5 
years

11 25.6

Working in primary care for 5–10 years 1 2.3
Working in primary care for more than 10 
years

3 7.0
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Empathy
A paired-sample t-test was used to determine whether 
there was a statistically significant difference between 
pre- and post-test levels of empathy for those living 
with ME/CFS. Descriptive statistics (Table  3) show that 
post-test scores were higher than pre-test scores. Par-
ticipants showed increased scores on post-test measures 
(M = 30.02, SD = 2.89) compared to their mean pre-test 
score (M = 24.37, SD = 3.80), a statistically significant 
mean increase of 5.65, 95% CI [6.79, 4.51], t(42) = 10.01, 
p < .001, with large effect size, d = 1.56.

Medical student baseline knowledge compared to primary 
care health professionals
Post hoc analysis found no statistically significant differ-
ence on pre-questionnaire knowledge levels between the 
two groups of participants: medical students and primary 
care health professionals. Table  4 presents descriptive 
statistics for baseline knowledge levels.

Summary of results
To summarise, 43 participants (28 medical students and 
15 primary care health professionals) were recruited 
to evaluate the impact of an immersive VR experience 
on knowledge and empathy regarding ME/CFS. Pre- 
and post-test analysis revealed statistically significant 
(p < .001) median increases in both knowledge of ME/
CFS (with medium effect size) and empathy for those liv-
ing with the condition (with large effect size) following 
engagement with the VR experience. These results are 
presented in graphical form in Fig.  1. No group differ-
ences were found on pre-test levels of knowledge.

Discussion
ME/CFS is a debilitating chronic condition [1] of 
which healthcare professionals’ knowledge is lacking 
[3, 11, 13, 16]. GP’s and hospital doctors have, however, 

acknowledged their lack of confidence in the diagnosis 
and management of ME/CFS and expressed a willing-
ness to engage with education initiatives [16, 17, 19]. To 
the best of the authors’ knowledge this is first study to 
investigate the utility of an immersive VR experience as 
an educational intervention within this context. Follow-
ing engagement with the experience, participants showed 
both increased knowledge of ME/CFS and improved 
empathy for those living with the condition. These 
improvements highlight the potential of this experience 
as an educational tool for medical students and health-
care professionals.

The portrayal of individual experience of ME/CFS has 
been suggested to facilitate positive attitudes toward ME/
CFS [3]. VR represents an innovative method to facili-
tate this. Existing evidence has suggested that immersive 
VR experiences can increase healthcare student knowl-
edge in other contexts such as disease processes, and the 
experience of patients and family members [27, 30]. Tak-
ing these factors into account, the present study extends 
this previous literature to the context of ME/CFS as par-
ticipants showed increased levels of knowledge of ME/
CFS following the VR experience. Given the discussed 
lack of knowledge of the condition [3, 16, 17], this find-
ing is promising as this VR experience may have poten-
tial as an educational tool for current and future health 
professionals.

Participants also showed increased empathy following 
engagement with the VR experience, although interpreta-
tions of this finding are limited due to a lack of internal 
validity within the scale used to measure empathy. How-
ever, increased empathy is in line with previous research 
regarding the utility of VR for increasing healthcare stu-
dent empathy for patients with other conditions, such as 
those with vision and hearing loss [25, 33]. Health care 
professionals’ empathy has been linked to increased 
patient satisfaction [22–24]. This may be of increased 

Table 2 Descriptive statistics for pre-test and post-test total knowledge scores
N Range Minimum Maximum Mean Std. Deviation

Knowledge pre-test 43 18 17 35 25.93 4.35
Knowledge post-test 43 21 19 37 29.53 4.30
Valid N (listwise] 43

Table 3 Descriptive statistics for pre-test and post-test total empathy scores
N Range Minimum Maximum Mean Std. Deviation

Empathy pre-test 43 14 16 30 24.37 3.80
Empathy post-test 43 14 22 36 30.02 2.89
Valid N (listwise) 43

Table 4 Descriptive statistics for pre-test knowledge scores between groups
N Range Minimum Maximum Mean Std. Deviation

Medical student pre-knowledge score 28 15 17 32 25.61 4.10
Primary care health professional pre-knowledge score 15 15 20 35 26.53 4.87
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importance within the context of ME/CFS due to patient 
reports of stigmatisation and suspicion from healthcare 
professionals regarding their condition [11, 14].

Taken together, these findings suggest that the immer-
sive VR experience evaluated shows promise as an educa-
tional tool within medical education for medical students 
and primary care health professionals. The convenience 
of the experience, which lasts for less than seven minutes, 
may be beneficial to incorporate into the busy schedules 
of those working primary care. This may help to address 
concerns regarding the need for increased teaching on 
ME/CFS, specifically within primary care [20].

It is also interesting to note that no statistically signifi-
cant difference was found between levels of knowledge 
measured prior to the VR experience (baseline knowl-
edge) between primary care health professionals and 
medical students. Given that levels of knowledge may be 
expected to increase with experience level, it is surprising 
that those working in primary care did not show some-
what greater levels of knowledge than medical students. 
This finding alludes to the lack of knowledge of ME/CFS 
even in experienced practitioners [13, 17].

Strengths and limitations
Both knowledge and empathy were found to increase fol-
lowing engagement with this immersive VR experience. 
This is a promising result of a short experience provid-
ing information, via real life patient stories, on ME/
CFS which suggests such an educational tool may be 

beneficial in medical education regarding not only ME/
CFS but other chronic conditions of which knowledge 
may currently be lacking.

Empathy was measured using an adapted version of 
a questionnaire developed by experts in the field of VR 
education [25] which was found to have a lack of internal 
validity as assessed by Cronbach’s alpha. This may have 
been a result of adapting the questionnaire to represent 
empathy for those living with ME/CFS. Although this 
questionnaire was designed specifically for pre- and post-
VR experiences, future research may benefit from use of 
a more validated measure of empathy. Additionally, self-
report measures were used which may be influenced by 
social desirability bias and interpretation, which has been 
shown particularly in relation to empathy self-reports 
[34, 35].

This was a small-scale pilot study, and although results 
are promising, the study is limited by low statistical 
power. This low sample size limits the generalisability of 
the results, however the inclusion of both medical stu-
dents and health professionals working in primary care 
may suggest the intervention’s potential within both 
academic and professional medical settings. Addition-
ally, the generalisability of the results to other healthcare 
professions and student groups is limited by the homo-
geneity of the sample. Therefore, evaluation of the expe-
rience with an increased sample size, and inclusion of 
more varied healthcare experiences and roles, within a 

Fig. 1 Increases in knowledge and empathy from pre- to post-test levels
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randomised control trial (RCT) would facilitate more in-
depth conclusions.

Future directions
Although the increases in knowledge and empathy after 
a short experience are promising, it is not possible to 
draw conclusions on retention of this knowledge as post-
test data was obtained directly after engagement with 
the experience. An additional questionnaire time-point 
sometime after the experience may help to shed light on 
any maintained impact of the resource on medical stu-
dents’ or health care professionals’ future practice. In 
addition, future research may consider whether increased 
knowledge and/or empathy, as a result of such interven-
tion, can positively impact patient outcomes.

The present study solely evaluated the VR experience as 
a tool for increasing knowledge and empathy. Although 
this is a convenient educational tool, it may be helpful to 
incorporate the experience into a more in-depth training 
session on ME/CFS which could lead to enhanced knowl-
edge of the condition. It may also be helpful to compare 
the impact of the immersive VR experience with other 
interventions. Although the pre- and post-test design of 
the present study allowed evaluation to occur in a conve-
nient and cost-effective manner, this design does not have 
a comparison or control group. Future research may ben-
efit from comparing the results of a VR group to other 
interventions such as an information session, or a stand-
alone video. Although these may be more convenient 
to incorporate within medical education, some of the 
benefits of an immersive experience may be lost. Addi-
tionally, a control group may enable conclusions regard-
ing the causal effect of the VR experience on knowledge 
and/or empathy as other confounding variables could be 
accounted for.

Conclusion
The use of an immersive VR experience has demonstrated 
increases in both knowledge of ME/CFS and empathy for 
those living with the condition in a participant sample of 
medical students and primary care health professionals 
in this small-scale pilot study. This represents an innova-
tive and convenient method which may help to address 
gaps within medical education and improve patient expe-
rience. However, future research is needed to test the 
intervention with a larger population and within an RCT 
to provide more reliable evidence regarding effectiveness.
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