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Abstract

Virtual reality supported therapy for the negative symptoms of 
schizophrenia: the V-NeST feasibility RCT

Matteo Cella ,1,2* Paul Tomlin ,1 Daniel Robotham ,3 Patrick Green,1 
Helena Griffiths,1 Daniel Stahl 1 and Lucia Valmaggia 1,2,4

1Institute of Psychiatry, Psychology and Neuroscience, King’s College London, UK
2South London and the Maudsley NHS Trust, UK
3McPin Foundation, London, UK
4Katholieke Leuven Universitet, Belgium

*Corresponding author matteo.cella@kcl.ac.uk

Background: Negative symptoms are typically observed in people with schizophrenia and indicate a 
loss or reduction of a normal function (e.g. reduced motivation and affect display). Despite obstructing 
people’s recovery, intervention development receives limited attention.

Objectives: This study evaluates, for the first time, the feasibility and acceptability of a novel Virtual 
Reality Supported Therapy for the Negative SympToms of Psychosis.

Design: This is a single (rater)-blind randomised study with two conditions (Virtual Reality Supported 
Therapy for the Negative SympToms of Psychosis plus treatment as usual vs. treatment as usual alone) 
recruiting people with schizophrenia experiencing debilitating negative symptoms. Assessments are at 
baseline and at 3-month postrandomisation.

Setting: Psychosis outpatient clinics.

Main outcome measures: The prespecified primary outcome is participants’ goal attainment, and 
secondary outcomes are negative symptoms and functioning. The study assesses feasibility and 
acceptability parameters including recruitment, eligibility, treatment adherence and retention. 
Acceptability is evaluated qualitatively using a post-therapy feedback interview and data analysed 
through thematic analysis. Therapy effect on outcomes is estimated using intention-to-treat principles.

Results: The study recruited its prespecified target of 30 participants (15 randomised to Virtual Reality 
Supported Therapy for the Negative SympToms of Psychosis). Two participants in each therapy arm were 
either ‘lost at follow-up’ or discontinued the trial. Therapy engagement for those randomised to Virtual 
Reality Supported Therapy for the Negative SympToms of Psychosis was appropriate and research 
procedures were considered feasible. Nine participants took part in the acceptability interview and 
described the therapy and virtual reality procedures as positive and useful. There were 2 serious adverse 
events for participants randomised to treatment as usual and 11 adverse events (7 in the Virtual Reality 
Supported Therapy for the Negative SympToms of Psychosis group and 4 in the treatment-as-usual group). 
Adverse events were not related to research and therapy procedures. Preliminary analysis suggested the 
therapy may have a large effect on participants’ goals and a possible effect on negative symptoms.

Limitations: The study was not able to evaluate the hypothesised mechanistic aspect of the therapy (i.e. reward 
learning) due to pandemic-imposed social distancing measures. The current study also did not have a follow-up 
assessment, and this limitation did not allow to assess possible change in intervention effect over time.

Conclusion: We showed that Virtual Reality Supported Therapy for the Negative SympToms of 
Psychosis is a feasible, acceptable and safe intervention. This therapy has the potential to support 
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people with schizophrenia in achieving their recovery goals by reducing the burden of negative 
symptoms. The results of this study support further evaluation of Virtual Reality Supported Therapy for 
the Negative SympToms of Psychosis to assess its efficacy in an appropriately powered randomised 
controlled trial.

Study registration: The study protocol was pre-registered on ClinicalTrials.gov (identifier: 
NCT03995420).

Funding: This project was funded by the National Institute for Health and Care Research (NIHR) 
Efficacy and Mechanism Evaluation (EME) programme, an MRC and NIHR partnership (NIHR-EME: 
17/59/13). This will be published in full in Efficacy and Mechanism Evaluation; Vol. 10, No. 6. See the 
NIHR Journals Library website for further project information.
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Plain language summary

Background

Schizophrenia is one of the most severe and debilitating mental health conditions. Full recovery rates 
are low, and the illness burden is huge for those affected. Research suggests that negative symptoms 
reduce people’s recovery prospect. Negative symptoms include poor motivation, social withdrawal, 
difficulty in enjoying daily activities and reduced communication. These symptoms influence patients’ 
day-to-day functioning, and reports of patient groups have highlighted this as a key area for new 
treatment development.

Aims

To: (1) develop a novel virtual reality supported therapy (called Virtual Reality Supported Therapy for the 
Negative SympToms of Psychosis) targeting the negative symptoms of schizophrenia with the overall 
aim of improving recovery; (2) evaluate Virtual Reality Supported Therapy for the Negative SympToms of 
Psychosis for ease of use, acceptability and safety and estimate its potential benefits.

Development work

The Virtual Reality Supported Therapy for the Negative SympToms of Psychosis software and procedures 
were initially developed by the research team. This process included several feedback phases from 
different stakeholders including service users, clinicians and technology experts. The resulting therapy 
is a 12-session virtual reality supported intervention delivered by a psychologist.

Evaluation work

We used a controlled study design where half of the participants were offered Virtual Reality Supported 
Therapy for the Negative SympToms of Psychosis in addition to their usual treatment and the other 
half received usual treatment alone. The study recruited to target (30 participants) but took longer than 
anticipated to complete because of COVID-19 pandemic restrictions. Prior to random assignment, 
participants were assessed with measures of goal attainment, negative symptoms and functioning.

Four participants did not complete the study (two in Virtual Reality Supported Therapy for the Negative 
SympToms of Psychosis and two in usual treatment alone). More than 80% of the participants in the 
therapy group received an appropriate number of therapy sessions. Interviews suggested that the 
therapy was considered acceptable and useful. Preliminary analysis suggested that the intervention 
had a positive effect on therapy recovery goals and negative symptoms. The research procedures were 
considered feasible.

Implications and next steps

The results of this study are encouraging and support further evaluation of this therapy through a 
randomised controlled trial to formally assess its efficacy.
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Scientific summary

Background

Schizophrenia is one of the most severe and debilitating mental health conditions. Full recovery rates are 
low, and the illness burden is huge for those affected. Negative symptoms (NS) are typically observed in 
people with schizophrenia and indicate a loss or reduction in normal functioning. NS include poor 
motivation, social withdrawal, difficulty in enjoying activities and reduced communication. These 
symptoms influence patients’ day-to-day functioning, and reports of patient groups have highlighted this 
as a key area for new treatment development. Despite obstructing people’s recovery, intervention 
development has received limited attention. Main barriers that have hampered development are the lack 
of clear therapy targets and poor adherence to interventions because of lack of motivation. In recent 
years research showed that people with NS are more sensitive to negative feedback and less sensitive 
to positive feedback. This may be a mechanism maintaining NS. Further, the use of digital technology in 
therapy delivery has the potential to make therapies more engaging and improve adherence. Virtual 
reality (VR), a form of computer-simulated immersive reality, may offer opportunities to improve 
engagement and therapy experience and reduce therapy motivational needs.

Objectives

1.	 Develop a novel virtual reality supported therapy [called Virtual Reality Supported Therapy for the 
Negative SympToms of Psychosis (V-NeST)] targeting the NS of schizophrenia with the overall aim 
of improving recovery.

2.	 Evaluate V-NeST for ease of use, acceptability and safety and estimate its potential benefits.

Methods

Design
This is a two-arm randomised controlled trial comparing V-NeST plus treatment as usual (TAU) to TAU 
alone. Participants were assessed at baseline and at 12 weeks postrandomisation (i.e. end of therapy for 
those randomised to V-NeST). The primary outcome was participants’ progress on personal recovery 
goals measured by the Goal Attainment Scale (GAS) at 12 weeks postrandomisation. Secondary 
outcomes were NS and functioning. Apart from the participants, the therapists and the trial principal 
investigator, all other study staff including outcome assessors and the trial statistician were blind to trial 
arm allocation, until primary analysis completion.

Ethical approval and protocol registration
Study procedures were reviewed and approved by the London Camberwell and St. Giles NHS ethics 
committee (approval number 19/LO/0830). The study protocol was pre-registered on ClinicalTrials.gov 
(identifier: NCT03995420).

Randomisation
Consented participants were randomised using a web-based randomisation service at the UKCRC 
registered King’s Clinical Trials Unit. Randomisation used variable block size (i.e. 2, 4 and 6) with equal 
allocation.
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Participants
Participants were recruited from community mental health teams, which are part of the South London 
and Maudsley NHS Foundation Trust. Inclusion criteria: (1) currently under the care of a community 
psychosis services; (2) older than 18 years; (3) in a stable clinical condition; (4) with a documented 
episode of psychosis (e.g. first-episode psychosis) and/or a diagnosis of schizophrenia; (5) no current 
episode or history of epilepsy (as it is a contraindication for VR); (6) experiencing disabling NS as 
identified by care staff. Exclusion criteria: (1) having a comorbid organic condition affecting their 
behaviour; (2) severe learning disability; (3) insufficient communication skills for consenting and 
undertaking the research assessment and therapy.

Measures
The primary outcome of this study was GAS, which is a structured measure of personal recovery goals. 
The following measures were secondary outcomes: The Clinical Assessment Interview for Negative 
Symptoms, which is an interviewer-based assessment of NS. The self-evaluation of negative symptoms, 
which provides an assessment of NS from the participant’s perspective. The Work and Social 
Adjustment Scale was used to assess functioning. The mechanistic elements of the intervention were 
assessed using the Effort Expenditure for Reward Task and the Wisconsin Card Sorting Task. The 
following measures were used to characterise the sample: The Psychotic Symptom Rating Scales to 
assess the positive symptoms of psychosis. The Hospital Anxiety and Depression Scale to assess anxiety 
and depression. The Rosenberg Self-Esteem Scale to assess self-esteem. The digit span to assess 
working memory and the Trail Making (A and B) to assess processing speed and executive function.

Acceptability
Participants randomised to V-NeST were invited to participate in a feedback semistructured interview 
assessing acceptability. The interview asked questions in relation to the therapy and assessment 
procedures, use of VR and asked suggestions for therapy and research procedures improvements. All 
interviews were recorded and transcribed.

Service users involvement
People experienced in using mental health services were consulted at different stages of this study, 
including the initial discussions on study procedures, to revise wording on the study information sheet 
and consent forms and for feedback on VR development. Service users were part of the trial 
management group and supported the interpretation and dissemination of the results and are also 
authors on this report.

Sample size
On the basis of previous research and recommendations from our lead statistician, we have considered a 
sample size of 30 participants to be adequate for obtaining reliable feasibility parameter estimates. And 
on the basis of previous similar studies conducted on our site, we have estimated for a dropout rate of 
20% over the study period.

Feasibility evaluation
The feasibility of the trial procedures was examined using proportions and exact Clopper Pearson’s 95% 
confidence intervals (CIs) for assessments of feasibility and acceptability in terms of recruitment, consent 
and availability for screening, eligibility, availability for baseline assessment and randomisation, treatment 
retention and follow-up assessments, and availability and consent to be approached by a research therapist.

Explorative treatment effect estimate
These analyses followed the intention-to-treat principle, with data from all participants who took part  
in the study considered. Clinical outcomes were analysed using a linear regression model with data 
collected from all participants irrespective of whether they attended the intervention or not. Treatment 
differences with 95% CIs at follow-up are presented. In addition, standardised effect sizes (Cohen’s d 
calculated as the adjusted mean difference between treatment arms estimates divided by the  
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within-groups pooled standard deviation) with 95% CIs will be presented. Our main aim was to estimate 
the likely range of intervention effects at post-treatment by assessing 95% CIs of the treatment effects.

Acceptability evaluation
Thematic analysis was used to analyse the post-therapy feedback interview transcripts. This explored 
participants’ experiences of receiving the therapy and taking part in this research study. Emergent 
themes were identified by one researcher and then the themes were reviewed and coded by four 
members of the team including service users with relevant lived experience.

Results

Recruitment and retention
A total of 190 people were assessed for eligibility of which 160 were excluded: 39 people declined to 
participate, 44 were not contactable and the remaining 77 people did not meet inclusion criteria. Thus 
30 participants were assessed at baseline and randomised into V-NeST plus TAU (N = 15; 50%) or TAU 
alone (N = 15; 50%). Out of these 30 participants, 29 received the allocated treatment (14 participants 
received V-NeST plus TAU and 15 participants received TAU alone). Four participants did not provide 
data at follow-up; they either were ‘lost at follow-up’ (V-NeST: N = 1 and TAU alone: N = 2) or 
discontinued the study (V-NeST: N = 1). All 30 participants were considered for the primary analyses.

In the treatment arm, 14 out of 15 participants attended at least 1 therapy session with an average of 
9.7 (standard deviation = 3.77, range 1–12) sessions. Two participants did not receive the minimum 
therapy dose of six sessions and completed one and four therapy sessions, respectively.

Assessment completion
All participants completed all clinical outcome measures (primary and secondary) at the baseline, while 
76% of the participants completed the mechanistic outcomes. At follow-up, data completion for the 
primary and secondary outcome ranged between 86% and 100%. The completion rate for the 
mechanistic measure was 26%.

Adverse events
There were two serious adverse events (from two participants) and 11 adverse events (AEs) recorded in 
this study. AEs were not considered linked to the therapy or the research procedures.

Acceptability evaluation
Nine out of fifteen participants in the intervention arm of the trial were interviewed. Themes emerging 
from the interview were as follows: (1) therapy contributing to personal goals; (2) impact of pandemic-
imposed restrictions on recovery; (3) debilitating nature of NS; (4) value of using virtual reality; (5) 
feedback on therapy procedures and suggestions for improvements.

Treatment effect estimate
The results of linear regression model analyses with the clinical outcome as the dependent variable, 
group as categorical independent variables and baseline value of outcome as a covariate showed that 
V-NeST had a large treatment effect on therapy goals [Cohen’s d = 1.48 (95% CI 0.61 to 2.35)]. The 
treatment effects of main secondary outcomes were smaller and all favouring V-NeST but with large CIs.

Conclusions

V-NeST demonstrated good acceptability and feasibility parameters particularly considering this study 
involved participants with severe and disabling levels of NS. The therapy procedures were considered 
acceptable, and the VR aspects were well tolerated and found to be engaging. Several therapy features 
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were suggested for revision, including ways of interacting with the virtual environment (e.g. hands 
movements) and some therapy components (e.g. making psychoeducation more engaging). Only one 
participant had tried VR before, and most had limited digital technology skills. This was not a barrier to 
therapy use and the VR proved intuitive and easy to learn. The feasibility of the research procedure was 
also good with most research procedures being well tolerated by all participants. The study recruited to 
target (30 participants) but considered 190 referrals to meet its target. This means approximately one in 
six of the people referred was able to take part in the trial. While this study had comprehensive inclusion 
criteria, there is consensus that recruiting people with NS in research studies may be complex. However, 
we proved that it is possible and that once participants entered the trial, we retained more than 80% of 
those randomised to treatment.

The explorative analysis on the prespecified primary outcome suggested that the intervention may be 
helpful in supporting people’s recovery goals. This outcome was chosen as this was what service users 
suggested to be the most valuable. This result is encouraging and taken together with the acceptability 
and feasibility findings supports further development and evaluation of this therapy.

Future steps for developing V-NeST will include the modification of the VR software and therapy 
procedures in line with the feedback received from participants. A formal evaluation of efficacy will also 
require an appropriately powered trial. A future evaluation should also consider the cost-efficacy of this 
intervention and how it may be implemented in clinical settings (e.g. therapist training or access to VR).

The development and evolution of digital therapies has enormous potential to reduce the impact of NS 
on recovery in people with schizophrenia. There is the promise of better and more engaging therapies 
coupled with the prospect of these being easier to deliver for services.

Study registration

The study protocol was pre-registered on ClinicalTrials.gov (identifier: NCT03995420).

Funding

This project was funded by the National Institute for Health and Care Research (NIHR) Efficacy and 
Mechanism Evaluation (EME) programme, an MRC and NIHR partnership (NIHR-EME: 17/59/13). This 
will be published in full in Efficacy and Mechanism Evaluation; Vol. 10, No. 6. See the NIHR Journals 
Library website for further project information.
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Background

Negative symptoms (NS) are common in people with schizophrenia with at least one in three 
experiencing debilitating and long-lasting NS.1 These include poor motivation, social withdrawal, 

difficulty in experiencing pleasure, blunted affect and reduced communication.2 Extensive evidence 
points at the critical role NS play in negatively affecting patients’ recovery goals, quality of life and 
functioning levels.3

Despite their importance to illness prognosis and functioning, the development of interventions 
for NS has received very limited attention.4 Current treatment recommendation guidelines for both 
pharmacological and psychosocial interventions centre on efficacy evidence for positive symptoms 
reduction.5 First-line interventions for people with schizophrenia such as antipsychotic medications and 
cognitive–behaviour therapy (CBT) for psychosis target prominent positive symptoms and have a small 
effect on NS.6,7

Psychosocial interventions have shown some promise in targeting NS.8,9 However, only a handful of 
approaches have been designed and tailored to tackle these symptoms. An issue that has hampered 
therapy development is the absence of a clear therapy target or mechanisms. Adapted CBT approaches 
for NS have focused on tackling clients’ defeatist belief, while cognitive remediation approaches have 
targeted the cognitive underpinning of NS.10,11

Research has shown a consistent association between reward-processing abnormalities and NS in 
people with schizophrenia.12,13 Reward learning is considered a key cognitive function in determining 
our behaviour; it pertains to estimating the pleasure and the value of everyday situations. We use 
this skill constantly to make decisions that define who we are and determine our role and function in 
society. Given its relevance, reward learning has been the focus of a substantial body of basic research. 
This process is mediated by the mesolimbic dopamine system, in particular by the ventral and dorsal 
striatum and ventral tegmental area and the nucleus accumbens.14,15 Dopamine neurons in these areas 
have been found to respond to rewards but also, overtime, learn to ‘fire’ to predict reward.16 The affinity 
between the brain areas involved in this process and those considered responsible for a range of 
psychiatric conditions prompted the investigation of reward learning in mental health conditions. The 
consistent finding that reward-learning abnormalities are found in many psychiatric disorders, including 
schizophrenia, has prompted the United States National Institute of Mental Health to highlight this as 
one of the core psychopathological processes of psychiatric conditions.17–20

Studies have found that difficulties in motivation and pleasure experience were associated with reduced 
sensitivity to feedback and reward learning.19 Previous studies have found that more feedback (either 
positive or negative) is necessary to modify behaviour,21 and that people with schizophrenia have 
impaired feedback sensitivity to learning from rewards, but learning from punishments is maintained, 
suggesting that this pattern could lead to motivational difficulties.22 Overcoming motivational issues is a 
long-standing challenge for effectively delivering interventions in people with psychosis.23

Studies have attempted to address difficulties in reward sensitivity by using contingency measures 
(e.g. financial incentives24), but these approaches circumvent reward-processing difficulties by 
disproportionally increasing reward and may not allow the reward-processing system to recalibrate. This 
may limit the potential for benefits to generalise to other areas of life. There is evidence suggesting that 
changes in reward learning following therapy are associated with NS reduction.25 A therapy targeting 
reward-processing difficulties may be appropriate to reduce NS. However, NS are a key barrier to 
therapy engagement.26 For example, motivational issues, flat affect and difficulties engaging with social 
contact may make attending therapy sessions difficult. Expressive and cognitive difficulties may also 
make it difficult for people with high levels of NS to engage with long sessions of talking therapy. While 
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there is recognition that in vivo and behavioural work may be of help, these techniques have rarely been 
employed systematically in this filed.

Virtual reality (VR) is a computer-generated realistic scenario that can effectively mirror everyday life 
experiences. It is an experience allowing participants to interact with an environment and feel immersed 
in it.27 This technology is increasingly used for health-care applications including in mental health.28,29 
A specific advantage of VR in mental health is the possibility to conduct exposure procedures in a 
controlled virtual environment. This is important as it may allow exposure intensity to increase at clients’ 
individual pace. There have been a number of applications of VR technology targeting the symptoms 
of psychosis with all of the therapeutic attempts to date targeting delusions or hallucinations.30,31 This 
technology has potential in the treatment of the NS of psychosis. It may allow exposure to situations 
that are motivationally challenging and to appraise and evaluate patients’ enjoyment experience. With 
activity levels often severely reduced in people experiencing severe and debilitating NS, VR may also 
represent a form of behavioural activation. For these reasons, VR was incorporated as part of a novel 
intervention for NS.

The novelty of the intervention coupled with the limited access people with psychosis tend to have to 
this technology, due to cost and potential usage complexity, warrant initial investigations to focus on 
the acceptability and feasibility of the therapy. For this reason, the main objective of this study will be 
to assess the acceptability and feasibility of a novel VR-supported therapy for the NS of psychosis called 
V-NeST (Virtual Reality Therapy for the Negative SympToms of Psychosis).
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Methods

Design

This is a two-arm single-blind randomised controlled trial comparing V-NeST plus treatment as usual 
(TAU) to TAU alone. Participants were assessed at baseline and at 12 weeks postrandomisation (i.e. 
end of therapy for those randomised to V-NeST). The primary outcome was participants’ progress on 
personal recovery goals measured by the Goal Attainment Scale (GAS) at week 12 postrandomisation. 
Secondary outcomes were NS and functioning. Apart from the participants, the therapists and the trial 
principal investigator, all other study staff including outcome assessors and the trial statistician were 
blind to trial arm allocation, until primary analysis completion.

The study protocol was pre-registered on ClinicalTrials.gov (identifier: NCT03995420). The study 
procedures were reviewed and approved by the London Camberwell and St. Giles NHS ethics committee 
(approval number 19/LO/0830).

Randomisation

Consented participants were randomised using a web-based randomisation service at the UKCRC 
registered King’s Clinical Trials Unit (KCTU). Randomisation used variable block size (i.e. 2, 4 and 6) with 
equal allocation. The randomisation sequence was generated by a KCTU statistician independent of the 
study statistician.

Participants

Participants were recruited from community mental health teams, which were part of the South London 
and Maudsley NHS Foundation Trust. Inclusion criteria were as follows: (1) currently under the care 
of a community psychosis services; (2) older than 18 years; (3) in a stable clinical condition; (4) with a 
documented episode of psychosis (e.g. first-episode psychosis) and/or a diagnosis of schizophrenia; (5) 
no current episode or history of epilepsy (as it is a contraindication for VR); (6) experiencing disabling 
NS as identified by care staff. Exclusion criteria were as follows: (1) having a comorbid organic condition 
affecting behaviour; (2) severe learning disability; (3) insufficient communication skills for consenting, 
undertaking the research assessment and therapy.

Protocol changes

The onset of the COVID-19 pandemic prompted the following protocol amendments approved by the 
Trial Steering Committee. All protocol changes were submitted and approved by the NIHR.

•	 Participants were screened for health conditions or characteristics associated with COVID-19 
complications (e.g. diabetes, respiratory problems, cancer). The study adopted a screening tool (see 
Appendix 1) to exclude participants at high risk of COVID-19 complications.

•	 Research assessments were adapted and conducted remotely. All self-assessed measures were 
adapted to be completed using an online platform. All interviewer-administered measures were 
adapted to be completed over the phone or using a web-based video conferencing system. Computer 
tasks were adapted to be completed remotely on participants’ computers.
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•	 All therapy contact was conducted face-to-face but with COVID-19 risk mitigation measures in 
place. All equipment was sterilised with UV light before and after each session.

Measures

The primary outcome of this study was GAS, which is a structured measure of personal recovery goals32,33 
and has been used widely to evaluate intervention in mental health.34–36 The following measures were 
secondary outcomes: The Clinical Assessment Interview for Negative Symptoms (CAINS), which is an 
interviewer-based assessment of NS.37 The self-evaluation of negative symptoms (SNS), which provides 
an assessment of NS from the participant’s perspective.38 The Work and Social Adjustment Scale 
(WSAS) was used to assess functioning.39 The mechanistic elements of the intervention were assessed 
using the Effort Expenditure for Reward Task (EEfRT) and the Wisconsin Card Sorting Task (WCST).40,41 
The following measures were used to characterise the sample: The Psychotic Symptom Rating Scales 
(PSYRATS) to assess the positive symptoms of psychosis.42 The Hospital Anxiety and Depression Scale 
(HADS) to assess anxiety and depression.43 The Rosenberg Self-Esteem Scale (RSS) to assess self-
esteem.44 The Digit Span to assess working memory.45 The Trail Making (A and B) to assess processing 
speed and executive function.46

Participants randomised to V-NeST were invited to take part in a feedback semistructured interview 
assessing acceptability (adapted from Sedgwick et al.47 and Reeder et al.48). The interview asked 
questions in relation to the therapy and assessment procedures, use of VR and asked suggestions for 
therapy and research improvement. All interviews were recorded and transcribed.

Service user involvement

People experienced in using mental health services were consulted at different stages of this study, 
including the initial discussions on study procedures, to revise wording on the information sheet and 
consent forms and for feedback on VR development. Service users were part of the trial management 
group and supported the interpretation and dissemination of the results and are also authors of 
this report.

Sample size

Because of the feasibility and acceptability objectives of this study, power calculations to determine 
sample size are not appropriate.49 On the basis of previous research and on Lancaster,50 we have 
considered a sample size of 30 participants to be adequate for obtaining reliable feasibility parameter 
estimates. And on the basis of previous similar studies conducted on our site, we have estimated for a 
dropout rate of 20% over the study period.51 This will allow this study to have completed follow-up data 
for at least 24 participants.

Statistical analyses

Analyses were conducted using STATA® 17 (StataCorp LP, College Station, TX, USA).52 The aim of the 
analyses was to provide estimates of key feasibility and acceptance parameters and to inform power 
calculations for a future definitive trial. Descriptive data are presented using means and standard 
deviations for continuous data and frequencies and proportions for categorical variables.
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Feasibility evaluation

The feasibility of the trial procedures was examined using proportions and 95% exact Clopper Pearson’s 
95% confidence intervals (CIs) for rates of recruitment, consent and availability for screening, eligibility, 
availability for baseline assessment and randomisation, treatment retention and follow-up assessments, 
and availability and consent to be approached by a research therapist.

Explorative treatment effect estimate

These analyses followed the intention-to-treat principle, with data from all participants who took part in 
the study included in the analysis irrespective of whether they attended the intervention or not. Clinical 
outcomes were analysed using a linear regression model. A linear regression with clinical outcome at 
follow-up and treatment arm (treatment or TAU) and baseline values of clinical outcomes as independent 
variables was used to estimate the likely range of intervention effects at follow-up. Baseline values 
of the outcome were included as a covariate to control for potential baseline differences (ANCOVA 
approach). Treatment differences with 95% CIs at follow-up are presented. In addition, standardised 
effect sizes (Cohen’s d calculated as the adjusted mean difference between treatment arms estimates 
divided by the within-groups pooled standard deviation) with 95% CIs will be presented. Pilot and 
feasibility studies are generally not powered to formally assess treatment effects and do not provide 
robust parameter estimates for assessing efficacy.53 Emphasis was, therefore, placed on 95% CIs of 
effect size estimates, as opposed to hypothesis testing, allowing for exploration of imprecision around 
intervention effect sizes at follow-up.

Acceptability evaluation

Thematic analysis was used to analyse the post-therapy feedback interview transcripts. This explored 
participants’ experiences of receiving the therapy and taking part in this research study. Emergent 
themes were initially identified by one member of the team after reading and annotating the transcripts. 
This process was supported and the themes validated by a person with relevant lived experience. We 
focused on themes relating to the feasibility and acceptability of the therapy and trial and created 
a coding framework based on those themes. Themes and coding framework were then reviewed 
and discussed with the other four members of the research team, including the project lead and 
coinvestigator and additional two members who had relevant lived experience. The team reviewed the 
transcripts by using the coding framework. This provided a sense-check on the analysis process from 
both a clinical and a lived experience perspective.

Project timeline
Table 1 summarises the key project events and milestone dates.

VR development work
The initial 6 months of the programme were dedicated to developing the VR software. We worked 
closely with our industrial partner Virtualware (Bilbao, Spain) to develop the final product. There were 
four iterations of software development, each including feedback from different stakeholders including 
three clinicians, two service users and two technology experts. The feedback provided was addressed 
over successive iterations.

The resulting VR software included five distinct VR environments: (1) resting area where participants can 
experience a low-stimulation environment (i.e. sitting on the sofa); (2) TV room where participants can 
select a video clip to watch from a number of options; (3) games room where participants can choose to 
engage in different games (e.g. darts and ball throwing and catching); (4) social space where participants 
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can take part in conversations on a mundane topic with other two avatars; (5) factory where participants 
are asked to perform a task (e.g. sorting out objects). Illustrative screenshots of the environments are 
provided in Appendix 2.

Therapy procedures development
Alongside the VR development, the initial part of the programme was spent in developing the therapy 
procedures and the therapy manual. The manual drafts received feedback from team members and 
therapists ahead of use. Procedure and sessions layout were discussed with the members of the trial 
steering group, which involved service users, clinicians (i.e. clinical psychologist and psychiatrist), mental 
health researchers and technology experts. The resulting manual was used to guide therapy for all the 
participants randomised to V-NeST.

Intervention and virtual reality equipment

The resulting intervention (i.e. V-NeST) is a 12-session therapy using psychological intervention 
principles based on CBT and cognitive remediation. Each therapy session involves therapist-supported 
activities including psychoeducation, behavioural activation, developing insight on pleasure experience 
and emotions and learning to use feedback to improve goal-directed behaviour. These activities 
are supported by using a purposefully designed and built VR software taking advantage of five VR 
environments. The environments present unique and tailored motivational challenges that participants 
are encouraged to approach while reflecting (and rating) on their experiences. These are then discussed 
with the therapist. A typical session involves emotional check-in and check-out, psychoeducation, 
discussion on strategies to improve activity levels, goal monitoring and tracking, reflection on feedback 
and VR practice. For this study, we will consider participants completing six or more sessions as having 
received a suitable therapy dose (i.e. completers). Those receiving fewer than six sessions will be 
considered therapy dropouts.

The VR environments were designed by MC and LV in collaboration with people with lived experience 
and developed by Virtualware using Unity. The V-NeST software has a therapist back end allowing the 
therapist to create participants’ identity cards and individual therapy sessions. The software runs on a 

TABLE 1 Project events and milestone dates

Study event Date 

Study start date 1 March 2019

Ethics and R&D approval in place 6 August 2019

VR therapy development completed 16 September 2019

Therapy manual completed 16 September 2019

First participant recruited in the trial 22 November 2019

Study paused (due to COVID-19) 21 March 2020

Protocol changed 1 September 2020

Study restarted 14 September 2020

Variation to contract approved (extension) 12 March 2021

Recruitment completed 16 July 2021

Last participant completed the study 22 October 2021

Study completion date 31 October 2021
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VR-ready laptop and Oculus Rift-S was used as the head-mounted display. Ear covering headphones 
were used for the sound. The experience was designed as a sitting experience.

Ethical approval
The study procedures were reviewed and approved by the London Camberwell and St. Giles NHS ethics 
committee (approval number 19/LO/0830).

Study registration
The study protocol was pre-registered on ClinicalTrials.gov (identifier: NCT03995420).

Randomisation
Consented participants were randomised using web-based randomisation service provided by the 
UKCRC registered KCTU. Randomisation used variable block size with a 1 : 1 ratio between the 
two conditions.

Participant recruitment
The study recruited participants from a single large NHS trust: the South London and Maudsley NHS 
Foundation Trust. We recruited participants from the trust community teams providing care for people 
with psychosis, including early intervention teams, recovery teams, assertive outreach, and home 
treatment teams. Eligible participants were first identified by a member of the care team and referred to 
a study researcher for further consideration if interested to take part. We were also able to use our local 
NHS trust register called Consent for Contact. This register includes trust service users who have given 
consent to be contacted directly for invitation to take part in research projects.

DMEC and TSC
The trial had a DMEC and a TSC. The DMEC membership included a senior statistician (also functioning 
as the DMEC chair), a research academic and a clinical psychologist. The study principal investigator 
and statistician were present at all DMEC meetings. The DMEC met four times approximately every 
6 months throughout the duration of the trial. The DMEC monitored the trial procedures and AEs.

The TSC membership included a clinical academic chair, two service users, a clinician and a statistician; it 
met three times and discussed trial management issues.
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Results

Recruitment and retention

A total of 190 people were assessed for eligibility of which 160 (84.2%, 95% CI 78.2% to 89.1%) were 
excluded: 39 people (20.5%, 95% CI 15.0% to 27.0%) declined to participate and reasons for declining 
participations included time commitment (17), travelling time (12) and not wanting to receive therapy 
using VR (5) or a talking therapy (5); 44 people (23.2%, 95% CI 17.4% to 29.8%) were not contactable 
and this included individuals not answering phone calls, messages or returning phone calls; and the 
remaining 77 people [40.1% (95% CI 33.5% to 47.9%)] did not meet the inclusion criteria. Thus a total 
of 30 (15.8%, 95% CI 10.9% to 21.8%) were assessed at baseline and randomised into V-NeST plus TAU 
(N = 15; 50%) or TAU alone (N = 15; 50%). Out of these 30 participants, 29 (96.7%, CI 82.8% to 99.9%) 
received the allocated treatment [V-NeST plus TAU: N = 14 (93.3%, 95% CI 68.1% to 99.8%) and TAU 
alone: N = 15 (100%, 95% CI 78.2% to 99.99%)]. The participant not receiving the intervention moved 
out of the area. Four participants (16.6%, 95% CI 5.6% to 34.7%) did not provide data at follow-up. 
They were either ‘lost at follow-up’ [V-NeST plus TAU: N = 1 (3.1%, 95% CI 0.07% to 16.2%) and TAU: 
N = 2 (6.3%, 95% CI 0.8% to 20.8%)] or discontinued the study [V-NeST plus TAU: N = 1 (3.1%, 95% CI 
0.07% to 16.2%)]. All 30 participants were considered for the primary analyses. Figure 1 illustrates the 
recruitment flow for the study.

In the treatment arm, 14 out of 15 participants attended at least one therapy session with an average of 
9.7 [standard deviation (SD) = 3.77, range 1–12] sessions. Two participants did not receive the minimum 
therapy dose of six sessions and completed only one and four therapy sessions, respectively.

Assessment completion

Baseline data collection
All clinical outcome measures (primary and secondary) were completed by all participants (100%,  
95% CI 88.4% to 100%). Twenty-three participants (76.7%, 95% CI 57.7% to 90.0%) completed the 
Trail Making Test (TMT) and 25 participants (83.3%, 95% CI 65.3% to 94.4%) completed the EEfRT and 
the WCST.

Follow-up data collection
Twenty-six participants (86.7% 95% CI 69.3% to 92.2%) completed primary clinical outcome (i.e. 
the GAS) and the secondary outcomes, including the CAINS, the SNS and the WSAS. There were no 
differences between the two arms in data completion.

Only eight participants (26.7%, 95.CI 12.3% to 45.9%) provided data for TMT, seven (23.3%, 95% CI 
9.9% to 42.3%) for EEfRT and 14 (46.7%, 95% CI 28.3% to 65.7%) for the digit span. There were no 
differences between treatment and control groups in TMT and digit span, but participants of control arm 
of the trial (i.e. TAU alone) did fewer effort tasks (TAU = 2/15 vs. V-NeST = 5/15).

The impact of COVID-19 on data collection varied for different study outcomes. Only two participants 
were not affected by the COVID-19 outbreak and the corresponding restrictions because they 
completed the trial before the pandemic outbreak in the United Kingdom (UK). Fourteen participants 
were partially affected (COVID-19 restrictions were imposed during the study period) and 14 provided 
consent during COVID-19 restriction periods. COVID-19 restrictions affected both arms similarly (TAU: 
1 not affected, 8 partially affected and 6 affected for the whole duration of the study; V-NeST: 1 not 
affected, 6 partially affected and 8 affected for the whole duration of the study).
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COVID-19 restrictions had little influence on collecting the primary outcome. Out of the four 
participants who did not complete the study primary outcome, one was not affected by the COVID-19  
restrictions, one was partially affected and two were recruited and completed the study under 
COVID-19 restrictions.

Adverse events

There were two serious adverse events (SAE) (from two individuals) recorded in this study: one was 
the deterioration of mental state requiring urgent assessment and the other was of a miscarriage. 
There were no events of deterioration of physical health requiring an urgent appointment or hospital 
admission and no deaths (see Tables 2 and 3). No AE was considered related to study participation.

There were 11 AEs recorded from 8 participants. Seven were recorded from participants randomised to 
V-NeST and four were from participants randomised to TAU (see Tables 4 and 5). No AE was considered 
related to study participation.

Assessed for eligibility
n = 190

Excluded 
n = 160

• Not meeting inclusion criteria, n = 77
• Declined to participate, n = 39
• Could not be contacted, n = 44

Analysed
n = 15

• Excluded from analysis, n = 0

Lost to follow-up (moved out of area)
n = 1

• Discontinued intervention (competing 
    demands), n = 14

Allocated to intervention
n = 15

• Received allocated intervention, n = 14
• Did not receive allocated intervention (moved 
    out of area), n = 1

Lost to follow-up (no time for assessment; 
could not be contacted again)

n = 2
• Discontinued intervention, n = 0

Allocated to control
n = 15

• Received allocated intervention, n = 15
• Did not receive allocated intervention, n = 0

Analysed
n = 15

• Excluded from analysis, n = 0

Allocation

Analysis

Follow-up

Randomised
n = 30

Enrollment

FIGURE 1 CONSORT diagram showing the study recruitment flow.
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TABLE 2 Serious adverse events description

N SAE category Group Detail 

1 Other TAU Miscarriage at week 8 (identified via clinical record review)

2 Mental health TAU Stopped taking antipsychotic medication

Note
All AEs from different participants unless specified.

TABLE 3 Number of SAEs and percentage for each trial arm

 SAE SAE % Participants experiencing SAE Participants experiencing SAE % 

TAU (N = 15) 2 13 2 13

V-NeST (N = 14) 0 0 0 0

Note
None of the SAEs was considered related to study participation.

TABLE 4 Adverse events description

N AE category Group Detail 

1 Mental health V-NeST Suicidal thoughts (no plan, no intention)

2 Physical health V-NeST Vomiting (after medication intake)a

3 Physical health V-NeST Vomiting (after medication intake)a

4 Physical health V-NeST Vomiting (after medication intake)a

5 Mental health V-NeST Feeling anxious

6 Physical health V-NeST Feeling lightheaded (low blood sugar)

7 Physical health V-NeST Viral gastroenteritis (diarrhoea)a

8 Mental health TAU Distressing thoughts

9 Mental health TAU Frequent, intrusive and distractive religious thoughts

10 Physical health TAU Neck stiffness

11 Mental health TAU Distressing thoughts

a	 AE from the same participant.

Note
All AEs are from different participants unless specified.

TABLE 5 Number of AEs and percentage for each trial arm 

 AE AE % Participants experiencing AE Participants experiencing AE % 

TAU (N = 15) 4 26 4 26

V-NeST (N = 14) 7 5 4 28

Note
None of the AEs was considered related to study participation.
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Results

Treatment effect estimate

Table 6 presents characteristics of participants who were randomised.

Table 7 shows the results of linear regression model analyses with the clinical outcome as the dependent 
variable and group as categorical independent variable. The primary clinical outcome (i.e. the GAS) had a 
score of 0 for all participants and baseline values were not included in the model. Effect sizes (expressed 
in Cohen’s d) and 95% CIs are presented. Because of the small sample size, statistical techniques for 
handling missing data were not applied. Change in outcome scores and variance in the two study groups 
is shown in Figure 2.

A large treatment effect was observed for the GAS and assessment of the 95% CIs suggests that the 
treatment effect is at least d = 0.61. Treatment effects of main secondary outcomes (CAINS, NS, WSAS 
and digit span) are smaller and the 95% CIs are too large to derive any conclusion.

TABLE 6 Participants’ characteristics

  N 

V-NeST 

SD N 

TAU 

SD N 

Total 

SD 
% or 
mean

% or 
mean

% or 
mean

Gender Male 10 33% – 11 27% – 21 70% –

Female 5 67% – 4 73% – 9 30% –

Age Years 15 35.7 9.1 15 38.2 12.5 30 37.1 10.8

Time since 
first episode

Months 15 122.2 117.1 15 138.8 168.7 30 120 142.9

WSAS Functioning 15 29.2 5.2 15 27.4 9.4 30 28.33 7.54

CAINS NS 15 32.1 6.8 15 31.3 9.1 30 31.63 7.94

SNS NS 15 20.6 7.5 15 20.1 11.5 30 20.37 9.55

PSYRATS_H Hallucination 15 10.7 13.9 15 7.7 13.4 30 9.23 13.55

PSYRATS_D Delusion 15 6.8 8 15 5.1 8.1 30 6.13 7.99

HADS-A Anxiety 15 9.9 4.4 15 10.9 6.6 30 10.43 5.56

HADS-D Depression 15 10.4 4.7 15 10.6 5.5 30 10.53 5.06

RSS Self-esteem 15 28.7 3.3 15 25.8 2.2 30 27.27 3.16

TMT-a Processing speed 
(time in seconds)

11 47.8 15.1 12 37.3 10.7 23 42.32 13.83

TMT-b Executive function 
(time in seconds)

11 114.1 41.9 12 108.7 49.3 23 111.31 45.35

Digit span Working memory 15 15.3 3.35 15 14.2 2 30 14.87 2.80

EffRT-h N hard trials 
completed

12 11.6 11.4 13 11.5 11.2 11.5 11.2

EffRT-e N easy trial 
completed

12 52.6 28.4 13 40.7 26.3 25 46.48 27.43

WCST-c Correct 12 64.9 16.4 13 66 12.3 25 65.48 14.13

WCST-e Error 12 55.1 15.7 13 52.8 22.1 25 53.96 18.95

WCST-p Perseverative 
errors

12 8.8 4.7 13 6.9 8.1 25 7.84 6.69

Note
GAS baseline score is not included because this is zero for all participants.
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TABLE 7 Pairwise comparisons (treatment effects) between V-NeST and the control arm at follow-up adjusted for baseline 
differences in clinical outcome

Variable N Favouring arm b 95% CI Cohen’s d 95% CI 

GAS 26 V-NeST 2.77 1.22 to 4.32 1.48 0.61 to 2.35

CAINS 30 V-NeST −4 −10.15 to 2.15 −0.46 −1.24 to 0.32

SNS 30 V-NeST −3.84 −9.8 to 2.13 −0.34 −1.11 to 0.43

WSAS 30 V-NeST −2.85 −7.77 to 2.07 −0.28 −1.05 to 0.5

Notes
Sample size (N), estimated adjusted mean difference (b), the 95% CIs of the estimates (5% CI) and the standardised effect 
size Cohen’s d and its 95% CI. A positive difference between the treatment and control arm for the GAS means V-NeST 
is superior to the control group (after controlling for baseline values), while negative values demonstrate improvement, 
favouring V-NeST, for other outcomes.
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FIGURE 2 Boxplots of (a) primary clinical outcome GAS at post-treatment and main secondary outcomes, (b) CAINS,  
(c) NS and (d) WSAS at baseline and post-treatment for each arm.

Only six participants were able to complete the trial mechanistic measures (i.e. EEfRT task and WCST) 
at follow-up because of the pandemic-imposed restrictions on face-to-face research assessment 
procedures. Statistical analyses were not conducted on these outcomes.

Acceptability

Nine out of fifteen participants (60%; 95% CI 32.3% to 83.7%) in the intervention arm of the trial were 
interviewed. Two participants did not want to be recorded and declined to be interviewed and two did 
not want to participate in this additional part of the study (one declined due to time demand and the 
other participant did not want to provide a reason). Two participants did not complete the intervention 
(one relocated and one was not contactable any longer). Two-thirds of the participants interviewed (six 
out of nine) were men.
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Results

The following themes emerged from the interview:

1.	 Therapy goals: Positive experiences of therapy often centred around the goals and activities set. Par-
ticipants described specific goals from their sessions and how the therapy had contributed to goals 
progress (see Table 8 for examples of quotes).

TABLE 8 Example quotes from participants’ end of therapy acceptability interview

Theme Example quotes 

Therapy goals ‘I wanted to restart playing music and I sort of did … I still haven’t found a band, but I now do practice a 
little at home.’ (#3)
‘It helped me [the therapy] with my weight, losing weight … for example, my homework was to do some 
exercise at home, or cook few meals a week’ (#4)
‘just going to the sessions would make me passively reflect on what I experience and what could change 
my experience in life [ … ] I would reflect on the sessions it would push and drive me more to like to 
achieve and get things done, push my life forward. Push my life in the direction envisaged it to be.’ (#23)

Impact of the 
pandemic

‘the lockdown obviously is preventing a lot of things … A lot of things I would like to get done means 
being out of my house.’ (#18)
‘I wanted to do more African dancing. But I couldn’t, the centre was closed for COVID and when they 
open again, they stopped all group classes and activities.’ (#31)

Issues 
experienced 
with 
symptoms

‘My mood can be very low, and I don’t end up leaving the house for days. This [therapy] helped me. It 
helped with the mood, and I left the house to attend sessions.’ (#31)
‘It supposed to be action then gives motivation and that’s how you change the cycle.’ (#17)
‘My motivation went up … only a little but it did go up’ (#18)
‘After a few sessions I thought this is boring, I didn’t want to go back. But this was what the therapy was 
about.’ (#31)

Using VR ‘I think the therapy in combination with the VR, was good. Sometimes like, when I have therapy, I don’t really 
like the constant back and forth talking. It becomes a bit heavy after a while … So taking the VR time with it 
helped to break out the heaviness or tension. [ … ] everything was really well done. I felt like it was a good 
idea. Like, having a therapy session with a VR session where you can listen to music and have choice.’ (#23)
‘it relaxes you and it is helpful …’ (#31)
‘Having the sessions going into details about like, intense things. To have like, almost like a cool off at 
the end was really nice. [ … ] Like in the living room or tv room that was just like really relaxing, quite 
sombre, kind of zen.’ (#25)

VR relevance ‘without VR … I think it would be worse. [ … ] without the therapist you’d be lost … the therapist is 
telling me what to do.’ (#4)
‘How would you pull it off without VR? I think it will be less effective … It just adds the practical part to 
it.’ (#17)
‘It was like a video game, it was easy and also it took you somewhere else [ … ] you feel like being 
somewhere else, but you are not and you don’t have to travel or do other things that can be difficult’ (#3)

‘I visited the pub and the factory. The factory I treated like a game. The pub was very useful. Very useful, 
because I was scared to go in the pub but after going into the pub, I was less scared. [ … ] I don’t know if 
I have the vocabulary to describe how he was helpful, but he was helpful but even if he wasn’t just as a 
sounding board as someone to talk to with my problems’ (#18)
‘In day-to-day life, we have so much going on that we generally don’t realise, like really sit back and 
think am I ok?’ (#25)

Therapy 
procedures

‘The first one [session] was erm, kind of long.’ (#17)
‘Twelve sessions was good but it definitely could be longer because you get to a point where you are 
finally getting that momentum. It takes a while if you are having negative symptoms. It takes a while 
to even start the ball rolling. [ … ] I think it could be maybe like a little bit longer, maybe by like I don’t 
know … 10, 15 minutes … So maybe have like a full-length session for maybe like an hour. And then a 
separate 15 minutes for the VR. Rather than putting it all into one.’ (#25)
‘rather than just continuously doing it 1-1. I feel like having one group session wouldn’t hurt … Just to 
hear other people’s perspectives.’ (#23)

Suggestions 
for 
improvement

‘maybe if it could be done a bit more remotely. Because like, for me, one of the hardest things I think 
was physically getting there some days. Erm, because, once the anxiety or the depressive thought set in, 
it is very hard to physically get out of bed to leave the house, to physically go to that location.’ (#25)
‘I needed more therapy, for depression rather than motivation. I know the two are linked but I think if I 
wasn’t depressed the therapy for the motivation would have been more helpful.’ (#18)
‘It wasn’t always comfortable to have on and the goggles view sometimes blurred’ (#3)
‘one thing I found a bit of a hindrance was the physical shape of the headset. Like I know, I think that 
was like the first gen of that. But this is more of a design thing. Like, my hair, is very voluminous … They 
have obviously designed it for people with flatter hair …’ (#25)
‘I was little bit reluctant to use my right hand, doing the job [referring to factory environment]. It wasn’t 
great, with my right hand but after a while it was ok.’ (#33)
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2.	 Impact of the pandemic: In some cases, the pandemic infringed on participants’ abilities to practice 
what they had learnt in therapy in real life. This meant that certain goals could not be achieved 
because the places where participants could practice or see friends were closed.

3.	 Issues experienced with symptoms. Participants described how difficulties with motivation and ‘feel-
ing low’ made it difficult to attend therapy sessions. In some cases, the therapy was seen as making 
a positive contribution.

4.	 Using VR: Only one had tried VR before and most described it as their first experience. Most were 
curious about the VR and valued the chance to do something different. Responses were positive, 
and most participants said they would recommend it to a friend (n = 7, none said that they would 
not). The combination of VR use and therapy allowed participants to ‘relax’, particularly at the end 
of the session.

5.	 VR relevance: Participants’ opinions varied in how important they saw the VR. Some saw it as inte-
gral to the therapy. The therapist provided structure and guidance; the VR added a chance to prac-
tice aspects of the therapy. These participants connected the practical aspects of the therapy with 
the chance to practice in VR. However, participants were not always able to say why the interven-
tion was helpful (e.g. participant #18, see Table 4). The benefits of therapy could be more diffuse, 
and some found it difficult to understand how the VR fitted with the wider therapy.

6.	 Therapy procedures: There were different opinions about the optimal session length and number of 
sessions, likely reflecting participants’ preferences. One participant mentioned that group sessions 
might be useful.

7.	 Suggestions for improvement: One of the challenges for people experiencing NS was leaving the 
house to attend the therapy. Some welcomed the idea of doing the therapy remotely. Some practi-
cal difficulties were described with the VR aspects of the sessions. Some participants experienced 
mild discomfort when wearing the headset. There were occasional criticisms of both the hardware 
(e.g. hand controllers) and the software (e.g. avatar and environment appearance) while others 
struggled with the mechanical aspects of controlling the VR handset.

8.	 Research procedures: Most participants found that the length of the assessment was appropriate 
and that they understood the process they were consenting to. There were comments from some 
participants about the length and repetitive nature of some of the assessments.

Interviewing participants with high levels of NS presents challenges. Maintaining good engagement 
levels and conversation flow was not always easy. As a result, some of the answers to the interview 
questions were short and provided limited information.
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Discussion

Recent years have seen a renewed interest in the assessment and consideration of the NS of 
psychosis.4 Unfortunately, this has not yet led to novel, effective and widespread interventions. 

Digital technology tools may be a way to enhance the usefulness of interventions by improving 
adherence and by reducing motivation difficulties and barriers to accessing therapy. In this study we 
developed and evaluated a novel therapy for NS using VR (called V-NeST). The primary aim of this study 
was to evaluate the acceptability and feasibility of V-NeST.

V-NeST demonstrated good acceptability and feasibility parameters particularly considering that 
this study involved participants with severe and disabling levels of NS. The therapy procedures were 
considered acceptable, and the VR aspects were well tolerated and found to be engaging. Several 
therapy features were suggested for revision, including ways of interacting with the virtual environment 
(e.g. hands movements) and some therapy components (e.g. making psychoeducation more engaging). 
Only one of the participants had tried VR before and most had limited digital technology skills. This 
was not a barrier to therapy use and the VR proved intuitive and easy to learn. One of the suggested 
improvements was the possibility to complete V-NeST sessions remotely. This would be possible if 
participants can be provided with an adequate headset in their homes and have an appropriate internet 
connectivity. However, the independent use of the VR software and equipment may be complex for 
this group of participants and appropriate resource to support this (e.g. training videos) will have to be 
developed. The feedback interviews also recommended improvements for the virtual hand controllers. 
This comment is likely related to the limited familiarity some participants had with controlling 
technology with their hands. Developing or using a tutorial for familiarising with the hand controller 
device may minimise this issue in future trial and clinical applications. The feasibility of the research 
procedure was also good with most research procedures being well tolerated by all participates. The 
study recruited to target (30 participants) but considered 190 referrals to meet its target. This means 
approximately one in six of the people referred was able to take part in the trial. While this study had 
comprehensive inclusion criteria, there is consensus that recruiting people with NS in research studies 
may be complex.54 However, we proved that it is possible and that once participants entered the trial, 
we were able to retain more than 80% of those randomised to treatment. This is in line with other 
randomised controlled trials in people with psychosis.51,55,56

The explorative analysis on the V-NeST prespecified primary outcome suggested that the intervention 
may be helpful in supporting people’s recovery goals. We chose this outcome as this was what service 
users suggested to be the most valuable. This result is encouraging and taken together with the 
acceptability and feasibility findings supports further development and evaluation of this therapy.

Given the small sample size and the objectives of this study around feasibility and acceptability, the 
current results have limited internal and external validity. Results cannot be generalised and should not 
be used to inform efficacy or effectiveness. One important caveat in considering the effect size is how 
pandemic-related restrictions may have impacted therapy goals. It is likely that, as some participants 
expressed, restriction may have limited the ability of participants to achieve goals (e.g. limitation in social 
contact or gym being closed). However, this would have impacted both the groups equally. With studies 
suggesting that pandemic restrictions and COVID-19 have a negative effect accessing therapy for 
mental health, it is likely to have been a positive experience for those who received it.57

This study has its limitations. We were not able to evaluate the mechanistic element of the therapy, that 
is, feedback sensitivity, as planned. This was consequent to limitations imposed on research procedures 
during different periods of social contact restrictions in the UK. While we were able to continue to 
deliver therapy sessions and assessment remotely, many participants did not have a computer or were 
unable to complete computer tasks at home. The therapy developed has different potential active 
mechanisms including the novelty and engaging nature of a VR intervention and the role and input of 
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the therapist. While the current study was not set out to formally evaluate the relative contribution 
of these therapy elements, it may be important for a future investigation to consider the contribution 
of different therapy aspects to the therapy outcome. A further limitation of this study is the lack of 
a follow-up assessment to consider assessment completion level and to evaluate exploratively how 
treatment effect estimates may be retained over time. Data were also collected from a single large NHS 
trust located in an urban environment.

The development and evolution of digital therapies has enormous potential to reduce the impact of 
NS on the recovery prospect of people with schizophrenia. There is the promise of better and more 
engaging therapies coupled with the prospect of these being easier to deliver for staff and services.
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TABLE 10 Sample size estimates for efficacy studies

Outcome 
Minimum clinical 
difference 

SD based on 
upper 80% CI 

Cohen’s d based 
on 80% CI 

Sample size 
per group 

Sample size adjusted 
for 20% dropout 

GAS baseline mean 1 2.37 0.423 119 149

CAINS 3 9.18 0.327 198 248

SNS 3 11.04 0.272 286 356

WSAS 3 9.15 0.328 197 247

Digit span 1 3.26 0.307 224 280

Note
Sample sizes in the last column are adjusted for an assumed 20% dropout at follow-up. Minimum clinical useful 
differences are context dependent and should be guided by clinical expertise of the study team.
Sample size required to have 90% power to detect a prespecified minimum clinical useful difference at an alpha of 0.05 
using an independent sample t-test using a standard deviation estimated from the 80th percentile of the observed SD.

Future steps

Further developments of V-NeST will include VR software modifications and the adaptation of therapy 
procedures in line with the feedback received from participants. A formal evaluation of efficacy will 

require an appropriately powered trial.

Variance estimates for future sample size calculations are provided in Table 9. The use of the upper 
80% CI of the standard deviation is recommended by Browne49 for robust estimates of the standard 
deviations. Using upper 80% CIs as an estimate for future power and sample size calculations will result 
in 15–21% larger values (< 10%) compared with the observed standard deviations.

Sample size calculations
We estimated the sample size for a minimally clinically important difference defined as the smallest 
difference on the primary outcome, which would be of benefit to a service user (i.e. 1 GAS point). The 
variance of the GAS had to be estimated from the follow-up data because the GAS scores were all 0 
at baseline. We used the upper 80th percentile of the standard deviations estimated from our data to 
account for the small sample size and lack of evidence of generalisability to other settings. For future 
sample size estimates, we used the mean-variance of the two groups.

Table 10 shows the required sample sizes for the primary and the secondary outcomes for these 
scenarios, including scenarios assuming 20% loss at follow-up.

TABLE 9 Standard deviation of clinical measures for future sample size calculations

Outcome Observed SD Lower 95% Upper 95% Lower 80% CI Upper 80% CI 

GAS post-therapy (TAU alone) 1.74 1.17 2.31 1.37 2.11

GAS post-therapy (TAU + V-NeST) 2.07 1.26 2.88 1.54 2.60

CAINS 7.94 6.03 9.84 6.69 9.18

SNS 9.55 7.28 11.82 8.07 11.04

WSAS 7.54 5.08 10.00 5.93 9.15

Digit span 2.80 2.11 3.50 2.35 3.26

Note
Observed SD at baseline and upper and lower 80% and 95% CI. GAS (trial primary outcome) estimates were reported for 
follow-up in each group separately as GAS scores were per definition 0 at baseline for all participants. Group differences 
at follow-up do not allow analysing all cases together.
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Future steps

Future trial considerations
The estimate gathered in this study in addition to the information on minimal clinical usefulness on 
the primary outcomes suggests that a future trial (randomising to two conditions) aiming to assess the 
efficacy of V-NeST will need to recruit between 298 (using our primary outcome) and 712 participants, 
including a conservative 20% loss of follow-up. This future evaluation may also consider the cost-
efficacy of V-NeST and how it may be implemented in clinical settings (e.g. therapist training or access 
to VR). The large observed effect size for our primary outcome may suggest considering an adaptive 
trial that allows for early stopping or sample size reassessment without undermining its validity 
and integrity.58

Our feasibility study is a small single-centre trial, and our range of possible effect sizes and estimates 
of standard deviations needs to be treated with caution because our results may not generalise to 
different and larger populations. This may lead to the need for larger sample sizes, especially if long-term 
improvements are assessed.53
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Appendix 1 V-NeST Study – Research 
Participant Coronavirus Risk Assessment
This document

This COVID-19 Risk Matrix is to be used to assess suitability of participants to take part in the 
V-NeST trial. This matrix is to be used only for the assessments of potential participants’ health factors 
and not for household members. This risk matrix should be completed on the phone ahead of any 
face-to-face meeting. This risk matrix scoring is based on NHS risk assessment criteria for NHS for 
staff returning to work. It has been modified by the V-NeST trail management group and updated to 
be used for this study. Any query about this document or scoring should be addressed to the study 
Principal Investigator:

Dr. Matteo Cella
Department of Psychology,
Institute of Psychiatry, Psychology & Neuroscience
King’s College London,
PI
Telephone: (+44) 020 7848 5001
Email: matteo.cella@kcl.ac.uk

Inclusion in the V-NeST study

The V-NeST protocol exclusion criteria were amended on the 30 of September 2020 to include that 
people scoring in the high-risk range on this assessment will not be considered for participation in 
this study.

Participant initials or study ID: …… ……… ……… …… …… …… …… …… …… …… …… …… …… …… …… …… …… ……

Date of assessment: …… …… …… …… …… …… …… Assessor: …… …… …… …… …… …… …… …… …… …… …… ……

Risk factor Indicator Adjustment Comment Score 

Personal characteristics

Age < 50 0    

> 50 1

> 60 3

> 70 > 6

Sex at birth Female 0

Male 1

Ethnicity Caucasian 0

Black African descent 1

Indian Asian descent 1

Bangladeshi 1

Other (including mixed race) 1

matteo.cella@kcl.ac.uk
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Risk factor Indicator Adjustment Comment Score 

Age, sex, ethnicity subtotal

Health factors

Pregnancy > 28 weeks > 6 (high risk)

< 28 weeks > 6 (high risk)

Obesity BMI ≥ 35 kg/m2 1

≥ 40 kg/m2 2

Cardiology Angina, previous MI stroke or 1

Heart failure 2

Diabetes Type 1, type 2 diabetes 1    

2

Renal Chronic renal disease (GFR < 60) 2

Respiratory Asthma (not severe) 0

Asthma (taking oral steroids in 
the past year)

1

Other chronic pulmonary 
condition

2

Cancer Active malignancy 3

Malignancy in remission
1–5 years ago

1

> 5 years 0

Blood cancer < 1 year ago 4    

1–5 years 3

> 5 years 1

Liver disease Any 1

Neurological disease Any 2

Rheumatological Active treated conditions 1

Immunosuppression Any indication 2

Advised to shield by government or health provider 6

Health factors subtotal

Total of personal characteristics and health factors

Interpretation

 Score Inclusion in study 

Low risk < 3 Yes

Medium risk 3-5 Yes

High risk ≥ 6 No

Note
For all participants included in the trial the Close Operations Work Protocol, 
V1.1, 30/09/2020 should be followed.
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Appendix 2 Screenshots of the V-NeST VR 
environments: (1) factory; (2) social space;  
(3) TV room; (4) music room; and (5) games room

(1) Factory 

(2) Social space 

(3) TV room
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(4) Music room

(5) Games room
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