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Background and Hypothesis:  Social cognition training 
(SCT), an intervention for social cognition and social func-
tioning, might be improved by using virtual reality (VR), 
because VR may offer better opportunities to practice in 
a potentially more realistic environment. To date, no con-
trolled studies have investigated VR-SCT. This study in-
vestigated a VR-SCT, “DiSCoVR”. We hypothesized that 
DiSCoVR would improve social cognition and social func-
tioning.  Study Design:  Participants were randomized to 
DiSCoVR (n = 41) or VR relaxation (‘VRelax’, n = 40), 
an active control condition, and completed 16 twice-weekly 
sessions. Three assessments (baseline, posttreatment, and 
3-month follow-up) were performed by blinded assessors. 
The primary outcome was social cognition (emotion percep-
tion and theory of mind). Secondary outcomes included so-
cial functioning (measured with an interview and experience 
sampling), psychiatric symptoms, information processing, 
and self-esteem. Data were analyzed using mixed-models 
regression analysis. Treatment effects were evaluated by 
the time by condition interaction terms.  Study Results:  
No significant time by condition interactions were found 
for any of the outcome variables, indicating an absence of 
treatment effects. Between-group effect sizes ranged from 
negligible to moderate (Cohen’s d < |0.53|). Main effects of 
time were found for several outcomes.  Conclusions:  These 
results suggest that DiSCoVR was not effective, possibly 
because of inadequate simulation of emotional expres-
sions in VR. This lack of efficacy may indicate that current 
SCT protocols are relatively unsuitable for improving so-
cial functioning. Previous studies showed small to moderate 

effects on higher order social cognition, but the SCT ap-
proach may need critical reevaluation, as it may not suffi-
ciently lead to functional improvement. 

Key words: cognitive remediation therapy/e-health/theory 
of mind/facial affect recognition/mentalization

Introduction

Social dysfunction, that is, problems in adequately ful-
filling appropriate social roles in daily life, is common in 
people with a psychotic disorder.1 An important factor in 
the onset and maintenance of social dysfunction is social 
cognition.2,3 The term social cognition refers to the cogni-
tive and emotional processes involved in (thinking about) 
social interactions and other people, such as emotion 
perception, social perception, Theory of Mind (ToM), 
and attribution style. Social Cognition Training (SCT) 
aims to improve social cognition, generally through re-
peated practice with social stimuli and/or social strategy 
training.4 Meta-analyses have found SCT to be effective 
at improving social cognition and social functioning, al-
though its efficacy varies across studies, measurement in-
struments, and intervention methods.5–10

Virtual Reality (VR) has emerged as a potential tool 
to improve SCT,11 offering several advantages over con-
ventional SCT. VR-SCT facilitates training in a safe, 
controlled environment, that can be tailored (eg, the dif-
ficulty and content) to the individual. VR also offers a 
dynamic, complex training environment, eliciting social 
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behavior resembling real-world interactions.11,12 With VR, 
social situations can be simulated, repeated, and altered, 
including situations that might be impractical or impos-
sible to practice in a conventional therapeutic setting. 
Currently, however, no controlled studies of VR-SCT are 
available.

In one study, investigating a manualized group SCT 
(Social Cognition and Interaction Training13) in an on-
line virtual environment, improvement was found14 in 
emotion recognition and anxiety, but not in other meas-
ures (eg, ToM). A VR-SCT case study15 (n = 2) reported 
improvement in emotion recognition, ToM, attribution 
style, and social intelligence. To the best of our knowl-
edge, no further empirical studies of VR-SCT for people 
with a psychotic disorder are available. However, for VR 
social skills training (an intervention likewise focusing on 
social situations, but not primarily targeting social cog-
nition) encouraging results have been found16,17), as well 
as for pilot studies investigating VR-SCT for people with 
autism spectrum disorder.18,19

Our research group has developed an immersive 
VR-SCT (“Dynamic Interactive Social Cognition 
Training in Virtual Reality”: “DiSCoVR”). In an un-
controlled pilot study,20 we found that this approach was 
feasible and acceptable. We observed improvement in 
emotion recognition, but not in ToM, social perception, 
empathy, or clinical measures. Subsequently, we upgraded 
to a more reliable and graphically advanced version of the 
VR software, used broader social goal setting methods 
and altered the VR exercises to use open-ended questions 
(for specific changes, cf. ref.20). In this study, we investi-
gated the efficacy of DiSCoVR, comparing it to VR re-
laxation therapy (‘VRelax’).

We hypothesized that DiSCoVR would lead to greater 
improvements than VRelax in (1) social cognition (ie, 
emotion perception, social perception, and ToM), and 
(2) social functioning, measured by both an interview 
and experience sampling in daily life. We also expected 
DiSCoVR to have greater effects on other secondary out-
comes (eg, paranoid ideation, social anxiety), through 
improvements in social cognition and exposure to social 
situations.

Method

Study Design

This study was a single-blind RCT with an experimental 
group, DiSCoVR, and an active control condition, 
VRelax. All participants continued to receive treatment 
as usual. Participants completed 3 measurements (base-
line/T0, posttreatment/T1, and 3-month follow-up/T2).

Participants

Participants were inpatients and outpatients from 5 mental 
healthcare institutions in the Netherlands. Inclusion 

criteria were: (1) diagnosis of a psychotic disorder as es-
tablished with a structured clinical interview within the 
past 3 years, or as verified with the Mini International 
Neuropsychiatric Interview Plus21; (2) deficits in social 
cognition, as indicated by a treating clinician; (3) age 
18–65 years. Exclusion criteria were: (1) epilepsy; (2) es-
timated IQ < 70, and/or a diagnosis of intellectual disa-
bility; and (4) insufficient Dutch proficiency. Participants 
received €30 per measurement.

Interventions

Both interventions encompassed 16 individual 
45–60-minute twice weekly on-site sessions. Therapists 
received 8 h of training, and monthly group supervision 
by the principal investigators. Technical support was 
available by telephone. For protocol fidelity evaluation, 
therapists completed a short form after every session.

DiSCoVR was modeled after existing, effective SCT 
protocols (eg, ref.13,22). DiSCoVR was provided by psych-
ologists with minimally a master’s degree. Treatment 
goals were identified, which were explicitly related to the 
training content, reflected upon at the end of each ses-
sion and altered, if  necessary, at the end of each module. 
Examples of goals were “Recognizing other people’s 
social boundaries better” and “Meeting new people 
and feeling more at ease in interactions”. Participants 
practiced individually with social-cognitive strategies 
throughout the intervention (eg, verbalization of salient 
facial features), both in VR and at home; homework ex-
ercises were discussed at the beginning of each session. 
Since these (individual) exercises (cf. supplementary ma-
terials) were optional, though strongly encouraged, com-
pliance was not recorded.

DiSCoVR consisted of 3 modules:

•	 Module 1 (sessions 1–5): facial affect recognition. 
Outside VR, participants formulated personal social 
goals and received psychoeducation about social cog-
nition and strategy use. In VR, participants explored a 
shopping street using a joystick (Microsoft Xbox One) 
and identified facial expressions on stationary virtual 
characters (“avatars”), using a multiple-choice menu. 
At home, participants practiced recognizing emotions.

•	 Module 2 (sessions 6–9): social perception and ToM. 
Outside VR, participants learned about the connec-
tion between behavior, emotions, and thoughts, ap-
plied to themselves, other people, and in interactions. 
This technique was adapted from the model of  emo-
tions in cognitive behavioral therapy (CBT). In VR, 
participants viewed animated interactions between 
virtual characters (containing misunderstandings, 
ambiguity, faux pas, hinting, and lies) and answered 
open-ended questions about their behavior, thoughts, 
and emotions. Scenarios took place in everyday en-
vironments (a supermarket, a cafe, on the street). 
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As homework, participants were encouraged to 
note their own and others’ thoughts, behavior, and 
emotions.

•	 Module 3 (sessions 10–16): application of social cog-
nition in social interactions. Outside VR, participants 
learned a social cognitive problem-solving technique, 
adapted from CBT. in this technique, participants 
considered their and others’ thoughts, behavior, and 
emotions, generated different possible ways to react, 
chose the most appropriate response, and evaluated the 
chosen solution afterwards. In VR, participants role-
played personally relevant social scenarios. Therapists 
controlled a virtual character and spoke to participants 
in real time using a transformed voice. Therapists could 
control the environment, gender, ethnicity, appearance, 
voice, emotions, and gestures of the avatar. As home-
work, participants were encouraged to practice the 
problem-solving technique.

The VR environments were created by CleVR BV and 
were displayed using an Oculus Rift head-mounted-
display (Consumer Version 1). Therapists controlled 
the environment and avatars through a tablet interface 
and viewed participants’ field of vision using a second 
monitor. Time spent in VR was increased gradually and 
ranged from 5 min (session 1) to 35 minutes (modules 
2/3).

VRelax was aimed at stress reduction, coping, and 
relaxation. VRelax was provided by therapists with 
minimally a psychology bachelor’s degree, or clin-
ical experience (>3 years) with the target population. 
Outside VR, participants received psychoeducation 
about stress, coping, rumination, and stress reduction. 
Participants learned to identify personal stressors, 
choose appropriate coping responses, and utilize relax-
ation techniques. Approximately 50% of  each session 
was dedicated to VR relaxation. Participants explored 
relaxing 360° VR videos of  nature scenes (eg, swimming 
with dolphins, coral reef, beach at sunset, mountain 
meadow).23 The VR environment contained several re-
laxation exercises (eg, breathing exercises, progressive 
relaxation), using audio guidance while looking at re-
laxing nature scenes. Participants controlled the envi-
ronment (navigation and exercises) using gaze. VRelax 
was developed by Viemr BV and was displayed using a 
Samsung Gear VR headset with a Samsung Galaxy S7 
smartphone.

Outcomes

Measurements were carried out on-site by independent 
assessors (master’s students in clinical psychology or 
medicine, and experienced clinical research assistants), 
who received ±24 h of training and received regular su-
pervision. To ensure reliable scoring, assessors conducted 
consensus meetings.

Social Cognition.   We assessed facial emotion recognition 
using the Ekman 60 Faces Test,24 a computerized measure 
in which participants rate 60 pictures showing basic emo-
tions (fear, anger, disgust, happiness, sadness, or surprise).

Social perception and ToM were measured using The 
Awareness of Social Inference Task (TASIT25,26), Part 
III. Eight video vignettes are presented, portraying social 
situations containing lies or sarcasm. After each video, 
participants answer 4 questions, about the intentions, 
message, beliefs, and emotions of the actors. Total scores 
(0–32) were analyzed.

Social Functioning.   We measured overall social func-
tioning using the Personal and Social Performance (PSP) 
scale,27 an interview on functioning in four areas (socially 
relevant activities, social relationships, self-care, and dis-
ruptive/aggressive behavior). Ratings of dysfunction on 
a five-point scale are combined into a single score of 
social functioning (0–100); higher scores indicate better 
functioning.

Social functioning in daily life was measured using ex-
perience sampling method (ESM) diaries. Participants 
received 10 daily text messages at semirandom moments 
for 7 days. The messages contained a link to a question-
naire with 21–33 items (depending on answers given) on 
current positive affect (4 items, 0–400, α = 0.89), neg-
ative affect (7 items, 0–700, α = 0.89), stress (4 items; 
0–400, α = 0.82); overall and in company of  others. 
Enjoyment of  current and recent activities (1 item each, 
0–100), current and recent company of  another person 
(yes, 1/no, 0), and how the company was experienced 
(sense of  being accepted, 4 items, 0–400, α = 0.86; and 
participant’s perceived social cognition, 2 items, 0–200, 
α = 0.88) were measured. Preferences for more social 
contact since the last beep (1 item, 0–100) and initiative 
for social contact since the last beep were also assessed 
(1 item, 0–100). The ESM questionnaire took approx-
imately 2–3 min to complete; it has been published 
previously.28

Neurocognitive and Clinical Measures.   Demographic 
and clinical characteristics were investigated using ques-
tions and premorbid intelligence was assessed with the 
National Adult Reading Test (NART29,30). Information 
processing and mental set switching were evaluated using 
the Trail Making Test (TMT31). Clinical outcome meas-
ures included the Positive and Negative Syndrome Scale 
(PANSS32), the Social Interaction Anxiety Scale (SIAS33), 
the Green et al. Paranoid Thought Scales34 (including 
part A, ideas of social reference, and part B, ideas of 
persecution), the Beck Depression Inventory (BDI35), 
the Beck Anxiety Inventory (BAI36), the Perceived Stress 
Scale (PSS37), the Self  Esteem Rating Scale (SERS38). The 
Simulator Sickness Questionnaire (SSQ39) was adminis-
tered in treatment session 3.
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Randomization and Blinding

The randomization list was generated using the R 
package “blockrand,”40 using block randomiza-
tion with random block size (2, 4, or 6), stratified by 
gender, age (strata of  9 years), and treatment center. 
Randomization was performed by an independent 
UMCG employee. Assessors were blinded to treat-
ment condition. In case of  unblinding, assessors were 
replaced, if  possible. Blinding was verified with a 
postassessment questionnaire.

Statistical Methods

Based upon previous meta-analyses5,6 we assumed an ef-
fect size of 0.5. Using β = 0.80, α = 0.05, 2 groups and 3 
measurements, yielded a sample size of n = 86. Assuming 
a 13% drop-out rate,41 we determined that we would need 
100 participants.

We evaluated all outcome, demographic, and clinical 
measures for baseline group differences using t-tests, 
Mann–Whitney U tests, or χ2-tests. Variables with sig-
nificant baseline differences were added to analyses as 
covariates. A dummy variable for COVID-19 (0/1: be-
fore/after pandemic onset) was added to ESM models, 
given its impact on daily social interactions. To eval-
uate treatment effects, we conducted a multilevel linear 
mixed-model regression analysis, in accordance with the 
intention-to-treat principle, with repeated measurements 
(Level 1) nested within individuals (Level 2). We used the 
Maximum Likelihood method to estimate the models 
using the MIXED procedure in IBM SPSS Statistics 28. 
For ESM outcomes, models were estimated using the 
Restricted Maximum Likelihood method. The lme442 and 
lmerTest43 R packages were used to analyze ESM data.

Treatment effects were investigated by evaluating the sig-
nificance and magnitude of the time by condition interac-
tion. We originally planned to conduct separate regression 
analyses for T1 and T2, but to preserve statistical power 
and reduce the number of regression analyses, T1 and T2 
were analyzed simultaneously, by adding the time variable 
(T0−T1−T2) as an unordered factor. This yielded separate 
regression coefficients for T1 and T2. Random intercepts 
were estimated for individuals, and a random slope for time 
if it improved the model, as determined by the AIC value. 
We conducted sensitivity analyses for treatment completers 
(≥12 sessions; 75%), and for subjective assessments where 
assessors reported being completely blinded. For mul-
tiple instruments within the same domain, we applied a 
Bonferroni correction to α. Between-group effect sizes for 
treatment effects were determined with Cohen’s d.44 Positive 
effect sizes reflect greater improvement for DiSCoVR.

For missing questionnaire items, the participant’s mean 
at that time point was imputed if  overall missingness on 
that item was low (<5%) and participants had fewer than 
1 missing item for every 10 items.

Procedures

A screening guideline of 4 questions (eg, “Does this 
person have problems understanding what other people 
mean?”) was provided to clinicians to gauge participant 
eligibility. Eligible patients were approached by their cli-
nician and contacted by the researchers. Participants were 
further informed and screened for eligibility by telephone 
and received written information. After a one-week con-
sideration period, participants signed informed consent 
and completed a baseline assessment (T0; ±2.5 h) and 1 
week of ESM questionnaires. Next, randomization took 
place and treatment started. Within 2 weeks of finishing 
treatment, a posttreatment (T1) assessment (±2 h) and 
another week of ESM took place. Three months later, 
participants completed the follow-up (T2) assessment (±2 
h) and a final week of ESM. After the outbreak of the 
COVID-19 pandemic, assessments (n = 53; 24.4%) were 
split to minimize face-to-face exposure: questionnaires, 
completed at home, interviews by telephone/videoconfer-
encing, and face-to-face performance-based tasks.

This study was approved by the Medical Ethical 
Committee of the UMCG (METc file number: 2017/573, 
ABR: NL63206.042.17). It was registered prospectively 
in the Dutch Trial Register (NTR6863). The study pro-
tocol was published previously.28 An independent mon-
itor audited each treatment center for compliance with 
research procedures.

Results

Participants

In total, 83 participants were included between April 
9, 2018 and December 9, 2020. The number of inclu-
sions was lower than intended due to suspension of re-
search activities because of the COVID-19 pandemic. 
Demographic and clinical characteristics of the sample 
can be found in table 1. We added volunteering hours 
per week to all models as a covariate, because VRelax 
participants had a significantly higher mean at baseline. 
Participant flow is shown in figure 1. There was no signif-
icant difference between dropouts and nondropouts on 
any of the demographic, clinical, or outcome measures at 
baseline, nor a difference in dropout across interventions 
(χ²(1) = 1.927, P = .165).

Treatment Effects

Means and standard deviations of outcomes at all 3 
time points are shown in table 2. Estimates of time and 
treatment effects are shown in table 3. For our intention-
to-treat (ITT) analysis, none of the time by condition 
interactions were significant, indicating an absence of 
treatment effects. At T1, significant time effects were 
observed for SERS (b = 6.98, P = .002) and positive af-
fect (ESM; b = 26.87, P < .001). At T2, significant time 
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effects were observed for the total Ekman 60 Faces score 
(b = 2.34, P = .019), total PSP score (b = 4.08, P = .027), 
TMT-A (b = −6.11, P = .001), and positive affect (ESM; 
b = 24.15, P = .004), indicating increases in the total 
Ekman 60 Faces score, PSP and positive affect score, and 
improved TMT-A performance across both groups.

Consistent with the lack of significant time by con-
dition interactions, nearly all ITT between-group effect 
sizes were negligible or small for both time points. Small 
to moderate (but statistically nonsignificant) effect sizes 
(ie, d > |0.3|) were observed favoring VRelax for PSP (T2 
d = −0.38), BDI (T1 d = −0.53), PANSS-P (T2 d = −0.42), 

Table 1.  Sociodemographic and Clinical Characteristics of the Sample

DiSCoVR (n = 41)a VRelax (n = 40)a

M or n SD or % M or n SD or % Test statistic P

Age 35.9 10.4 39.7 12.4 W = 1530.0 .154
Gender Male 30 73.2 26 65.0 χ²(1) = 0.633 .426

Female 11 26.8 14 35.0
Education None or primary 2 4.9 5 12.5 χ²(4) = 3.390 .495

Vocational 23 56.1 19 47.5
Secondary 12 29.3 14 35.0
Higher 4 9.8 2 5.0

Premorbid intelligence (NART) 77.8 14.6 80.8 10.8 W = 1649.0 .766
Paid employment Employed 8.0 19.5 7.0 17.5 χ²(1) = 0.054 .816

Not employed 33.0 80.5 33.0 82.5
Hours worked per week 3.8 8.1 2.4 6.5 W = 1709.5 .691
Work history (years) 7.0 5.6 8.2 10.4 W = 333.0 .733

Living arrangement Independent 22 53.7 26 65.0 χ²(3) = 2.083 .555
Assisted living 12 29.3 9 22.5
Family 6 14.6 3 7.5
Clinic 1 2.4 2 5.0

Day activities/
Volunteering

Engages in day activities/
volunteering

13 32.5 26 65.0 χ²(1) = 8.455 .004*

Hours spent per week on 
day activities/volunteering

4.2 15.7 6.5 10.4 W = 1359.0 .017*

Substance use (units 
per week)

Alcohol 1.5 2.8 4.2 15.7 W = 1549.5 .182
Nicotine 45.2 76.3 38.7 66.9 W = 1671.0 .915
Marijuana/Cannabis .5 2.3 .6 3.3 W = 1680.0 .980
Hard drugs 0 0 0 0 W = 1681.0 >0.999

Diagnosis Schizophrenia 25 61.0 23 59.0 χ²(5) = 3.854 .571
Schizoaffective disorder 9 22.0 9 23.1
Brief  psychotic disorder 
(substance induced)

0 0.0 1 2.6

Schizophreniform dis-
order

0 0.0 1 2.6

Delusional disorder 0 0.0 1 2.6
Other psychotic disorder 7 17.1 4 10.3

Illness duration (years) 11.0 8.8 14.3 12.0 W = 1428.0 .343
(Past) Psychotic episodes 2.6 2.9 3.1 3.5 W = 1463.0 .532
Hospitalization 
status

Never hospitalized 8 20.5 12 30.0 χ²(2) = 1.407 .495
Currently hospitalized 1 2.6 2 5.0
Previously hospitalized 30 76.9 26 65.0

Hospitalizations 2.9 2.5 4.2 4.2 W = 741.0 .221
Medication Uses medication 39 95.1 36 90.0 χ²(1) = 0.208 .649

Typical antipsychotics 3 7.3 7 17.5 χ²(1) = 1.940 .164
Atypical antipsychotics 32 78.0 28 70.0 χ²(1) = 0.683 .409
Antidepressants 13 31.7 9 22.5 χ²(1) = 0.868 .352
Mood stabilizers 1 2.4 3 7.5 χ²(1) = 1.105 .293
Anxiolytics 6 14.6 5 12.5 χ²(1) = 0.079 .779
Benzodiazepines 20 48.8 22 55.0 χ²(1) = 0.314 .575
Stimulants 2 4.9 0 .0 χ²(1) = 2.001 .157

Family history of 
psychiatric disorders

Yes 24 58.5 24 60.0 χ²(1) = 0.018 .893
No 17 41.5 16 40.0

aThere were 83 included participants. However, 1 participant presented a screening failure, and 1 participant dropped out during the 
baseline assessment, leaving the final sample at baseline at n = 81.
*Significant difference at α = 0.05.
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Fig. 1.  Participant flow diagram.
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and PANSS-G (T1 d = −0.32). Effect sizes for PSS (T2 
d = 0.59), BAI (T2 d = 0.33), and PANSS-N (T2 d = 0.41) 
were in favor of DiSCoVR.

For ESM, statistically nonsignificant, but notable ef-
fect sizes favoring VRelax were found for positive affect 
(T1 d = −0.38, T2 d = −0.42), positive affect (social, ie, 

Table 2.  Descriptive Statistics of Outcome Measures

Outcome DiSCoVR VRelax

T0 T1 T2 T0 T1 T2

n = 41 n = 34 n = 33 n = 40 n = 34 n = 34

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Social cognition
 � Ekman 60 Faces 44.6 (6.8) 46.2 (5.7) 47 (6.4) 45.4 (7.3) 47 (6.2) 47.8 (8.6)
 � TASIT-III 22.1 (4.2) 21.9 (3.9) 22.3 (3.6) 22.4 (3.2) 22.4 (4.2) 22.4 (3.5)
Social functioning
 � PSP 54.7 (14.4) 55.6 (12.9) 57 (13.1) 52.7 (11.9) 53.6 (15.1) 56.9 (16.2)
Neurocognitive measures
 � TMT-A 36 (12.1) 33.4 (12.8) 30.3 (11.5) 41.4 (19.9) 35 (13.5) 35.1 (18)
 � TMT-B 93.4 (44.7) 92.8 (50.3) 75.5 (29.8) 90.5 (48.2) 74.5 (29.4) 75.7 (50.7)
Psychiatric symptoms
 � SIAS 37.3 (15.3) 34.8 (15.9) 34 (17.2) 34.1 (13.7) 31.5 (15.3) 30.4 (15.1)
 � GPTS-A 37.1 (18.5) 35.5 (15.9) 33.1 (16.3) 31.5 (12.1) 29 (11.9) 28.4 (13)
 � GPTS-B 31.7 (17.8) 31.1 (19.2) 29.3 (17.7) 28.1 (13.8) 27.3 (13.3) 26.6 (13.8)
 � PSS 27.4 (6) 26.5 (7.9) 25.2 (7) 25 (6.7) 23.4 (7.3) 26 (7.5)
 � BAI 18.7 (11) 16.5 (12) 15.2 (11.4) 15.5 (9) 13.2 (8.5) 14.7 (12.6)
 � BDI 16.7 (9.1) 15 (9.6) 14.5 (10.7) 14.4 (8.5) 11.8 (7.2) 13.8 (9.1)
 � PANSS-P 14.7 (5.6) 15 (6.3) 14.4 (5.8) 15.1 (5.1) 14.5 (5) 13.4 (4.6)
 � PANSS-N 16.5 (6.1) 14.9 (5.7) 14 (5.4) 16.4 (6.4) 15.2 (6.4) 15.2 (6)
 � PANSS-G 33.9 (10.3) 33.5 (10.3) 31.5 (9) 33.7 (9.4) 30.8 (8.9) 30.3 (8.2)
Self-esteem
 � SERS 82.6 (20.5) 86.5 (22.8) 85.8 (22.6) 88.4 (19.1) 95.2 (19.4) 92.4 (20.9)
ESM: momentary emotions
 � Positive affect 270.2 (91.9) 284.9 (79.2) 290.5 (84.3) 276.7 (99.1) 304.6 (102.8) 301.7 (102.7)
 � Negative affect 153.5 (111.2) 156.3 (116.5) 162.9 (122.7) 138.7 (122.7) 130.8 (130.8) 131.1 (125.7)
 � Stress 109.3 (59.6) 110.7 (59) 112.8 (60.4) 101.7 (65.5) 90.9 (71.1) 91.2 (67.4)
ESM: momentary emotions (social)
 � Positive affect 290.4 (96.9) 283.6 (89.6) 286.2 (86.5) 303.2 (103.8) 334.4 (105.4) 323.9 (106.5)
 � Negative affect 148.9 (122.2) 150.6 (129.5) 183.7 (135.7) 122.2 (114.5) 116.3 (125.4) 126.7 (126.5)
 � Stress 103.8 (65.5) 107.9 (68.8) 120.5 (67.6) 93.5 (69.2) 80.4 (69.8) 84.4 (70.2)
ESM: activities
 � Enjoyment of activity (time of beep) 65.1 (19.8) 67.5 (17.7) 67.8 (17.9) 66.5 (19.5) 68.4 (18.8) 68.9 (19)
 � Enjoyment of activity (at time of beep, 

social)
67.3 (17.9) 66.5 (17.1) 66.1 (17) 68.3 (21.7) 70.3 (19) 70.9 (19.2)

 � Enjoyment of activity (since last beep) 64.6 (19.2) 66.5 (18.3) 67.9 (18.1) 67.5 (18.8) 68.6 (18.7) 70.1 (18.7)
ESM: social interaction
 � Accompanied at time of beep (y/n) 32% (46.7) 23.3% (42.3) 27.6% (44.7) 29.3% (45.5) 27.9% (44.9) 29% (45.4)
 � Accompanied since last beep (y/n) 30.4% (46) 28.6% (45.2) 33.6% (47.2) 26.7% (44.3) 22.2% (41.5) 25% (43.3)
 � Perceived acceptance by other (at time 

of beep)
276.7 (68.4) 291.2 (51.3) 277 (60.5) 288.6 (72) 302 (67.5) 300.1 (69.6)

 � Perceived acceptance by other (since last 
beep)

262 (62.7) 264.4 (52.5) 264.3 (54.4) 270.8 (75.4) 270.1 (79.1) 278.3 (74.3)

 � Perceived social cognitive ability (at time 
of beep)

119 (43.6) 131.1 (35.2) 121.5 (35.3) 126.3 (42.2) 131.8 (41.6) 131 (42.5)

Perceived social cognitive ability (since last 
beep)

111.8 (40) 119.6 (32.2) 118.3 (31.3) 121.2 (43.5) 118.6 (44.6) 122.3 (43.9)

 � Preference for more social contact 33.8 (25.1) 34.6 (24.5) 36.4 (25.6) 29.6 (27.4) 26.1 (25.5) 25.9 (25.9)
 � Social initiative since last beep 34.9 (28.3) 36.9 (27.9) 40.8 (27.8) 35.8 (30.7) 39.3 (30.8) 39.6 (31.8)

Note: TASIT, The Awareness of Social Inference Test; PSP, Personal & Social Performance; TMT, Trailmaking Test; SIAS, Social In-
teraction Anxiety Scale; GPTS, Green et al. Paranoid Thought Scales; PSS, Perceived Stress Scale; BAI, Beck Anxiety Inventory; BDI, 
Beck Depression Inventory; PANSS, Positive And Negative Syndrome Scale; SERS, Self-Esteem Rating Scale; ESM, Experience Sam-
pling Method(ology).
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while accompanied by another person; T1 d = −0.34), 
stress (social; T1 d = −0.41), enjoyment of activities (so-
cial; T1 d = −0.36). Notable ESM effect sizes favoring 
DiSCoVR were greater enjoyment of activities  (at time 
of measurement, social; T2 d = 0.48), more perceived ac-
ceptance by others (at time of measurement, T1 d = 0.38; 
since last measurement, T1 d = 0.35), and better perceived 
social cognitive ability (at time of measurement, T1 and 
T2 d = 0.31).

Sensitivity Analyses and Blinding

A sensitivity analysis of completers (≥12 sessions; table 
4, supplementary material) showed similar results to the 
ITT analysis. Unblinding was reported in 10 assessments 
(7.8%). Group allocation was guessed correctly in 59.4% 
of measurements (DiSCoVR: 64.1%, VRelax: 54.7%); 
assessors performed significantly above chance level 
(χ²(1) = 4.540, P = 0.033), indicating that blinding was 
unsuccessful. A sensitivity analysis of blinded assessors 
showed no meaningful differences to the ITT analysis (cf. 
table 5, supplementary material).

Safety and Protocol Fidelity

Two serious adverse events (SAE) were reported in the 
DiSCoVR group and one SAE in the VRelax group, all 
concerning psychiatric hospitalization deemed unrelated 
to study participation by treating clinicians. The mean 
nausea SSQ score was 2.5 (SD = 2.2); reported nausea was 
significantly higher in the DiSCoVR group (DiSCoVR 
M = 3.1, VRelax M = 2.0, P = .036). The average oculo-
motor SSQ score was 3.9 (SD = 3.2), with no significant 
difference between groups (DiSCoVR M = 3.2, VRelax 
M = 4.26, P = .262). Protocol deviations were reported 
in 96 of 994 sessions with available session data (9.7%; 
DiSCoVR n = 59, 13.2%; VRelax n = 37, 7.2%). Further 
protocol fidelity data can be found in the supplementary 
materials (table 6).

Discussion

In this RCT, we compared a VR-SCT (DiSCoVR) to an 
active control VR relaxation condition (VRelax), to in-
vestigate its effects on social cognition, social functioning, 
and other clinical outcomes. No significant treatment ef-
fects were found. An analysis of completers showed no 
relevant differences from the intention-to-treat analysis.

Efficacy of DiSCoVR

One way to interpret these results is that DiSCoVR does 
not improve social cognition. This could be due the treat-
ment protocol and/or the use of VR. Other potential 
causes involve the study design and outcome measures.

While DiSCoVR was modeled after existing, effective 
SCTs and used established training principles such as O
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repeated practice and strategy use,4 it is possible that it 
failed in the execution of these principles. Although the 
protocol stressed application of social cognitive strat-
egies, exercises were possibly too broad or focused on 
other processes (eg, social anxiety, general social skills). 
Conversely, our exercises possibly adequately targeted so-
cial cognition, but processes other than social cognition 
(eg, anxiety) may have caused the social deficits observed 
by referring clinicians. Thus, (some) participants may not 
have shown improvement because they did not need SCT 
in the first place.

Another possibility is that our VR program inade-
quately simulated reality. In our pilot study, insufficient 
realism was a point of criticism.20 Previous literature45 has 
pointed out limitations in virtual facial emotions due to 
limited wrinkling in virtual faces. Virtual emotions mimic 
major traits of basic emotions, but might lack more 
subtle traits of natural facial emotions.45,46 It is there-
fore possible that improvements in VR did not generalize 
due to insufficient resemblance to real-world emotions. 
Given that virtual stimuli were the main training mate-
rial, more advanced virtual emotions might be necessary. 
Nevertheless, a study of VR-CBT for paranoid delusions, 
using an older version of our virtual environments,47 
found large, generalized improvements in paranoia and 
social anxiety. In that study, a narrower range of exer-
cises was used (ie, exposure in four daily environments), 
and an established therapeutic protocol. This could imply 
that not the realism, but rather the treatment goal and 
type of exercises performed in it, caused the lack of effi-
cacy. For example, it is possible that VR is (currently) an 
appropriate tool to target emotions and cognitions, but 
not (yet) sufficiently realistic for improving perceptual 
processes.

It is also possible that DiSCoVR could have been effec-
tive, but that the treatment and study period was too short 
to observe meaningful changes. Furthermore, outcome 
measures may have been insufficiently sensitive to de-
tect improvements, particularly the TASIT. Factor anal-
ysis showed the TASIT to be on a separate factor from 
simpler, perceptual social cognitive tasks (eg, Ekman 60 
Faces). The authors concluded that TASIT may be more 
ecologically valid and representative of complex, higher-
order mentalizing abilities than text-based ToM tasks 
such as the Hinting Task.48 Notably, SCT studies re-
porting improvements in ToM have most commonly used 
the Hinting Task49–51 or similar tasks, while several found 
no effect on TASIT.51–54 This raises the question whether 
tests that demonstrate higher-order social cognition im-
provements of SCT truly capture higher-order processes, 
and consequently, whether it is justified to conclude that 
SCT improves these.

Our null findings could also reflect inconsistencies in 
results of SCT in general. While improvements in social 
cognition have been found in meta-analyses, they are not 
ubiquitous in individual RCTs. Several did not find an 

effect on emotion perception51,55–57 or ToM.51,56–59 Effects 
of SCT are more pronounced for lower-order social 
cognitive processes than higher-order processes.10 Thus, 
SCT has a bigger impact on processes requiring less in-
tegration of complex social information (eg, emotion 
perception) than relatively complex social cognitive pro-
cesses. Another meta-analysis60 found moderate effects 
of SCT on social cognition, but not on any domain of 
social functioning. It is therefore possible that SCT im-
proves lower-order social cognition but fails to impact 
higher-order processes and social functioning. This does 
not explain the absence of lower-order social cognition 
improvements in this study, but it could explain the lack 
of effects on ToM, social functioning, and daily social 
interactions.

Strengths and Limitations

To the best of our knowledge, this was the first RCT on 
VR-SCT. The study had high methodological quality, as 
it included randomization, an active control group, the 
practice and evaluation of assessor blinding (though only 
partly successfully), regular supervision and consensus 
meetings, assessment of protocol fidelity and assessor 
blinding, and sensitivity analyses. This study was also 
unique in its use of ESM, providing novel insight in ef-
fects of SCT on daily life.

The COVID-19 pandemic negatively impacted recruit-
ment, leading to failure in reaching our planned sample 
size. Drop-out rates were higher than anticipated; our a 
priori estimate of 13% dropout may have been too low, 
as similar trials reported higher drop-out rates (eg, 24%–
28%59). While insufficient statistical power could explain 
statistical insignificance, most outcomes showed trivial 
mean score differences, suggesting a genuine absence of 
effects. The pandemic also affected enrolled participants, 
since face-to-face meetings and societal activities were 
restricted, affecting treatment, outcome assessment and 
possibly treatment outcomes. Finally, we did not use the 
recommended SCOPE measures,61,62 because they were 
not validated in Dutch. We cannot rule out that our meas-
ures were insufficiently sensitive or reliable to find effects.

Implications for Clinical Practice and Future Research

While pilot studies have found encouraging results 
for VR-SCT, in this first RCT, it failed to live up to its 
promise. Since it is unclear why, it is premature to draw 
conclusions about the merit of VR for SCT.

Directly adapting an established protocol to VR (eg, 
Social Cognition & Interaction Training51,57,63,64), utilizing 
the same measures of social cognition, a similar sample, 
and both “conventional” SCT and treatment as usual 
control groups, could further elucidate the merit of VR 
as a tool. To evaluate different forms of SCT, it is im-
portant to standardize measurements, eg, using SCOPE62 
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measures. Standardization of treatments and assessment 
could also facilitate investigation of therapeutic mechan-
isms. Finally, the use of ESM could provide more insight 
in generalization to daily life social interactions.

The mixed findings regarding generalization to social 
functioning60 raise important questions regarding the effi-
cacy and utility of SCT. More research is therefore needed 
to investigate effective components of SCT and how SCT 
impacts social functioning. The relationship between so-
cial cognition and social functioning is complex and in-
volves several other, mutually interacting variables, such 
as motivation,65 negative symptoms,66 neurocognition,67 
and self-efficacy.68

Therefore, as has been shown for CRT,69 integra-
tion of  SCT with other treatments may be necessary, 
such as CBT, CRT, behavioral activation, and/or psy-
chosocial rehabilitation programs such as Individual 
Placement and Support.70 Ultimately, focusing on any 
single process may be insufficient, as social dysfunction 
is caused by an interplay of  many different factors. A 
more holistic approach may be necessary, and whether 
or how SCT fits into this approach, requires further 
investigation.

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.
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