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ARTICLE INFO ABSTRACT

Keywords: Background: More ecologically valid tools are needed to better capture daily-life cognitive impairments in pa-
Vil't‘ufil‘ reality o tients with mood or psychosis spectrum disorders in clinical settings and cognitive treatment trials. We developed
Activities of daily living the Cognition Assessment in Virtual Reality (CAVIR) test, which assesses daily-life cognitive skills in an
]C)zgrrl;:;;ln immersive virtual reality kitchen scenario. This study investigated the validity and sensitivity of CAVIR,
Biplz)lar disorder including its association with activities of daily living (ADL) ability.

Schizophrenia Methods: Seventy symptomatically stable patients with mood or psychosis spectrum disorders and 70 healthy

controls completed CAVIR and standard neuropsychological tests and were rated for clinical symptoms, func-
tional capacity, and subjective cognition. In addition, patients’ ADL ability was evaluated with the Assessment of
Motor and Process Skills.

Results: Higher global CAVIR performance correlated moderately with better global neuropsychological test
scores (r5(138) = 0.60, p < 0.001) and showed a weak to moderate association with better ADL process ability in
patients (r(45) = 0.40, p < 0.01), also after adjusting for sex and age (ps < 0.03). In comparison, neuropsy-
chological performance, interviewer- and performance-based functional capacity, and subjective cognition were
not significantly associated with ADL process ability (ps > 0.09). Further, CAVIR was sensitive to cognitive
impairments in patients and was able to differentiate between patients with and without the ability to undertake
regular employment.

Limitations: The modest sample size and concomitant medication.
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Conclusion: Our results indicate that CAVIR is a sensitive measure of daily-life cognitive skills in patients with
mood or psychosis spectrum disorders.

1. Introduction

Persistent cognitive impairments are common in both mood disor-
ders (MD) and psychosis spectrum disorders (PD) (Bora and Pantelis,
2015; Bourne et al., 2013; Green et al., 2020; Rock et al., 2014),
significantly affecting daily-life functioning, quality of life, and work-
force capacity (Green et al., 2000; Jaeger et al., 2006; Jaeger and Vieta,
2007; Tse et al., 2014). Consequently, improving cognitive functioning
has become a key treatment target for enhancing functional recovery
(Bowie et al., 2006; Miskowiak et al., 2018; Tsapekos et al., 2020). A
recent systematic review by the International Society for Bipolar Dis-
order (ISBD) Targeting Cognition Task Force found preliminary pro-
cognitive effects of several pharmacological and psychological in-
terventions (Miskowiak et al., 2022a). Among these, modafinil and
lurasidone showed preliminary positive results, whereas cognitive
remediation therapy (CRT) showed the most consistent cognitive ben-
efits. Indeed, meta-analytic evidence has shown small-to-moderate ef-
fects of CRT on neuropsychological test performance across MD and PD
(Goldberg et al., 2023; Samamé et al., 2023; Vita et al., 2021). However,
there remains a significant gap between these test improvements and
real-world functioning (Goldberg et al., 2023; Miskowiak et al., 2022a;
Samameé et al., 2023). This discrepancy highlights the need for novel
cognitive outcome measures in treatment trials that better reflect daily-
life cognitive skills.

A key methodological challenge is accurately capturing patients’
cognitive skills required for daily tasks (Miskowiak et al., 2017; Mis-
kowiak et al., 2018). Neuropsychological tests — the primary outcomes
in cognition trials — have limited ecological validity as they are adminis-
tered in a quiet, controlled environment with specific instructions,
which bears little resemblance to patients’ real-life cognitive hassles
(Miskowiak et al., 2017). Accordingly, neuropsychological performance
accounts for only 5-21 % of the variance in daily-life functioning, which
limits the insight into whether treatment-related cognitive gains transfer
into improved functional outcomes (Van der Elst et al., 2008). The ISBD
therefore recommends assessing transfer effects to daily-life functioning
as a secondary outcome (Miskowiak et al., 2022a) using the interview-
based Functional Assessment Short Test (FAST) (Rosa et al., 2007) or the
performance-based University of California, San Diego Performance-
based Skills Assessment - Brief (UPSA-B) (Mausbach et al., 2007).
However, the FAST includes measures like income status that do not
necessarily improve with pro-cognitive interventions (Rosa et al., 2007),
and self-report measures are based on patients’ perceptions and can be
influenced by symptom severity (Ott et al., 2019; Petersen et al., 2019).
Performance-based measures like the UPSA-B are more closely associ-
ated with objective neuropsychological performance but are marked by
ceiling effects in psychiatric disorders (Ott et al., 2019; Ostergaard
Christensen et al., 2014). These limitations underscore the need for more
ecologically valid cognitive measures that accurately reflect real-world
functioning without being influenced by patients’ insight or symptom
severity (Miskowiak et al., 2017).

Virtual reality (VR) platforms may offer a potential solution by
simulating complex real-life like cognitive challenges in controlled en-
vironments (Bohil et al., 2011; Negut et al., 2016; Parsons, 2015). While
several desktop VR tools have been validated for cognitive- or functional
capacity assessment in psychiatric and neurological populations
(Horlyck et al., 2021; Keefe et al.,, 2016; Rand et al., 2009), their
ecological validity is limited compared to immersive VR devices like
head-mounted displays (HMDs). Studies indicate that greater immersion
enhances the feeling of presence and, thereby, user engagement
(Makransky and Petersen, 2021; Makransky et al., 2019), which may
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improve the ecological validity of cognitive assessment. This has led to
interest in designing and testing immersive VR tools for cognitive
assessment in psychiatric populations, including MD and PD (Adriasola
et al., 2024; Mannan et al., 2023; Voinescu et al., 2023).

We recently developed an immersive HMD VR cognition test, the
Cognition Assessment in Virtual Reality (CAVIR), in which participants
complete five tasks related to planning and preparing a meal in a kitchen
scenario (Miskowiak et al., 2022b). In line with WHO’s International
Classification of Functioning, Disability and Health (ICF) (Comment
WHO, 2013), the CAVIR test was designed to assess cognitive skills
necessary for tackling typical daily-life challenges (i.e., ICF level of ac-
tivity/participation). The initial version of CAVIR showed good feasi-
bility and a moderate association with traditional neuropsychological
tests in patients with MD or PD (Miskowiak et al., 2022b). Key limita-
tions were, however, that some subtasks were marked by ceiling effects
and that the test was only validated against neuropsychological tests
(Miskowiak et al., 2022b) rather than real-world functional capacity
measures capturing activities of daily living (ADLs) (Kirkham et al.,
2024). Indeed, for a cognitive test to have ecological validity, it must
predict performance in similar real-world situations, termed veridicality
(Franzen and Wilhelm, 1996; Spooner and Pachana, 2006). An ADL
ability measure such as the Assessment of Motor and Process Skills
(AMPS) (Fisher and K. B. J., 2012) overcomes the limitations of the FAST
and UPSA-B by directly assessing functioning in real-world settings like
a standardised testing apartment through tasks with individually
adjusted difficulty levels. Notably, the AMPS can assess ADL ability
specifically related to household tasks such as meal preparation (Fisher
and K. B. J., 2012) and has been shown to be an important predictor of
occupational capacity (Haslam et al., 2010; Vandamme, 2010). There is
thus a need to explore the associations between CAVIR, neuropsycho-
logical performance and AMPS to elucidate whether the test can bridge
the gap between standard cognitive tests and real-world functioning to
better capture daily-life cognitive skills.

This study therefore aimed to investigate the convergent validity and
sensitivity of the optimised CAVIR in a sample of symptomatically stable
patients with MD or PD and healthy controls (HC). We hypothesised (i)
that global CAVIR scores would be positively associated with global
performance on traditional neuropsychological tests across patients and
HGCs, (ii) that global CAVIR performance would be positively associated
with patients’ real-life ADL ability evaluated with the AMPS, and (iii)
that patients would display impairment on the global CAVIR score
compared to HCs. For exploratory purposes, we investigated the validity
and sensitivity of each CAVIR subtask and the associations between
CAVIR and FAST, UPSA-B and subjective cognition. Finally, we explored
the ability of CAVIR to differentiate between patients according to their
occupational capacity based on ADL ability.

2. Methods
2.1. Participants and recruitment

Data was collected from the baseline assessments of two ongoing
clinical trials at the University of Copenhagen, Denmark: a trial inves-
tigating the effect of VR-based cognitive remediation (Clinicalrials.gov
Identifier: NCT06038955) and a trial investigating hypoxia cognition
training (Clinicalrials.gov Identifier: NCT06121206). Combining base-
line data from these trials was deemed appropriate due to their shared
participant inclusion criteria and cognitive, functioning, and symptom
assessments, as described in more detail in the study protocol (Jespersen
et al., 2024a). In brief, eligible participants were 18-55 years of age and
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fluent in Danish. All patient participants were recruited from outpatient
clinics in the Capital Region of Denmark. Patients with MD had an ICD-
10 diagnosis of either unipolar disorder (n = 16) or bipolar disorder (n =
36) and were in full or partial remission, as reflected by scores <14 on
the Hamilton Depression Rating Scale 17 items (HRDS-17) (Hamilton,
1960) and the Young Mania Rating Scale (YMRS) (Young et al., 1978).
Patients with PD had an ICD-10 diagnosis within the F20-spectrum of
schizophrenia (n = 7), schizotypal disorder (n = 9), or unspecified non-
organic psychosis (n = 2) and were all assessed to be relatively
symptom-stable by their treating clinician upon referral. Diagnoses were
confirmed using the Schedules for Clinical Assessment in Neuropsychi-
atry (SCAN) interview (Wing et al., 1990). The HC participants were
recruited through website advertisements (n = 37) or from blood banks
in the Capital Region of Denmark (n = 33) and were free of any personal
history of psychiatric illness confirmed using the SCAN interview.
General exclusion criteria were current substance use, neurological
disorder, severe somatic illness, dyslexia, a daily use of benzodiazepines
>22,5 mg oxazepam, and electroconvulsive therapy (ECT) within the
past three months. Both trials were approved by the local ethics com-
mittee in the Capital Region of Denmark. The recommendations of the
Declaration of Helsinki were followed, and written informed consent

Journal of Affective Disorders 369 (2025) 1053-1063
was obtained from all participants prior to study participation.
2.2. Procedure

The assessments were conducted over two days. On day 1, all par-
ticipants were assessed with CAVIR and a traditional neuropsychologi-
cal test battery (details below). Participants were also assessed on
functional capacity, completed questionnaires concerning subjective
cognitive complaints, and underwent mood ratings with the HDRS-17
(Hamilton, 1960) and YMRS (Young et al., 1978). For participants
with PD, positive symptoms were assessed using the Assessment of
Positive Symptoms (SAPS) (Andreasen, 1984) and negative symptoms
using the Brief Negative Symptom Scale (BNSS) (Kirkpatrick et al.,
2011). On day 2, a sub-sample of the patient participants underwent an
evaluation of their ADL ability with the AMPS (Fisher and K. B. J., 2012),
which was only part of the assessment in the VR cognitive remediation
trial (Jespersen et al., 2024a). The AMPS evaluation was arranged
within seven days of the first visit and with as few days apart as possible.
The assessments on day 1 and day 2 were conducted independently, and
the assessors were blinded to the outcome of the other assessment.

Bake the lasagna (40 min)

Fig. 1. 1A: The 360° CAVIR kitchen environment administered on a Meta Quest 128 GB portable headset. 1B: Task 1: memorising and finding ingredients from a list
(verbal memory); 1C: Task 2: planning the order in which to complete subtasks involved in meal preparation (executive function); 1D: Task 3: placing as many
correct ingredients as possible in a pot within a time frame (processing speed); 1E: Task 4: memorising the location of flatware and kitchen utensils (working
memory); 1F: Task 5: repeatedly checking the food in the oven in response to specific cues so the food does not get burned (attention). Participants in the current
study completed the Danish version of CAVIR, but for the reader’s sake, the pictures included here are from the English version.
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2.3. Materials

2.3.1. Cognition Assessment in Virtual Reality (CAVIR)

CAVIR is an immersive, self-administered 360° VR test in a kitchen
scenario, where the participant is assessed on daily-life cognitive tasks
related to preparing a meal (Miskowiak et al., 2022b) (see Fig. 1 and
Table 1). The test lasts 15 min and is administered on a standalone head-
mounted Meta Quest 128 GB portable headset. Through the headset,
participants are instructed by a pre-recorded voice to carry out five
subtasks probing different cognitive skills and underlying cognitive
functions: (1) memorising ingredients from a list (verbal memory;
Fig. 1B), (2) planning the order in which to complete subtasks involved
in meal preparation (executive functions; Fig. 1C), (3) placing as many
correct ingredients as possible in a pot within a time frame (processing
speed; Fig. 1D), (4) memorising the location kitchen utensils and flat-
ware (working memory; Fig. 1E) and (5) repeatedly checking the food in
the oven in response to specific cues (attention; Fig. 1F). An initial
CAVIR version showed a moderate association with standard neuro-
psychological tests, high levels of presence and low levels of simulation
sickness in patients with MD and PD (Miskowiak et al., 2022b). How-
ever, subtasks 1, 2, and 5 showed ceiling effects and were, therefore,
slightly optimised in the current version of CAVIR, which involved
creating a higher difficulty level. Additionally, we developed a parallel
version of the optimised CAVIR involving the same five subtasks with
different test stimuli and placement of items. All participants in the
current study were tested with the optimised version of CAVIR (Danish),
with each half receiving one of the two parallel versions in a randomised
design. See Appendix A for details on CAVIR technical setup, subtasks
and optimisations to the initial version.

Table 1

Overview of the Cognition Assessment in Virtual Reality (CAVIR) subtask
measures used in the current study and associated traditional neuropsycholog-
ical tests assessing verbal learning, executive function, processing speed,
working memory, and attention.

Cognitive CAVIR subtask measures Neuropsychological tests
domains
Verbal Task 1: d’ score: the ability to
learnin discriminate between correct RAVLT subtests (IV total,
and 8 ingredients remembered from Immediate recall, delayed recall,
memor the list and false positives (i.e.,  recognition)
y wrong ingredients) in the
fridge/cupboard
Trail Making B
Task 2: Number of cooking One-Touch Stockings of
Executive tasks correctly placed on a to- Cambridge mean choices to
function do list to ensure timely correct (CANTAB)
completion (score range: 0-11) Fluency test (S and D)
Wisconsin Card Sorting Test
Task 3: Number of t
Processing . as 3. umber o C orvec RBANS coding test
ingredients placed in the stove X .
speed o Trail Making A
pot within 90 s (no score range)
Task 4: Number of
ask 4 ur-n er of drawers WALIS Letter-number sequencing
opened until all correct cutlery . .
. Spatial working memory error
Working and flatware have been found
) (CANTAB)
memory (scores are inversed as lower . .
scores indicate better Spatial working memory
strategy (CANTAB)
performance)
Task 5: d’ score: The ability to
discriminate between correct
timuli (i.e. ing the st
oo o reglnting temperatre "aPid visul processing
. g & p accuracy (CANTAB)
. in response to correct visual s .
Attention Rapid visual processing latency

and auditory cues) and false
positives (i.e., opening the
stove door or regulating
temperature in response to foil
stimuli)

(CANTAB)
RBANS digit span
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2.3.2. Neuropsychological assessment

Neuropsychological functioning was assessed with a broad test bat-
tery comprising the following traditional neuropsychological tests: the
One Touch Stocking of Cambridge (OTS), the Spatial Working Memory
test (SWM) and the Rapid Visual Information Processing (RVP) from
CANTAB (Cambridge Cognition Ltd.), the Rey Auditory Verbal Learning
Test (RAVLT) (Schmidt, 1996), WAIS-III letter-number sequencing
(Wechsler, 1997), RBANS Coding and Digit span (Randolph et al., 1998),
verbal fluency (‘d’ and ‘s’) (Borkowski et al., 1967), and Trail Making
Test A and B (Army Individual Test Battery, 1944). Premorbid verbal IQ
was assessed with the Danish Adult Reading Test adapted from the
National Adult Reading Test (Crawford et al., 1987).

2.3.3. Assessment of Motor and Process Skills (AMPS)

The AMPS is a standardised occupational therapy evaluation of a
person’s abilities to perform ADL tasks (Fisher and K. B. J., 2012), which
has proven valid in psychiatric populations (Ayres and John, 2015; Pan
and Fisher, 1994; Trager et al., 2017). In the current study, patients were
assessed on ADL ability related to meal preparation and other household
tasks in a standardised test apartment (see Fig. A1 in Appendix A). When
administering the AMPS, the participant first undergoes an interview
regarding their usual ADL task performance to identify standardised
tasks that are relevant and of sufficient challenge. The participant then
chooses and performs minimum two ADL tasks under the observation of
an AMPS-calibrated occupational therapist. The therapist rates the
quality of the participant’s ADL performance on 16 ADL motor skills
(physical effort) and 20 ADL process skills (efficiency) based on ease,
efficiency, safety and independence. This study focused specifically on
ADL process skills, as these seem to be most closely related to cognitive
impairment in psychiatric disorders (Trager et al., 2017). The AMPS is
useful for determining occupational capacity, with an ADL motor score
< 2.5logits and a process score < 1.2 logits indicating insufficient ability
to undertake regular employment (Vandamme, 2010).

2.3.4. Assessment of functioning

Functioning was also assessed with the FAST, an interviewer-based
rating scale (Rosa et al., 2007). Participants in the VR cognitive reme-
diation trial (n = 33 HCs and n = 47 patients) (Jespersen et al., 2024a)
also completed the UPSA-B, a performance-based measure of functioning
that assesses financial and communication skills (Mausbach et al., 2007;
Mausbach et al., 2010).

2.3.5. Assessment of subjective cognition

Participants completed the Cognitive Complaints in Bipolar Disorder
Rating Assessment (COBRA), a 16-item questionnaire assessing subjec-
tive cognitive difficulties in daily life situations (Rosa et al., 2013).
Participants in the VR cognitive remediation trial also completed the
Cognitive Difficulties in Everyday Life (CODEL), a similar 16-item
questionnaire developed in-house to assess subjective cognitive diffi-
culties related to meal preparation, shopping, remembering verbal in-
formation, and planning daily tasks (Jespersen et al., 2024a).

2.4. Statistical analyses

Scores on CAVIR and neuropsychological tests were z-transformed
based on the mean and SD of HCs. For CAVIR, five cognitive domains
were calculated by averaging the z-transformed scores within each
subtask (Table 1). A cognitive composite score (CAVIR global) was then
calculated by averaging the five domains. The same method was used to
estimate five cognitive domains and a composite score based on the
traditional neuropsychological tests (see Appendix A). Continuous data
were assessed for normality using Shapiro-Wilk tests, and non-
parametric tests were conducted whenever the assumption of
normality was violated. Patients and HCs were compared on de-
mographic and clinical variables using independent sample t-tests or
Mann-Whitney U tests for normally and non-normally distributed data.
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Groups were also compared on premorbid intellectual ability estimated
from the error score on the DART (Nelson and Willison, 1991). A y2 test
was applied to investigate group differences in sex distribution (male/
female as assigned at birth).

The convergent validity of CAVIR against standard measures of
cognition and functioning was assessed with correlation analyses using
Pearson’s r or Spearman’s p (ry). To interpret the strength of the asso-
ciations, we used the benchmark scale for Pearson’s and Spearman’s
correlation coefficients reported by Dancey and Reidy (2007) (see
Table Al in Appendix A). An r-value >0.7 was set as the criterion for
convergent validity, indicating the instruments measure the same
construct (De Vet et al., 2011). Associations were investigated between
the global CAVIR and neuropsychological scores and explored between
CAVIR subtasks, corresponding neuropsychological domains, and sub-
jective cognitive complaints. We also investigated associations between
global CAVIR performance and the AMPS ADL process ability measure,
FAST, and UPSA-B. Associations between CAVIR subtasks and ADL
process ability were also explored. Significant associations were fol-
lowed up with post-hoc multiple regression analyses with CAVIR (global
or subtask scores), sex, and age as independent variables to investigate if
CAVIR performance predicted neuropsychological performance and
functioning across sexes and age groups.

The sensitivity of CAVIR was investigated for the global score and
explored for each subtask using ANCOVAs with CAVIR scores as the
dependent variable, group (patient vs. HC) as fixed factor, and any de-
mographic or clinical variables on which the two groups differed as
covariates. Similar post-hoc analyses were conducted to investigate
differences in CAVIR global performance separately for MD vs. HC and
PD vs. HC and between the participants who received CAVIR version 1
or 2. Finally, using the AMPS ADL employability cut-offs of a motor
score < 2.5 logits and a process score < 1.2 logits (Vandamme, 2010),
patients were classified as either not ready for regular employment (below
cut-offs) or likely ready for regular employment (above cut-offs). We then
compared CAVIR global performance between these two sub-groups.

All analyses were performed using SPSS 25 for Windows. The a-level
was set to p < 0.05 for the primary hypotheses testing and p < 0.01 for
the exploratory analyses investigating the five CAVIR subtasks to control
for multiple comparisons (Bonferroni).

3. Results
3.1. Demographics and clinical variables

Demographic and clinical data are presented in Table 2. We included
70 patients with MD or PD (MD = 52, PD = 18) and 70 HCs. Compari-
sons between patients (MD + PD) and HCs revealed that they were
comparable for age, sex, premorbid verbal IQ, and YMRS scores (ps >
0.09). As expected, patients had, despite similar estimated IQ, fewer
years of education (£(138) = 3.06, p < 0.01) and displayed more sub-
syndromal symptoms of depression, as indicated by higher HDRS scores
(U = 719.0, p < 0.001). Forty-seven patients (MD = 29, PD = 18), all
from the VR cognitive remediation trial, were assessed with the AMPS.
These patients were comparable to the 23 patients from the hypoxia
cognition training trial on all demographic, clinical or cognitive vari-
ables (ps > 0.16).

3.2. Association between CAVIR and standard measures of cognition

Analyses across the entire sample showed a moderate positive cor-
relation between the global CAVIR and global neuropsychological test
scores (r5(138) = 0.60, p < 0.001; Fig. 2A and Table 3). Adjusting for age
and sex revealed a significant model (R2 =0.43, F(3,136) = 33.86, p <
0.001), with the global CAVIR score being the only significant predictor
of neuropsychological performance (f = 0.67, p < 0.001; for remaining
predictors ps > 0.50). Performance on CAVIR subtask 3 correlated
moderately with the corresponding neuropsychological domain of
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Table 2

Demographic and clinical variables, composite scores for Cognition Assessment
in Virtual Reality (CAVIR) and neuropsychological tests, functional capacity,
and subjective cognition for the patients with mood disorders (n = 52) or psy-
chosis spectrum disorders (n = 18) and healthy controls (n = 70).

Variable Group P-values
(unadjusted)
MD/PD HCs
(N =70) (N =70)
Mean (SD) Mean (SD)
Demographic and clinical variables
Age 33.4 (10.9) 30.3 (8.9) 0.19
Years of education 14.4 (2.5) 15.6 (2.2) < 0.01%**
Sex, no. women (%) 50 (71) 43 (61) 0.21
Est. premorbid verbal 1Q 111.8 (5.7) 111.4 (5.2) 0.637
HDRS-17 baseline 4.4 (3.8) 0.8 (1.1) < 0.001%**
YMRS baseline 1.0(1.8) 0.4 (1.0) 0.09
BNSS? 18.7 (13.1) -
SAPS psychotic” 1.8 (1.9) -
SAPS disorganised 0.5 (1.0) -
CAVIR subtasks
Task 1: Verbal learning/memory —-0.7 (1.3) 0.0 (1.0) < 0.001%**
Task 2: Executive functions —-0.2 (1.0) 0.0 (1.0) 0.95
Task 3: Processing speed —-0.8 (1.2) 0.0 (1.0) < 0.001***
Task 4: Working memory —-0.7 (1.4) 0.0 (1.0) < 0.001%**
Task 5: Sustaining attention —-1.3(1.5) 0.0 (1.0) < 0.001%**
Global composite score —0.7 (0.8) 0.0 (0.7) < 0.001%**
Neuropsychological domains
Verbal learning/memory -0.7 (1.1) 0.0 (0.8) < 0.001%**
Executive functions —0.5(0.8) 0.0 (0.6) < 0.001***
Processing speed —0.8 (1.0) 0.0 (0.8)
Working memory —0.7 (0.8) 0.0 (0.8)
Attention —0.6 (0.9) 0.0 (0.8)
Global composite score —0.7 (0.7) 0.0 (0.5) < 0.001***
Measures of functioning
AMPS motor ADL ability® 2.2 (0.3) - -
AMPS process ADL ability 1.3 (0.2) - -
FAST total 23.5(11.3) 1.5 (2.5) < 0.001%**
UPSA-B total® 85.5 (7.0) 89.2(8.2) 0.02*
Questionnaires
Subjective cognition, COBRA 26.9 (7.0) 9.1 (5.3) < 0.001***
Subjective cognition, CODEL® 26.6 (7.3) 8.8 (4.7) < 0.001%**

Abbreviations and notes. MD: mood disorder; PD: psychosis spectrum disorder;
HC: Healthy control. HDRS-17: 17 item Hamilton Depression Rating Scale.
YMRS: Young Mania Rating Scale; BNSS: Brief Negative Symptom Scale. SAPS:
Scale for the Assessment of Positive Symptoms; CAVIR: Cognition Assessment in
VItual reality; AMPS: the Asssessment of Motor and Process Skills; ADL: Activ-
ities of Daily Living; FAST: Functional Assessment Short Test. UPSA-B: Univer-
sity of California, San Diego (UCSD) Performance-based Skills Assessment -
Brief. COBRA: Cognitive Complaints in Bipolar Disorder Rating Assessment;
CODEL: Cognitive Difficulties in Everyday Life; M:Mean; SD: Standard Devia-
tion. * = p < 0.05 (two-tailed), ** = p < 0.01 (two-tailed), *** = p < 0.001 (two-
tailed). ®Data for BNSS was only collected for patients with PD (n = 18); "Data
for SAPS was only collected for patients with PD (n = 18); “Data for the AMPS
was only collected for patients in the virtual reality cognitive remediation trial
(MD = 29; PD = 18); dData for the UPSA-B was only collected for participants in
the virtual reality cognitive remediation trial (HC = 33; MD = 29; PD = 18);
®Data for the CODEL was only collected for participants in the virtual reality
cognitive remediation trial (HC = 33; MD = 29; PD = 18).

processing speed (r(138) = 0.57, p < 0.001; Table 3). For the remaining
CAVIR subtasks, analyses revealed significant but weak associations
with the corresponding neuropsychological domain for verbal memory
(rs(138) = 0.23, p < 0.01), executive function (r(138) = 0.22, p < 0.01),
working memory (r5(138) = 0.25, p < 0.01), and attention (r5(138) =
0.29, p < 0.001; Table 3). These associations prevailed after adjusting
for sex and age (p; < 0.01).

Across the whole sample, lower CAVIR global scores showed weak
associations with more subjective cognitive complaints on the COBRA
(rs(138) = —0.35, p < 0.001) and CODEL (r(78) = —0.32, p < 0.01),
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Fig. 2. Left panel: Correlations between global CAVIR and neuropsychological performance (2 A) and ADL process ability (2B). Right panel: Correlations between
CAVIR global score and FAST (2C) and UPSA-B (2D). Abbreviations: MD: mood disorder; PD: psychosis spectrum disorder; HC: healthy control; CAVIR: Cognition
Assessment in Virtual Reality; ADL: Activities of Daily Living, FAST: Functional Assessment Short Test; UPSA-B: University of California, San Diego Performance-
based Skills Assessment - Brief. ** = p < 0.01 (two-tailed), *** = p < 0.001 (two-tailed).

Table 3
Correlations between CAVIR and neuropsychological/functional measures.

CAVIR global composite score and subtasks

CAVIR task 1: CAVIR task 2: CAVIR task 3: CAVIR task 4: CAVIR task 5: CAVIR global
verbal memory executive function processing speed working memory sustained attention composite score
r/Ts r/Ts r/Ts r/Ts r/Ts r/Ts
Neuropsychological domains
) 4‘$rbal learning and memory (n = 0.23% 0.14 0.33%%% 0.31%5 0.27%++ 0.39%++
Executive functions (n = 140) 0.33%** 0.22%* 0.51%** 0.36%** 0.44%**
Processing speed (n = 140) 0.32%** 0.13 0.57%*** 0.27%*
Working memory (n = 140) 0.23** 0.16 0.40%** 0.25%* 0.46***
Attention (n = 140) 0.23** 0.14 0.34%** 0.30%** 0.37%%*
Neuropsychological global 0.36% 0.21* 0.56%%* 03975 060+
composite score (n = 140)
Functional capacity measures
FAST (n = 140) —0.27%** —0.03 —0.28%** —0.37%** —0.41%**
UPSA-B (n = 80) 0.25* 0.10 0.19 0.10 0.30%*
AMPS Activities of Daily Living (ADL)
ability
ADL motor ability (n = 47) 0.01 0.15 0.15 0.26 0.09 0.18
ADL process ability (n = 47) 0.12 0.38%* 0.20 0.38%* 0.15 0.40**
Subjective cognitive complaints
COBRA (n = 140) —0.24** —0.05 —0.24** —0.34** —0.35%%*
CODEL (n = 80) -0.17 —-0.03 —-0.20 —0.25%* —0.32%*

Abbreviations and notes: CAVIR: Cognition Assessement in Vitual reality; AMPS: the Assessment of Motor and Process Skills; ADL: Activities of Daily Living; FAST:
Functional Assessment Short Test. UPSA-B: University of California, San Diego (UCSD) Performance-based Skills Assessment - Brief. COBRA: Cognitive Complaints in
Bipolar Disorder Rating Assessment; CODEL: Cognitive Difficulties in Everyday Life. * = p < 0.05 (two-tailed), ** = p < 0.01 (two-tailed), *** = p < 0.001 (two-tailed).
For the five CAVIR subtasks, only the associations marked with ** or *** were statistically significant after Bonferroni correction (0.05/5 = 0.01).

which survived adjustment for age and sex (ps; < 0.02). A sub-analysis for 3.3. Association between CAVIR and measures of functioning

those with available data on both the COBRA and CODEL questionnaires

revealed a strong association between self-ratings of cognitive diffi- There was a significant weak to moderate association between higher

culties on these instruments (r5(78) = 0.92, p < 0.001). CAVIR global scores and better AMPS ADL process ability in the patient
subsample (r(45) = 0.40, p < 0.01; Fig. 2B and Table 3). Adjusting for
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age and sex revealed a significant model (R? = 0.18, F(3,43) =3.01,p =
0.04), with global CAVIR performance being the only significant pre-
dictor of ADL process ability (8 = 0.37, p = 0.03; for remaining pre-
dictors ps > 0.27). Analyses showed significant weak associations
between ADL process ability and CAVIR subtasks 2 (r(45) = 0.38, p <
0.01) and 4 (r4(45) = 0.38, p < 0.01; for remaining subtasks p; > 0.11;
Table 3). The association between CAVIR subtask 2 and ADL process
ability survived adjustment for sex and age (f = 0.37, p < 0.01), while
the association with subtask 4 was reduced to a trend (p = 0.09).

In comparison, no significant associations were observed between
patients’ ADL process ability and neuropsychological performance
(neither global nor subdomain scores; ps > 0.09; Table B1 in Appendix
B). Similarly, there were no significant associations between patients’
ADL process ability and total scores on the FAST, UPSA-B, COBRA, and
CODEL (ps > 0.30; Table B1).

Across the entire sample, lower global CAVIR performance was
significantly associated with more functional disability as reflected by a
moderate correlation with higher scores on the FAST (r;(138) = —0.42, p
< 0.001; Fig. 2C) and a weak correlation with lower scores on the UPSA-
B (r(76) = 0.30, p < 0.01; Fig. 2D), which prevailed after adjusting for
age and sex (ps < 0.01). Lower global neuropsychological performance
was also weakly to moderately associated with higher FAST scores and
lower UPSA-B scores (ps < 0.01; Table B1 in Appendix B).

3.4. Sensitivity of CAVIR

The patient group showed impaired performance on the CAVIR
global score compared to HCs with a large effect size also after con-
trolling for years of education and HDRS scores (F(1,138) = 27.92, p <
0.001, 113 =0.17; Table 2 and Fig. 3). For CAVIR subtasks, controlling for
education and HDRS scores, the patient group displayed impaired per-
formance relative to the HC group on subtask 1 (F(1,138) = 12.06, p <
0.001, 115 = 0.08), subtask 3 (F(1,138) = 14.83, p < 0.001, ;13 =0.10),
subtask 4 (F(1,138) = 11.11, p < 0.001, '71% = 0.07), and subtask 5 (F
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(1,138) = 25.27, p < 0.001, ;13 = 0.16). In contrast, there was no dif-
ference between the groups on CAVIR subtask 2 (p = 0.95; Table 2 and
Fig. 3).

A post-hoc analysis showed impaired CAVIR global performance in
patients with MD compared to HCs, also after controlling for years of
education, HDRS-, and YMRS scores (F(1,120) = 23.15, p < 0.001, ;13 =
0.17; Fig. B1 in Appendix B). Patients with PD also showed impaired
performance on the CAVIR global score compared to HCs, which pre-
vailed after controlling for age, education, and HDRS scores (F(1,86) =
8.91, p < 0.01, 5% = 0.10; Fig. B1).

Post-hoc analyses across the entire sample revealed no differences in
global CAVIR performance between the participants who completed
CAVIR version 1 and 2, respectively (p = 0.43). In concordance, these
two groups showed no differences in global neuropsychological per-
formance (p = 0.24).

3.5. Occupational capacity and CAVIR performance

Of the 47 patients who underwent the AMPS, 34 % (n = 16) obtained
an ADL motor- and process ability score below the cut-offs of <2.5 and <
1.2 logits, suggesting they were not ready for regular employment. In
contrast, 66 % (n = 31) scored above these cut-offs, suggesting they were
likely ready for regular employment. The division of patients into these
two ADL groups was mirrored by a difference in their real-life employ-
ment status: Among those who scored below and above the cut-offs, 87 %
(n = 14) and 55 % (n = 17) were unemployed or worked/studied part-
time, respectively (Xz(l, 47) = 5.01, p = 0.03). Further, CAVIR test
performance differed between these groups with a large effect size;
patients who scored below the ADL cut-offs displayed clinically signifi-
cant lower global CAVIR scores (mean z-score = —1.1) than those above
the ADL cut-offs (mean z-score = —0.5; t(45) = 2.12,p = 0.05, d = 0.75).
In comparison, there were no significant differences between these two
sub-groups on clinical or demographic variables, FAST, UPSA-B, sub-
jective cognition, or global neuropsychological performance (ps > 0.07).

CAVIR 1: CAVIR2: CAVIR 3: CAVIR 4: CAVIRS: CAVIR
verbal  executive processing working sustained  global
memory functions speed memory attention composite

0
-0,2 1 I
X l
=) -0,4 b
b
s | Y |
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-1 - Tk
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14 ]
*kd
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Fig. 3. Difference in performance (before any adjustments) on the five CAVIR subtasks and global composite score between the HC group and the patient (MD + PD)
group. The Y-axis denotes the mean unadjusted cognition z-score for the patient group based on the mean and standard deviation (SD) of the HC group. The HC group
has a mean of 0, and the bars represent the patient group’s deviation from the HC group. Error bars represent SEM. *** = p < 0.001 (two-tailed). For the five CAVIR
subtasks, the group differences marked with *** were statistically significant after Bonferroni correction (0.05/5 = 0.01). Abbreviations: MD: mood disorder; PD:
psychosis spectrum disorder; HC: healthy control; CAVIR: Cognition Assessment in Virtual Reality; ADL: Activities of Daily Living, FAST: Functional Assessment Short
Test; UPSA-B: University of California, San Diego Performance-based Skills Assessment - Brief.
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4. Discussion

This study investigated the validity and sensitivity of the optimised
Cognition Assessment in Virtual Reality (CAVIR) test in 70 patients with
mood or psychosis spectrum disorders and 70 healthy control partici-
pants. Our findings provide novel insight into how this immersive head-
mounted (HMD) VR cognition test relates to neuropsychological per-
formance and real-life ADL ability in these populations. Consistent with
the first hypothesis, better global CAVIR performance was moderately
correlated with higher global neuropsychological test scores. In accor-
dance with the second hypothesis, analyses revealed a significant weak
to moderate positive association between global CAVIR performance
and AMPS evaluation of patients’ ADL process ability related to house-
hold tasks. Notably, the observed associations between CAVIR and
neuropsychological/ADL ability were not influenced by age and sex. In
line with the third hypothesis, CAVIR showed high sensitivity for
cognitive impairments in MD and PD and could effectively determine
patients’ occupational capacity.

The moderate positive association between global performance on
CAVIR and standard neuropsychological tests is consistent with our first
validation study of the prior CAVIR version (Miskowiak et al., 2022b)
and previous studies investigating the use of immersive HMD VR tests
for cognitive functions in patients with MD (Voinescu et al., 2023) or PD
(Adriasola et al., 2024; Mannan et al., 2023). Compared with previous
studies, it is a strength that we also investigated the ecological validity of
CAVIR by assessing the association with performance-based ADL ability.
While most studies on immersive HMD VR cognition tools consider
verisimilitude, i.e., designing simulations representative of daily-life sit-
uations, they often neglect the veridicality of the results, i.e., the inves-
tigation of how well the tasks predict real-world performance in these
situations (Franzen and Wilhelm, 1996; Kirkham et al., 2024). In this
context, it is of interest that CAVIR showed a significant association with
neuropsychological performance and ADL process ability, as this in-
dicates that CAVIR is related to both underlying cognitive functions and
real-world functional skills. Nevertheless, the observed associations
were moderate at best, and none met the stringent criteria for conver-
gent validity (r > 0.7). Therefore, our results suggest that CAVIR is not a
test of neuropsychological performance or ADL ability per se but may
instead measure a unique, albeit closely related construct, namely
cognitive skills.

From a theoretical perspective, CAVIR may bridge the assessment of
cognitive- and real-world functioning because it combines construct-
driven and function-led test components (Burgess et al., 2006; Parsons
et al.,, 2017). While construct-driven VR tests elucidate performance
within specific cognitive domains but lack predictive accuracy regarding
real-world functioning, function-led tests evaluate how effectively in-
dividuals manage actual everyday challenges, irrespective of the
cognitive domains involved (Burgess et al., 2006; Parsons et al., 2017).
In keeping with this distinction, it was interesting that particularly
CAVIR subtasks 2 and 4 (planning meal preparation and remembering
locations of kitchen utensils, respectively) were associated with ADL
ability, as both subtasks are primarily function-led and target actual real-
life skills that are also assessed in the AMPS. In contrast, CAVIR subtasks
1, 3, and 5 showed no significant association with ADL ability, which
could be explained by these subtasks being more construct-driven,
resembling classic neuropsychological test paradigms embedded in a
VR environment. In line with this, the most construct-driven CAVIR task,
subtask 3, exhibited the strongest association with neuropsychological
performance. Nevertheless, these subtasks still contain function-led el-
ements, such as the need to remember, interact with, and select kitchen
items and to maintain focus on the cooking process in the presence of
various distracting naturalistic stimuli (e.g., phone notifications, people
talking). This integration of real-life elements increases the ecological
validity compared to standard neuropsychological tests. Notably, we
previously found that CAVIR subtask 5 (sustaining attention while
cooking) was highly sensitive to capturing daily-life attentional
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difficulties experienced by patients with BD and comorbid ADHD
(Jespersen et al., 2024b). This highlights the potential utility of this
subtask to identify and address specific cognitive deficits related to
attentional control in everyday scenarios.

Taken together, we propose that CAVIR elucidate the extent to which
a person can translate their cognitive functioning into actual skills in the
typical daily activity of meal planning and preparation. In keeping with
WHO’s ICF framework, CAVIR may provide much-needed insight into
patients’ cognitive skills necessary for tackling daily life challenges (i.e.,
the ICF level of activity/participation) (WHO, 2013). If the current
findings are replicated in further validation studies, CAVIR could
become an attractive addition to a traditional neuropsychological
assessment battery in studies investigating pro-cognitive treatments, as
it may aid insight into whether the effect of interventions translates into
real-world functional improvements, which is an important requirement
for their approval (Miskowiak et al., 2017). In this context, it is prom-
ising that the absence of difference between participants’ performance
on CAVIR versions 1 and 2 mirrored the absence of difference in neu-
ropsychological performance, as this indicates that the two CAVIR ver-
sions are of equal difficulty and can be used for repeated testing. In a
clinical setting, CAVIR could offer a feasible and easily implementable
tool for healthcare professionals to assess patients’ cognitive skills in
real-world situations. This assessment could serve as a valuable basis for
assisting patients in compensating for or training their cognitive skills in
daily life situations, aligning with recommendations from the ISBD
Targeting Cognition Task Force (Miskowiak et al., 2017). In this context,
it was an important finding that the patients classified as not ready for
regular employment based on the ADL ability cut-off also showed an
average global performance on CAVIR of 1.1 SD or more below the mean
of HCs. This indicates that a score of >1 SD below that of healthy age-
and IQ-matched controls may be a relevant cut-off for estimating pa-
tients’ occupational capacity, subject to replication in a larger-scale
study. Another interesting observation was that CAVIR subtask 2
(planning meal preparation) showed the closest association to ADL
process ability. However, subtask 2 was the only subtask on which pa-
tients and HCs showed no performance difference, indicating that it is
highly challenging for both groups. Given its significant, albeit weak,
association with ADL process ability, this subtask may also be relevant
for measuring daily-life cognitive skills in non-clinical samples or in-
dividuals with non-psychiatric conditions who experience cognitive
decline.

In comparison, neither global neuropsychological performance,
subjective cognition, FAST, nor UPSA-B scores correlated with ADL
process ability, although we did observe a trend towards a significant
weak association for the executive function domain. Our results
corroborate previous findings in MD and PD of weak associations be-
tween AMPS ADL ability and neuropsychological performance, partic-
ularly for processing speed and executive functions (Gildengers et al.,
2007; Josman and Katz, 2006; Trager et al., 2017). As for self-report
measures of cognition and functioning (i.e., questionnaires or in-
terviews), studies have generally found no or weak associations with
ADL ability in psychiatric populations (Nielsen and Weahrens, 2015;
Trager et al., 2017) and other diagnostic groups (Amris et al., 2022;
Weaehrens et al., 2012). Our results are in accordance with these findings,
suggesting that performance-based and self-report measures assess
different aspects of cognition and functioning. As previously suggested,
this discrepancy may partly be explained by patients’ experience of
cognitive impairment being influenced by subclinical depressive symp-
toms, introspective capacity, and expectations in the assessment situa-
tion (Nielsen and Wahrens, 2015; Petersen et al., 2019; Trager et al.,
2017). Together, this highlights the importance of objective tests that
provide insight into daily-life cognitive and functional abilities without
being influenced by psychiatric symptoms and introspective abilities.
Applying performance-based ADL measures such as AMPS or other real-
world measures, such as the Multiple Errands Test (MET), could aid the
achievement of new insight into the transfer effects of cognitive
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interventions (Torralva et al., 2012; Trager et al., 2017). Nevertheless,
these tests require a specific real-world environment, such as a stand-
ardised test apartment, home visit, or shopping mall. They also neces-
sitate the presence of a certified occupational therapist or examiner to
accompany the participant, which limits their feasibility as outcome
measures in pro-cognitive treatment trials. In comparison, CAVIR is
quite cost-effective as it is largely self-administered and involves
affordable VR equipment. From a practical perspective, CAVIR is thus an
easily implementable performance-based measure of daily life cognitive
skills in both clinical settings and treatment trials pending further
validation.

A strength of the study was that patients were symptomatically sta-
ble, which enables insight into more persistent impairments that are not
directly caused by acute mood- or psychotic symptoms. While the
relatively large sample size (n = 140) is a strength, only a few patients
had a psychosis spectrum diagnosis (n = 18), limiting the power for
determining the validity of CAVIR for separate diagnostic groups.
Therefore, our findings warrant further validation studies of CAVIR in
larger diagnosis-specific samples or transdiagnostic samples stratified by
diagnosis. Also, only a modest sub-sample of patients (n 47)
completed the AMPS, and it could be considered a limitation that pa-
tients were not assessed in their actual homes, although items in the test
apartment were arranged to mimic their home environment. However,
this could also be considered a strength as it allowed us to keep a
controlled test environment. Another limitation was that we did not
investigate the potential influence of medication on CAVIR perfor-
mance. Finally, it should be noted that around half of the HC partici-
pants were blood donors who have been shown to be healthier than the
general background population (Brodersen et al., 2023).

In conclusion, the immersive VR cognition assessment tool, CAVIR, is
a sensitive measure of cognitive impairment in mood and psychosis
spectrum disorders that is associated with neuropsychological perfor-
mance and ADL ability related to household tasks. This highlights CAVIR
as a promising instrument for bridging standard cognitive assessment
and real-world functioning to better target patients’ daily-life cognitive
skills. Work is now underway to further assess the cut-off on the CAVIR
with optimal sensitivity and specificity for cognitive impairment and its
test-retest reliability and to validate translated versions in English,
German, and Spanish in collaboration with members of the ISBD Tar-
geting Cognition Task Force. Future studies are warranted to replicate
the ability of CAVIR to determine patients’ vocational abilities and to
examine the validity and feasibility of implementing CAVIR in clinical
settings and pro-cognitive treatment trials.
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