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Deficits in executive functions (EF) are strongly related to real-life functioning and negative symptoms (NS) in
schizophrenia. Recently, virtual reality has enabled more ecologically valid approaches to assess EF in
simulated “real-life” scenarios among which the virtual cooking task (VCT) has gained attention. However, the
clinical implications of the VCT in schizophrenia have not been investigated exhaustively. In this study,
clinically stable individuals with schizophrenia (z = 38) and healthy controls (» = 42) completed a novel VCT
and a set of computerized standard EF tools (CST) to primarily investigate concurrent and discriminant
validity. In addition, the study explored links between EF assessments, functioning, and NS while controlling
for antipsychotic intake, clinical stability, and age. This VCT consisted of four tasks with increasing difficulty
and time constraints. The most relevant findings indicate that (1) the VCT showed moderate to strong
correlations with CST, (2) the VCT discriminated EF performance between both the groups, (3) the VCT
predicted interpersonal functioning, and (4) the VCT predicted NS in greater extent than CST. Accordingly,
the findings give support to the concurrent and discriminant validity of the VCT to assess EF and indicate its

value to deepen the study of collateral functional deficits and NS in schizophrenia.

Keywords

schizophrenia, executive functions, virtual reality, daily functioning, virtual cooking task, negative symptoms

Introduction

Schizophrenia is a heterogeneous disorder characterized by the confluence of three main symptoms domains:
positive, negative, and cognitive.1 It is associated with a high global burden of disability, as many patients
experience difficulties in securing employment, living independently, and maintaining interpersonal
rela‘[ionships.2 In this sense, greater functional impairment is associated with higher negative symptoms (NS)
and greater cognitive dysfunction.3 Quantifying the cognitive deficits associated with loss of functionality is
challenging. Until now, this has been done using traditional executive function (EF) analysis tasks, although
they may not reflect the actual impairment in real-life situations.* Therefore, virtual reality (VR) systems have
emerged as a promising methodology for analyzing these functions in realistic contexts.” In this study, we
assess the concurrent and discriminative validity of an innovative VR system for evaluating EF in

schizophrenia.

Deficits in EF have been identified as a critical dimension of cognitive dysfunctions in schizophrenia.(Hg They
comprise higher-order processes including cognitive flexibility, working memory, inhibitory control, planning,
reasoning, and problem—solving.9 According to the Frith’s neurocognitive theory of schizophrenia, 10 the
impairment of EF would condition disordered “willed behavior,” generating deficits in goal-directed actions and
leading to N'S of schizophrenia, such as abulia, social withdrawal, or alogia.11 Specifically, deficits in EF result
in patients failing to (1) form willed intentions based on current goals, (2) make a sufficient link between goals
and the actions required for the action, or (3) inhibit stimulus-driven behaviors not related to the goal. The

theory is supported by the literature, demonstrating the concurrence between deficits in EF and the NS of
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11-14 14,15

schizophrenia, which are predictors of functional performance.

Traditionally, EF impairments have been evaluated by standard performance-based tasks under repetitive

conditions (e.g., the STROOP test'%). However, despite its extended use and value, previous research has

indicated moderate effectiveness in predicting real-life functioning, thus, questioning their ecological

17,18

validity and pointing to the need for developing new methods to assess EF. 19 In this context, VR tools

have emerged as a promising ecologically valid methodological approach with potential to improve the
efficiency and reliability of standard performance-based tasks.> Different research groups have developed VR

paradigms to explore their capabilities in assessing EF in schizophrenia.Z(P22 These paradigms are based on

nonimmersive environments, where interaction occurs with elements displayed on screens or projectors, which

23-25 1.20.27

emulate real-life scenarios, such as supermarkets, medication managemen cities, 2 preparing a

2930 3or scheduling work-related activities.>2 These studies have confirmed the

22

meeting, choosing a bus route,

ability of VR systems to detect the presence of EF impairments in schizophrenia,
242529.31,33 21,25,29.31,34

mainly in

and prospective memory.31>35 In addition, some studies have
2131

planning, working,

identified limitations in other domains such as decision-making, multitasking,29 switching, problem-solving,
or stimulus integration.21’34 However, these works leave unresolved questions regarding VR systems, including
(1) their ability to detect features related to EF deficits, such as NS or functional impairmentzz; (2) the
influence of antipsychotic treatment on these assessments, as these medications could affect symptoms and

performance36’37; and (3) the degree of impairment in crucial EF domains, such as inhibitory control.

To our knowledge, no previous studies have focused on evaluating EF in individuals with schizophrenia
through fully immersive VR systems (involving the use of head-mounted displays). These immersive systems

have generated interest for their utilization in clinical intervention settings.22 In addition, they have greater

capacity to generate a sense of presence, realism, and higher ecological validity than nonimmersive systems.38

However, in scientific research, immersive environments have been underutilized, given the difficulty of
controlling the basic characteristics for a strict experimental design.22 The study here approaches these issues
by using our own immersive VR cooking task, the virtual cooking task (VCT), developed to assess EF. The
VCT has been tested on healthy participants, demonstrating good ability to produce high levels of presence,
feasibility, and usability.39 It has also shown the capacity to analyze selective attention, cognitive shifting, or
planning when assessing patients with alcohol use disorders.*’ Furthermore, a previous study has observed
promising results of another immersive VR cooking task in assessing cognition in mood disorders and
psychosis spectrum disorders.*! They found significant correlations between the VR system and computerized
standard tasks (CST), besides sensitivity to cognitive impairments when comparing with healthy controls, and
significant associations with functional assessments. Nevertheless, the results must be interpreted with
caution, as the sample was only partially composed of patients with schizophrenia who were also in an early
stage of the disease, often associated with mild cognitive impairment.*” In addition, it also exhibits the

limitations described earlier, such as the absence of analyses exploring the association with schizophrenia
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‘[,43

symptoma‘[ology,22 the lack of control for antipsychotic treatment,™ or failing to differentiate between EF

subdomains.

The specific goals of this study were the comprehensive assessment of EF in individuals with schizophrenia
and healthy controls through a battery of CST and the VCT, to compare EF in individuals with schizophrenia
and healthy controls in both CST and VCT assessments, and to analyze the association between EF measured

by VCT with daily functioning and NS of schizophrenia. The hypotheses were (1) VCT assessments will be
significantly associated with CST and>0 (2) participants with schizophrenia will perform worse on both
assessments compared with healthy control.?? Finally, and following the Frith’s neurocognitive theory of
schizophrenia,lo EF deficits will predict impaired ﬁlIlCtiOl’lil’lgM’]S (3) and NS of schizophrenia (4). ”*1

Methods

Participants

Eighty participants ranging 21-60 years old were recruited from March 2021 to February 2022 (Table 1).

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version. This

html display is to enable content corrections to the table. Please click here to view table layout.

Table 1. Demographics

Total SCH (n = 38) CON (n=42) p value

Age

M (SD) 44.7 (9.6) 44.68 (9.59) 43.19 (10.90) 0.52
Gender

Woman 26.3% 5 (23.8%) 16 (38.1%)

Man 73.8% 33 (86.8%) 26 (61.9%) 0.021
Education

Elementary 77.5% 33 (86.8%) 29 (69%)

Higher 22.5% 5(13.2%) 13 (31%) 0.07
Clinical stability (in months) 41.79
Positive symptoms 20.52 (7.8)
Negative symptoms 41.1 (8.6)
CPZ ED (average mg/day) 645.8
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Clinical stability was defined as the total number of months in which no clinical decompensation was found, thus not requiring an acute
care or attention by emergency units. Antipsychotic intake was measured as chlorpromazine equivalent dose (CPZ ED); the p value
regarding age was calculated by a ¢ test, #78) = 0.65; p values regarding gender and education were calculated by the Fisher’s exact test.

SP;standard-deviation-S CH, clinical group; CON, control group; SD, standard deviation.

The clinical group (SCH group, n = 38) comprised clinically stable patients diagnosed of schizophrenia
according to DSM-5# criteria. They were referred by their main psychiatrist from a specialized day
rehabilitation center for patients with chronic psychosis. The diagnosis was carried out by their regular
psychiatrist and confirmed through a semi-structured interview based on the Structural Clinical Interview for
DSM-5% by another psychiatrist. Individuals with comorbid psychiatric disorders or who had

electroconvulsive treatment within the past 3 months were not included.

A control group (CON group, n = 42) was recruited through media advertisements. Individuals were included

if they never had received psychiatric care, diagnoses, or undergone psychopharmacological treatment.

Exclusion criteria for both groups included (1) major medical and neurological disorders, (2) substance abuse
disorders (except tobacco use disorder), (3) cognitive impairment assessed by the Mini-Mental State

Examination (MMSE), and (4) using nonpsychiatric drugs that may affect cognition (e.g., corticosteroids).

The total sample is composed of more men and more participants who had completed up to seeondary
elementary education (Table 1). The two groups did not significantly differ regarding age or education, but they
did regarding gender (more men in the SEHclinical group). The investigation was in accordance with the later
Declaration of Helsinki and approved by the corresponding ethical committee (2022-862-1). Participants

signed a written informed consent before the study.
Measures

Computerized standard tasks

Participants completed five different CST: the DOT probe task, STROOP test, Go/No-Go task, Trail
Making Test (TMT), and Tower Of London (TOL). Supplementary Table S1 reports the CST parameters
assessed in the study.

Virtual cooking task

The VCT was developed using the Unity 5.5.1f1 and Visual Studio software. It was displayed through the
Vive Pro Eyeglasses. Two manual controllers served to interact with the contents. The VCT recreates a
kitchen that, after a tutorial, involves four increasingly difficult tasks. The tasks consist of cooking different

ingredients while avoiding them overcooking or cooling down. See Figure 1 for a detailed description of the
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task. Table 2 displays the parameters analyzed by the task. The remaining information about the VCT can be

found elsewhere.3?*0

FIG. 1. Four tasks (“levels”) conforming the virtual cooking task. All ingredients are displayed at the right side
of a virtual table to be cooked in the pan(s). Once cooked, they must be placed at the dish on the left side of
the table. Before each subtask, the system explains the specific activity, the total cooking time available, the
cooking times for each ingredient, and alerts about burning or cooling them down. Visual feedback regarding
the cooking times is continuously displayed over the pans during the tasks using a graphical progression bar and
a counter in seconds. The counter turns green when the cooking time finishes, thus indicating that ingredient

can be moved to the dish.

LEVEL 1 LEVEL 2

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version. This

html display is to enable content corrections to the table. Please click here to view table layout.
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Table 2. Virtual Cooking Task Parameters

. Ingredients (cooking time Executive
TSI e ) thresholds in seconds) FETETTELENS function
Task cooking time Selective
1. (2 minutes). Cooking three Meat (40 seconds) (TCT) attention
ingredients in one pan. 82[;0 tZtt(gg é%cgggsg ds.) Burning ratio (BR)* Attention
9 ’ Cooling ratio (CR)* shifting
Meat (50 seconds) TCT stte(l,?w(t;itci)ﬁe
. L Carrots (20 seconds) BR .
2 pines) Cooing e Courgtes (10 ssconcs cr enton
9 pans. Potatoes (30 seconds) Cooking order Cogni%ve
Eggs (60 seconds) efficiency (COE) flexibility
Meat (50 seconds) TCT Selective
Carrots (20 seconds) BR attention
3. (4 minutes) Courgettes (10 seconds) CR Attention
Subtask a: Cooking five ingredients in | Potatoes (30 seconds) COE shifting
two pans. Eggs (60 seconds) Dressing latencies Cognitive
Subtask b: Using dressings. “Go” dressings: salt and pepper. (DL)* flexibility
“No-go” dressings: sugar, vanilla, and | Dressing accuracy Inhibition of
cinnamon (DA)* control
TCT Selective
4 (5 minutes) Carmots (20 secont BR Atenton
Subtask a: Cooking five ingredients in c ots (20 seconds) CR ent
two pans. ourgettes (10 seconds) COE shlftln_g_
Subtask b: Set the table. Potatoes (30 seconds) Table setting efficiency Cogn_lfuve
Eggs (60 seconds) M flexibility
(TSE) )
Planning
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i -Asterisks (*)
task (VCT). TCT 1-4 = time needed to finish the tasks; BR = proportion of overcooked (burned)

ingredients; CR = proportion of ingredients let to cool down; DA = proportion of correct dressings

b

(including “go” and “no-go”); DL = latencies of “go” dressings; TSE = addresses whether participants
set the table while cooking (saving time), or before/after cooking (leading to longer task timing); COE =
one of the pans could be overused in tasks 2—4, leading also to longer task timing. An optimal COE
could be achieved by distributing the ingredients proportionally to the two pans (i.e., a combination of

ingredients leading to 80 seconds in a pan and 90 seconds in the other).

In general, all tasks addressed selective attention. Burning Ratio (BR) and Cooling Ratio (CR) aimed to
assess shifting attention to the different ingredients’ timings so that participants should avoid burning or cooling
them down. The Dressing accuracy (DA) and Dressing 1Latencies (DL) in ftask 3} followed the inhibition of
control reasoning: the right “Go” dressings should be identified and used while avoiding the wrong “No-go”
dressings. Finally, the Cooking order efficiency (COE,tasks 2 to 4) and Table setting efficiency (T SE,(task
4) aimed to assess cognitive flexibility and planning since the performance could be more efficient depending

on how the actions were performed.
Functional Assessment Short Test

The Functional Assessment Short Test (FAST) is a clinician-administered scale designed to assess daily-life

functioning.46 It evaluates six dimensions of functioning: autonomy, occupational functioning, cognitive
functioning, financial issues, interpersonal relationships, and leisure time. The reliability of the instruments was
adequate (Cronbach’s a. = 0.77).

Positive and Negative Syndrome Scale

The Positive and Negative Syndrome Scale (PANSS) is a 30-item clinician-administered instrument for

measuring schizophrenia symptomatology.47 It is composed of three subscales (positive symptoms, NS, and
general psychopathology). The reliability of the instrument was high (Cronbach’s a = 0.95).

Experimental procedure
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The assessment was conducted individually in a quiet room. Each participant was scheduled to complete the
experiment. After signing informed consent, they completed the demographic interview. The SEHclinical
group participated in a clinical interview carried out by a psychiatrist and responded to the clinical and

functional scales, and the control group was asked about their psychiatric history.

Later, participants completed the CST and the VCT in a random order. They completed the CST while seated
in a comfortable chair approximately 60 cm in front of a laptop. Each of the 5 CST was presented randomly
by participant (ca. 25 minutes in total). The VCT assessment began once the VR-glasses were calibrated (ca.
5-10 minutes). Before performing the VCT, participants were given the eyeglasses and manual controllers,
ensuring they put them on properly and without causing discomfort. Afterward, they were allowed to practice
with a short tutorial that explained the main actions for the time necessary to adapt to the virtual environment.
Information was provided before each task, specifying the to-be-performed activity, and indicating the timings
associated with the task (Figure 2). Participants’ performance was monitored through a monitor screen
displaying the virtual environment. A manipulation check indicated that the performance was congruent with
the VCT task timings (see Supplementary Table S2). The entire VCT assessment took approximately 30 per
participant.
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FIG. 2. Illustration of task 4 instructions. “In this activity you will use 2 pans to cook 5 ingredients (each one
with their respective cooking time). In addition, you will have to set the table for 1 person. Be careful of not
burning out the ingredients of letting them to cool down. You have 5 minutes to complete the task. Press the

button to continue.”

En esta actividad vas a cocinar 5 INGREDIENTES
(cada uno con su tiempo de coccion) en 2 FUEGOS
ademas de PONER LA MESA PARA 1 COMENSAL

Procura que los alimentos NO SE QUEMEN NI ENFRIEN

Tienes 5 MINUTOS para completar la actividad

The total procedure took approximately 90 minutes per participant. The experimenter was present in the room

throughout the entire assessment in order to ensure a smooth execution.

Statistical analyses

The analyses were performed with SPSS v25 (Chicago, IL, USA). Correlation analyses inspected
associations between the CST and the VCT parameters. Multivariate Analyses of Covariance (MANCO VAs)
served to compare the groups’ performance within the CST and VCT. A generalized linear model (GLM)
approach served to explore whether and how the CST and VCT assessments predicted the FAST and PANSS

scores within the SEHeclinical group. This modeling considered a Gaussian data distribution with a log link and

a robust estimator for standard errors.*
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A power analysis approach via Gpower (v.3.1.9.6) was performed based on 18 repeated measures Multivariate
Analysis of Variance (MANOVA),«including the CST/VCT parameters and age,} and the between factor
“group” (€ONcontrol vs. SEHclinical). Tt indicated that a sample of n = 70 was adequate to detect a
medium-to-large effect of f2 = 0.20 with 80% power at the o = 0.05 level (a small-to-medium correlation
[0.30] was assumed among the repeated measures). The sample in the study was completed with 10 additional

participants to prevent potential dropouts.

Results

Correlational analysis

Table 3 shows Spearman rank correlations indicating that, in general, the CST parameters correlated positively
with each other but negatively with the TOL (i.e., correct “planning” responses were associated with faster
attentional responses). TMT-A only correlated positively with TMT-B. VCT timings also correlated positively
with each other and the Burning Ratio but negatively with the Cooking Order Efficiencyt and Table S

etting Efficiency, thus pointing to their internal efficiency validity. Noteworthy, the VCT timings and B

urning Ratio correlated positively with the “attentional” CST timings (DOT, STROOP, GO-NOGO, or
TMT-B) and negatively with the “planning” TOL. Finally, the Table Setting Efficiency correlated positively
with the TOL, supporting its planning role.

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version. This

html display is to enable content corrections to the table. Please click here to view table layout.

Table 3. Parameters’ Descriptives and Correlations Between the CST and the VCT

CST (1-6) VCT (7-17)
1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17
1.D0T | —
2. .
sTrRoo 968 | _
P
3.0 |061 063 |

4. TMT-A 1 0.15 | 0.18 0.09 |—

5. TMT-B | . —

058" 0.82" 052" 0.3
* * 8**
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-04 -06 -03 04 -05
6.TOL g gm e 9N
71T 037 063" 041 g.o 045 | -04 |
g.TcT1 032 059 036 (44 044 ;9'3 080" _
9. TCT2 9.50* 9.58* 9.37* g.o *0.48* -04 9.84* 9.69*
10.TCT3 030 054 043 c2).0 0.35° ;g.s 082" 055 065 _
1. TCT4 029" 9.50* 007" 2.1 9.41* ;g.4 9.80* 9.57* 9.65* 9.56*
12 gr 038059 040" -0. 038" -02 072 071" 064 060 051 _

01 7
13.CR ;0-0 00 50-1 g.o ;0-0 220 017 (016 010 015 015 028" —
1oL o018 931 017 0% 026" 07 040" 0.36° 031 034 040" 034" (49
f5.0a |00 01 000 00 -0 00 -01 -00 01 -01 o ;9.2 2 017
16. COE ;9-2 ;9.2 go.1 (1).0 ;0.1 13 04 g*o.z ;3.4 -0.3 (;9*.3 ;9;3 S;9.2 20,1 g_o _
— (_)0_2 -04 ;*0.2 (—)g)_ -03 9.35* -05 -03 -04 -04 ;,9;5 ;9.2 001 03 Bg_ 3_1 o
Min 037 097 033 00 379 50 441 113 107 105 106 00 00 000 40 00 00
Max 078 499 072 9> 180 10 149 287 562 434 475 90 (802 537 100 10 10
Mtotal 053 19 044 3% 895 901 701 151 169 183 181 138 84 105 5 50 o
SD 009 081 007 5% 452 14 [187 354 679 596 62 173 159 93 % 3% %0
sl 219 49 612 1% 317 579 672 651 120 789 825 747 107 412 31 1406
IK] 008 356 868 O0° 059 320 881 630 5% 120 1631108 [4g5 475 D5 14 56
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The shaded area represents correlations between CST and VCT. Multivariate Shapiro—Wilkinson tests showed a departure from normality
in the CST (W= 0.819, p <0.001) and the VCT (W= 0.572, p < 0.001) assessments. Accordingly, Spearman rank correlations were
performed. In the study, DOT_LT (latencies), STROOP_LT, GO_LT, TMT_TTA (total time), TMT_TTB, and TOL CA (correct answers)
were considered based on their closer association with the VCT parameters (see Supplementary Table S2). |s| and || represent
standardized skewness and kurtosis. BR, CR, and COE represent averaged scorings from the four tasks.

*p<0.05.

*p<0.01.

v v oFestTF O —TFower O+ London-CST,
Computerized Standard Task; VCT, Virtual Cooking Task; TMT, Trail Making Test; TOL, Tower Of
London; TT, Total Time; TCT 1, Total Cooking Time of task 1; TCT2, Total Cooking Time of task 2;
TCT3, Total Cooking Time of task 3; TCT4, Total Cooking Time of task 4; BR, Burning Ratio; CR,
Cooling Ratio; DL, Dressing Latencies; DA, Dressing Accuracy; COE, Cooking Order Efficiency;
TSE, Table Setting Efficiency.

Group comparisons

MANCOVAs (with age as covariate) and follow-up Analyses of Covariance (ANCOVAs) indicated that the
€ONcontrol group performed better, on average, in the CST and the VCT (Table 4). Effect sizes ranged
from 0.06 to 0.55. The CST outcomes revealed group differences in all variables except for the TMT-A. In
addition, the VCT showed significant group differences in all variables except for the Cooling Ratio, D
ressing Accuracy, and Cooking Order Efficiency.

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version. This
html display is to enable content corrections to the table. Please click here to view table layout.

Table 4. Group Comparisons Regarding the CST and VCT Assessments

DO STR TMT TMT TO

> o GO T TCT | TCT TCT TCT BR CR DL DA CO TS

A B L 1 2 3 4 E E

617. 1 136. | 143. 167.  158.
6 6 8 4 7

800. 1 168. | 198. 201. | 208.
8 6 5 1 3

Mcon 048 [1.45 041383 607 9.7 68 83 85 821|647 733

MscH 1059 260 048 484 1263 82 221185 129 83.7 55.0 26.3

FLeven
15 1253 |64 731 105 346 74 187 152 1.2 3.5 16.2 055 45 11 |49 |0.05

e
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PLeven 0.01 | 4 001 0.00 |0.00 0.00 | 0.00 0.00
22 0001 5 00010002 4 g 4 |{ 028 007 4 046 0.04 030 003 0.83

0.00

F 332 875 240 269 835 256 294 218 166 70 161 219 4 4.6 9 1.9 215
0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.00

p 1 0.001 1 0.11 | 0.001 1 1 1 1 0 1 1 0.95 5 0.73 1 0.17 1

np2 832 055 025 — 054 /026 028 023 018 009 018 023 — 006 — |— 0.22

F

Qad 1343 1138 262 47 107.0 264 364 292 273 11.6 243 226 021 4.8 (1)'00 1.72 1 21.6

es

PQuad ?.00 0.001 ?.OO 011 | 0.001 ?.OO (1).00 ?.00 ?.00 ?.00 ?.OO ?.00 0.65 8.03 098 019 (1).00

es

np2 032 060 0.26 — 060 026 033 028 027 013 024 023 — 006 — |— 022

Sl e Bot s e g b e e B B terron

ing-Five and three participants from the clinical group

did not complete the VCT and CST, respectively. Accordingly, MANCO VAs were carried out per each
task to prevent data over-exclusion. Box’s M (M¢cst = 140.78; My cT = 236.3), p < 0.001, indicated
unequal covariance matrices in both tasks, which is congruent with the reported Levene’s testing of equal
error variances. Accordingly, the multivariate Pillai’s Trace (VcsT = 0.64, p < 0.001; Vycr=0.44, p <
0.001) parameter was interpreted.50 Age also showed statistical significance in both tasks (Vage ST =
0.21, p <0.001; Vage vcT = 0.31, p < 0.001). Bonferroni correction was applied for multiple comparison

testing.

CST, Computerized Standard Task; VCT, Virtual Cooking Task; CON, control group; SCH, clinical
group; TMT, Trail Making Test; TOL, Tower Of London; TT, Total Time; TCT1, Total Cooking Time
of task 1; TCT2, Total Cooking Time of task 2; TCT3, Total Cooking Time of task 3; TCT4, Total
Cooking Time of task 4; BR, Burning Ratio; CR, Cooling Ratio; DL, Dressing Latencies; DA, Dressing
Accuracy; COE, Cooking Order Efficiency; TSE, Table Setting Efficiency.

Predicted daily functioning

The GLM analysis included age, months of clinical stability, and antipsychotic intake as covariates (Table 5).
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Regarding the CST, slower GO latencies predicted lower total FAST scores, particularly in the cognitive and

occupational domains. Moreover, longer TMT-B performance was consistently associated with worsened

FAST reports. The TMT-A showed a negative association with autonomy.

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version. This

html display is to enable content corrections to the table. Please click here to view table layout.

Table 5. Predicted Daily Functioning (FAST) by the CST and VCT

FAST
CST
Age
CPZED

Clin.
Stability

DOT
STROOP

GO

TMT-A

TMT-B

TOL
VCT

Age

CPZED

Clin.
Stability

TT
BR
CR
DL

DA

COE

Autonomy

R (OR)

-0.04
-0.10

0.02

0.04
.001

-0.10

-0.18"
(16.8%)

0.23"
(25.7%)

0.03

0.078
0.080

0.083

-0.16
0.12

-0.01
-0.09

-0.006

-0.10

Cognitive

R (OR)

0.040
-0.052

0.057
0.007

-0.027

-0.14"
(12.8%)

-0.047

021"
(23.9%)

0.04

0.080
-0.010

0.039

0.002
0.009
0.066
-0.038

-0.010

0.068

Interpersonal

R (OR)

-0.034
-0.017

0.065

-0.020
.004

-0.048
-0.078

0.19" (20.9%)

0.058

0.001
0.012

0.211" (23.6%)

-0.10
0.079""
-0.023
0.090" (9.4%)

-0.150 "
(13.9%)

0.042

Occupational

R (OR)

0.033
0.008

-0.021

0.003
.022

-0.41"
(33.7%)

-0.17

Hkk

0.26

0.1

0.153
0.058

0.254

-0.221
-0.026
0.037
0.116

-0.219

0.100

Financia

|
R (OR)

0.094
-0.045

-0.041

0.165
-0.035

-0.170

-0.173""

0.136

0.076

0.133
0.074™"

0.015

-0.071
0.089
0.020
-0.120

-0.042

-0.039

Leisure

R (OR)

-0.090
-0.061

0.098

-0.006
185

*

-0.281"

-0.128

0.27"
(30.5%)

0.150

0.086
0.040

0.114

-0.007
0.063
0.018
-0.142

-0.043

0.072

Total

R (OR)

0.026
-0.063

0.048

0.028
-0.011

-0.201"
(18.2%)

-0.154

0.27" (30%)

0.091

0.097
0.041

0.177

-0.145
0.054
0.029
0.018

-0.116

0.010
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TSE 0.001 0.044 -0.138 -0.087 -0.033 | 0.023 -0.036

Results rely on participants with complete clinical information (ncsT = 23; nycT = 27). In addition,
sensitivity residual analyses revealed three extreme cases potentially biasing the results. The reported

results excluded these cases. Supplementary Table S3 shows results before the exclusions. Percentages

(%) represent the natural exponential function of 3 and are interpreted in terms of odds ratio (OR).5 1
*<0.05.

5 <0.01.

ok

p<0.1

FAST,Funetional Assessment-Short FestFAS T, Functional Assessment Short Test; CST,
Computerized Standard Task; CPZ ED, Chlorpromazine Equivalent Dose (average mg/day); Clin.
Stability, Clinical Stability (in months); TMT, Trail Making Test; TOL, Tower Of London; VCT, Virtual
Cooking Task; TT, Total Time; BR, Burning Ratio; CR, Cooling Ratio; DL, Dressing Latencies; DA,
Dressing Accuracy; COE, Cooking Order Efficiency; TSE, Table Setting Efficiency.

The VCT showed consistent predictive capabilities within the interpersonal domain. Specifically, increased D
ressing Latencies predicted worse interpersonal functioning while selecting the correct dressing (Dressing A
ccuracy) and setting the table while cooking (T able Setting Efficiency) were both associated with better
interpersonal functioning.

Predicted NS

TMT-B was the only statistically significant CST parameter predicting NS (Table 6). Longer timing to finish
the task was associated with worse NS reports. In contrast, several VCT parameters were sensitive to NS: T
otal Time and Cooking Order Efficiency predicted lowered NS, whereas increased Burning Ratio predicted
higher NS.

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version. This

html display is to enable content corrections to the table. Please click here to view table layout.
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Table 6. Predicted NS (PANSS) by the CST and VCT

CST
Age
CpPz
Clin. Stability
DOT
STROOP
GO
TMTA
TMTB
TOL

VCT
Age
CPZz
Clin. Stability
TT
BR
CR
DL
DA
COE
TSE

R (OR)

0.006
-0.077

0.223" (25%)
0.101

-0.071
-0.044

-0.137""

0.279" (32%)
0.030

-0.052

0.072""

0.283" (32.6%)
-0.232" (20.7%)

0.172" (18.8%)
-0.004

0.034

0.008

-0.194" (17.7%)
-0.025
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Results rely on participants with complete clinical information (same exclusion criteria as for the FAST analyses). Supplementary Table S4
shows results before such exclusions.

*»<0.05.

*p<0.01.

S;neg g NS, negative symptoms;
PANSS, Positive and Negative Syndrome Scale; CST, Computerized Standard Task; CPZ ED,
Chlorpromazine Equivalent Dose (average mg/day); Clin. Stability, Clinical Stability (in months); TMT,
Trail Making Test; TOL, Tower Of London; VCT, Virtual Cooking Task; TT, Total Time; BR, Burning
Ratio; CR, Cooling Ratio; DL, Dressing Latencies; DA, Dressing Accuracy; COE, Cooking Order
Efficiency; TSE, Table Setting Efficiency.

5o CP = AN A 9 N 50 e A
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Discussion

This study introduced a novel VR tool to investigate, from an ecologically valid framework, EF in
schizophrenia. The main findings are summarized as follows: (1) the VCT showed moderate-to-strong
correlations with the CST, (2) the VCT discriminated between SEHclinical and €6Ncontrol groups, (3) the
VCT predicted interpersonal functioning, and (4) the VCT predicted NS to a greater extent than the CST.
Taken together, these results point to the interest and usefulness of the VCT when assessing individuals with
schizophrenia in a virtual everyday environment, as it evaluates different key domains in this condition such as
EF, NS, and functioning.

First, most of the VCT parameters in the current study showed moderate-to-high correlations with the CST.
In this regard, these findings support the VCT concurrent validity. This is consistent with the previous research
testing the VCT in individuals with alcohol use disorder and healthy controls.*) Hence, this system can assess
EF in a comparable manner to traditional validated tasks, conducting such analysis while participants engage in

behaviors typical of a real-life situation. Importantly, this approach increases the ecological validity as it

represents the interaction between the individual and the situational context.!”-!8

Second, both types of evaluations indicated worse performance in the SEHclinical group than healthy
controls. Regarding the VCT performance, the S€Hclinical group required longer time to complete all the
tasks. Interestingly, these timing differences were qualified by three parameters: the Burning Ratio, the D
ressing Latencies, and Table Setting Efficiency. In other words, individuals with schizophrenia (1) burned
more ingredients, thus showing less capacity to shift and sustain attention within the task; (2) were slower to
select the correct dressings, indicating worse inhibitory control; and (3) were less efficient setting the table,

which implies a worsened planning and multitasking ability. In summary, these findings support discriminant
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validity of the VCT indicating the tool’s ability to detect EF deficits in individuals with schizophrenia. The
discriminative value of these parameters adds a quality component to a task performed in a context closer to
“daily-life” actions than standard tasks.*!7!® Moreover, the VCT also adds to the previously tested VR
systems by incorporating its ability to explore and discern a wide range of EF subdomains, including sustain

attention, planning, multitasking, or inhibitory control. 2

Third, the study also explored the ability of CST and VCT to predict daily functioning and NS of
schizophrenia, controlling for age, stability time, and antipsychotic intake. Regarding daily functioning,
regression analyses on the FAST scores revealed a differential “global vs. focal” result-pattern linked to the
CST and the VCT. On one hand, the TMT-B appeared as the most relevant predictor across almost all
functional activity subdomains. On the other hand, the VCT rather showed a predictive effect highly focused
on interpersonal functioning. This effect was driven by Table Setting Efficiency and by the Dressing A

ccuracy and Dressing Latencies. It should be noted that EF mediates between the information-processing

system and the execution of complex behaviors'3; thus, they are critical in modulating human interactions, >>"

a central and disabling feature of schizophrenia.54 In this regard, the developers of VR systems for assessing
functionality in schizophrenia could take this finding into account and create immersive social environments. As
for the NS of schizophrenia, longer TMT-B also showed a greater predictive capability of NS. Interestingly,
the VCT points to greater sensitivity than the CST to predict NS, as Total Time, Burning Ratio, and C
ooking Order Efficiency were associated to NS variations. In this sense, the results could support Frith’s
neurocognitive theory, which suggests that NS reflect a deterioration of EF because of impaired awareness of
goals (including the intention for communication and interpersonal interaction). 10,11,14 Importantly, previous

studies using VR technology to analyze EF in schizophrenia did not assess the ability of these systems to

predict NS.22

This work has some strengths to highlight. First, the sample is mostly composed of individuals with chronic
schizophrenia. Given that schizophrenia is a deteriorating disorder,>® in chronic schizophrenia the cognitive

decline would already be established,® as well as the presence of NS and functional disability. Second, the

subjects were clinically stable, avoiding acute psychopathology that could interfere with neurocognition.>’

Third, the results take into account age, duration of stability, and antipsychotic consumption, which was a
limitation in previous literature on VR.2 Importantly, antipsychotic medications, especially when used in
polypharmacy or at high doses, can lead to the worsening of N'S and further cognitive and global
dysfunc‘[ion.36’37 Finally, in contrast to previous research on this topic,23’*32 the VCT is based on an fully
immersive system. This would enhance its ecological validity by narrowing the gap between interactions in the

real and the virtual world. >3

Nonetheless, some limitations should also be pointed out. First, although sociodemographic features were
similar between groups, the total sample was composed of few individuals with higher education. In this

regard, it is worth taking into account that individuals with schizophrenia are less likely to access to higher
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education.”” Accordingly, further VCT research should investigate individuals with different educational status.
Second, prior exposure to video games and VR tools and thus its potential impact on the VCT performance
was not quantified. Aiming to mitigate this potential confounding factor, before starting the VCT, users were
allowed to practice navigating the virtual environment. Finally, proper performance in VCT requires complex
cognitive functions. Aiming to exclusively analyze EF, the MMSE was used when evaluating patients, trying to
avoid those subjects with alterations in higher functions. Including the ability to analyze skill in task execution,
as well as incorporating other cognitive domains such as memory, would be useful for the development of

future VR systems designed for clinical settings.

Conclusions

The VCT shows concurrent and discriminatory validity when investigating individuals with schizophrenia. In
addition, the VCT predicts NS and interpersonal functioning. Overall, this study provides additional data
suggesting the potential for analyzing EF and the symptomatology of schizophrenia through systems in contexts
more closely resembling real-world scenarios. Specifically, this study contributes to the growing literature
exploring innovative assessments of EF in schizophrenia and represents a further advancement in conferring
psychometric value to the VCT. Further research should assess the ability of this tool to capture changes over
time, as well as evaluating its usefulness in clinical research as an outcome measure (e.g., when studying novel

therapeutic agents or psychotherapeutic interventions for cognition) or in clinical practice, guiding personalized

clinical decisions.|A Q5|
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