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Differences in emotion recognition between nonimmersive 
versus immersive virtual reality: preliminary findings in 
schizophrenia and bipolar disorder
Mauro Scalaa,b,c,d, Daniel Sánchez-Reolide,f, Roberto Sánchez-Reolide,f,g, 
Patricia Fernández-Sotosf,h, Verónica Romero-Ferreirob,d,f, 
Miguel Ángel Alvarez-Monf,i,j,k, Guillermo Laheraf,i,k, Giuseppe Fanellia,l, 
Alessandro Serrettim,n, Chiara Fabbria, Antonio Fernández-Caballeroe,f,g,* and 
Roberto Rodriguez-Jimenezb,c,f,*

Deficits in social cognition may impair emotional 
processing and facial emotional recognition (FER) in 
patients with bipolar disorder (BD) and schizophrenia. 
FER is generally explored using photographs or images 
of static faces that do not fully capture the complexity 
of real-life facial stimuli. To overcome this limitation, we 
developed a set of dynamic virtual faces depicting six 
basic emotions (i.e. happiness, sadness, anger, fear, 
disgust, and surprise) and a neutral expression suitable 
for presentation in immersive and nonimmersive virtual 
realities. This study presents preliminary findings on the 
differences in FER accuracy from a frontal view between 
immersive and nonimmersive virtual realities among 
patients experiencing a relapse of schizophrenia (n = 10), 
a manic phase of BD (n = 10), and a group of healthy 
controls (HCs) (n = 10). As a secondary objective, we 
compare the FER accuracy across these three groups. 
Patients with schizophrenia and BD showed similar 
accuracy in recognizing emotions in immersive and 
nonimmersive virtual reality settings. However, patients 
with schizophrenia exhibited lower FER accuracy than 
HCs in both settings. Individuals with BD showed 
intermediate accuracy between those with schizophrenia 
and HCs, although these differences were not statistically 
significant. Notably, recognition of negative emotions was 

significantly impaired in both groups of patients. Int Clin 
Psychopharmacol 40: 281–287 Copyright © 2024 The 
Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction
Schizophrenia and bipolar disorder (BD) are chronic and 
severe mental disorders associated with significant levels 
of disability, with prevalence rates of 0.6–1% and 3–5%, 
respectively (Senner et al., 2023). Neuro and social cog-
nitive deficits are commonly described in both disorders 
and lead to significant impairment in clinical and func-
tional recovery (Harvey et al., 2022).

Social cognition refers to the mental processes involved 
in recognizing, perceiving, and understanding social 

information, thereby facilitating interpersonal interac-
tions (Frith and Frith, 2007). Theory of mind, social per-
ception, attributional style, and emotional processing are 
the four main domains of social cognition (Pinkham et al., 
2014, 2016). Emotional processing, defined as recogniz-
ing, facilitating, and regulating emotions, relies on facial 
emotional recognition (FER), which refers to the ability 
to discern emotional states through facial expressions 
(Pinkham et al., 2014).
Patients with schizophrenia and BD share deficits in 
FER and typically perceive faces as a combination of 
separate parts rather than as whole entities (De Prisco 
et al., 2023; Miola et al., 2023). Notably, individuals 
with schizophrenia show more severe impairments in 

This is an open access article distributed under the Creative Commons 
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

mailto:daniel.sanchez6@alu.uclm.es
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


282  International Clinical Psychopharmacology   2025, Vol 40 No 5

FER compared to patients with BD (De Prisco et al., 
2023).

Different methodologies exist for exploring the FER. 
Previous studies have used stimuli such as photographs, 
static images, or videos of faces, which do not fully cap-
ture the richness of facial expressions (Davis and Gibson, 
2000; Collignon et al., 2008). These tools have significant 
limitations in terms of validation, scene duration, and 
format (Edwards et al., 2002). As a result, virtual reality 
technologies have emerged as highly promising tools for 
simulating emotion recognition in real-life scenarios, pro-
viding dynamic avatars that replicate facial expressions 
in both nonimmersive (via a computer monitor) and 
immersive (via fully immersive vision glasses) settings 
(Fernández-Caballero et al., 2017).

In line with this, our group developed a set of dynamic 
virtual faces (DVFs) representing the six basic emotions 
(i.e. happiness, sadness, anger, fear, disgust, and surprise) 
and a neutral expression. These DVFs can be presented 
in immersive and nonimmersive virtual reality settings 
(García et al., 2020). Validation with 204 healthy controls 
(HCs), confirmed that the accuracy of FER with DVFs 
was at least comparable to standard tools such as the 
‘Penn Emotion Recognition Test’ (ER-40) (Fernández-
Sotos et al., 2021). Although previous studies have investi-
gated nonimmersive FER in schizophrenia (Muros et al., 
2021) and major depressive disorder (MDD) (Monferrer 
et al., 2023) using this set of DVFs, differences in FER 
accuracy between patients with schizophrenia and BD 
have not yet been explored.

The current study presents preliminary findings on the 
differences in FER accuracy between immersive and 
nonimmersive virtual reality settings among patients expe-
riencing a relapse of schizophrenia, a manic phase of BD, 
and a group of HCs. Immersive virtual reality provides an 
environment with enhanced realism and ecological validity 
that closely mimics real-life social interactions, potentially 
improving engagement and motivation, which are critical 
for effective cognitive rehabilitation programs (Freeman et 
al., 2017). Although there is no comparative literature on 
differences in FER between immersive and nonimmer-
sive virtual reality in patient groups, HCs demonstrated 
higher FER accuracy in immersive virtual reality (Vicente-
Querol et al., 2023). The severe symptomatology experi-
enced during the acute phases exacerbates impairments 
in social cognition (Lembke and Ketter, 2002; Li et al., 
2010). Hence, identifying FER deficits during these peri-
ods allows a better understanding of their state-dependent 
nature and is crucial for developing timely and targeted 
interventions. As a secondary objective, the study aims to 
provide a comparison of FER accuracy across these three 
groups. Thus, the following hypotheses were tested:

1. Hypothesis 1 (H1): In all groups, FER accuracy in the 
immersive virtual reality setting will be equal to or better 
than that in the nonimmersive virtual reality setting.

2. Hypothesis 2 (H2): Patients with schizophrenia will 
show lower FER accuracy than patients with BD and 
HCs. Participants with BD will demonstrate intermediate 
FER accuracy between schizophrenia and HCs groups.

Materials and methods
Study design
Participants were recruited between July 2023 and 
April 2024 at the Hospital Universitario 12 de Octubre, 
Madrid, Spain. The study was conducted according to 
the guidelines of the Declaration of Helsinki and was 
approved by the Clinical Research Ethics Committee 
of the Hospital Universitario 12 de Octubre (CEIm No.: 
23/034; approved on 18 January 2023). Informed consent 
was obtained from all subjects involved in the study.

Participants
This preliminary sample included 30 participants: 10 
patients experiencing a clinical relapse of schizophrenia, 
10 individuals with an acute manic episode of BD, and 
10 HCs. A clinical assessment was conducted by sen-
ior psychiatrists, confirming that the patients met the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition, Text Revision (DSM-5-TR) criteria for 
schizophrenia relapses and acute manic episodes. The 
severity of the symptoms necessitated hospitalization in 
the psychiatric ward for intensive treatment. When the 
experimental procedure was performed, patients were 
already undergoing pharmacological treatment, which 
likely contributed to a reduction in the psychopatholog-
ical scale scores. All participants were recruited from the 
same socio-cultural area and matched in terms of age, sex, 
and educational level. The diagnosis was made according 
to the Structured Clinical Interview for the DSM-5-TR.

Experimental procedure
During a single session, 52 DVFs were presented to the 
participants in nonimmersive (via a computer monitor) 
and immersive (via fully immersive vision glasses) set-
tings. The sequence of presentations alternated between 
the participants for nonimmersive and immersive virtual 
reality experiences. The software tool and the DVFs are 
publicly accessible at the Castilla-La Mancha University’s 
institutional repository, RUIdeRA (https://hdl.handle.
net/10578/27021). The session duration ranged from 20 
to 40 min and involved participants undergoing a brief 
tutorial before identifying facial emotions. Participants 
were required to label each expression they observed 
among seven alternatives: joy, sadness, anger, fear, dis-
gust, surprise, or neutral. Each emotion was randomly 
displayed eight times, whereas the neutral expression 
was shown four times. The DVFs varied in dynamism, 
viewpoints (frontal, right lateral, and left lateral), ethnic-
ity (Caucasian or African), age, and physical characteris-
tics, including variations in eye color, skin tone, and hair. 
For this preliminary study, only frontal face presentations 
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were considered, with a total of 26 DVFs in both the 
nonimmersive and immersive settings.

To test our hypotheses, we evaluated the FER accuracy 
by measuring the percentage of correctly identified facial 
expressions (De La Torre-Luque et al., 2022).

Data analysis
Statistical analyses were conducted using IBM SPSS 
Statistics software (version 27). Descriptive statistics, 
including means, standard deviations, and percentages, 
were used to analyze the quantitative and qualitative var-
iables, respectively. Given the non-normal distribution of 
the data and the small size of the samples, nonparametric 
methods were predominantly utilized to test the hypothe-
ses, with statistical significance set at a P value <0.05, uncor-
rected because of the exploratory nature of the study. The 
Wilcoxon signed-rank test was applied to assess differences 
in performance within the same group of participants across 
both immersive and nonimmersive virtual realities. The 
Mann–Whitney test was used for comparisons between two 
groups, whereas the Kruskal–Wallis test was used to com-
pare all three participant groups. Finally, the chi-square test 
was used to compare differences in qualitative variables.

Results
Sociodemographic and clinical data of the participants are 
described in Table 1. Age, sex distribution, and years of edu-
cation did not significantly differ among the three groups. 
A relapse of schizophrenia was indicated by a clinical pres-
entation with a Positive and Negative Syndrome Scale 
mean score of 84.70 ± 11.73. A manic episode of BD was 
characterized by a clinical presentation with a Young Mania 
Rating Scale total score of 22.90 ± 4.20 and a Montgomery-
Åsberg Depression Rating Scale total score of 4.1 ± 5.5.

Comparison of facial emotional recognition accuracy 
between nonimmersive versus immersive virtual reality (H1)
The comparison of the FER accuracy scores between the 
nonimmersive and immersive virtual reality settings is 
detailed in Table 2.

Within the HCs group, we identified significant dif-
ferences (P = 0.046) in overall emotion recognition, 
with higher FER accuracy in immersive virtual reality 
compared to nonimmersive reality. When considering 
individual emotions, this difference was significant for 
disgust recognition (P = 0.024), with higher accuracy in 
immersive virtual reality compared to nonimmersive 
reality. However, we did not observe differences in the 
BD and schizophrenia groups, neither in overall nor indi-
vidual emotion recognition.

Comparison of facial emotional recognition accuracy 
between schizophrenia, BD, and HCs (H2)
The FER accuracy scores among the three participant 
groups across both nonimmersive and immersive virtual 

reality experiences are detailed in Table 2 and visually 
depicted in Fig. 1.

Nonimmersive virtual reality
A significant difference was observed in the overall 
emotion recognition scores among the three groups 
(P = 0.011). Post hoc tests specifically indicated differ-
ences between HCs and patients with schizophrenia 
(P = 0.015), with HCs showing a higher accuracy.

When analyzing each emotion individually, differences in 
FER emerged among the three groups for fear (P = 0.019) 
and anger (P = 0.006). Post hoc tests for fear demon-
strated differences between the HCs and schizophrenia 
groups (P = 0.005), with the former showing higher accu-
racy. For anger, differences were observed between HCs 
and both the BD (P = 0.047) and schizophrenia groups 
(P = 0.043), with more accurate FER in HCs.

Immersive virtual reality
Variability in overall emotion recognition between the 
three groups was consistent with the findings observed 
for nonimmersive virtual reality (P = 0.002), with post hoc 
analyses indicating significant differences between HCs 
and both the BD (P = 0.005) and schizophrenia groups 
(P = 0.007), with HCs demonstrating more accurate FER.

Regarding specific emotions, differences were observed 
for anger (P = 0.020), fear (P < 0.001), and surprise 
(P = 0.035). Post-hoc tests revealed that HCs showed 
more accurate recognition of anger compared to schizo-
phrenia (P = 0.028), fear compared to BD (P = 0.008) and 
schizophrenia (P = 0.01), and surprise compared to BD 
(P = 0.031).

Although the post hoc tests did not reach statistical sig-
nificance, the Kruskal–Wallis test indicated significant 
group differences in joy (P = 0.047) and sadness recogni-
tion (P = 0.046).

Discussion
This study investigated FER in 10 patients experienc-
ing a clinical relapse of schizophrenia and 10 individuals 
with an acute manic episode compared to 10 HCs. The 
assessment used both nonimmersive and immersive vir-
tual reality settings with DVFs.

According to our first hypothesis, FER in immersive vir-
tual reality was equal to or better than that in nonimmer-
sive reality across all groups. Specifically, HCs showed 
better performance in immersive virtual reality, consist-
ent with a previous study in healthy volunteers indicat-
ing their higher accuracy in this setting (Vicente-Querol 
et al., 2023). However, patients demonstrated equal FER 
accuracy between nonimmersive and immersive virtual 
reality. This could be attributed to the fact that the effec-
tive interpretation of DVFs in immersive virtual reality 
relies on intact neurocognitive function (David et al., 
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2014), and being clinically symptomatic may compromise 
a patient’s ability to fully benefit from the advantages of 
immersive virtual reality (Harvey et al., 2022). Therefore, 
virtual reality-based rehabilitation programs may provide 
greater benefits when used during the stable phases of 
the disease.

The second hypothesis of this study was only partially 
supported by our results. In terms of overall emotion rec-
ognition, patients with schizophrenia showed less accu-
rate FER than HCs in both nonimmersive and immersive 
settings. Conversely, patients with BD showed decreased 
FER accuracy compared to HCs only in the immersive 

Table 1   Sociodemographic and clinical data

SCZ (n = 10) BD (n = 10) HCs (n = 10) Statistics

Sociodemographic
 � Gender (% female/male) 30/70% 60/40% 40/60% χ²(2) = 1.900; P = 0.387
 � Age (years) 43.00 ± 13,69 52.70 ± 16,65 46.20 ± 15,37 H(2) = 2.422; P = 0.298
 � Education (years) 12.00 ± 2.67 11.00 ± 2.16 13.40 ± 2.50 H(2) = 4.346; P = 0.114
Clinical
 � PANSS positive 21.60 ± 7.26 – – –
 � PANSS negative 23.40 ± 7.31 – – –
 � PANSS general psychopathology 39.70 ± 5.60 – – –
 � PANSS total score 84.70 ± 11.73 – – –
 � YMRS – 22.90 ± 4.20 – –
 � MADRS – 4.1 ± 5.51 – –
 � Lithium 0% 50% – –
 � Valproate 0% 30% – –
 � Mixed (lithium+ valproate) 0% 20% – –
 � FGA 0% 0% - -
 � SGA 90% 90% - -
 � Mixed (FGA+SGA) 0% 10% – –
 � Clozapine 30% 0% – –
 � CPZE (mg/day) 795.00 ± 538.91 720.00 ± 404.20 – –

Data are expressed as mean ± SD or %.
BD, bipolar disorder; CPZE, chlorpromazine equivalent dose; FG, first-generation antipsychotics; HC, healthy control; MADRS, Montgomery-Asberg Depression Rating 
Scale; PANSS, Positive and Negative Syndrome Scale; SCZ, schizophrenia; SGA, second generation antipsychotics; YMRS, Young Mania Rating Scale.

Table 2   Differences in facial emotion recognition accuracy between immersive and nonimmersive virtual reality for schizophrenia, 
bipolar disorder, and healthy controls

Comparison among the three groups of immersive versus nonimmersive tasksa

Nonimmersive Immersive Statistics

HCs 81.54 ± 10.06% 88.85 ± 13.38% Z = −1.994
P = 0.046

SCZ 53.08 ± 26.51% 54.62 ± 25.50% Z = −0.060
P = 0.953

BD 59.62 ± 23.09% 57,69 ± 19.61% Z = −0.656
P = 0.512

Differences in FER accuracy for both overall and individual emotions among the three groupsb

HCs SCZ BD Statistics

Nonimmersive
Total emotions+neutral expression 81.54 ± 10.06% 53.08 ± 26.51% 59.62 ± 23.09% H(2) = 9.093, P = 0.011
Neutral 85.00 ± 33.75% 80.00 ± 34.96% 75.00 ± 35.36% H(2) = 0.725, P = 0.696
Joy 92.50 ± 12.08% 57.50 ± 40.91% 65.00 ± 39.44% H(2) = 5.038, P = 0.081
Sadness 67.50 ± 31.29% 37.50 ± 39.53% 50.00 ± 44.10% H(2) = 2.504, P = 0.286
Anger 95.00 ± 10.54% 60.00 ± 33.75% 60.00 ± 35.75% H(2) = 10.283, P = 0.006
Fear 77.50 ± 21.89% 25.00 ± 23.57% 42.50 ± 44.17% H(2) = 7.898, P = 0.019
Disgust 62.50 ± 29.46% 50.00 ± 33.33% 55.00 ± 32.91% H(2) = 1.028, P = 0.598
Surprise 92.50 ± 16.87% 75.00 ± 35.36% 77.50 ± 32.17% H(2) = 2.002, P = 0.367
Immersive
Total emotions+neutral expression 88.85 ± 13.38% 54.62 ± 25.50% 57.69 ± 19.61% H(2) = 12.766, P = 0.002
Neutral 75.00 ± 42.49% 70.00 ± 42.16% 85.00 ± 33.75% H(2) = 0.870, P = 0.647
Joy 90.00 ± 24.15% 55.00 ± 45.34% 60.00 ± 31.62% H(2) = 6.134, P = 0.047
Sadness 85.00 ± 21.08% 50.00 ± 28.87% 52.50 ± 43.22% H(2) = 6.162, P = 0.046
Anger 92.50 ± 16.87% 57.50 ± 33.44% 62.50 ± 33.85% H(2) = 7.862, P = 0.020
Fear 90.00 ± 17.48% 22.50 ± 29.93% 35.00 ± 37.64% H(2) = 15.685, P < 0.001
Disgust 85.00 ± 21.08% 60.00 ± 35.75% 52.50 ± 34.26% H(2) = 5.451, P = 0.066
Surprise 97.50 ± 7.91% 75.00 ± 37.27% 70.00 ± 30.73% H(2) = 6.712, P = 0.035

Data are expressed as the mean percentage of correctly recognized facial emotions with standard deviations (mean ± SD).
P-values (P < 0.05) indicate significant differences in FER accuracy.
BD, bipolar disorder; HC, healthy controls; SCZ, schizophrenia.
aDone using the Wilcoxon signed-rank test.
bDone using the Kruskal–Wallis test.
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setting. The latter requires significant cognitive resources, 
which can be challenging for patients in manic episodes 
due to heightened distractibility, sensory sensitivity, and 
impaired attentional control (Fleck et al., 2009). These 
factors may lead to cognitive overload and difficulties in 
FER. Additionally, the elevated mood and impulsivity 
associated with mania can disrupt emotion processing 
and social cognition (Lembke and Ketter, 2002), making 
it harder to focus on subtle facial cues in immersive envi-
ronments that simulate real-life interactions. Conversely, 
nonimmersive environments may place fewer demands 
on cognitive resources, enabling BD patients to perform 

similarly to HCs. Although individuals with BD demon-
strated intermediate FER accuracy between patients 
with schizophrenia and HCs, these differences were not 
statistically significant for overall emotion recognition 
or for individual emotions. A larger sample size may be 
needed to reach adequate power to fully support our ini-
tial hypothesis.
Interestingly, in the immersive setting, patients with 
schizophrenia showed greater accuracy in recogniz-
ing disgust than those with BD, though this difference 
was not statistically significant. This may be due to 
the impaired ability to recognize disgust during manic 

Fig. 1

Graphical radar chart showing the percentage of facial emotions recognized by the schizophrenia, bipolar disorder, and healthy controls groups in 
(a) immersive and (b) nonimmersive virtual reality settings. Each line on the radar represents a percentage, with 10 lines ranging from 0% to 100%.
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episodes (Lembke and Ketter, 2002), with better rec-
ognition observed when patients with BD are euthymic 
(Harmer et al., 2002).

Differences between patients and HCs were particularly 
evident for some negative emotions, such as fear and 
anger, in both the nonimmersive and immersive virtual 
reality settings. This is consistent with previous studies 
using virtual dynamic stimuli in schizophrenia (Marcos-
Pablos et al., 2016; Muros et al., 2021) and BD (Monferrer 
et al., 2024). Difficulties in recognizing fear and anger are 
evident from the earliest stages of schizophrenia (Tripoli 
et al., 2022), suggesting that these deficits could be distinct 
traits that persist throughout the disease. Additionally, 
impaired recognition of negative emotions during manic 
phases can be considered a mechanism that sustains the 
episode, known as the ‘mood congruity effect’, and is 
generally associated with the severity of manic symptoms 
(Turchi et al., 2016). Notably, individuals with BD under-
performed HCs in the recognition of surprise. This may 
not be surprising, given that fear and surprise are gener-
ally considered to belong to the same emotional domain 
that occurs when facing an unexpected or uncertain stim-
ulus (Jack et al., 2014; Gordillo et al., 2019).

These deficits in FER represent a significant limitation 
for the functional recovery of patients in their social, 
work, and family environments (Fett et al., 2011), and 
are not effectively addressed by current pharmacolog-
ical approaches (Riccardi et al., 2021). Consequently, if 
confirmed in larger samples, these findings could have 
important implications for developing novel assessment 
and rehabilitation programs focused on social cognition 
and FER.

Despite being the first to investigate FER in two patient 
groups compared to HCs using both immersive and 
nonimmersive virtual realities, our results should be 
interpreted considering the limitations of this study. 
First, these preliminary findings were based on a small 
sample size, thus limiting their generalizability. Our sam-
ple size had a post hoc power of 0.80 to detect differ-
ences up to d = 1.2, therefore, smaller differences could 
not be detected (De Prisco et al., 2023). Furthermore, 
antipsychotic medication use may affect cognitive func-
tioning (Haddad et al., 2023), which is crucial for FER 
(Ruihua et al., 2021). Considering the impaired attention 
and distractibility of patients in psychotic exacerbations 
or manic episodes, a 20–40-minute session may be overly 
long. Finally, although gender differences in FER were 
documented, particularly in schizophrenia (Weiss et al., 
2007), the effect of gender on emotion perception was 
not considered in this preliminary study.

In summary, HCs showed higher accuracy in FER in 
immersive virtual reality compared to nonimmersive 
reality, whereas patients showed similar accuracy in 
both settings (H1). Regarding the differences between 
groups, although patients demonstrated lower accuracy 

in identifying emotions than HCs in both settings, there 
were no significant differences between schizophrenia 
and BD (H2). These conclusions are preliminary and 
should be interpreted cautiously because of the small 
sample size.
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