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A B S T R A C T   

Background: In recent years, a growing body of literature has supported the core nature and functional signifi
cance of Theory of Mind (ToM) deficit in schizophrenia. These findings have made ToM impairment a promising 
treatment target. However, despite the encouraging results, its complexity makes it difficult to develop new 
interventions and even to understand the exact nature and scope of the deficit. Yet, further investigation has 
suggested that using modern technology and multilevel assessment may help solve the problem. 
Methods: Virtual Reality-based Theory of Mind Intervention (VR-ToMIS) is a recently developed structured 
method using the combination of cognitive and behavioral therapeutic techniques and the advantages of Virtual 
Reality (VR) technology. A controlled study with a three-month follow-up was conducted with 42 patients 
(suffering from schizophrenia or schizo-affective disorder) randomly assigned to either an experimental (VR- 
ToMIS) or control group (passive-VR). Repeated two-way factorial analysis of covariance was used to evaluate 
the effects of VR-ToMIS on symptoms, neuro- and social cognition, pragmatic skills, and quality of life when the 
effect of IQ was controlled. 
Results: Patients participating in VR-ToMIS showed significant improvements in all types of ToM tasks (except for 
hyper-ToM task, based on the results of Cartoon test, Faux pas test and and Baron-Cohen Minds in the Eyes Test) 
compared to the control group with moderate to large effect sizes. In the case of negative and cognitive 
symptoms, significant between-group differences were also supported. Improvement was moderated by IQ in the 
case of higher-order ToM, manner, and relevance implicatures. Results were proved to be sustainable three 
months after the treatment. 
Conclusion: Although the presented results are considered preliminary, they support the potential of the inte
gration of modern technology and traditional methods for future interventions.   

1. Introduction 

Schizophrenia is a severe mental disorder usually characterized by 
recurrent psychotic episodes. It affects up to 1% of the population and is 
associated with a variety of social-cognitive, neurocognitive, and func
tional deficits, often leading to disability, and representing a significant 
societal burden. [1] 

Over recent decades, researchers have turned their attention to in
terventions focusing on social cognitive deficits, as this may be an 

important element of the patients’ recovery process in schizophrenia 
[2,3]. Among the fields of social cognition, Theory of Mind (ToM) ap
pears to be particularly important, as it has been identified as a signif
icant predictor of social functioning [2,4,5]. 

ToM represents a complex cognitive domain that pertains to our 
ability to infer and understand our own mental states as well as others’, 
through playing a key role in the interpretation and prediction of others’ 
behavior [6]. Several studies have aimed to explore the scope and nature 
of ToM deficits in schizophrenia [7–9]. These researches indicate that 

Abbreviations: VR, Virtual reality; VR-ToMIS, Virtual Reality-Based Theory of Mind Intervention in Schizophrenia; RMET, Baron-Cohen Minds in the Eyes Test; M. 
I.N⋅I., MINI International Neuropsychiatric Interview; WCST-64, Wisconsin Card Sorting Test; RBANS, Repeated Battery for the Assessment of Neuropsychological 
Status; LQoLP, Lancashire Quality of Life Profile; rANCOVA, Repeated measures of analysis of covariance; SSQ, Simulator Sickness Questionnaire,; TDC, Temporal 
Disc Controller. 

* Corresponding author at: 1082 Balassa str 6, Budapest, Hungary. 
E-mail address: vass.edit@med.semmelweis-univ.hu (E. Vass).  

Contents lists available at ScienceDirect 

Comprehensive Psychiatry 

journal homepage: www.elsevier.com/locate/comppsych 

https://doi.org/10.1016/j.comppsych.2022.152350    

mailto:vass.edit@med.semmelweis-univ.hu
www.sciencedirect.com/science/journal/0010440X
https://www.elsevier.com/locate/comppsych
https://doi.org/10.1016/j.comppsych.2022.152350
https://doi.org/10.1016/j.comppsych.2022.152350
https://doi.org/10.1016/j.comppsych.2022.152350
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Comprehensive Psychiatry 119 (2022) 152350

2

ToM is not a homogeneous construct, but rather an integration of 
different processes. This recognition has led to the emergence of con
cepts like cognitive- and affective-ToM, differentiating ToM aspects 
along with the characteristics of the inferred mental states, where the 
separability of the two processes is also supported by neuroimaging 
studies [10,11]. ToM can be classified hierarchically as well, along with 
the construct of intentionality [8,12]. In this respect, differentiation can 
be made between lower- and higher-order ToM, e.g.: first-, second-, or 
third-order ToM, where first-order processes indicate one’s knowledge 
of someone as having a mental state, second-order processes refer to 
one’s understanding that someone’s mental state might be different 
from one’s own, and so on [4,13]. Furthermore, Abu-Akel et al. (2013) 
offered an additional approach to scope the complexity of ToM, sug
gesting an extension of its assessment to the levels of the process, 
including representation, attribution, and application of mental states 
[7]. Despite the expansion of knowledge about ToM, no measuring tool 
has been developed that covers all of the mentioned aspects [3]. How
ever, the diversity of the ToM tasks used in different studies may reflect 
the complexity and heterogeneity of ToM. This may also explain the 
conflicting efficacy outcomes from different studies on different in
terventions. However, the limited scope of the assessment tools might 
not be the only explanation, as grasping the complexity of ToM can also 
be challenging for the developers of the interventions. 

The development of methods to improve ToM follows two different 
approaches. The so-called broad-based interventions aim to cover all 
neuro- and/or socio-cognitive fields associated with functional deficits. 
In contrast, targeted interventions focusing on one area attempt to in
fluence functionality directly through the remediation of it. Both ap
proaches have limitations. Comprehensive approaches are less able to 
reflect on the individual patterns of cognitive impairment. On the other 
hand, although targeted interventions are used in patients with a 
particular deficiency, this approach can limit the range of patients for 
whom they can be used effectively. Hence, a combination of in
terventions with narrowed focuses that consider individual differences 
might be a promising alternative, highlighting the importance of the 
development of more effective targeted methods [3,14]. 

Even if early studies support the possibility that ToM impairment is 
remediable, only a few interventions focus selectively on ToM skills 
[15–19]. Based on our previous review, compared to methods that 
follow a broad-based approach, targeted interventions led to more stable 
results in terms of their impact on functionality and ToM, even if they 
used different types of assessment tools [3]. Such interventions typically 
use short videotapes or comic strip tasks to illustrate social situations, 
where patients are asked to interpret the presented situations with the 
assistance of the therapist. Although results suggest that these ToM- 
focused methods might be more able to capture its heterogeneous na
ture, in the case of higher-order ToM skills, mixed results were reported, 
indicating that even these methods are only partially able to capture the 
complexity of ToM [15,20,21]. As some authors suggest, the efficacy of 
novel interventions may be further increased by changing some factors. 
These changes might involve making the simulations more realistic, 
using verbalization to help the patient extract the relevant information 
from the characters’ mental state, or enabling the analysis of social in
teractions from a first-person perspective [3,15,18]. 

With these factors in mind, our research team undertook to develop a 
VR-based targeted ToM intervention based on realistic simulations of 
social interactions, allowing a first-person experience and taking the 
strengths and weaknesses of the previously developed methods into 
account. We aimed to develop a complex intervention that is able to 
capture the complex nature of ToM [22]. To equally reflect the 
complexity of the assessment, four different ToM tools were used. We 
hypothesized that the use of VR-ToMIS would be associated with sus
tainable improvement in ToM, pragmatic language skills, negative 
symptoms and functional outcomes. Considering the contradictions of 
the literature data, we didn’t assume a generalization effect on neuro
cognition. [3] 

2. Methods 

A randomized, controlled, single-blind clinical trial was performed. 
Patients were recruited from the Department of Psychiatry and 

Psychotherapy, Semmelweis University, Budapest, and from the András 
Jósa University Teaching Hospital, Nyíregyháza, from March 2019 to 
October 2021. Participants were under treatment at the outpatient care 
departments of the mentioned hospitals at baseline and during the entire 
duration of the study. Patients were recruited on the recommendation of 
the psychiatrist treating them. Before participation, all subjects provided 
written informed consent to the study protocol reviewed and approved 
by the local Ethics Committee (ref. SE-TUKEB 150/2016. Date of 
approval: 3. Aug. 2016.). 

To ensure balanced sampling, blocked randomization was used. 
Randomization was carried out by an independent psychiatrist of the 
András Jósa Teaching Hospital, using a random number generator-based 
Python software written for this study. 

All participating patients met DSM 5 criteria for schizophrenia or 
schizoaffective disorder based on the patient’s medical records and MINI 
International Neuropsychiatric Interview (M.I.N.I). Additional inclusion 
criteria were: (1) No documented hospitalization or change in their 
medication in the last 3 months, (2) Adequate language skills, (3) ToM 
deficit, identifiable either by Baron-Cohen Minds in the Eyes Test 
(RMET, scores ≤22 [23]), or by Faux pas test (correct answer rate ≤ 0.75 
on any subscale [24]), and (4) Age 18–65 years. Exclusion criteria 
included: (1) Noncompliant behavior, (2) History of any neurological 
disease that might affect cognitive performance, (3) Diagnosis of epi
lepsy, (4) Comorbid alcohol/drug dependence/abuse, (5) mental retar
dation, and (6) participation in other clinical trials over the last 6 
months. 

2.1. Assessment 

After the attending psychiatrist referred the patient to the research 
team, and the informed consent form was signed by the patient, each 
assessment was carried out by a clinical psychologist or a psychiatrist 
kept blinded to the allocation. Assessments took place at the Outpatient 
Care Unit of Semmelweis University or the András Jósa Teaching Hos
pital. The only exception was the Simulator Sickness Questionnaire, 
which was recorded right after each session by the psychotherapist 
providing the intervention. 

2.1.1. Symptoms 
The severity of the symptoms was assessed by using the Positive and 

Negative Syndrome Scale (PANSS), where according to the suggestion of 
Shafer and Dazzi (2019), positive, negative, cognitive, affective, and 
activity/excitement components were calculated [25]. The scale was 
administered by a trained clinician based on a clinical interview. 

2.1.2. Neurocognitive assessment 
IQ was measured at baseline by using the Hungarian version of the 

Wechsler Adult Intelligence Scale. The scale is administered by a trained 
clinician and examines the following domains: general knowledge, 
problem-solving, immediate memory, calculation skills, processing 
speed, recognition of causal relationships, and analytical skills. (Internal 
consistency: Cronbach’s α = 0.94, good reliability for the following 
constructs: immediate memory, processing speed, reasoning (α =
0.76–0.090)) [26]. 

A sequence of two neurocognitive tests was also administered: (1) 
Repeatable Battery for the Assessment of Neuropsychological Status 
(RBANS, internal consistency: r = 0.81, inter-rater reliability: r = 0.68), 
which provides age-adjusted scores for the measure of immediate and 
delayed memory, visuospatial skills, language skills, and attention, and 
(2) Wisconsin Card Sorting Test (WCST-64), which is used to assess 
abstract reasoning and perseveration. During the WCST-64 test, the 
patient - without prior knowledge of the rule - is asked to sort a series of 
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cards. In determining the rule, the patient can only rely on the clinician’s 
feedback. (Good construct validity, Inter-rater reliability: r =

0.57–0.90). [27–31] 

2.1.3. ToM assessment 
To cover all possible aspects of ToM, multiple tests were used:  

(1) Baron-Cohen Minds in the Eyes Test (RMET), which focuses on 
visual stimuli-based emotional state attribution (internal consis
tency α = 0.75, inter-rater reliability r:0.80). During the test 36 
eye regions of different people are presented to the patient, 
accompanied by four words expressing an emotional state. The 
patient is then asked to choose the word best suited to the dis
played image. [32]  

(2) Faux pas test, which is a complex test including components to 
assess the ability to recognize and understand social faux pas 
situations, and the ability to infer intentions and emotional states 
of another person. (Internal consistency: α = 0.94 for faux pas 
stories, α = 0.92 for non-faux pas stories, inter-rater reliability: r 
= 0.88 for faux pas stories, r = 0.96 for non-faux pas stories.) 20 
short stories (10 of them contains a faux pas situation) are pre
sented to the patient, who is asked to answer a series of questions 
about the intentions and emotional states of the characters of the 
stories. [33,34]  

(3) Finally, the Cartoon stories task, which includes components to 
evaluate different levels of ToM [23,35]. (internal consistency: α 
= 0.80, inter-rater reliability: r = 0.63) Cartoon test is a picture 
sequencing task followed by questions about the situation and the 
mental states of the characters with the aim of testing the pa
tient’s ability to infer mental processes. 

2.1.4. Assessment of communicational pragmatic skills 
To rule out the possible overlap between ToM and pragmatic 

assessment, the Hungarian Metaphor, and Irony test was used to assess 
pure pragmatic skills. Although the test itself contains ToM tasks as well, 
it focuses mainly on detecting and interpreting violations of Gricean 
maxima (implicatures). As its name suggests, the test also includes tasks 
that assess metaphor and irony comprehension [36]. There is conflicting 
literature that disputes whether these types of tasks should be used as a 
ToM or as a pragmatic assessment tool. However, as Bosco (2018) points 
out, understanding irony and metaphor require an understanding of 
someone else’s point of view, indicating that these tools measure both 
constructs. [37] Following this line of reasoning, we decided to use these 
test components as part of the ToM evaluation, while the detection and 
interpretation of implicatures were considered as pure pragmatic 
assessment tools. During the test, short stories are presented to the pa
tient, followed by a series of questions to test the ability to comprehend 
irony, metaphor, and supposed meaning. 

2.1.5. Quality of Life (QoL) assessment 
Lancashire Quality of Life Profile (LQoLP) was used to assess the 

level of a patient’s subjective satisfaction in eleven fields, including job, 
safety, finances, health, or living conditions. Cantrel’s ladder is also 
included in the test to assess overall satisfaction on a visual analog scale. 
The test is self-administered, where the patients are asked to indicate 
satisfaction with each examined field on a 7-point Likert scale. (internal 
consistency: α = 0.93, inter-rater reliability: r = 0.92). [38,39] 

For further, objective evaluation, patients’ relatives, co-workers, or 
friends (chosen by the patient) were asked to assess the change after the 
intervention on a 5-point Likert scale on various dimensions, focusing 
primarily on self-determination and communicational skills. To ensure a 
freer expression of opinion, open-ended questions were also used. The 
questionnaire was designed by our research team, with the development 
goals of the intervention in mind. 

All assessment tools were administered both at the baseline and after 
the intervention, except for IQ and objective QoL assessment, where the 

IQ test was administered only at the baseline, and the objective QoL test 
only after the intervention. 

2.1.6. Assessing possible side effects 
To monitor the possible side-effects, a Simulator Sickness Ques

tionnaire (SSQ) was used, where each symptom was rated from 0 to 3, 
where 0 indicated the lack of symptoms, and scores from 1 to 3 referred 
to the severity of the symptoms (internal consistency: α = 0.86–0.94, 
Inter-rater reliability r: 0.31–0.45) [40,41]. 

At the end of all sessions, patients were asked about their opinion on 
the method. Similar to the case of QoL, for the purpose of evaluation 7- 
point Likert scales and open-ended questions were used. 

2.2. Intervention 

Interventions were provided by trained psychotherapists. 
VR-ToMIS is a 9-session long, structured intervention provided in 1-h 

individual sessions per week (immersive virtual environments were 
provided by vTime (available at: vtime.net)). The method consists of 1 
preparative session and 8 virtual sessions (developed by using iterative 
testing process). Virtual sessions are based on three main steps. First, 
each patient participates in a virtual roleplay simulating everyday social 
interactions with an avatar controlled by the therapist. However, the 
therapist only guided the avatar’s movements, and timed the avatar’s 
verbal responses. Avatar’s reactions were designed to be simple and to 
be capable of triggering the appearance of ToM and pragmatic impair
ment. To achieve this, dialogs included - for example - irony, metaphors, 
and double-meaning sentences [22]. Although vTime was aware of the 
development and we have their support, complete automation of the 
avatars could not be solved. Hence we used pre-recorded audios to voice 
the avatar. At this step, Samsung Gear Head Mounted Displays were 
used with a Samsung S7 or S8 smartphone and a Samsung Simple 
Controller. After the roleplay, patients were asked to visualize the 
emotional state inferred to the avatar, by using interactive software, 
called Temporal Disc Controller (TDC). During the task, the participant 
sees a 3D face on a screen. The facial expression of the 3D face can be 
changed by moving the pointing tool over the image, and at the same 
time over a circular interface underlying it. Moving the pointing tool in 
the center of the interface displays a neutral emotion, and moving to
wards the periphery, a wide range of mixtures of basic emotions with 
different intensities can be visualized [42]. After this task, experiences of 
the previous two steps and possible ways to overcome the difficulties are 
discussed with the therapist. In this phase, mainly cognitive and meta
cognitive techniques are used. When all three steps are finished, the 
patient has the opportunity to try and practice alternative reactions by 
repeating the previously mentioned steps [22]. 

In the control group, patients use the same virtual software. How
ever, their activity is limited to the exploration of the virtual environ
ment. It means that they can build their avatars and change between 
destinations, but they cannot contact other users via their avatars, and 
the therapist does not provide any intervention other than technical 
assistance. 

Patients were blinded to the allocation. 

3. Statistical analyses 

3.1. Sample size calculation 

Considering that the literature has no VR based ToM intervention or 
training similar to VR-ToMIS, the sample size was calculated from the 
pilot study with an α set at 0.05, a β set at 0.20 (that would provide an 
80% chance of showing a statistically significant result) and an effect 
size of 0.84 (Cohen’s d) for the overall under mentalizing score of Faux 
pas. [43] Using the method suggested by Shieh for sample size calcu
lation for ANCOVA, the proposed study required a total sample size of 36 
participants. With an estimated drop out rate of 15%, 42 participants 
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were estimated to be needed. [44] 

3.2. Data analysis 

Initial differences in main demographic and clinical characteristics 
between active and control conditions were evaluated by using either 
student t-test or Wilcoxon rank-sum test. 

The effect of the intervention on symptoms, neuro- and social 
cognitive skills, and functional outcome was tested using repeated 
measures of analysis of covariance (two-way rANCOVA) procedure, 
where the post-treatment and follow-up scores of the outcome variables 
were included as the dependent variable, treatment condition as a 
between-group variable, and baseline scores of outcome variables as a 
continuous covariate [45]. Since the potential mediator role of IQ in 
ToM remediation is frequently discussed in the literature, to test its 
potential role, IQ and two-way interaction (treatment condition by 
moderator) were also entered as covariates. As a correction for multiple 
comparisons, the Bonferroni method was used [46]. 

To characterize between-group differences, partial eta squared was 
calculated, where ηp

2 ≤ 0.01 represents small, ηp
2 = 0.06–0.14 is 

considered a medium, and ηp
2 ≥ 0.14 indicates a large effect size. For 

further description of the effect of the intervention, Cohen’s d was 
calculated in both active and control conditions, where d ≤ 0.2 repre
sents small, d ≥ 0.5 indicates a medium, and ≥ 0.8 is considered a large 
effect size [47]. 

All statistics were performed by SAS, version: 9.04.01. 

4. Results 

Out of the 102 patients screened, 43 were included in the study. 
Participating patients were randomly allocated to the active VR-ToMIS 
group (n = 22) or the passive- VR group (n = 21). One patient drop
ped out from the active group due to an adverse event, not related to the 

intervention. (Trauma-related psychotic regression) Hence, the final 
sample included 21 patients in each group (Fig. 1). Two further patients 
were lost to follow-up, both in the control group. 

According to a baseline comparison, no significant differences were 
found between the two groups. 22 male and 20 female patients aged 
between 18 and 63 participated in the study, where the mean illness 
duration was 20.98 years (within the range of 18–47 years). The mean 
score of the PANSS scale was 52.04 points, indicating mild symptoms 
(Table 1). The mean dose of antipsychotic medication expressed in 
chlorpromazine equivalent was 521.88 mg/day, which corresponds to a 
medium dose, where 83.3% of the patients took atypical, 2.38% typical 
antipsychotics and 14.28% took the combination of the two types of 
antipsychotic medication [47]. No change in medication was reported 
during the intervention in either group. 

4.1. Efficacy of VR-ToMIS 

4.1.1. Symptoms 
As can be seen in Table 1, the sample was mainly characterized by 

negative and cognitive symptoms. Although the predominance of these 
types of symptoms didn’t change after the intervention, ANCOVA indi
cated significant between-group differences with large effect sizes in 
both symptom groups in favor of VR-ToMIS (negative symptoms F(1,41) 
= 8.67, p = .005, ηp

2 = 0.19, cognitive symptoms F(1,41) = 9.67, p =
.003, ηp

2 = 0.21) In the case of positive or affective symptoms, no sig
nificant change was detected. 

4.1.2. Neurocognition 
Immediate memory scores of the RBANS test (F(1.41) = 5.99, p:0.01, 

ηp
2 = 0.16) showed significant improvement in the VR-ToMIS condition, 

with a large effect size, where the significant moderator role of IQ wasn’t 
confirmed. Scores of other neurocognitive skills didn’t change 
significantly. 

Fig. 1. Study flow-chart.  
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4.1.3. Theory of mind 
Regardless of the type of assessment and the measured aspect of 

ToM, significant between-group differences were supported by ANCOVA 
in all cases (RMET, Faux pas subscales, ToM subscales of the Cartoon 
test, and the Metaphor and Irony test), with medium-to-large between- 
and within-group effect sizes (ηp

2 = 0.12–0.49, d = 0.57–1.17) (Table 2) 
There was only one exception. Faux pas task, which is associated with 
hyper-mentalization, remained unchanged in both groups. (F(1,41) =
0.01, p = .93). The significant moderator role of IQ was supported in the 
case of higher-order ToM tasks. (Metaphor comprehension: F(1,41) =
23.89, p < .0001, Irony comprehension: F(1.41) = 9.30, p = .003, ToM 
score, related to the violence of implicatures: F(1,41) = 5.59, p = .02, 
Third-order ToM task of Cartoon test: F(1,41) = 8.43, p = .006, Faux pas 
understanding: F(1,41) = 4.86, p = .03). 

4.1.4. Pragmatic skills 
In the case of all four measured types of implicatures measuring 

significant within and between-group differences were supported, with 
a large effect size. (Quantity implicature: F(1,41) = 15.46, p = .0004, ηp

2 

= 0.30, Quality implicature: F(1,41) = 24.22, p < .0001, ηp
2 = 0.58, 

Manner implicature: F(1,41) = 44.80, p < .0001, ηp
2 = 0.56, Relevance 

implicature: F(1,41) = 24.17, p < .0001, ηp
2 = 0.40) Furthermore, in the 

case of two types of implicatures, improvement in the active group was 
accompanied by a significant decrease in the control group (Relevance 
implicature: t = − 3.36, p = 003, quality implicature: t:-2.49, p = 02) 
Moderator role of IQ was also found in the case of manner (F(1,41) =
4.76, p = .03) and relevance implicature (F(1,41) = 12.00, p = .001). 

4.1.5. Quality of Life 
Considering subjective satisfaction with certain areas of life, no 

significant between- or within-group differences were shown (Table 3). 
Twelve relatives/friends/colleagues of the patients responded to the 

questionnaire on the perceived change after the intervention. Based on 
questions about conversational skills, 75%–83.40% of the respondents 
detected at least some improvement. Concerning the degree of suspicion 
and misunderstanding, 41.60%–66.70% of the interviewees found that 
the patient tended to better understand others’ mental states. The third 
group of questions was asked about the degree of independence. In this 
case, 41.70%–66.70% of the respondents answered that improvement 
was detectable (Table 4). 

4.1.6. Simulator sickness and subjective feedback on VR-ToMIS 
Only mild symptoms of simulator sickness were reported, including 

difficulty in focusing, sweating, and blurred vision. All symptoms dis
appeared within a few minutes after the simulation. 

Considering the level of satisfaction with the method, 100% of the 
respondents found the intervention interesting, 93.3% thought it was 
entertaining, 86.7% found it realistic and 78% considered it an impor
tant part of their rehabilitation. 77.3% sought to apply the learned skills 
in everyday life, and even if they didn’t practice them much, 93.3% 
reported subjective improvement in communicational skills. During the 
intervention, most patients felt safe using the devices (93.3%), and 80% 
of them considered the communication with the avatar pleasant. On the 
other hand, difficulties have also been reported. Namely, 13.4% of the 
patients thought that the use of TDC makes the intervention cumber
some (they found it quite slow), and 20% of them complained of anxiety 
related to the method. Finally, 26.7% of the patients found the TDC task 
a difficult part of the intervention. 

4.1.7. Sustainability of treatment effect 
Although the generalization effect of VR-ToMIS on neurocognitive 

skills wasn’t confirmed, the treatment-associated changes of negative (F 
(1,41) = 14.67, p = .0005, ηp

2 = 0.29) and cognitive symptoms (F(1,41) 
= 6.94, p = .01, ηp

2 = 0.16) proved to be sustainable. Moreover, at the 
follow-up assessment, the advantage of the experimental intervention 
was supported even in case of affective symptoms (i.e.: depression, 
anxiety, feeling of guilt) (F(1,41) = 24.96, p < .0001, ηp

2 = 0.41). 
Regarding the long-term effects of the training on ToM and pragmatic 
skills, results stayed significant, or showed a trend towards significance 
three months after the intervention in all cases. However, effect sizes 
showed a tendency to fall back into a lower range (ηp

2 = 0.03–0.34, d =
0.26–1.04). Finally, concerning quality of life, significant benefit of VR- 
ToMIS was supported at follow-up (F(1,41) = 4.10, p = .05, ηp

2 = 0.10) 
(Fig. 2.) 

5. Discussion 

The primary aim was to develop an intervention that can be used to 
improve ToM in its complexity by providing a safe learning environment 
where patients can experience and analyze social interactions with the 
help of an experienced therapist. To our knowledge, this is the first 
method that aims to reach this goal by using VR technology. 

Due to the novelty of the use of such technology in therapies, the 
potential motivational effect is often mentioned in the literature, but the 
reported experience is mixed. [49–51] In this regard, it is worth 
mentioning that no patient has dropped out during the intervention, not 
even from the passive VR condition due to consent withdrawal. In 

Table 1 
Main demographic and clinical variables at baseline.   

VR- 
ToMIS 
(n:21) 

Passive- 
VR (n:21) 

Active/Control 

Statistics (Fisher exact 
test, two sample t-test or 
Wilcoxon Rank Sum test) 

p 

Male/Female 12/9 10/11 OR: 0.20 0.76 
Duration 17.31 

(11.19) 
19.76 
(10.29) 

t: − 0.74 0.46 

Age 36.71 
(11.73) 

42.47 
(8.74) 

t: − 1.80 0.08 

Education 14.09 
(2.46) 

15.09 
(4.74) 

z: − 0.24 0.81 

IQ 106 
(10.03) 

97.57 
(14.21) 

z: 1.91 0.06 

Baron-Cohen Eyes 
Test 

19.14 
(4.15) 

18.61 
(3.29) 

t: 0.45 0.65 

Faux pas overall 
scores     
Hypo-ToM 0.53 

(0.24) 
0.47 
(0.21) 

t: 0.79 0.44 

Hyper-ToM 0.93 
(0.12) 

0.89 
(0.16) 

z: 1.21 0.22 

Cartoon test 
overall scores 

41.95 
(10.07) 

40.42 
(10.29) 

t: 0.48 0.63 

First-order ToM 3.81 
(1.25) 

3.42 
(1.25) 

z: 1.06 0.29 

Second order 
ToM 

3.66 
(0.85) 

3.57 
(1.08) 

z: 0.16 0.87 

Third order ToM 1.14 
(0.96) 

1.24 
(1.14) 

z: − 0.17 0.86 

Metaphor‑irony 
test     
Metaphor 
comprehension 

7.38 
(1.85) 

6(2.84) t: 1.86 0.07 

Irony 
comprehension 

8.28 
(2.33) 

6.81 
(3.51) 

z: 1.34 0.17 

ToM sub-score 18.72 
(7.21) 

17.61 
(5.38) 

t: 0.41 0.68 

PANSS (Shafer 
et al. 2009) 

52.05 
(10.19) 

51.81 
(9.87) 

z: 0.06 0.94 

Negative 
symptoms 

15.28 
(4.96) 

15.33 
(3.61) 

t: − 0.04 0.97 

Positive 
symptoms 

8.9(2.47) 8.9(2.47) t: 0.0 1.0 

Cognitive 
symptoms 

13.61 
(3.27) 

14.57 
(3.07) 

t: − 0.97 0.34 

Activity/ 
Excitement 

4.85 
(1.01) 

5.57 
(0.31) 

z: − 1.83 0.07 

Affective 
symptoms 

9.19 
(2.63) 

8.33 
(3.61) 

z: 1.19 0.23  
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summary, as the subjective feedback of the patients show, the inter
vention was well tolerated and received a positive evaluation. Addi
tionally, no severe side effects were reported during the intervention. 
When mild symptoms were present, no treatment was required. 

Regarding the main purpose of the intervention, the presented re
sults provide preliminary evidence for the feasibility of a novel VR-based 
ToM intervention for schizophrenic outpatients. 

While the possibility of improvement of ToM abilities in schizo
phrenic patients has already been confirmed, the results are usually 
controversial even in the case of ToM-focused methods, where the effi
cacy on higher-order ToM skills appears to be limited. From the 
perspective of development, the variability of results is often explained 
by the applied techniques or the short duration of the interventions 
[3,15]. As additional explanatory factors, sampling procedure and 
assessment difficulties could also be considered. To address these diffi
culties, a number of approaches were taken. For instance, VR technology 
was used to make the simulations more realistic, techniques including 
both affective and cognitive aspects of ToM with different levels of 
complexity were applied, only outpatients with detectable ToM deficits 

were included, and finally, a set of ToM tests covering different aspects 
of ToM were used. As our results show, all aspects of ToM have been 
improved, even higher-order ones, whereas the improvement was sus
tainable even 3-month after the study, supporting our hypothesis that 
the use of the combination of immersive-interactive technology, and 
cognitive therapeutic techniques might be advantageous to improve 
ToM skills in schizophrenic patients. However, the experienced decline 
in the long-term effect of the intervention warns that changes like the 
intensification of the training might be necessary for further 
sustainability. 

Besides the feasibility of the method, the possible moderator role of 
IQ was also investigated, as literature data on the association of IQ with 
ToM is controversial. At first glance, even meta-analyses couldn’t 
resolve the contradictions. However, after taking a closer look at their 
results, they can be separated along with the severity of the patients’ 
condition, implying the independence of the two areas in the acute 
phase of schizophrenia, and their significant association when in 
remission [52,53]. On the other hand, to our knowledge, the effect of IQ 
on intervention-related ToM improvement has been examined by only 

Table 2 
Group characteristics across time.   

VR-ToMIS  Passive VR  

T0 (n = 21) T1 (n = 21) T2 (n = 21) T0 (n = 21) T1 (n = 21) T2 (n = 19) 

RMET 19.14(4.15) 22.42(4.22) 22.04(3.45) 18.62(3.29) 18.90(4.66) 19.82(4.98) 
PANSS 52.04(10.19) 42.76(11.62) 42.57(9.32) 51.80(9.87) 55(9.97) 52(11.3) 

Positive symptoms 8.90(2.47) 10.38(14.86) 7.76(2.02) 8.90(2.47) 9.13(3.76) 8.36(2.05) 
Negative symptoms 15.28(4.96) 12.28(3.92) 12.47(4.27) 15.33(3.61) 16.14(4.59) 16.15(3.86) 
Cognitive symptoms 13.62(3.27) 11.66(3.02) 11.52(2.56) 14.57(3.07) 14.90(3.78) 14.15(3.82) 
Activity /Excitement symptoms 4.86(1.01) 5.23(1.95) 4.57(0.97) 5.57(1.33) 5.62(1.36) 5.68(2.76) 
Affective symptoms 9.19(2.63) 7.85(3.96) 6.66(2.19) 8.33(3.31) 8.76(2.19) 8.47(2.76) 

RBANS total scale 88.38(17.21) 96.66(15.25) 95.66(12.96) 76.05(15.55) 77.76(14.27) 82.26(17.21) 
Immediate memory 89.52(19.68) 100.47(20.28) 104.61(19.87) 71.05(19.70) 74.95(18.22) 83.52(23.11) 
Attention 73.33(18.25) 81.86(14.91) 83.95(18.18) 72.57(15.43) 72.95(14.27) 78.89(11.11) 
Visuospatial skills 110.43(14.83) 109.52(12.11) 108.8(12.5) 100.57(16.75) 97.24(18.10) 92.68(23.40) 
Language 98.90(19.69) 99.09(14.11) 101.09(12.6) 90.95(12.56) 92.28(9.19) 93.78(12.71) 
Delayed memory 91.04(17.92) 97.19(15.41) 92.09(27.68) 71.00(22.48) 76.71(14.27) 77.11(23.84) 

WCST-64       
Correct answers 33.57(13.34) 37.71(13.21) 39(12.78) 33.09(13.65) 32.85(14.86) 35.57(11.84) 
Perseverative errors 8.28(7.75) 8.19(7.55) 8.04(6.74) 10.38(9.26) 10.00(11.18) 11.57(7.86) 
Completed categories 1.28(7.75) 1.9(1.61) 1.95(1.71) 1.76(1.58) 1.52(1.78) 1.73(1.37) 

Metaphor and Irony test       
Metaphor comprehension 7.38(1.85) 8.66(1.06) 8.23(1.70) 6.00(2.85) 5.47(2.94) 5.94(2.63) 
Irony comprehension 8.25(2.32) 9.62(1.16) 9.71(0.90) 6.81(3.50) 6.52(2.96) 6.73(2.91) 
Quantity implicature 8.04(3.33) 11.38(4.07) 9.76(4.31) 7.81(3.38) 6.57(3.41) 6.00(2.88) 
Quality implicature 7.14(3.23) 9.57(2.71) 9.76(4.31) 5.38(3.57) 3.81(3.91) 3.63(3) 
Manner implicature 8.24(3.84) 13.52(2.78) 11.61(3.77) 7.85(3.32) 7.47(3.25) 7.1(2.71) 
Relevance implicature 6.14(3.45) 9.76(3.56) 8.85(3.74( 6.43(2.97) 4.57(2.56) 4.94(3.16) 
ToM score 18.43(7.21) 25.05(6.13) 23.14(6.19) 17.61(5.38) 15.66(6.56) 14.26(5.88) 

Cartoon test       
First order ToM 3.81(1.25) 4.66(0.65) 4.52(0.81) 3.43(1.25) 3.23(1.51) 3.15(1.23) 
Second order ToM 3.67(0.85) 4.61(0.67) 4.52(0.87) 3.57(1.07) 3.28(1.15) 3.42(1.06) 
Third order ToM 1.14(0.96) 2.38(0.80) 2.38(1.02) 1.23(1.13) 0.95(1.07) 0.94(0.97) 

Faux pas test       
Overall scores of Faux pas stories 0.53(0.24) 0.76(0.19) 0.66(0.28) 0.47(0.21) 0.42(0.24) 0.44(0.24) 
Overall scores of non-Faux pas stories 0.93(0.12) 0.93(0.22) 0.96(0.07) 0.89(0.17) 0.88(0.17) 0.87(0.17) 
Faux pas recognition 0.64(0.27) 0.83(0.28) 0.78(0.28) 0.60(0.28) 0.58(0.29) 0.6(0.25) 
Faux pas understand 0.41(0.29) 0.69(0.29) 0.67(0.29) 0.39(0.25) 0.35(0.29) 0.4(0.27) 
Inferring intention 0.32(0.25) 0.59(0.28) 0.50(0.33) 0.23(0.22) 0.26(0.24) 0.30(0.23) 
Understand false belief 0.52(0.31) 0.73(0.25) 0.63(0.33) 0.35(0.25) 0.38(0.28) 0.38(0.25) 
Empathy 0.42(0.29) 0.70(0.22) 0.64(0.30) 0.41(0.29) 0.29(0.28) 0.31(0.27) 

LQoLP       
Work satisfaction 16.71(5.53) 16.71(9.69) 16.14(6.52) 17.57(6.06) 16.52(5.68) 15.73(6.17) 
Leisure activities 15.28(3.51) 15.62(3.93) 15.09(5.03) 16.09(4.21) 16.33(4.19) 16.21(3.31) 
Religion 12.09(2.75) 10.42(5.41) 10.04(5.51) 12.52(4.83) 12.14(4.33) 11.52(4.15) 
Finances 10.09(2.76) 9.38(3.12) 9.52(3.64) 9.28(3.05) 9.00(3.35) 9.00(3.31) 
Living situation 38.90(6.76) 38.09(8.56) 38.9(9.74) 37.00(10.16) 39.28(7.38) 37.21(8.36) 
Safety 12.14(1.42) 12.00(2.02) 11.76(2.34) 10.90(4.50) 11.24(2.79) 10.78(2.37) 
Family relations 16.33(4.63) 17.38(6.93) 16.42(5.41) 18.76(5.02) 19.28(5.02) 18.05(6.07) 
Social relations 8.66(3.15) 9.43(2.25) 9(2.86) 10.09(3.03) 9.43(2.50) 8.26(3.41) 
Health 14.95(2.89) 15.33(3.62) 16.04(2.45) 14.47(4.09) 14.71(3.13) 14.47(3.48) 
Self-esteem 5.48(2.80) 6.38(2.85) 6.42(2.58) 6.00(2.51) 5.76(1.97) 5.31(2.51) 
Cantril’s ladder 7.08(2.63) 7.76(2.64) 7.78(2.69) 6.51(3.28) 6.76(2.85) 6.21(2.59)  
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two studies so far [15,54]. Only one of them concluded that lower IQ 
might be limiting the beneficial effect of an intervention [53]. According 
to our results, in the case of lower-order ToM, the improvement was 

independent of IQ. However, the effect on higher-order ToM skills was 
moderate, suggesting a compensatory mechanism linked to cognitive 
skills. This also partially confirms the results by Marsh et al. (2013), 

Table 3 
Results of ANCOVA.   

ANCOVA (T0-T1) ANCOVA (T0-T2)  

F (1,41) p η2 d VR-ToMIS d passive-VR F (1,41) p η2 d (VR- 
ToMIS) 

d (passive VR) 

RMET 4.93 0.03 0.12 0.78 0.08 1.66 0.20 0.04 0.64 0.39 
PANSS 25.54 <0.0001 0.42 ¡0.71 0.58 22.89 <0.0001 0.39 ¡1.99 0.02 

Positive symptoms 1.05 0.31 0.02 0.10 − 0.09 2.20 0.14 0.05 − 0.17 − 0.29 
Negative symptoms 8.67 0.005 0.19 ¡0.98 0.17 14.67 0.0005 0.29 ¡0.98 0.27 
Cognitive symptoms 9.67 0.003 0.21 ¡0.98 0.12 6.94 0.01 0.16 ¡0.85 − 0.18 
Activity /Excitement symptoms 0.86 0.36 0.02 0.19 0.04 1.45 0.23 0.03 − 0.29 0.07 
Affective symptoms 2.38 0.13 0.06 − 0.42 0.13 24.96 <0.0001 0.41 ¡1.28 0.06 

RBANS total scale 7.13 0.01 0.16 0.74 0.23 1.04 0.31 0.02 0.48 0.73 
Immediate memory 5.99 0.01 0.14 0.86 0.36 1.40 0.24 0.03 1.08 0.94 
Attention 1.16 0.28 0.03 0.59 0.02 0.10 0.75 0.002 0.72 0.40 
Visuospatial skills 1.83 0.18 0.04 − 0.06 − 0.20 2.01 0.16 0.05 − 0.12 − 0.41 
Language 0.00 0.95 0.0001 0.01 0.14 0.00 0.95 0.0001 0.28 0.32 
Delayed memory 2.89 0.09 0.07 0.44 0.46 0.05 0.82 0.001 0.03 0.44 

WCST-64           
Correct answers 0.38 0.54 0.01 0.34 − 0.01 0.37 0.54 0.01 0.43 0.13 
Perseverative errors 0.11 0.73 0.003 − 0.01 − 0.03 2.55 0.11 0.06 − 0.02 0.13 
Completed categories 0.04 0.84 0.001 0.34 − 0.16 0.02 0.87 0.0007 0.37 − 0.01 

Metaphor and Irony test           
Metaphor comprehension 20.32 <0.0001 0.36 0.81 − 0.19 4.59 0.03 0.11 0.41 − 0.02 
Irony comprehension 16.88 0.0002 0.32 0.57 − 0.15 11.92 0.001 0.25 0.68 − 0.02 
Quantity implicature 15.46 0.0004 0.30 0.90 − 0.42 5.08 0.03 0.12 0.26 − 0.70 
Quality implicature 24.22 <0.0001 0.40 0.58 ¡0.54 15.76 0.0003 0.31 0.58 ¡0.73 
Manner implicature 44.80 <0.0001 0.56 1.33 − 0.16 14.48 0.0005 0.29 0.64 − 0.24 
Relevance implicature 24.17 <0.0001 0.40 0.81 ¡0.73 8.33 0.006 0.19 0.56 ¡0.50 
ToM score 30.81 <0.0001 0.46 1.17 − 0.37 22.35 <0.0001 0.38 0.66 − 0.62 

Cartoon test           
First order ToM 12.34 0.001 0.26 0.74 − 0.17 14.68 0.0005 0.29 0.68 − 0.25 
Second order ToM 18.20 0.0001 0.34 0.98 − 0.23 9.31 0.004 0.21 0.93 − 0.11 
Third order ToM 19.09 0.0001 0.35 1.19 − 0.30 18.03 0.0002 0.34 0.78 − 0.22 

Faux pas test           
Overall scores of Faux pas stories 34.47 <0.0001 0.49 1.16 − 0.38 6.45 0.01 0.15 0.72 − 0.16 
Overall scores of non-Faux pas stories 0.07 0.79 0.001 − 0.07 − 0.07 4.42 0.04 0.10 0.20 − 0.05 
Faux pas recognition 9.19 0.004 0.20 0.92 − 0.07 5.83 0.02 0.14 0.82 − 0.006 
Faux pas understand 14.67 0.0005 0.29 1.15 − 0.18 8.61 0.005 0.19 1.04 0.04 
Inferring intention 11.30 0.001 0.24 1.15 0.14 1.12 0.29 0.03 0.66 0.38 
Understand false belief 11.76 0.001 0.25 1.11 0.16 2.32 0.13 0.06 0.38 0.17 
Empathy 20.13 <0.0001 0.36 0.93 − 0.38 14.68 0.0005 0.29 0.84 − 0.42 

LQoLP           
Work satisfaction 0.02 0.89 0.0005 0.00 − 0.49 0.46 0.50 0.01 − 0.17 − 0.79 
Leisure activities 0.18 0.67 0.005 0.11 0.09 0.03 0.86 0.0009 − 0.03 0.02 
Religion 4.82 0.03 0.12 − 0.41 − 0.13 0.92 0.34 0.02 − 0.58 − 0.32 
Finances 0.55 0.46 0.01 − 0.40 − 0.10 1.11 0.30 0.03 − 0.19 − 0.12 
Living situation 2.81 0.10 0.07 − 0.15 0.45 0.63 0.43 0.01 0.00 0.02 
Safety 0.37 0.54 0.01 − 0.07 0.07 0.06 0.81 0.001 − 0.20 − 0.03 
Family relations 0.00 0.97 0.0000 0.19 0.17 0.00 0.95 0.0001 0.02 − 0.18 
Social relations 0.99 0.32 0.02 0.33 − 0.26 4.10 0.05 0.10 0.20 − 0.57 
Health 0.03 0.86 0.0009 0.10 0.09 1.60 0.21 0.04 0.56 0.00 
Self-esteem 1.40 0.24 0.03 0.34 − 0.10 3.78 0.05 0.09 0.36 − 0.32 
Cantril’s ladder 0.06 0.80 0.001 0.29 0.09 1.73 0.19 0.04 0.26 − 0.14  

Table 4 
Impact of the intervention according to family, friends, and colleagues. (n = 12.    

Much worse Worse Not changed Better Much better 

Conversational skills Initiative in conversation with relatives 0% 0% 16.70% 58.30% 25.0% 
Willingness to get involved in conversations with relatives and friends 0% 0% 16.70% 66.70% 16.70% 
Willingness to communicate with unknown people 0% 0% 25% 56,25% 18,75% 
Following conversational rules 0% 0% 25% 50% 25% 

Misunderstanding mental state Misunderstanding others’ intentions 0% 8.30% 25% 42% 25% 
Degree of general mistrust 0% 8.30% 50% 33.30% 8.30% 

Degree of independence Extent of activity around the house 0% 0% 33.30% 50% 16.70% 
Willingness to leave the house 0% 0% 41.70% 33.30% 25% 
Ability to travel independently 0% 0% 58.30% 0% 41.70% 
Willingness to act independently 0% 0% 50% 50% 0% 
Extent of autonomy 0% 0% 58.30% 17% 25%  
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implying that lower IQ might reduce the beneficial effect of VR-ToMIS 
on higher-order mental state attribution [54]. 

The relationship between pragmatics and ToM has also been 
frequently discussed and has been a subject of debate for years [37,55]. 
Clarification of the issue is important, not only from a theoretical aspect 
but also from a practical point of view, since Bosco (2018) highlighted 
that researchers often use assessment tools that can measure both 

constructs, risking the validity of their conclusion. [37] To avoid 
methodological issues, we chose to assess pragmatics separately. Based 
on our results, modifiability was supported in the case of all covered 
implicatures, accompanied by the long-term sustainability of the 
improvement. Although the results indicate that - at least in the case of 
the detection of relevance and manner implicature - the improvement 
might be affected by IQ, considering the literature, a separate 

Fig. 2. Efficacy of VR-ToMIS on scores over time.  
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examination of verbal and non-verbal aspects of IQ may lead to a more 
accurate conclusion on the relationship in future studies. [56] 

Generalization effect on symptoms and neurocognitive skills has also 
been analyzed. Many studies have examined the possible generalization 
of social cognitive treatment effects on symptomatology. However, in 
most cases (even when improvement in overall symptoms was reported) 
advantageous effects on positive or negative symptoms weren’t sup
ported [20]. In contrast, in case of our study, significant long-term 
improvement was found in the case of negative, cognitive, and affec
tive symptoms of schizophrenia. However, it must be mentioned that 
instead of using the usual method, PANSS scoring was based on a recent 
meta-analytic exploration of the scale, suggesting redefining the symp
tom groups [25]. Regarding neurocognition, even though it wasn’t a 
treatment target of VR-ToMIS, the between-group comparison showed 
significant improvement after the treatment in the case of immediate 
memory. However, this effect wasn’t detectable three-month after the 
intervention. Unfortunately, only a few studies have investigated the 
possible effects of social cognitive training on neurocognition, but in line 
with our experiences, their results imply that such methods may have an 
advantageous effect on memory as a direct result of these interventions, 
yet the sustainability of the results wasn’t studied. [19,57] 

As for the effect on functionality, the meta-analysis of Kurtz and 
Richardson (2012) supported the generalization effect of social cogni
tive interventions on social functioning. The association was confirmed 
by using observer-rated assessments. On the other hand, recent analyses, 
based on self-administered and performance-based QoL assessments led 
to contradictory results. Inconsistency in the reported results can be 
explained by many factors, such as the diversity of assessment tools 
[20,57,59]. Most measurements are based on mainly permanent fields, 
the factors of which can hardly be changed by a few weeks of training. 
With this in mind, the lack of significant change on LQoLP scales after 
the intervention is not surprising. However, in line with the analysis by 
Kurtz and Richardson (2012), the acquaintances of the patients inter
viewed after the training reported noticeable changes in the level of 
social functioning, particularly in the case of communication skills. [20] 
Furthermore, significant advantageous changes in the subjective eval
uation of social relationships at follow-up suggest that patients might 
successfully transfer the learned skills to real-life interactions. Despite 
the encouraging experiences, in order to assess the stability of the ef
fects, a better-powered longitudinal study is needed. 

Finally, some limitations should be considered when interpreting the 
results. First, although our efforts to use multiple assessment tools to 
cover a wide range of possibly relevant factors can be considered a 
strength of our study, it was also an important limitation, as multiple 
testing may raise the Type I error rate, as well as its tiring nature, which 
has already resulted in a 20% (n = 11) dropout rate on its own. However, 
due to the lack of sufficiently comprehensive ToM measurements, our 
possibility to reduce the number of assessments was limited. Second, as a 
result of the strict inclusion and exclusion criteria, the screen failure rate 
reached 57.84%, leading to a small sample size, therefore limiting the 
generalizability of the results and the power of the study. The problem of 
generalizability is somewhat reduced by the fact that the currently 
presented study confirms the results of a recently published case report 
and a pilot study on the feasibility of VR-ToMIS. Nevertheless, to un
derstand the effects of the interventions it is important to confirm the 
presented results in a better-powered long-term study on a larger sample 
size and with an active control group. 

Despite the mentioned limitations and the preliminary nature of our 
results, they support the potential of the integration of modern tech
nology and traditional methods for future interventions. 
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