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The introduction of social robots in our homes has become a reality. Numerous companies are currently developing robots that are accessible to everyone in order to help people to live easier and safer
lives. At the same time, robotic therapies for the rehabilitation of social deficits have recently emerged in the field of autism disorder and
dementia (Scassellati et al., 2012). Technological advances have enabled robots to fulfill a variety of human-like functions, as well as to
support improvements in social skills in clinical populations. One important question in the field of socially assistive or home-robots concerns the variables influencing both the use of robots and the quality
of human-robot interaction. Converging evidence suggests that successful interactions with others require recognizing which entities
have minds and which do not, a process known as “mind perception”
(Gray et al., 2007). Similarly, in the field of social robotics, mind perception toward robots is an important predictor of the quality of human-robot interactions and human behaviors toward robots (Boradbent, 2017). However, how individuals with schizophrenia ascribe a
mind to robots and more particularly humanoid robots has never been
yet explored despite the fact that socially assistive robots could be of
particular interest for the rehabilitation of negative symptoms such as
apathy or social deficits (Narita et al., 2016) (Table 1).
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The main aim of the present study was to explore how schizophrenia patients attribute mind to a humanoid robot compared to healthy
individuals.
22 schizophrenia patients and 22 age, premorbid IQ, educational
level and gender-matched healthy individuals were recruited for this
study. Patients completed the Positive and Negative Syndrome Scale
(PANSS). Besides the clinical assessments, all participants filled out
the Mind Perception Questionnaire (MPQ; Gray et al., 2007) and the
f-NART (Mackinnon & Mulligan, 2005) after the end of the collaborative task (see description below).
In this experiment (see Cohen et al., 2017 for a full description of
the experiment), we used the iCub, a 1.20 m tall humanoid robot (see
Fig. 1, Supplementary data), specifically designed to support research
in embodied artificial intelligence. The quality of the collaboration
between the robot and the participant was evaluated in the context of
an imitation task called the mirror game (Noy et al., 2011) whereby
two players mirror each other's hand motions (see Fig. 2, Supplementary data).
As psychotic symptoms outcome we used the five factors of the
PANSS proposed by van der Gaag et al. (2006), subdivided into the
factors: positive symptoms, negative symptoms, disorganization, excitement, and emotional distress.
As mind perception outcome we used the MPQ. The MPQ evaluates how individuals perceive living and non-living things in terms of
Experience (e.g. How much is the agent capable of experiencing
physical or emotional pleasure?) and Agency (e.g. How much is the
agent capable of remembering things?).
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Table 1
Mean (M) and Standard Deviation (SD) or Median and Min-Max scores of schizophrenia patients and healthy controls for socio-demographic, mindreading and clinical characteristics.
Statistics

M

SD

M

SD

t

29.05
105.52

7.23
6.27

29.68
105.84

6.03
10.56

− 0.317
− 0.122

d

42
42

0.753
0.903

0.09
0.03

Healthy controls

Schizophrenia patients

Statistics

Median

Min-Max

Median

Min-Max

U

1.70
1.40

1–3.20
1–2.20

2.60
1.60

1–4.80
1–4.60

152 − 2.125
201 − 0.975

8.5
9.5
11
4
6.5
250
7

6–18
7–21
9–21
4–9
4–17
125–500
0.5–30

Z

p

d

0.034
0.330

0.67
0.29
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Using Mann-Whitney U tests, significant differences were found
on the mind perception questionnaire. Schizophrenia patients had
higher scores than controls on agency dimension only (U = 152,
p = 0.034, d = 0,67). Regarding psychotic dimensions, a significant
negative correlation was found between Experience and Emotional
Distress (r = − 0.443, p = 0.039). No other correlations were found
between other clinical and demographic variables and mind perception dimensions.
The use of robotics technology in mental health care is nascent
and requires exploratory studies to investigate the potential of emerging technologies. Our results showed that schizophrenia patients had
an increased tendency compared to healthy controls to ascribe mental
capacities to a humanoid robot for agency-related capacities (the capacity to plan and act). These findings are partially in line with the
study of Gray et al. (2011) who showed that increased levels of
schizotypy symptoms were linked to increased perceptions of agency
and experience in entities generally thought to lack minds like trees
and the dead. They also indicate that a basic function of social cognition, that is mind perception, is distorted in schizophrenia and could
underlie some higher social cognitive processes that have been found
to be repeatedly impaired in schizophrenia patients. From a humaninteraction perspective, it has been suggested that people who attributed more agency to robots may be less likely to use the robot
(Broadbent et al., 2013). This tendency for schizophrenia patients to
over attribute agency to humanoid robots could thus negatively influence the use of robots in this clinical population.
Finally, the dimension emotional distress was negatively associated with the dimension Experience. As the PANSS was completed
before the interaction with iCub, this finding indicates that higher
emotional distress lead patients to ascribe to a humanoid robot less
agency and cause an objectification of the humanoid robot.
In conclusion, if there is no doubt that robots could assist schizophrenia patients in a variety of their living daily tasks, mind perception and other social cognition deficits could negatively impact their
use and efficiency.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.schres.2017.11.034.
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Mind perception
Agency
Experience
Clinical characteristics
Positive symptoms
Negative symptoms
Disorganization
Excitement
Emotional distress
Daily chlorpromazine equivalent (CPZeq) drug dosage (mg/day) (median, min-max)
Duration of illness (years)
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