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to describe test stimuli depicting intentionality. Some of these

individuals also show excessive mentalising when objective cues | L ..
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Methods: 23 schizophrenia patients and 20 healthy controls

completed the chasing detection task to assess perceptual

sensitivity to cues of intentionality. Other tasks assessed

spontaneous attributions of intentionality (irrespective of

accuracy) and accurate ToM inferences.

Results: Perceptual sensitivity to cues of intentionality did not differ

between groups. Patients were less likely to spontaneously attribute

intentionality (irrespective of accuracy) or perform ToM tasks

accurately. Chasing-detection response bias, but not perceptual

sensitivity, correlated with attributions of intentionality. Referential

(and to less extent) persecutory ideation associated with excessive

mentalising when cues of intentionality were absent.

Conclusions: Intentionality can be directly perceived, independent

of attributions or inferences, in people with schizophrenia. We

conclude that the flow of information from intact perceptual

detection to evoke spontaneous attributions of intentionality is

disrupted in schizophrenia, with flow-on detrimental effects on

accurate  ToM reasoning. Referential/persecutory ideation

motivates inappropriate mentalising when objective cues of

intentionality are absent.

KEYWORDS

Introduction

There is substantial evidence that mentalising, or theory-of-mind (ToM), abilities are
impaired in schizophrenia (Green et al., 2012), and that these impairments contribute
to the poor social functioning that characterises the illness (Fett et al., 2011). This evidence
comes primarily from studies that use explicit tasks. Task instructions are typically direct
to elicit deliberative processing and accurate prediction and/or explanation of mental-state
causation indexes task performance. However, Klin (2000) argues that tasks of this type
may underestimate capacities for implicit, or indirect, mentalising in individuals with
poorer deliberative reasoning or declarative language skills, such as autistic individuals.
Frith (2004) likewise suggests that some aspects of implicit mentalising may be intact in
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people with schizophrenia, despite that these individuals perform poorly on explicit TOM
tasks. (Note that we use the terms “mentalising” and “ToM” in their traditional narrow
sense to refer to processing cues of “intentionality”: an agent’s mental directedness
towards the world, and mental-state causation,)

Clinical observations support Frith’s proposal. Delusions of persecution and reference
are common in schizophrenia and frequently co-occur. People with persecutory delusions
believe that others harbour malevolent intent towards them. People with referential delu-
sions may believe that others are surveilling them or neutral events or words signify an
intentional communication directed at them. The implication is that mentalising
capacities to represent others as agents, infer the contents of others’ mental states
(albeit inappropriately), and reflect on signifiers of intent and causal consequences of
mental states are intact in many people with schizophrenia. Yet, people with schizophrenia
show difficulty with using whatever mentalising capacities they might retain to perform
ToM tasks. Researchers report poor ToM task performances in people with schizophrenia
whether task stimuli are visual or verbal, required response is non-verbal or verbal, and
when indirect instructions reduce demands for deliberative processing (see, e.g.,
Langdon et al., 2017). Most compelling is that people with schizophrenia show mentalising
impairments even when task measures take no account of accuracy. For example, anima-
tions of dynamic geometric shapes, such as Heider and Simmel’s (1944) classic video (see
https://www.youtube.com/watch?v=VTNmLt7QX8E for an illustration) reliably elicit
spontaneous mental-state attributions when healthy children and adults (across cultures)
are simply asked to describe what they see (an indirect instruction), despite that the shapes
look nothing like animate creatures. In contrast, people with schizophrenia spontaneously
generate significantly fewer mental-state terms, irrespective of the accuracy or appropri-
ateness of their mental-state language, to describe this video (Langdon et al., 2017).
Horan et al. (2009) similarly reported significantly lower “Intentionality” scores, indexing
complexity of intentional mental-state language, irrespective of appropriateness, when
people with schizophrenia described similarly, shorter ToM animations from the “Tri-
angles” task (Castelli et al., 2000: see https://www.spectrumnews.org/news/cognition-
and-behavior-mind-blindness-in-autism-syndromes/ for an illustration).

The picture changes, however, when objective cues of intentionality are absent. In con-
trast to the relative lack of mentalising seen when task stimuli depict cues of intentionality,
researchers report excess, inappropriate mental-state attributions when such cues are
absent, at least in some people with schizophrenia. Russell et al. (2006) found that persec-
utory-deluded patients used more intentional mental-state language to describe randomly
moving shapes in the control condition of the Triangles task. Blakemore et al. (2003) simi-
larly found that persecutory-deluded patients judged the strength of relationships between
animate shapes (depicted as self-initiating movement) as similar whether one shape’s
movement was a causal consequence of the other shape’s movement or not. In other
words, persecutory-deluded patients rated the relationships just as strong when cues
depicting causal connection were absent; in contrast, healthy and clinical controls rated
the relationships stronger in the animate contingent compared to non-contingent
conditions.

Drawing together these lines of evidence: (1) many people with schizophrenia show evi-
dence of excess inappropriate attributions of intentionality and mental-state reasoning
(albeit unjustified by the evidence) when objective cues of intentionality are absent,
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suggesting that they retain some mentalising capacities. And (2) people with schizophrenia
show difficulty with using whatever mentalising capacities they retain to process task
stimuli depicting intentionality, irrespective of accuracy. One possible explanation for
this paradox is that schizophrenia disrupts the perceptual processing of cues of intention-
ality: either the perceptual detection of such cues or the flow of information from intact
perceptual detection to evoke spontaneous conscious attributions of intentionality.
Other cognitive impairments then compound this disruption to further compromise accu-
rate ToM reasoning, whereas top-down biases in some people with schizophrenia motiv-
ate inappropriate mentalising when objective cues of intentionality are absent.

The current study evaluates this proposal by testing, in the same groups of people with
schizophrenia and healthy controls: (a) perceptual detection of cues of intentionality
depicted in the chasing detection task (Gao et al., 2009); (b) spontaneous mental-state
attributions in narratives generated to describe similar displays of dynamic geometric
shapes (the ToM animations from the Triangles task); and (c) accurate ToM inferencing
on more traditional false-belief/deception tasks. The chasing detection task presents arrays
of moving discs. On half the trials, one disc pursues another disc, with visual detectability
of the pursuit systematically varied. By systematically varying display characteristics, and
controlling for lower-level properties such as proximity and common motion in the
chasing-absent trials, this psychophysical task provides an objective index of perceptual
detection of intentionality (specifically, intentional pursuit) due solely to the presence of
a visual motion cue. Of note, a previous brief report using this task has provided prelimi-
nary evidence that the perceptual detection of cues of intentionality is intact in schizo-
phrenia (Langdon et al., 2014).

The primary aim of this study is to replicate this finding, and to extend this line of
research to demonstrate a dissociation between intact perceptual detection of cues of
intentionality and impairments of spontaneous mental-state attributions (irrespective of
accuracy) and accurate ToM inferencing in the same groups of people with schizophrenia,
compared to healthy controls. Our secondary aim is to examine associations between
inappropriate mental-state attributions (i.e., in the absence of objective cues of intention-
ality, specifically in the Random control condition of the Triangles task) and paranoid or
referential ideation in the same clinical sample.

Materials and method
Participants

Twenty-four clinical patients were recruited for the study. Data for one patient, who failed
to follow instructions for the chasing task, was subsequently removed from all analyses.
(This patient responded “yes: chase present” on 100% of all trials, whether chasing-
present or chasing-absent: see later.) The final sample thus comprised 23 patients with
mean age of 46 years (range 25-58), and 20 non-clinical general community control par-
ticipants (mean age of 47 years, range 24-63), matched on age, gender ratio, and NART-
estimated IQ (see Table 1). The clinical participants were all stable community-based out-
patients, medicated at the time of testing.

Exclusion criteria for both groups included history of serious head injury, developmental
disorder, neurological disease, and IQ less than 75. All patients were interviewed using the
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Table 1. Means (SDs) of basic demographics, cognition scores and self-report measures of both groups,
and clinical demographics of patients.

Patients (n = 23) Controls (n =20) Statistics p
Basic demographics
Age (yrs) 45.8 (8.7) 46.9 (12.7) t(32.93) =0.32 ns
Gender (M:F) 16:7 14:6 )(2(1) =0.001 ns
Formal education (yrs) 12.7 (3.2) 15.5 (1.7) t(35.39) =3.62 0.001
NART-IQ 104.5 (9.3) 105.1 (22.7) t(24.48) =0.11 ns
Basic cognition scores
Visual Working Memory 15.4 (2.6) 17.4 (2.6) t(41) =2.51 0.016
RBANS 92.0 (10.6) 102.1 (16.1) t(32.16) =237 0.024
Self-report measures
Referential Thinking 65.1 (22.3) 415 (11.4) t(33.71)=—4.45 <0.0005
Persecutory Ideation 23.6 (9.3) 11.7 (4.5) t(32.56)=—5.44 <0.0005
Clinical demographics
Age of illness onset (yrs) 23.2 (7.5)
Duration of illness (yrs) 23.1 (11.0)
Mean SANS global rating 1.7 (0.9)
Mean SAPS global rating 14 (1.1)

Diagnostic Interview for Psychosis (DIP; Castle et al., 2006) and met the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5: American Psychiatric Associ-
ation, 2013) criteria for schizophrenia (n=18) or schizoaffective disorder (n=>5) according to
their interview responses and clinical history. Patients were recruited from the Belief
Formation Register at Macquarie University and the Australian Schizophrenia Research
Bank Volunteer Register (Loughland et al, 2010). Control participants were recruited
from the Macquarie University Belief Formation Register, newspaper advertisements, and
undergraduate psychology units, and screened for presence of affective and psychotic dis-
orders, and substance abuse. The study was approved by the Macquarie University
Human Ethics Review Committee. All participants gave written informed consent.

Materials and procedure

Clinical symptom ratings and self-report measures

To rate current symptom severity, patients were interviewed using the Scales for the
Assessment of Positive and Negative Symptoms of Schizophrenia (SAPS/SANS; Andrea-
sen, 1983, 1984). All participants completed the Persecutory Ideation Questionnaire (PIQ;
McKay et al.,, 2006) and the Referential Thinking Scale (RTS; Lenzenweger et al., 1997) to
index levels of persecutory and referential ideation respectively.

Basic cognitive measures

Participants completed: the Wechsler Memory Scale — Revised (Wechsler, 1987) to index
visual working memory; and the Repeatable Battery for the Assessment of Neuropsycho-
logical Status (RBANS; Randolph et al., 1998) to index general cognitive function.

Perceiving intentionality

Perceptual sensitivity to signals of intentionality was assessed using the chasing detection
task (Gao et al., 2009). Participants viewed displays of moving discs, with one disc (the
“wolf”) pursuing another disc (the “sheep”) on half the trials. The same algorithm gener-
ated all displays, with the sheep made invisible on chasing-absent trials. Chasing subtlety,
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the angle at which a wolf deviated from a perfect heading-angle, varied between 0° (i.e.,
directly angling towards the sheep), 30°, 60’, and 90° to progressively obscure a wolfs
intended target. Participants were told that one of the discs (a wolf) would chase one of
the other discs (a sheep) on half the trials. They were also told that wolves, when
present, could behave differently and would not always aim directly at a sheep, but
would always move closer to the targeted sheep over time. Each trial lasted for 11
seconds and participants were instructed to indicate whether a wolf was present after
each trial. Participants received feedback: either a green (correct) or a red (incorrect)
frame that appeared around the display. We recorded hits and false alarms and drew
upon signal detection theory (Stanislaw & Todorov, 1999) to calculate perceptual sensi-
tivity to motion cues of pursuit, and contrasted this with the response-bias measure of
judgment or decision-making on this task.

Spontaneous attributions of intentionality

Participants were shown the four ToM animations of the Triangles task (Abell et al., 2000;
Castelli et al.,, 2000). These display a large red triangle and a small blue triangle moving
against a white background to depict seducing, mocking, surprising and coaxing social
behaviours. The four ToM animations were intermixed with four animations of randomly
moving shapes, presented in a fixed pseudo-random order. Each animation lasted 30-45
seconds. Participants were simply asked to describe what they saw after each animation
(an indirect instruction). We recorded word count to ensure that any potential group
difference was not a consequence of patients generating fewer words. The primary
measure was the Intentionality score (Horan et al., 2009), reflecting the degree to which
purposeful movements and intentional mental states are spontaneously described, irre-
spective of appropriateness or accuracy. Narratives are coded 0-5 as follows: 0=non-pur-
poseful action; 1=purposeful action without mention of interaction with another;
2=purposeful social action with another; 3=intentionally-driven goal-directed social
behaviour; 4=mental state attributions made during reciprocal interactions; 5=one agent
intentionally manipulating or affecting the mental state of another. Scores were averaged
separately for the ToM and Random animations.

ToM false-belief/deception tasks

Three ToM tasks assessing accurate judgments and explanations of causal mental states
that misrepresent reality (false beliefs and deception) were selected from the pre-existing
literature to vary the type of instruction (direct vs. indirect) and response mode (verbal vs.
non-verbal).

(a) The False-belief Picture-Sequencing Task (Langdon & Coltheart, 1999) uses indirect
instructions with non-verbal stimuli and requires non-verbal responses. Participants
re-arrange sequences of picture-cards in the correct order to show a logical sequence
of events. We used an abbreviated version of the original task, comprising four false-
belief (or ToM) sequences and four control sequences (Atkinson et al., 2017). Scores
were calculated as per Langdon and Coltheart (1999), and averaged across the ToM
and control sequences separately (range 0-6).

(b) The Jokes Appreciation Task (Langdon & Ward, 2009) uses indirect instructions with
non-verbal stimuli and requires verbal responses. Participants are shown a set of
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cartoons and asked to “Explain the joke”. Five ToM cartoons (that require appreci-
ation of the cartoon characters’ mental states to understand the joke) and five
control cartoons (that depict behavioural or situational humour and can be under-
stood without appreciating mental states) were presented in a fixed, pseudo-
random order. Verbal responses were scored for accuracy and completeness of expli-
cit explanations as per Langdon and Ward (2009), and scores averaged separately for
the ToM and control cartoons (range 0-3).

(c) The False-belief/Deception Comprehension Task (Langdon et al., 2017) uses more
direct instructions with verbal stimuli and requires written response. Participants
read four short stories. After each, questions probed for accurate prediction of
story characters’ actions, and explicit understanding that those actions were governed
by a false belief or intent to deceive. Predictions scored “1” if correct, else “0”. Expla-
nations scored “2” if explicitly correct, “1” if partially correct, else “0”. Scores were
summed across the four stories (range 0-12). Participants were also asked a factual
question after each story, and responses scored “1” if correct. Comprehension
scores were similarly summed across the four stories (range 0-4).

Statistical analyses

Independent samples t-tests compared schizophrenia and control groups on demographics
and basic cognitive measures. To address the primary aim of demonstrating a dissociation
between intact perceptual detection of intentionality and impairments of spontaneous
mental-state attributions and accurate ToM inferencing in schizophrenia, t-tests and
ANOVAs compared groups on the primary task measures. Follow-up analyses of covariance
(ANCOVAs) took account of basic cognitive measures, as appropriate. We then examined
whether the pattern of correlations was consistent with the between-group results in
suggesting that perceiving intentionality (indexed by perceptual sensitivity to chasing
cues, in contrast to response bias, on the chasing task) is independent of attributing or infer-
ring mental states. Towards this end, we examined correlations between the chasing task
measures and other task measures, partialling out shared contributions of general cognitive
abilities. Additional regression analyses explored associations between spontaneous mental-
state attributions (irrespective of accuracy) and accurate ToM inferencing. To address our
secondary aim, ANOVAs compared subgroups of patients with current persecutory or refer-
ential delusions (relevant SAPS ratings > 2) to those without such delusions and controls on
the Random Intentionality score of the Triangles task, indexing inappropriate mental-state
attributions. We also examined correlations between the Random Intentionality score and
current symptom ratings, as well as trait levels of persecutory and referential ideation
within patients. Correlations between task measures and other symptom measures were
also examined. Given the number of analyses, a was set at 0.01.

Results
Basic cognition and demographics

See Table 1 for a summary. Patients self-reported significantly fewer years of education,
but did not differ from controls in NART-estimated IQ. They did however show (non-
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significant) tendencies to poorer visual working memory and general cognitive function-
ing. We also note that the patients were a chronic, mildly symptomatic sample.

Self-report measures

As reported in Table 1, PIQ and RTS scores of persecutory and referential ideation were
significantly higher in patients.

Perceiving and attributing intentionality

GLM was used to analyse results for perceptual sensitivity to signals of intentionality (d-
prime) on the chasing task. Greenhouse-Geisser corrections are reported whenever the
assumption of sphericity is violated. A 2x4 mixed design, with 2 levels on the
between-factor group (patients/controls) and 4 levels on the within-factor heading-
angle (0°/ 30°/60°/90°), revealed that neither the main effect of group F(1,41) =.05; p=83,
nor the interaction of group by heading-angle, F(3,123) =1.19; p=.32, were significant:
see Figure 1(a). The only significant result was a main effect of heading-angle, F(3,123)
=81.65; p<.0005; perceptual sensitivity decreased as heading angle increased across
groups. Results for C-bias were similarly non-significant: neither the main effect of
group, F(1,41)=1.77; p=.19, nor the interaction of group by heading-angle, F
(1.37,55.97) = 1.17; p=.30, were significant. Only the main effect of heading-angle
reached significance, F(1.37,55.97) = 13.20; p<.0005; across groups, the participants dis-
played an increased bias to judge “no: chase absent” as heading-angle increased (see
Figure 1(b)).

With regards the Triangles task, patients and controls did not differ in number of words
generated to describe the animations (see Table 2). In contrast, Intentionality scores
(indexing spontaneous attributions of intentionality irrespective of appropriateness) for
ToM animations were significantly lower in patients. The group difference remained sig-
nificant when the RBANS score was included as a covariate (F(1,40) = 15.77; p<.0005). We
also note that the patients’ mean of 2.89 suggests that viewing the cues of intentionality in
the ToM animations triggered spontaneous attributions of purposive social behaviour

a) b)

-« ——Patients
~ = =Control

Detection sensitivity
Response bias

Heading-angle Heading-angle

Figure 1. Perceptual sensitivity (d-prime) and response bias (C-bias) by heading-angle and group.
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Table 2. Attributing intentionality on the Triangles task and false-belief/deception ToM task
performances by group. Data expressed as mean (SD).

Patients (n = 23) Controls (n=20) t-values p

Triangles task

Word count: ToM condition 70.91 (36.61) 76.11 (31.06) 0.25 0.621

Word count: Random condition 49.43 (33.96) 37.47 (19.06) 1.95 0.171

Intentionality: ToM condition 2.93 (0.78) 3.89 (0.55) 20.72 <.0005

Intentionality: Random condition 0.72 (0.62) 0.66 (0.57) 0.10 750
ToM tasks
ToM composite —0.36 (0.76) 0.41 (0.50) 3.84 <.0005
FB-PST?

ToM 433 (1.43) 5.25 (0.69) 6.96 .012

Control 5.63 (0.75) 5.45 (0.79) 0.59 445
Jokes

ToM 1.36 (0.57) 1.94 (0.69) 9.19 .004

Control 1.99 (0.52) 2.27 (0.54) 3.00 .091
FB-D® Comprehension

ToM 7.91 (2.33) 9.50 (1.82) 6.04 .018

Control 3.87 (0.46) 3.90 (0.31) 0.06 .802

3FB-PST = False-belief Picture Sequencing Test; °FB-D = False-belief/Deception.

(coded “2”). Consistent with this observation, 22/23 patients scored >2 for at least 3/4
ToM animations. In other words, patients spontaneously generated less intentional
mental-state language than controls to describe the ToM animations, despite intact
capacity to generate descriptors of purposive social interactions.

With regards accurate ToM inferencing, we first reduced the number of variables by
computing a ToM composite score (the average of the three ToM scores standardised
across all participants). The ToM composite was significantly lower in patients than con-
trols (see Table 2, which also summarises results for the individual ToM tasks). Of note,
the groups did not differ on any ToM control measure. Moreover, the group difference on
the ToM composite remained significant when the RBANS score was taken into account
(F(1,40) = 8,33;p=.006).

In sum thus far, the between-groups analyses reveal a dissociation between intact per-
ception and impaired attributions and inferences of intentionality in people with schizo-
phrenia compared to controls.

The correlation results were consistent with the between-groups findings: no corre-
lations between d-prime (averaged across all heading-angles to index perceptual sensitivity
to cues of intentionality on the chasing task) and the other task measures of attributing
and inferring mental states were significant, after partialling out general cognitive abilities
(visual working memory and RBANS scores) (all p’s>.06). We acknowledge a non-signifi-
cant tendency for d-prime to correlate with the ToM composite (p=.30; p=.06); however,
there was no hint of such an association once a bivariate outlier (a patient with very low
scores on both measures was removed) (p=.19, p=.24). In contrast, the C-bias measure of
response bias on the chasing task (averaged across all heading-angles) correlated signifi-
cantly with the ToM Intentionality score, partialling out general cognitive abilities (p=
—.47; p=.002); the greater the tendency to spontaneously generate attributions of inten-
tionality (irrespective of appropriateness), the lower the decision threshold to judge pres-
ence of intentionality on the chasing task.

Additional analyses revealed a significant association between the ToM Intentionality
score (indexing spontaneous mental-state attributions, irrespective of appropriateness)
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and the ToM composite score (indexing accurate false-belief/deception reasoning) (r=.44,
p=.003). The best predictive model of accurate ToM reasoning combined the ToM Inten-
tionality and RBANS scores (R*=.35, F=10.65, p<.0005).

Inappropriate mental-state attributions and paranoid or referential ideation in
patients

First, there was no evidence of inappropriate mental-state attributions (indexed by the
Random Intentionality score on the Triangles task) in patients, as a whole, compared to
controls (see Table 2). Results were likewise non-significant when patients with current
persecutory or referential delusions (with relevant SAPS ratings > 2; n=11) were compared
to patients without such delusions (n=12) and healthy controls; or when focusing solely on
presence or absence of persecutory delusions, as per Russell et al. (2006) (all p’s>.53). All
correlations between current severity of persecutory or referential delusions and the
Random Intentionality score were likewise non-significant (all p’s>.67). There was,
however, a significant positive correlation between the Random Intentionality score and
trait levels of referential ideation (r=.60; p=.003), and a similar, albeit non-significant,
association with trait levels of persecutory ideation (r=.40, p=.06). Higher levels of refer-
ential (and to less extent persecutory) ideation associated with more excessive inappropri-
ate mental-state attributions (in the absence of cues of intentionality) in patients. No
correlations between other task measures and clinical measures reached statistical
significance.

Discussion

The current study examined, in the same groups of people with schizophrenia and healthy
controls: (a) perceptual sensitivity to cues of intentionality depicted in animations of
moving discs on the chasing detection task; (b) spontaneous mental-state attributions
(irrespective of appropriateness) in narratives generated to describe similar displays of
dynamic geometric shapes (the ToM condition of the Triangles task); and (c) accurate
ToM inferencing on more traditional false-belief/deception tasks. Results with regards
to each of the primary task measures were consistent with previous studies that have sep-
arately examined each of these measures. The current study is significant, however, in
demonstrating, for the first time, a dissociation between intact perceptual sensitivity to
cues of intentionality and impairments of spontaneous attributions of intentionality, irre-
spective of appropriateness (generated to describe similar animations), and accurate ToM
reasoning, in the same group of people with schizophrenia, compared to controls.

Whereas patients spontaneously generated less intentional mental-state language to
describe ToM animations on the Triangles task, they were perfectly capable of spon-
taneously describing purposive social interactions, suggesting that they perceived the rel-
evant cues (just as they did on the chasing task), but were less likely to consciously
attribute intentionality.

Correlations between the chasing task and other task measures were consistent with the
between-group results in suggesting that perceiving intentionality is independent of attri-
buting or inferring intentionality. In contrast, the response bias measure of decision-
making on the chasing task correlated with spontaneous mental-state attributions; the
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greater the tendency to spontaneously generate attributions of intentionality (irrespective
of appropriateness), the lower the decision threshold to judge the presence of intention-
ality on the chasing task. With regards to relations between the other task measures,
the best predictive model of accurate ToM reasoning combined the measures of spon-
taneous mental-state attributions and general cognitive ability.

Counter to the findings of Russell at al. (2006), we found no evidence of an association
between current persecutory or referential delusions and inappropriate mental-state attri-
butions in the absence of objective cues of intentionality (indexed by the Random Inten-
tionality score on the Triangles task). However, limitations of the current study include
that our patient group was a relatively small chronic sample, comprised of community-
based outpatients with mild symptoms. Russell et al’s clinical sample was larger,
younger and comprised a mix of acute inpatients and outpatients. Thus, a similar
design to the current study with younger, larger clinical samples is warranted, as is
research with other clinical samples (e.g., acute and first-episode patients). Nevertheless,
trait measures of referential (and to less extent persecutory) ideation in our patients did
associate with inappropriate mentalising, generally consistent with Russell et al.’s findings.

In conclusion, the theoretical significance of our findings in demonstrating a dis-
sociation between intact perception and impaired attributions and inferences of intention-
ality in schizophrenia is to provide empirical support for current theorising that
intentionality can be directly perceived, rather than attributed or judged (see, e.g.,
Froese & Leavens, 2014; Gallagher, 2008; Scholl & Gao, 2013). The clinical significance
of our findings is to rule out that excess inappropriate mental-state attributions can be
seen alongside poor mentalising task performances in some people with schizophrenia
because schizophrenia disrupts the perceptual detection of cues of intentionality.
Instead, we conclude that the flow of information from intact perceptual detection to
evoke spontaneous conscious attributions of intentionality (irrespective of accuracy) is
disrupted. Other cognitive impairments (perhaps including other higher-order mentalis-
ing impairments) then compound this disruption to further compromise accurate ToM
reasoning, whereas top-down biases in people with referential/persecutory ideation motiv-
ate inappropriate mentalising when objective cues of intentionality are absent.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Australian Research Council, under Grant CE110001021: ARC
Centre of Excellence in Cognition and its Disorders.

References

Abell, F., Happe, F., & Frith, U. (2000). Do triangles play tricks? Attribution of mental states to ani-
mated shapes in normal and abnormal development. Cognitive Development, 15(1), 1-16.
https://doi.org/10.1016/S0885-2014(00)00014-9

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders
(Fifth edition). Author.


https://doi.org/10.1016/S0885-2014(00)00014-9

COGNITIVE NEUROPSYCHIATRY 1

Andreasen, N. C. (1983). Scale for the Assessment of Negative symptoms (SANS). University of
Towa.

Andreasen, N. C. (1984). Scale for the Assessment of positive symptoms (SAPS). University of Iowa.

Atkinson, R. J., Fulham, W. R., Michie, P. T., Ward, P. B, Todd, J., Stain, H., Langdon R., Thienel R.,
Paulik G., Cooper G., Schall U., & Hashimoto K. (2017). Electrophysiological, cognitive and
clinical profiles of at-risk mental state: The longitudinal Minds in Transition (MinT) study.
PLoS One, 12(2), €0171657. https://doi.org/10.1371/journal.pone.0171657

Blakemore, S.-J., Sarfati, Y., Bazin, N., & Decety, J. (2003). The detection of intentional contingen-
cies in simple animations in patients with delusions of persecution. Psychological Medicine, 33(8),
1433-1441. https://doi.org/10.1017/S0033291703008341

Castelli, F., Happé, F., Frith, U., & Frith, C. (2000). Movement and mind: A Functional Imaging
study of perception and Interpretation of Complex intentional movement Patterns.
Neurolmage, 12(3), 314-325. https://doi.org/10.1006/nimg.2000.0612

Castle, D. ], Jablensky, A., McGrath, . J., Carr, V., Morgan, V., Waterreus, A., Valuri G,, Stain H.,
McGuffin P., & Farmer, A. (2006). The diagnostic interview for psychoses (DIP): development,
reliability and applications. Psychological Medicine, 36(1), 69-80. https://doi.org/10.1017/
50033291705005969

Fett, A. K., Viechtbauer, W., Dominguez, M. D., Penn, D. L., van Os, J., & Krabbendam, L. (2011).
The relationship between neurocognition and social cognition with functional outcomes in
schizophrenia: A meta-analysis. Neuroscience and Biobehavioral Reviews, 35(3), 573-588.
https://doi.org/10.1016/j.neubiorev.2010.07.001

Frith, C. D. (2004). Schizophrenia and theory of mind. Psychological Medicine, 34(3), 385-389.
https://doi.org/10.1017/S0033291703001326

Froese, T., & Leavens, D. A. (2014). The direct perception hypothesis: Perceiving the intention of
another’s action hinders its precise imitation. Frontiers in Psychology, 5, 65. https://doi.org/10.
3389/fpsyg.2014.00065

Gallagher, S. (2008). Direct perception in the intersubjective context. Consciousness and Cognition,
17(2), 535-543. hitps://doi.org/10.1016/j.concog.2008.03.003

Gao, T., Newman, G. E., & Scholl, B. J. (2009). The psychophysics of chasing: A case study in the
perception of animacy. Cognitive Psychology, 59(2), 154-179. https://doi.org/10.1016/j.cogpsych.
2009.03.001

Green, M. F., Bearden, C. E., Cannon, T. D,, Fiske, A. P., Hellemann, G. S., Horan, W. P., Kee K,,
Kern R. S., Lee J., Sergi M. J., Subotnik K. L., Sugar C. A., Ventura J., Yee C. M., & Nuechterlein,
K. H. (2012). Social cognition in schizophrenia, part 1: Performance across phase of illness.
Schizophrenia Bulletin, 38(4), 854-864. https://doi.org/10.1093/schbul/sbq171

Heider, F., & Simmel, M. (1944). An Experimental study of Apparent behavior. The American
Journal of Psychology, 57(2), 243-259. https://doi.org/10.2307/1416950

Horan, W. P., Nuechterlein, K. H,, Wynn, J. K, Lee, J., Castelli, F., & Green, M. F. (2009).
Disturbances in the spontaneous attribution of social meaning in schizophrenia. Psychological
Medicine, 39(4), 635-643. https://doi.org/10.1017/S0033291708003838

Klin, A. (2000). Attributing social meaning to ambiguous visual stimuli in higher-functioning
autism and Asperger syndrome: The social Attribution task. Journal of Child Psychology and
Psychiatry, 41(7), 831-846. https://doi.org/10.1111/1469-7610.00671

Langdon, R., & Coltheart, M. (1999). Mentalising, schizotypy, and schizophrenia. Cognition, 71(1),
43-71. https://doi.org/10.1016/S0010-0277(99)00018-9

Langdon, R., Connors, M., & Connaughton, E. (2017a). Indirect task instructions better reveal
theory-of-mind impairment, independent of executive dysfunction, in schizophrenia.
Psychiatry Research, 256, 342-344. https://doi.org/10.1016/j.psychres.2017.06.064

Langdon, R,, Flynn, M., Connaughton, E., & Brune, M. (2017b). Impairments of spontaneous and
deliberative mentalizing co-occur, yet dissociate, in schizophrenia. British Journal of Clinical
Psychology, 56(4), 372-387. https://doi.org/10.1111/bjc.12144

Langdon, R., McMillan, J., & Gao, T. (2014). Detecting motion signals of intent in schizophrenia.
Psychiatry Research, 219(3), 700-702. https://doi.org/10.1016/j.psychres.2014.06.012


https://doi.org/10.1371/journal.pone.0171657
https://doi.org/10.1017/S0033291703008341
https://doi.org/10.1006/nimg.2000.0612
https://doi.org/10.1017/S0033291705005969
https://doi.org/10.1017/S0033291705005969
https://doi.org/10.1016/j.neubiorev.2010.07.001
https://doi.org/10.1017/S0033291703001326
https://doi.org/10.3389/fpsyg.2014.00065
https://doi.org/10.3389/fpsyg.2014.00065
https://doi.org/10.1016/j.concog.2008.03.003
https://doi.org/10.1016/j.cogpsych.2009.03.001
https://doi.org/10.1016/j.cogpsych.2009.03.001
https://doi.org/10.1093/schbul/sbq171
https://doi.org/10.2307/1416950
https://doi.org/10.1017/S0033291708003838
https://doi.org/10.1111/1469-7610.00671
https://doi.org/10.1016/S0010-0277(99)00018-9
https://doi.org/10.1016/j.psychres.2017.06.064
https://doi.org/10.1111/bjc.12144
https://doi.org/10.1016/j.psychres.2014.06.012

12 (& R.LANGDON ETAL.

Langdon, R., & Ward, P. (2009). Taking the perspective of the other contributes to awareness of
illness in schizophrenia. Schizophrenia Bulletin, 35(5), 1003-1011. https://doi.org/10.1093/
schbul/sbn039

Lenzenweger, M. F., Bennett, M. E., & Lilenfeld, L. R. (1997). The referential Thinking Scale as a
measure of Schizoptypy: Scale Development and Initial Construct Validation. Psychological
Assessment, 9(4), 452-463. https://doi.org/10.1037/1040-3590.9.4.452

Loughland, C., Draganic, D., McCabe, K., Richards, J., Nasir, A., Allen, J., Catts, S., Jablensky, A.,
Henskens, F., Michie, P., Mowry, B., Pantelis, C., Schall, U,, Scott, R., Tooney, P., & Carr, V.
(2010). Australian schizophrenia research Bank: A database of comprehensive clinical, endophe-
notypic and genetic data for aetiological studies of schizophrenia. Australian and New Zealand
Journal of Psychiatry, 44, 1029-1035. https://doi.org/10.3109/00048674.2010.501758

McKay, R., Langdon, R., & Coltheart, M. (2006). The persecutory ideation questionnaire. The
Journal of Nervous and Mental Disease, 194(8), 628-631. https://doi.org/10.1097/01.nmd.
0000231441.48007.a5

Randolph, C., Tierney, M. C., Mohr, E., & Chase, T. N. (1998). The Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS): preliminary clinical validity. Journal of
Clinical and Experimental Neuropsychology, 20(3), 310-319. https://doi.org/10.1076/jcen.20.3.
310.823

Russell T. A., Reynaud, E., Herba, C., Morris, R., & Corcoran, R. (2006). Do you see what I see?
Interpretations of intentional movement in schizophrenia. Schizophrenia Research, 81(1), 101-
111.

Scholl, B. J., & Gao, T. (2013). Perceiving animacy and intentionality: Visual processing or higher-
level judgment? In M. D. Rutherford, & V. A. Kuhlmeier (Eds.), Social perception: Detection and
interpretation of animacy, agency, and intention (pp. 197-229). MIT Press.

Stanislaw, H., & Todorov, N. (1999). Calculation of signal detection theory measures. Behavior
Research Methods, Instruments, & Computers, 31(1), 137-149. https://doi.org/10.3758/
BF03207704

Wechsler, D. (1987). Manual for the Wechsler memory Scale-Revised. The Psychological
Corporation.


https://doi.org/10.1093/schbul/sbn039
https://doi.org/10.1093/schbul/sbn039
https://doi.org/10.1037/1040-3590.9.4.452
https://doi.org/10.3109/00048674.2010.501758
https://doi.org/10.1097/01.nmd.0000231441.48007.a5
https://doi.org/10.1097/01.nmd.0000231441.48007.a5
https://doi.org/10.1076/jcen.20.3.310.823
https://doi.org/10.1076/jcen.20.3.310.823
https://doi.org/10.3758/BF03207704
https://doi.org/10.3758/BF03207704

	Abstract
	Introduction
	Materials and method
	Participants
	Materials and procedure
	Clinical symptom ratings and self-report measures
	Basic cognitive measures
	Perceiving intentionality
	Spontaneous attributions of intentionality
	ToM false-belief/deception tasks
	Statistical analyses


	Results
	Basic cognition and demographics
	Self-report measures
	Perceiving and attributing intentionality
	Inappropriate mental-state attributions and paranoid or referential ideation in patients

	Discussion
	Disclosure statement
	References

