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ARTICLE INFO ABSTRACT

Keywords: Hallucinations can occur in single or multiple sensory modalities. Greater attention has been paid to single
At risk mental state sensory experiences with a comparative neglect of hallucinations that occur across two or more sensory mo-
galllu?lnatlons dalities (multisensory hallucinations). This study explored how common these experiences were in people at risk
elusions of transition to psychosis (n=105) and considered whether a greater number of hallucinatory experiences
Voices . . . . I . . . .
Visions increased delusional ideation and reduced functioning, both of which are associated with a greater risk of

transition to psychosis. Participants reported a range of unusual sensory experiences, with two or three being
common. However, when a strict definition of hallucinations was applied, in which the experience has the
quality of a real perception and in which the person believes them to be real experiences, then multisensory
experiences were rare and when reported, single sensory hallucinations in the auditory domain were most
common. The number of unusual sensory experiences or hallucinations was not significantly associated with

greater delusional ideation or poorer functioning. Theoretical and clinical implications are discussed.

1. Introduction

Hallucinations are the experience of seeing, hearing, feeling, smell-
ing or tasting something that is not actually there. They are different to
misperceptions or misidentifications of actual objects, and occur in full
consciousness and not at the borders of sleep, for example (Waters et al.,
2014). They are a key feature of psychosis where auditory (AH) and
visual hallucinations (VH) (60-70% and 27% respectively (McCarthy--
Jones et al., 2017; Ayalde et al., 2022) are common, whilst tactile
(9.3-19.3% TH) and olfactory hallucinations (5.8-9.6% OH) are rarer
(McCarthy-Jones et al., 2017).

Hallucinations in a number of modalities are also reported across the
psychosis spectrum indicating hallucinations can be experienced in the
absence of distress, and even experienced positively. A sample of over
10,000 people recruited from the general population reported high rates
of AH (29.5%), VH (21.5%), TH (19.9%), and OH (17.3%) in the last
month (Linszen et al., 2022). For a substantial number however, these
experiences were distressing and disruptive. Of those reporting hallu-
cinations, 47.6% reported experiences in two or more modalities. The

more recent the hallucinations, the greater the association with delu-
sional ideation. It should be noted that the authors acknowledge they
used a broad definition of what constitutes a hallucination. Other studies
using stricter definitions in community samples reported lower rates of
OH (4.2% (Wehling et al., 2021)) or VH (5%, (Aynsworth et al., 2022))
in the last month.

Given how common hallucinations are in the non-clinical population
(Linszen et al., 2022) it is evident it is not the presence of hallucinations
per se that leads to distress and the transition to psychosis. Rather
transition is linked with changes in cognitive appraisals, presence of
subclinical symptoms (e.g. anxiety, depression), delusional ideation,
reduced functioning and sub-clinical negative symptoms. In terms of the
specific role of hallucinatory experiences in transition, a study in a
clinically high-risk group indicated that no specific domain of
sub-clinical hallucinations predicted transition to psychosis, but verbal
rather than non-verbal auditory experiences did, as well the presence of
delusional ideation (Niles et al., 2019). Another study indicated that AH
were associated with transition, but VH were protective (Lehembre--
Shiah et al., 2017). This contrasts with the situation in people with
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psychosis where VH are less common than AH, but their presence is
associated with a significantly worse global severity of illness and lower
global functioning (Mueser et al., 1990). Given that in people with
psychosis experiences like VH are a marker for distress, disability and
poor functioning there is a need to consider how common these and
other non-auditory experiences are across the continuum of psychosis
and whether these experiences are an important clinical marker.

Knowing more about the frequency and nature of these experiences
is important theoretically and clinically. In terms of theory, whilst many
factors may cause hallucinations, at some level they represent a confu-
sion between internal and external events or real and imagined events
(Johnson & Raye, 1981; Bentall, Baker & Havers, 1991). Greater
confusion between imagined and real experiences could increase the
number of modalities in which hallucinations are experienced and help
explain the transition to psychosis. Moreover, more unusual sensory
experiences like this could drive a search for meaning and lead to the
development of delusional explanations for these unusual experiences
(Maher, 1974).

In terms of clinical implications, existing psychological treatments
for people in ARMS services focus mainly on auditory experiences
(Dodgson et al., 2021; Morrison et al., 2012) and so risk being less than
optimally matched to the actual experience of people at risk of transi-
tion, and may lack the powerful beneficial impact that a treatment that
fully met the presenting needs of the service users could have.

So, an important first step is to systematically examine the preva-
lence of hallucinations across the various sensory domains in people at
risk of developing psychosis. In light of this information, the number of
modalities could be explored as factor in the transition to psychosis.

The current work was undertaken in an At Risk Mental State (ARMS)
service which supports people presenting with psychosis like symptoms,
but not at the frequency or level of distress that would bring them into a
first episode service. The present study examines i) the frequency of
different hallucinations in the last twelve months reported by people in
ARMS service, ii) whether people report hallucinations in one single
modality (unimodal hallucinations) or report more than one modality of
hallucination (multisensory hallucinations); iii) and if so, asks what is
the most common combination of multisensory hallucinations?

In the ARMS service the rate of transition has been very low (3/105
accepted cases) meaning it is not feasible to examine if hallucinations
are associated with a transition to psychosis. Instead, it is possible to
consider if the number of hallucinations is associated with other factors
associated with transition. Hence, it is predicted that when people report
more hallucinations these are associated with greater delusional idea-
tion, and poorer functioning which have previously been associated
with a greater risk of transition (Niles et al., 2019).

2. Methods
2.1. Participants

Participants included all individuals accepted into the At-Risk
Mental State service from service launch (September 2020-May 2022,
n= 105). 59% (n= 62) were female and 41% (n= 43) were male. The
mean age was 18.56 years (sd = 3.10). 75% were white British, with
white other (7%) and Asian (7%) being the next most common ethnic-
ities. This is broadly representative of the local population (Office of
National Statistics, 2021). 27% (n= 28) of individuals were not in ed-
ucation, employment or training (NEET) at the time of their referral into
the ARMS service, 11% were employed, and the rest in school (30%),
college (10%) or University (20%). As noted, at the time of the service
evaluation only three people had made the transition to psychosis,
limiting the ability to find any factors predicting transition.

2.2. Procedure

Participants were assessed on a standardised measure, the
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Comprehensive Assessment of At-Risk Mental States (CAARMS) which
asks about a range of sensory experiences including auditory, visual and
other hallucinatory experiences in the last 12 months. All CAARMS as-
sessments were carried out by 2 assessors (clinical psychologists, psy-
chological therapists, assistant psychologists and care co-ordinators)
trained in the use of the CAARMS. In most cases assessment was un-
dertaken within two weeks of referral to the service. Demographic in-
formation was collected as part of routine assessment. Following each
assessment, CAARMS were scored within a multi-disciplinary team to
determine whether individuals should be accepted into the ARMS ser-
vice. Individuals could be referred to another service such as an Early
Intervention in Psychosis service if their symptoms and functioning met
the threshold for this, or a Community Mental Health Treatment team if
psychosis was not the predominant need. If symptoms were not prob-
lematic enough, they may be referred to an Improving Access to Psy-
chological Therapies Service, or their General Practitioner.

2.3. Measures

The Comprehensive Assessment of At-Risk Mental States
(CAARMS; (Yung et al, 2005)) is a clinician administered,
semi-structured interview that assesses attenuated psychotic and psy-
chotic symptoms. The perceptual abnormality section assesses halluci-
natory like experience in five sensory modalities. Global rating scale
scores for perceptual abnormalities in each sensory domain were
recorded. Where individuals had multiple perceptual experiences in one
sensory domain (e.g., two auditory experiences), the experience with the
highest global rating scale score was recorded, regardless of whether the
frequency score was within the at-risk mental state range. This was to
maintain a focus on the quality and intensity of perceptual experiences
present within the ARMS population.

After global rating scale scores had been recorded in each sensory
domain for all participants, perceptual abnormalities in each domain
were marked as being present if the global rating scale score was 3 or
above (in line with ARMS criteria for the intensity of perceptual ab-
normalities). Where global rating scale scores were less than 3, experi-
ences in each domain were marked as not present. Where scores were
not clearly identified the presence of an experience was marked as
unknown.

Given the interest in the presence of unusual sensory experiences
(USE) and the development of more distinct hallucinations, the
perceptual abnormality scale was used to distinguish the two. A global
rating of 3 is where the unusual sensory experience is described as
moderate and as puzzling, but one that the person is able to dismiss, and
is not particularly distressing. The scale describes these unusual expe-
riences as vivid distortions, illusions, and sensations like indistinct
murmuring. An USE was categorised if a person scored a 3 and above. A
score of 5 or 6, is considered severe and described as a true hallucina-
tion, such as hearing voices, or feeling something touching the body,
that seems to be real, can be questioned with effort, and may be
distressing.

Current functioning was also recorded, as well as global rating scale
scores for unusual thought content (UTC) which assesses unusual ex-
periences and thoughts (not related to persecutory ideation) and asks
about explanations for unusual experiences. Scores on the non-bizarre
ideation (NBI) scale were also recorded which assesses paranoid
thinking as well beliefs about guilt, grandiosity, and somatic ideas. As
with perceptual experiences, if individuals had more than one experi-
ence of UTC or NBI, the experience with the highest global rating scale
score was recorded.

2.4. Data analytic strategy
Missing data was not replaced and is reported on an analysis-by-

analysis basis. The first three questions of the study were descriptive
and data is reported in terms of frequencies of both USE and
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hallucinations. For the specific consideration of whether the presence of
a greater number of hallucinations was associated with greater level of
delusional ideation and poorer functioning, correlations of the number
of USE and the unusual thought content (UTC) and non-bizarre ideation
(NBI), and current functioning on the CAARMS was undertaken. It was
repeated with the number of true hallucinations. Data was checked for
normality and analysed using SPSS v28 (IBM). Given there were six
correlations a Bonferroni correction was applied (p<0.008) and confi-
dence intervals were reported. No sample size estimation was under-
taken as this was part of an ongoing service evaluation, but a sample of
82 is sufficient for an effect size of 0.3 for a two tailed correlation with
alpha at 0.05 and beta at 0.8 (Gpower, Faul et al., 2009)

2.5. Ethical considerations and information governance

The data from the CAARMS was collected as part of the routine
service data collection. In accordance with the UK Policy Framework for
Health and Social Care Research (2017), NHS Research Ethics Com-
mittee approval was not required. The study was registered with an NHS
Research and Development team in 2020. Participants gave informed
consent to completing the CAARMS as part of service entry assessment.
The authors have abided by the Ethical Principals of Psychologists and
Code of Conduct as set out by the HCPC and BPS.

3. Results

The first area of interest was the range of experiences reported by
people in the ARMS service in the last 12 months. Table 1 shows the
number of people that reported experiences in each individual sensory
domain. As can be seen in the table in some instances data was not re-
ported for some individuals and % score are calculated based on the data
available. As expected, unusual sensory experiences were common, 93%
(88/95) of all individuals reporting auditory experiences, and 68% (61/
90) reporting visual experiences with other modalities being less
common.

When the stricter criterion of a score of 5 or more is applied the
prevalence is reduced markedly, with 45% (43/95) reporting AH and
12% (11/90) reporting VH with much less of a difference between VH
and other modalities.

The second question was whether unimodal experiences/hallucina-
tions were more common than multisensory ones. For a proportion of
individuals in this sample (n= 27, 26%), datasets were incomplete. For
those that had complete datasets (n=78) only two participants reported
having no multisensory experiences (see Table 2). 33% reported unim-
odal experiences, with 65% reporting multisensory experiences with 2
(35%) or 3 (24%) sensory modalities being most common. When the
stricter definition was applied none (49%) or one hallucination modality
(38%) was most common. Multisensory hallucinations were rare (13%).

Combinations of sensory experiences were analysed for the sample

Table 1

Number of individuals in which unusual sensory experiences were present (a
score of 3-6 on the CAARMS global rating scale), not present (a score of 0-2) or
where the presence of an experience was unknown for each sensory domain and
below is where the experience meets criteria for a true hallucination (a score of 5
or 6).

Unusual sensory  Auditory Visual Tactile Olfactory Gustatory
experience (%) (%) (%) (%) (%)
Yes 88 (93) 61 (68) 23 (25) 10 (10) 2 (1)
No 7@7) 29 (32) 68 (75) 88 (90) 99 (99)
Unknown 10 15 14 7 4
True

hallucinations
Yes 43 (45) 11(12) 9Q0) 4@ 1M
No 52 (55) 79 (88) 82 (90) 94 (96) 100 (99)
Unknown 10 15 14 7 4
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Table 2
Frequencies and percentages of individuals with experiences in each possible
number of sensory domains.

Number of modalities of unusual sensory Frequency (n= Percentage
experiences 78)

0 2 3

1 26 33

2 27 35

3 19 24

4 3

5 1 1

Number of modalities of true hallucinations Frequency (n= 78) Percentage
0 38 49

1 30 38

2 9 12

3 1 1

4 0 0

5 0 0

(n=78). USE in the auditory domain only (n= 23, 29%) were common,
but so too were experiences in both the auditory and visual domain (n=
24, 31%), followed by auditory, visual and tactile experiences (n= 16,
21%). Visual experiences on their own were rare (4%) and were much
more common in combination with other USE (46 of the participants or
59% reported visions in combination with other experiences). Fig. 1
shows frequencies of all different combinations of sensory experiences
reported.

Once again, when the stricter criterion of a score of 5 or more was
applied the findings in relation to prevalence of multisensory experi-
ences changed and are shown in Fig. 2. Most participants did not have
true hallucinations (n= 38/78 48.7%) which would be consistent with
them being in the ARMS group. However, where the experience seemed
to meet criteria for a true hallucination 24 (30.1%) had AH only and
only 11 (13%) had some combination of multisensory experiences.

Finally, the relationship between the number of unusual sensory
experiences (n =78, M= 1.97 sd= 0.98) was examined in relation to
delusional ideation (UTC, n=98 M= 3.47 sd= 1.78; NBI n=97, M= 2.88
sd=1.35) and functioning (SOFAs M= 48.54 sd=7.39). All the variables
except functioning demonstrated acceptable kurtosis and skew and
parametric correlations were reported except for functioning which used
non-parametric correlation. These indicated no significant relationship
between number of USE and UTC (n= 76, r=.03, p=.77, CI -.19 to .26),
NBI (n= 78, r=.19, p=.10, CI -.04 to .39) or current functioning (n= 63,

Fig. 1. Combinations of unusual sensory experiences AE Auditory Experiences,
TE Tactile Experiences, GE Gustatory Experiences, OE Olfactory Experiences,
VE Visual Experiences
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Fig. 2. Combinations of true hallucination experiences AH Auditory Halluci-
nations, TH Tactile Hallucinations, GH Gustatory Hallucinations, OH Olfactory
Hallucinations, VH Visual Hallucinations

r=.06, p=.62, CI -.19 to .31). The analysis was repeated with the true
hallucinations (n=77 M= 0.66 sd= 0.74) revealing a similar pattern in
relation to UTC (n= 75, r=.07, p=.56 CI -.16 to .29) and current func-
tioning (n= 62, r=-.06, p=.62, CI -.32 to .20). The analysis for non-
bizarre ideation was significant (NBI n= 77, r=.25 p=.03, CI .03 to
.45) but not once the correction for multiple comparisons was applied.
Hence, the number of modalities of hallucination was not associated
with delusional ideation or functioning, and so seem unlikely to be
factors in the transition to full psychosis.

4. Discussion

The prevalence and nature of unusual sensory experiences and hal-
lucinations in people at risk of developing psychosis was examined. USE
were common, with auditory experiences being reported more often
than those in other sensory modalities. Applying a strict definition of a
true hallucination, it was the case that half the people did not have
hallucinations, or if they did AH were most frequent. As with people
with psychosis, AH were more common than VH which were similar to
the rate of TH and more common than OH and GH. Unlike people with
psychosis, unimodal hallucinatory experiences were more common than
multisensory hallucinations (Dudley et al., 2023). Like in psychosis,
people in the ARMS service reported AH and VH as the most common
combination of multisensory experience. The presence of a greater
number of USE or hallucinations was not associated with delusional
ideation and/or poor functioning.

The work is the first to report on the prevalence of unimodal/
multisensory USE and hallucinations in people with ARMS. The appli-
cation of definitions of USE/hallucinations helped to overcome some of
the challenges of assessment of the presence of hallucinations, where
single items on self-report or brief interviews may lack the specificity
required to distinguish illusions, and non-distressing experiences from
the more frank, puzzling, seemingly real and often upsetting experiences
of hallucination (Aynsworth et al., 2017).

However, the work has some obvious limitations. The sample size
was modest, and the very low rate of transition meant it was not possible
to examine these experiences as predictors of transition to psychosis.
Another limitation arising from the use of the CAARMS is that we were
unable to explore the relationship and nature of the experiences. For
instance, we lacked information as to whether hallucinations occurred
at the same or different times, or whether they were perceived to orig-
inate from the same source (Toh et al., 2022). Future research needs to
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systematically ask about these features using either validated measures
that capture the occurrence of hallucination like experiences (Linszen
et al. 2022) or appropriate semi structured interviews that try to better
explore the nature of the relationship between these experiences and
whether they occur at the same or different times for example (Dudley
et al. 2023). Also, we were unable to reliably differentiate verbal and
non-verbal AH meaning we were not able to explore how this may have
contributed to transition or presence of delusions and impaired func-
tioning (Niles et al., 2019). However, the point of the service evaluation
was to better understand the needs of those presenting to services and to
identify if sensory experiences across domains were an important issue
for people.

Knowing whether hallucinations are unimodal, or multisensory may
have important theoretical implications (Montagnese et al., 2021). It is
evident that the ARMS group have a rich range of USE, but true hallu-
cinations are not that frequent, and where they are reported they are
usually unimodal. People with psychosis report more hallucinations
across more domains (Dudley et al., 2023) and these are more often
multisensory and are associated with greater negative affect, and delu-
sional ideation. The factors that lead to this difference are not well un-
derstood but it does imply that the development of psychosis is
associated with the breakdown of the boundary between internal and
external events, and that the confusion can lead to greater experiences,
and more delusional ideation and it is not the presence of hallucinations
alone that leads to psychosis (Waters et al., 2018). Linszen et al., (2022)
found more hallucinations were associated with more delusional idea-
tion in a non-clinical group, but this was not the case with the ARMS
group (though see Niles et al., 2019). Rather they seem to be more like
those of Toh and colleagues who asked non-clinical voice hearers
(n=33) about other sensory experiences they experienced and they re-
ported VH (50%), TH (24%) and OH (29%) at least once a week.
However, these experiences had little association with delusions (Toh
et al., 2020).

For many people in the ARMS service, treatment focussed primarily
on understanding and managing auditory hallucinations (Dodgson et al.,
2021) would be appropriate. However, for the small number reporting
multisensory experiences these may be important to directly address
(Collerton & Dudley, 2004; Toyohara et al., 2021), though there is a lack
of evidence-based treatment for dealing with these other presenting is-
sues (Thomson et al., 2017; Wilson et al., 2016).
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