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Abstract

Objective: Auditory hallucinations (hearing voices) have been associated with a range of altered cognitive functions,
pertaining to signal detection, source-monitoring, memory, inhibition and language processes. Yet, empirical results are
inconsistent. Despite this, several theoretical models of auditory hallucinations persist, alongside increasing emphasis on
the utility of a multidimensional framework. Thus, clarification of current evidence across the broad scope of proposed
mechanisms is warranted.

Method: A systematic search of the Web of Science, PubMed and Scopus databases was conducted. Records were
screened to confirm the use of an objective behavioural cognitive task, and valid measurement of hallucinations specific
to the auditory modality.

Results: Auditory hallucinations were primarily associated with difficulties in perceptual decision-making (i.e. reduced
sensitivity/accuracy for signal-noise discrimination; liberal responding to ambiguity), source-monitoring (i.e. self-other
and temporal context confusion), working memory and language function (i.e. reduced verbal fluency). Mixed or limited
support was observed for perceptual feature discrimination, imagery vividness/illusion susceptibility, source-monitoring
for stimulus form and spatial context, recognition and recall memory, executive functions (e.g. attention, inhibition),
emotion processing and language comprehension/hemispheric organisation.

Conclusions: Findings were considered within predictive coding and self-monitoring frameworks. Of concern was
the portion of studies which — despite offering auditory-hallucination-specific aims and inferences — employed modal-
ity-general measures, and/or diagnostic-based contrasts with psychologically healthy individuals. This review highlights
disparities within the literature between theoretical conceptualisations of auditory hallucinations and the body of rigor-
ous empirical evidence supporting such inferences. Future cognitive investigations, beyond the schizophrenia-spectrum,
which explicitly define and measure the timeframe and sensory modality of hallucinations, are recommended.
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Introduction

Auditory hallucinations (AHs), also known as hearing
voices, are recognised as the perception of sound in the
absence of corresponding external stimuli, often character-
ised by a sense of reality and lack of control (David, 2004).
Theoretical models postulate that AHs reflect the externali-
sation of mental events, such as inner speech (Jones and
Fernyhough, 2007) or intrusive/fragmented memories
(Waters et al., 2006), and/or the exacerbation of environ-
mental cues via increased hypervigilance or attributed sali-
ence (Dodgson and Gordon, 2009; Kapur, 2003). Similarly,
broad frameworks of AHs suggest common difficulties in
the recognition of self-generated mental events (Waters
et al., 2012b), hemispheric organisation for language pro-
cessing (Hugdahl et al., 2012) and the weighting of percep-
tual input against prior expectation (Corlett et al., 2019;
Sterzer et al., 2018). A range of cognitive mechanisms have
been implicated, including challenges in auditory signal
detection and response biases (Bentall and Slade, 1985;
McLachlan et al., 2013), source-monitoring (Bentall, 1990;
Woodward et al., 2007), memory function (Brébion et al.,
2020), attention modulation and inhibition (Badcock et al.,
2005; Waters et al., 2003), language processes (Docherty,
2012; Green etal.,, 1994) and emotion detection (Alba-
Ferrara et al., 2013; Rossell and Boundy, 2005; Shea et al.,
2007). However, a notable portion of non-significant find-
ings have also been reported (e.g. Brébion etal., 2008;
Johns et al., 2001; McKay et al., 2000; McLachlan et al.,
2013; Pinheiro et al., 2016; Rocca et al., 2006; Rossell et al.,
2001; Schnakenberg Martin et al., 2018; Toh et al., 2020).

Previous meta-analyses, focusing on specific domains
of cognition, have demonstrated moderate-to-large associa-
tions between hallucinations and a self-monitoring bias
(Waters et al., 2012b), increased externalising source-mon-
itoring errors (Brookwell et al., 2013; Damiani et al., 2022)
and reduced left-hemispheric language lateralisation
(Ocklenburg et al., 2013). Source-monitoring difficulties
were observed in the context of auditory stimuli and imag-
ined mental events (Damiani et al., 2022), and identified in
spite of intact broader memory function (Waters et al.,
2012b). While such reviews have provided valuable inte-
gration of findings, some methodological inconsistencies
are evident. For example, the sensory modality (e.g. audi-
tory and/or additional senses) and specified timeframe of
hallucinations were not always identified. In addition,
group contrasts based on diagnostic status (e.g. schizophre-
nia vs no history of mental illness) commonly contributed
to findings. Thus, it is difficult to discern the extent to
which findings are relevant to AHs specifically, as opposed
to hallucinations of other forms, psychosis syndromes or
broader diagnostic groups.

Numerous narrative and systematic reviews have sum-
marised a breadth of cognitive functions in the context of
proposed theoretical models (e.g. Seal et al., 2004; Tracy
and Shergill, 2013; Upthegrove et al., 2016; Waters et al.,

2012a). These papers emphasise that competing theoretical
accounts are not mutually exclusive, and that no single
mechanism can sufficiently account for AH emergence.
Thus, a multidimensional framework has been advanced,
along with recommendations for transdiagnostic investiga-
tion at the symptom level. While inconsistencies regarding
the definition and measurement of AHs have been acknowl-
edged, limited consideration has been given to how this
may affect the substantiation of corresponding theoretical
models. Likewise, poor measurement practices relating to
cognitive task development make interpretation of dispa-
rate findings difficult (Smailes et al., 2022). Subsequently,
a lack of clarity and consensus remains when interpreting
and integrating the abundance of cognitive studies at a con-
ceptual level. Thus, a systematic review of the relationships
between AHs and the range of proposed cognitive mecha-
nisms is warranted.

Study aims

The current systematic review aimed to synthesise the liter-
ature examining cognition in relation to the presence and
severity of AHs accompanied by a psychiatric diagnosis. We
omitted hallucination proneness within psychologically
healthy populations, to focus on cognitive profiles likely
associated with a need for care. Cognition was considered
across the broad range of mechanisms, with the aim of com-
paring the relative proportion and nature of evidence repre-
senting each. To address existing gaps, the sensory modality
and explicit timeframe of AHs were carefully considered.
Inferences regarding the alignment of empirical findings to
theoretical frameworks were offered, where possible.

Method
Protocol pre-registration

A protocol for the systematic review was developed in line with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols (PRISMA-P; Moher et al., 2015), and
registered with the International Prospective Register of
Systematic Reviews (PROSPERO; CRD42020148907).

Search strategy

A systematic search of the Web of Science, Scopus and
PubMed databases was employed to identify peer-reviewed
empirical records written in the English language, pub-
lished from 1 January 1980 to 2 August 2022. Details of the
search strategy, including full syntax, are reported in
Supplemental Appendix A.

Study selection

The search yielded 22,391 records, after duplicate removal.
A single reviewer (A.B.) screened the title, abstract and
keywords against the eligibility criteria. Records were
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Figure |. PRISMA record screening.
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(n=172)
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Ineligible AH measurement = 131
No cognitive behavioural task = 5
No relevant analyses or data = 15

Eligible records for data extraction
(n=120)

Records excluded
(n=19)
Ineligible AH measurement = 9

No cognitive behavioural variables = 4
No novel data provided =3
No relevant analyses or data=3

Records omitted from synthesis

(n=11)

Records retained for data synthesis
(n=90)

Note: The following | | studies met initial criteria but were omitted from synthesis as no AH-specific analyses were available (i.e. clinical AHs vs
healthy control contrasts only) (Jacobsen et al., 2019; Lgberg et al., 2004; Moseley et al., 2022; Olsson and Nielzen, 1999a, 1999b; Papageorgiou

et al,, 2003; Powers et al., 2017; Sun et al,, 2021; Zhuo et al., 2020), populations fell outside the schizophrenia-spectrum (Strawson et al., 2021) and
data pertained to phenomenological variations of AHs only (Stephane, 2019).

retained if they met the following criteria: (1) part of an
original group design empirical investigation,' (2) an adult
participant sample (i.e. 18—65years), (3) AHs accompanied
by a psychiatric diagnosis (i.e. individuals without a psy-
chiatric diagnosis were omitted), (4) participant sample
omitting organic illness or injury (e.g. neurological, sub-
stance-induced or other major medical conditions), (5) cog-
nition investigated with reference to AHs, by means of an
objective behavioural task and (6) the presence/severity of
AHs was identified via appropriate clinical judgement and/
or a valid measure specific to, or adapted for, the auditory
modality (current and lifetime timeframes eligible).
Independent reviewers (A.B., S.L.R.) screened the full-text
articles retained at Stage 2. Discrepancies in eligibility
were resolved during regular meetings, with mediation
from a third reviewer (W.L.T.).

Following screening, 101 records met the inclusion cri-
teria. Several records were omitted from data synthesis
given that (1) no AH-specific data was available (2=9) (i.e.
group contrasts between clinical AHs and healthy control

groups only), (2) as analyses pertained to phenomenologi-
cal variations of AHs rather than presence or severity (n=1)
or (3) AHs were examined in the context of borderline per-
sonality disorder (n=1). Although a transdiagnostic
approach was initially intended, the latter instance was the
only study to fall outside the schizophrenia-spectrum (i.e.
schizophrenia or mood related diagnosis with psychotic
features), and was therefore considered clinically distinct
and unsuitable for synthesis. Subsequently, 90 studies
remained for data extraction (see Figure 1).

Data extraction

The following data were extracted: record identifying
information, participant groups (psychiatric diagnosis and/
or AH presence/absence), AH frequency/severity, cognitive
task(s) and associated outcome variables, analyses and data
relevant to relationships between AHs and cognition (e.g.
direction, effect sizes and significance coefficients, where
available). Group sample characteristics (e.g. age, sex)
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were extracted where possible. Given the extent of relevant
data, no attempts were made to contact authors to obtain
missing information. Data were summarised into three
streams: group contrasts, correlations and other analyses
(e.g. regression, mediation and discriminant function).
Where possible, available effect sizes were converted to
Cohen’s d (Lenhard and Lenhard, 2016), with d=0.2 inter-
preted as small, d=0.5 as medium and d=0.8 as large in
magnitude (Cohen, 1988). That said, these benchmarks are
arbitrary, and small effect sizes can be equally important
(Lakens, 2013). Furthermore, given typically limited sam-
ple sizes, effect confidence intervals are likely to be wide
and should be interpreted with caution.

Quality assessment

The Newcastle Ottawa Scale (NOS; Wells et al., 2000) was
used as a template for methodological quality assessment.
Key factors were examined, and studies were assigned an
overall quality score from 1 to 5. Categorical quality rank-
ings were developed, based on the median and quartile split
of total scores. These consisted of low (2.50-3.49), moder-
ate (3.50-4.06), high (4.07-4.39) and very high (4.40—
5.00). See Supplemental Appendix B for checklist items
and anchors, alongside associated scores and categorical
rankings.

Data analysis

To aid interpretation, studies were tabulated by broad cog-
nitive domain: perceptual decision-making and imagery
(n=30), source-monitoring and context memory (n=28),
general memory (n=29), language processing, production
and hemispheric organisation (n=14), executive function
(n=23), and emotion processing and social cognition (n=9)
(details in Supplemental Appendix C). Subsequently,
refined cognitive sub-domains were formed by grouping
results associated with similar outcome variables. These
groupings accounted for all data in the results tables, except
for the executive function domain, which had too much
variation to meaningfully group. Hence, only key sub-
domains were considered:? attention, inhibition and cogni-
tive flexibility/set-shifting.

As outlined in the pre-registered protocol, a minimum of
10 studies per cognitive sub-domain was required to proceed
with meta-analysis. After grouping studies by homogeneous
task design, variable definition and analysis form, only one
cognitive sub-domain met this criterion (i.e. 14 group con-
trasts for internal-external source misattributions). Given
that the primary aim of the systematic review was to com-
pare results across the range of proposed cognitive mecha-
nisms, and that meta-analysis of source-monitoring data has
been well documented (see Brookwell et al., 2013; Damiani
et al., 2022; Waters et al., 2012b), performing a quantitative

synthesis for this single sub-domain was considered unsuit-
able. It is possible to conduct meta-analysis of broader, col-
lapsed groups of data, with follow-up statistics to
accommodate study deviations (e.g. meta-regression, sub-
group and/or sensitivity analysis). However, caution has
been drawn to implementing this approach to heterogeneous
datasets, due to challenges in defining these points of varia-
tion (e.g. Imrey, 2020). Within this literature, we observed
notable heterogeneity in the definition of constructs, the use
of novel experimental paradigms and the interpretation of
numerous outcome variables. Thus, we chose to proceed
with a narrative synthesis to allow for consideration of study
nuances, as documented comprehensively within the results
tables. To facilitate the integration of a broad array of data, a
counting method was adopted, to identify the number of
studies with significant, mixed and non-significant findings
pertaining to each cognitive sub-domain, as relevant to the
three analysis streams (see Supplemental Appendix C for
details).

Results
Sample characteristics

Across 81 unique samples,’ a total of 4933 individuals with
a schizophrenia-spectrum diagnosis were represented in
AH-specific groups/analyses, with a mean age of 34 years
and gender ratio of 13 males:7 females.

AH status

Many studies explored cognition in the context of current
AHs (n=50), and to a lesser extent, lifetime (n=18) and
past AHs (n=5). A notable portion did not explicitly spec-
ify the timeframe (n=23). Only a small number of studies
explored several AH status variations (n="6).

Cognitive domains

The full set of data extracted from the 90 studies, arranged
by cognitive domain, can be seen in Tables 1-6; with the
proportions of significant, mixed and non-significant find-
ings displayed in Figure 2. Of the 21 identified sub-
domains, in 9 cases, the number of investigations with any
significant associations to AHs (i.e. significant or mixed
results overall) outweighed the number of non-significant
findings: spatial context attribution (3/3), language com-
prehension (5/7), signal detection response bias (7/10),
temporal context attribution (4/6), working memory (9/13),
verbal fluency/linguistic cohesion (5/8), signal-noise dis-
crimination sensitivity (9/16), internal-external source
attribution (11/21) and hemispheric language organisation
(4/7). Below is a summary of the significant findings within
each domain.
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Figure 2. The proportion of non-significant, mixed and significant results per cognitive sub-domain, identified via group

contrasts (AH presence), correlations (AH severity) and regression/other analyses.
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Note: PD: perceptual decision-making and imagery; SM: source-monitoring and context memory; GM: general memory; LP: language processing,
production and hemispheric organisation; EF: executive function; EP: emotion processing and social cognition.

Given that a single study often explored multiple cognitive sub-domains, utilising a range of analyses for each, the number of investigations does not
equal the number of applicable studies. Similarly, due to overlap, the number of studies relevant to each sub-domain does not sum to the number of

studies constituting each overarching domain.

Perceptual  decision-making and imagery. This domain
encompassed data relevant to the detection of sensory
input, primarily within the auditory modality, but also
visual, and to a lesser extent tactile stimuli. Key variables
reflected signal detection and/or noise discrimination sensi-
tivity/accuracy, discrimination of perceptual qualities and
response biases in the expectation of input. The intensity,
integration and weighting of imagery in relation to these
perceptual processes are also reflected here (see Table 1).
Significant results suggested an association between AH
presence/severity and reduced sensitivity/accuracy for sig-
nal-noise discrimination (¢=0.47-1.50), liberal responding
in the face of stimulus ambiguity (d=0.42-2.42), reduced
stimulus feature discrimination capacity (d=0.04—1.00)
and increased vividness/weighting of imagery or illusion
susceptibility (d=1.96-2.84). Conversely, one study noted
superior stimulus feature discrimination in participants
with current, relative to past AHs, citing exaggerated envi-
ronmental scanning as a possible contributor (Schneider
and Wilson, 1983). In addition, AH severity was observed
as a predictor of spatial detection sensitivity (d=1.5), and
signal expectation bias (4=0.33); while signal detection
also predicted the AH presence (y>=12.1).

Source-monitoring and context memory. This domain
reflected a complex set of processes involved in the moni-
toring of, and memory for, contextual aspects of presented
stimuli and mental events. These included temporal order,
visuospatial location, external form (e.g. picture vs word
stimulus), internal form (e.g. thought vs said), and the dif-
ferentiation of internal-external source (e.g. imagined/
read vs heard; self vs other speech/action). Primary vari-
ables pertained to the number of source misattributions, as
well as error rates and accuracy scores (see Table 2). In
most instances the direction of internal-external source-
monitoring was specified (e.g. externalising vs internalis-
ing misattributions), however, in some cases this was not
discernible (n=2). Significant results suggested an asso-
ciation between AH presence/severity and greater chal-
lenges in distinguishing: temporal presentation order
(d=0.64-0.85), spatial presentation location (d=1.04—
1.12), internal-external stimulus source (d=0.57-2.82),
internal mental event form (d=0.49-1.12) and external
stimulus form (d=1.01-1.12). In addition, AH severity
was observed as a predictor of misattribution for temporal
context (d=1.22), spatial context (3=0.53) and internal—-
external source (d=1.25).
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Table 7. Proportion of studies per cognitive domain within each quality range.

Number of
Cognitive domain studies Low (%)
Overall 90 21
Perceptual decision-making 30 30
and imagery
Source-monitoring and 28 25

context memory
General memory 29 14

Language organisation, 14 14
processing and production

Executive function 23 26

Emotion processing and 9 22
social cognition

General memory. The general memory domain examined
the retention of auditory and visual information, held across
the short- and long-term, assessed via recall and recogni-
tion retrieval methods. Working memory paradigms were
also included. In many instances, source-monitoring tasks
involved a recognition component (e.g. identification of
‘new’ stimuli), and these results are reflected here. Key
variables included the accuracy and error rate of recognised
information, capacity of recall or working memory and
composite memory scores reflecting overall performance
on subtests (see Table 3). Significant results suggested an
association between AH presence/severity and greater dif-
ficulties with: recall memory span (d=0.58-0.90), recogni-
tion capacity or bias (d=1.01-1.45), and working memory
(d=0.54-1.07). In addition, AH severity was observed as a
predictor of picture (d=1.01-0.77) and word list (d=0.90—
0.98) recognition abilities, while working memory also pre-
dicted AH presence/severity (B=0.61).

Language processing, production and hemispheric organisa-
tion. This domain related to the processing and production
of spoken language. The former is commonly examined
via dichotic listening paradigms and considered within the
context of a hemispheric organisation framework. A later-
ality index was often provided, reflecting the relative accu-
racy of detected input within the left and right ears.
Language processing was also examined via broader mea-
sures of comprehension (e.g. higher order and integrative
language processes). With respect the production of spo-
ken language, key variables included verbal fluency and
speech samples analysed for markers of coherence (see
Table 4). Significant results suggested an association
between AH presence/severity and a reduction in: left-
hemispheric lateralisation for speech processing (d=0.39—
0.91), verbal fluency and coherence (¢=0.77-1.01), and

Moderate (%) High (%) Very high (%)
29 18 32

43 7 20

18 21 36

24 21 41

7 29 50

30.5 13 30.5

Il 335 335

language comprehension capacity (d=0.48-1.15). Con-
versely, one study found increased verbal coherence in
those with lifetime AHs, relative to those without, citing
thought disorder within clinical control groups as a possi-
ble contributor (Thompson and Copolov, 1998). In addi-
tion, metaphor processing ability (d=0.87) and semantic
fluency (d=0.49) were observed as predictors of AH
severity and presence, respectively.

Executive function. More ‘general’ processes were grouped
to form an executive function domain. This included pro-
cesses such as inhibition, set-shifting, attention, processing
speed and reasoning. These constructs were frequently
measured as part of an overarching battery of neurocogni-
tive tests, with each process represented by a particular sub-
test or a composite subscale score (see Table 5). Significant
results suggested an association between AH presence/
severity and reduced capacities across: inhibition (¢=0.71-
1.45) and attention (d=1.06-1.42). Additional isolated
findings indicated associations between AH presence/
severity and reduced: processing speed* (d=0.71-0.98),
vocabulary (¢=0.86) and visual learning (d=1.24). AH
presence was also observed as a predictor of visual atten-
tion (d=0.49) and set-shifting (d=0.48), while AH severity
was seen to predict inhibition (4=0.63). Similarly, set-
shifting (d=0.12) and visual learning (4=0.26) were
observed as predictors of AH presence.

Emotion processing and social cognition. The emotion pro-
cessing and social cognition domain related to the recogni-
tion of affect across multiple forms (e.g. facial expression,
prosodic tone), and inference of others’ state of mind or
emotional perspective. Key variables included accuracy
and sensitivity in the detection and differentiation of pre-
sented emotions, as well as composite scores for broad

Australian & New Zealand Journal of Psychiatry, 00(0)
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social processing (see Table 6). Significant results sug-
gested an association between AH presence/severity and
greater difficulties in the accurate detection of emotional
expression (d=0.25-0.77), with variation across specific
emotions. In addition, ‘mentalising ability’ was observed as
a predictor of AH presence (d=0.93).

Quality assessment

The proportion of quality ratings per cognitive domain are
shown in TABLE7Table 7. For studies ranked the highest in
quality, average checklist scores yielded similarly high
rankings (4+) for all but the AH definition item (~3.5). For
studies ranked the lowest in quality, average checklist
scores were lowest for diagnostic status measurement, AH
measurement and selection of controls (1-3). Regarding
AH-specific language, 81% of studies demonstrated con-
sistency across aims, methods and inferences, and these
were relatively evenly spread across the domains. Of the
studies which conducted group contrasts (#=56) and cor-
relations (n=35), 36% and 69% of these reported at least 20
participants per group/analysis, respectively. A breakdown
of studies reporting 20+ cases® for group contrasts, per
cognitive domain, is as follows: emotion processing and
social cognition (67%), executive function (55%), language
function (50%), perceptual decision-making and imagery
(43%), general memory (32%) and source-monitoring/con-
text memory (11%).

Discussion
Summary of findings

The current review offered a novel perspective by system-
atically summarising task-based measures of cognition
across a broad range of domains, specifically relating to
clinical AHs. Cognitive sub-domains with the highest fre-
quency of reported significant findings suggested that AHs
were associated with reduced sensitivity/accuracy for sig-
nal-noise discrimination and biases towards liberal
responding for ambiguous stimuli, source-monitoring con-
fusion for temporal order and self-other origin, reduced
working memory capacity and reduced language coher-
ency/fluency. Signal detection difficulties were noted for
both auditory and visual stimuli and yielded medium-to-
large effects. Challenges in distinguishing and remember-
ing the temporal presentation order and self-other source
of stimuli, along with reduced working memory capacity,
yielded medium-to-large effects and were generally con-
sistent with previous meta-analyses (Brookwell etal.,
2013; Damiani etal.,, 2022; Waters etal., 2012b). In
instances where the direction of self—other source attribu-
tion was distinguished, AHs were associated with a ten-
dency to misattribute self-generated stimuli (e.g. thoughts,
speech, actions) to an external source, but not vice versa.

Finally, medium-to-large effects were observed for reduced
speech coherence, and to a lesser extent, verbal fluency.
This was generally in line with prior integrative reviews,
except for some sub-domains outlined below (e.g. Seal
et al., 2004; Upthegrove et al., 2016; Waters et al., 2012a).

Primarily mixed findings, due to inconsistent results
across outcome variables, were found for the monitoring of
spatial context, language comprehension and hemispheric
organisation. Notably, language comprehension demon-
strated limited cohesion as a cognitive construct (e.g. meta-
phor processing, lexical competition, serial linguistic
expectation; Hoffman et al., 1999; Siddi et al., 2016; Titone
and Levy, 2004), while spatial context monitoring comprised
only two studies. For hemispheric organisation of language
function, variables extracted from dichotic listening tasks
were interpreted inconsistently, thus undermining the
strength of inferences made in some cases. While our find-
ings offer less robust support for language lateralisation than
previous reviews (Ocklenburg et al., 2013), our approach to
screening AH measurement led to a narrowed selection of
eligible data, likely accounting for discrepancies.

The sub-domains with predominantly non-significant
associations to AHs were stimulus sensory feature discrimi-
nation, imagery vividness or illusion susceptibility, source-
monitoring for internal events and external stimuli form,
recognition and recall memory abilities, executive function,
and processing of emotion and social cues. These results are
consistent with previous accounts cautioning the relevance
of mental imagery aberrations to AHs (Seal et al., 2004).
While the past literature has suggested a possible role for
sensory feature discrimination (McKay etal., 2000;
McLachlan et al., 2013), and cognitive inhibition (Badcock
and Hugdahl, 2014), these ideas were not well supported by
the current empirical results. However, it is also noted that
sub-components of these functions (e.g. automatic vs inten-
tional and cognitive vs behavioural inhibition), which may
yield distinct findings, were not examined here. Although
broad summaries of executive function and AHs are yet to
be provided, our observation of limited significant findings
were mostly consistent with recent empirical conclusions
(e.g. Toh et al., 2020). Given that a critical portion of litera-
ture was omitted from this review due to a lack of methodo-
logical specificity to AHs, the absence of substantial
evidence noted in respect to the above cognitive sub-
domains does not necessarily disconfirm the relevance of
these processes, but rather highlights the need for further
methodological rigour in validating such inferences. That
said, it is important that the proportion of non-significant
results, spanning many of the cognitive sub-domains (Figure
2), are not overlooked. Similarly, the issue of publication
bias should be acknowledged, as non-significant findings
may often not be retained/accepted for publication.

Quality assessment of studies indicated a breadth of
rankings, with no clear differences across the cognitive
domains. Studies of lower quality ranking exhibited the
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most difficulty in measuring diagnostic status and AH
experiences, along with employing appropriate selection
methods for control groups. Studies ranked the highest in
quality still demonstrated difficulty in AH definition, rela-
tive to the other methodological considerations. Notably,
just over a third of studies employing group contrasts
reported a minimum of 20+ cases per group;® with difficul-
ties in reaching this threshold most frequently observed in
the source-monitoring literature.

Key take-home messages

Distinguishing AHs from diagnostic categories. A primary
methodological concern was the lack of distinction
between AHs and broader psychiatric diagnoses. Investi-
gating cognitive profiles linked to clinical AHs with refer-
ence to a clinical (i.e. schizophrenia-spectrum diagnosis
with no AH history) vs non-clinical (i.e. no major psychi-
atric history) control groups could reasonably be expected
to yield distinct findings. Yet limited consideration for
this issue has been offered in empirical studies. We chose
to include only data which contrasted the presence and
absence of AHs in the context of a psychiatric diagnosis.
This was done with view that non-clinical control com-
parisons could not adequately distinguish AHs from
broader diagnostic profiles. As a result, group contrast
data for 25 retained studies were wholly excluded.
Although these studies identified AHs as a variable of
interest, appropriate methodological adjustments were not
afforded. Subsequently, in some cases, differences can be
seen between the original interpretations offered by
authors, who drew on diagnostic-based contrasts to sub-
stantiate findings, and our interpretation of available sec-
ondary AH-specific data (e.g. follow-up symptom-based
correlations). Furthermore, effectively isolating AHs
from broader diagnoses is made increasingly difficult
given the high level of comorbidity observed between
schizophrenia and other conditions, such as depression or
post-traumatic stress (Buckley et al., 2009). Thus, even if
the presence/absence of AHs is examined exclusively
within clinical samples, a range of different symptom pro-
files (e.g. mood state, trauma history, delusional ideation)
may also interact with cognition. Yet, feasibly accounting
for a large set of psychological factors presents quite a
challenge. Our quality assessment found that approxi-
mately half of the included studies attempted to control
for extraneous factor(s) as part of their analyses, while
slightly over a third accounted for this by either matching,
or examining the presence of statistical differences in,
participant groups for key clinical variable(s). Consider-
ing the application of symptom dimensions on a broader
scale, the relevance of transdiagnostic and continuum-
based research is noted (e.g. De Leede-Smith and Barkus,
2013; Waters et al., 2012a). Notably, a transdiagnostic
overview of cognitive research was not possible here, due

to a lack available studies examining AHs beyond the
schizophrenia-spectrum; thus, demonstrating a notable
gap within the literature.

Distinguishing AHs from related experiences. The measures
employed to confirm or quantify the experience of AHs
were vast, and in some instances, utilised in ways that failed
to isolate AHs from broader psychosis symptomatology or
cross-modality hallucination experiences. For example,
gold-standard assessments, such as the Positive and Nega-
tive Syndrome Scale (PANSS; Kay et al., 1987) and Scale
for the Assessment of Positive Symptoms (SAPS;
Andreasen, 1984) were utilised frequently. While these
measures offer good validity when employed in their
intended form, they do not quantify the experience of hal-
lucinations of an auditory nature specifically, unless rele-
vant items are selected, or scoring is adapted accordingly.
While many excluded studies provided aims and inferences
in line with their employed methodology, a proportion
offered interpretations in relation to AHs, despite a lack of
methodological alignment. Notably, several of these studies
represent seminal investigations which have been readily
adopted by the field and informed theoretical models. A key
driver may be the tendency to interchange the terms ‘hallu-
cinations’ and ‘auditory hallucinations’ in academic lan-
guage. Historically, AHs have received most attention, and
as our recognition of hallucinations across the range of
senses evolves (McCarthy-Jones et al., 2017), appropriate
use of terminology and ensuing assessment measures, has
lagged (Toh etal., 2019). While many studies exhibiting
these discrepancies were screened out, ~20% of retained
studies displayed inconsistencies in AH-specific terminol-
ogy employed across aims, methodology and inferences.

Distinguishing variations in AH status. Many studies explored
current, as opposed to lifetime or past AH experiences.
Importantly, the presence of current/past AHs were often
reported without consideration for, or measurement of,
alternate timeframes. This highlights the potential for group
overlap, and consequently difficulties in effectively isolat-
ing state from trait profiles. Similarly, there was much
between-study variation in the definition of timeframes.
For example, current AHs ranged from endorsement during
testing, to confirmation over preceding weeks or even
months. Similarly, while lifetime presence of AHs was
sometimes guided by criteria, such as a specified number of
episodes, this was not always the case. Furthermore, a nota-
ble portion of studies did not explicitly specify the time-
period of interest when examining AHs. Longitudinal
research has suggested that some cognitive profiles linked
to schizophrenia may endure over time, while others dem-
onstrate fluctuations (Heilbronner et al., 2016; Szoke et al.,
2008). Yet, only six included studies directly compared
variations in AH status, with source-monitoring and lan-
guage lateralisation tentatively suggested as state markers.
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Theoretical implications

Much debate remains with respect to the theoretical con-
ceptualisation of AHs as a form of intrusive memory
(Waters et al., 2006), inner speech (Jones and Fernyhough,
2007), or environmental cues attributed heightened sali-
ence/attention (Dodgson and Gordon, 2009; Kapur, 2003).
However, given that no single cognitive mechanism solely
informs each theoretical model, a multidimensional per-
spective is required. Hence, we found it useful to consider
the current results in the context of broader cognitive
frameworks, as discussed below.

Of the cognitive sub-domains identified within this
review, those most substantially associated with AHs
included reduced sensitivity/accuracy for signal-noise dis-
crimination, and increased expectation biases for sensory
input under conditions of ambiguity. These trends can be
understood within a predictive coding framework, which
emphasises the aberrant weighting of prior beliefs against
incoming stimuli (Corlett et al., 2019; Sterzer et al., 2018).
Similarly, excitatory—inhibitory models suggest that imbal-
ances in the activation of bottom—up vs top—down neural
networks may cause these two streams to reverberate and
become misinterpreted as one another (i.e. circular infer-
ence), thus rendering an individual susceptible to anoma-
lous perceptions (Jardri and Denéve, 2013). Yet in the
current review, task-based measures of candidate top—down
functions (e.g. attentional control, inhibition, strong
imagery) exhibited limited associations to AHs. However,
much of the literature pertaining to inhibitory cognitive
control, as measured by the dichotic listening task, was
excluded from our synthesis due to non-AH-specific
methodology.

Also associated with AHs in the current review were dif-
ficulties in distinguishing the self-other source and tempo-
ral presentation order of given events, along with reduced
working memory capacity. These trends sit coherently
within the self-monitoring framework, which proposes that
individuals with AHs may exhibit greater difficulties in
identifying with self-generated information (Waters et al.,
2012b). Several functions have been hypothesised to under-
pin self-monitoring difficulties, including the ability to reg-
ister the sensorimotor consequences of one’s actions at a
neurological level (Ford and Mathalon, 2005), and the
capacity to bind contextual cues with events in memory
(Waters et al., 2004). It is possible that difficulties in the
accurate encoding of relevant temporal cues may render the
later recollection of events in memory as fragmented, and
thus intrusive and foreign to oneself (Hardy, 2017; Steel,
2015). This notion applies to current cognitive perspectives
of AHs in the context of trauma (McCarthy-Jones and
Longden, 2016). It is worth acknowledging theoretical over-
lap, in that ‘low-level’ motor/sensory processing and ‘higher
order’ expectations, posited to underpin the above frame-
works, likely occur in conjunction. Consequently, due to its

integrative perspective, the predictive coding account has
recently been employed as a means of reconciling these
concepts (Griffin and Fletcher, 2017; Thakkar et al., 2021).

Clinical implications and developments

Psychological interventions for distressing AHs commonly
focus on shifting individuals’ perceptions of, and relation-
ships with, their voices; in addition to enhancing adaptive
responses and coping strategies. Yet, there is a need to iden-
tify key processes of therapeutic change, rather than con-
tinuing to compare the efficacy of broad therapeutic
frameworks (Thomas et al., 2014). Cognitive remediation
programmes, which aim to improve functions such as
memory, attention and verbal learning in individuals with
schizophrenia-spectrum diagnoses (Wykes etal., 2011),
have limited application to AHs, with mixed findings to
date (Fiszdon etal., 2005; Thomas et al., 2018). Thus,
ongoing cognitive research which considers the above pur-
suits is warranted; and several distinctions could be made
to support clinical relevance. Namely, some processes have
been hypothesised as implicated in the emergence of AHs
(e.g. self-monitoring and context memory), while others
may be more relevant to the phenomenology of such expe-
riences (e.g. affective processing, perceptual expectation
bias) (Waters et al., 2012a). Despite not being feasible for
synthesis here, six out of the 101 studies meeting our initial
inclusion criteria reported investigations between phenom-
enological characteristics of AHs and cognitive function.
Thus, further examination of AH mainfestations (e.g.
valence, distress, controllability), beyond presence, could
be of value. Similarly, differentiating between developmen-
tal and maintenance factors, as demonstrated within delu-
sion literature (e.g. Freeman, 2016), may support the
advancement of cognitive interventions relevant to the pre-
vention, and alleviation, of distressing AHs, respectively.
Future studies considering AH onset and chronicity would
be well positioned to build on these ideas.

Given this review was restricted to AH presence/severity,
it is acknowledged that cognitive processes associated with
common therapeutic targets — such as levels of associated
distress — have not been captured here. However, possible
mechanisms of therapeutic change, aligning to the results of
this review, could include targeting the accurate detection
and anticipation of sensory input, identification with self-
generated events, and integration of contextual memory
cues. For example, imagery rescripting protocols, which
aim to re-contextualise voice-related memories by meeting
client needs and providing a corrective emotional experi-
ence, are hypothesised to target source-memory and context
integration (Paulik etal., 2019). Evaluation of objective
cognitive change markers, alongside the tracking of AH
presentation and/or distress, pre- and post-intervention,
could facilitate more direct links between cognitive mecha-
nisms and key therapeutic outcomes.
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Limitations and scope

There are several limitations within the current system-
atic review. Given the number of studies identified
(n=22,391), stage one screening was completed by a sin-
gle author, posing the possibility of missed records.
Furthermore, the range of summarised cognitive mecha-
nisms have, in many instances, been assessed with a
breadth of novel behavioural paradigms. A key example
is the operationalisation of internal—external source-mon-
itoring, represented by memory for self (read/imagined)
vs other (heard) words; differentiation of self vs other
distorted speech; recognition of self-speech feedback
delay; and recollection of learned words (other-presented)
vs extra-list intrusions (self-originating errors). This ren-
dered the definition of valid constructs, and development
of broader cognitive themes, quite challenging, and over-
lap was inevitable. Given the scope of data, we chose to
focus on methodological concerns regarding the meas-
urement of AHs, cutting across studies, rather than prov-
ing a detailed critique of cognitive tasks. However,
variation in task parameters can be seen in the results,
and thus, some cognitive mechanisms may benefit from
refinement. A range of stimulus presentation forms were
also present. Conceptually, this assumes cognitive mech-
anisms to be modality-general in nature, and while we
did not consider this in detail, further clarification is
required to support such assumptions (Fernyhough,
2019). Importantly, the direction of relationships between
cognition and AHs remains unconfirmed, and while dif-
ficulties are often inferred as mechanisms for AHs, they
may also reflect by-products of such experiences. In
addition, the status of antipsychotic medication use
within study samples was not assessed during quality
assessment or data extraction, due to inconsistent report-
ing of, and/or statistically controlling for, this informa-
tion. However, antipsychotic medication use is recognised
a possible confounding factor when examining cognitive
performance (Haddad et al., 2023).

In contrasting the relative evidence supporting each cog-
nitive mechanism, we focused on the proportion of signifi-
cant results reported for each, as presented by the original
authors. In some instances, a notable proportion of non-
significant findings were also present (e.g. just under 50%
internal-external source-monitoring studies), and thus,
appropriate caution should be exercised when interpreting
overall trends. It is also recognised that not all investiga-
tions can be attributed equal weighting, due to methodo-
logical concerns and sample size limitations. Nevertheless,
this review offered a nuanced summary of a highly hetero-
geneous dataset, providing important insights into
the methodological landscape of this field. Alternative
approaches to synthesis (e.g. meta-analysis) could com-
plement these findings in future. Finally, empirical evi-
dence supporting theoretical AH models have emerged
from various lines of investigation, extending beyond the

behavioural paradigms examined (e.g. electrophysiology,
brain-imaging). Thus, while limited evidence was noted for
some models, inspection of complimentary research
streams may provide alternative conclusions.

Recommendations for future research

Recommendations for future research are focused on three
areas: expanding, and matching for, the broader psycho-
logical context; measuring the timeframe of hallucinatory
experiences; and specifying the sensory modality in which
they emerge. Given that AHs emerge within a range of
psychological conditions and the wider population (De
Leede-Smith and Barkus, 2013; Sommer et al., 2010), the
utility of transdiagnostic investigation is noted. With
respect to expanding the psychological context of this
research, cognitive investigations into the healthy AH con-
tinuum are progressing (e.g. Moseley et al., 2022), yet
studies of this nature beyond schizophrenia-spectrum
diagnoses are lacking. Phenomenological research exam-
ining hallucinations in the context of trauma are abundant
and have begun to draw theoretical links with psychosis
(McCarthy-Jones and Longden, 2016). However, at this
stage, complementary task-based cognitive investigations
warrant further attention, as do related conditions, such as
borderline personality disorder. To this end, efforts should
be made to match groups on psychological profiles where
possible, with and without AHs, so that distinctions from
related experiences can be made.

Explicitly defining and measuring the timeframe of
AHs is also recommended, to allow for inferences regard-
ing state vs trait cognitive markers. Importantly, links
between proposed cognitive functions and current AHs do
not, in isolation, confirm their role as a state marker.
Rather, appropriate contrasts with past AHs are required,
to identify the potential for cognitive change in conjunc-
tion with AH remission. Ideally, longitudinal investiga-
tion would be most revealing, although cross-sectional
examination of AH status variations may provide a more
feasible option. It is acknowledged that quantifying the
status of complex phenomena, such as AHs, is difficult,
given the need for arbitrary boundaries. Therefore, trans-
parent reporting of AH measurement parameters is imper-
ative in aiding cross-study comparisons. Going forward,
the utilisation of measures which specifically examine
hallucinations across each of the respective senses, rather
than collapsing these diverse experiences into a single
item, is advised. Subsequently, care must be taken when
forming inferences regarding each sensory modality, so as
to not form unfounded cross-modal conclusions.
Appropriate measurement of these experiences will not
only provide clarity within the AH literature, but also
inform much needed investigations into the cognitive
underpinnings of hallucinations beyond the auditory
modality (Toh et al., 2019).
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Conclusion

The current review highlighted the breadth and complexity
of research examining cognition in the context of AHs.
Difficulties in signal detection/expectation, self-other-
source and temporal context monitoring, working memory,
and language fluency, exhibited the most consistent links to
AHs. Conceptually, these functions align with predictive
coding and self-monitoring frameworks, and theoretical
overlap is acknowledged. A lack of specificity regarding the
sensory modality of hallucinatory experiences measured, as
well as the common use of diagnostic-based comparisons,
were of primary concern. Thus, we noted discrepancies
between some theoretical AH models and corresponding
empirical evidence. Finally, we recommended the extension
of this research into broader transdiagnostic and healthy
populations, in conjunction with relevant therapeutic inter-
vention, to advance the field in a meaningful way.
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Notes

1. Records were excluded if samples and analyses duplicated
those reported in prior publications.

2. Given its prevalence, working memory was considered sepa-
rately in the ‘general memory’ table.

3. Nine studies were not included in sample size/characteristic
calculations due to sample duplication. In this case, studies
with the largest auditory hallucination (AH)-specific samples
were considered.

4. While it is acknowledged that processing speed is not typi-
cally defined as an executive function, it is an important
associated process and was therefore considered within this
domain.

5. While a cut-off of 20+ cases is ultimately an arbitrary repre-
sentation of sample size adequacy, it is reflective of typical
sample sizes within this body of literature and allowed for
observation of sample size trends and limitations.

6.  Asimple contrast (independent groups #-test) with two groups
of 20 participants provides 80% power to detect effect sizes
of d=0.8 or larger. It is reasonable to assume that associa-
tions between AH and cognition are likely to be smaller than
this, so it is critical that future studies recruit larger sample
sizes or justify their decision to detect only effect sizes of this
magnitude.

References

Alba-Ferrara L, De Erausquin GA, Hirnstein M, et al. (2013) Emotional
prosody modulates attention in schizophrenia patients with hallucina-
tions. Frontiers in Human Neuroscience 7: 59.

Aleman A, Bocker KBE, Hijman R, et al. (2003) Cognitive basis of hallu-
cinations in schizophrenia: Role of top-down information processing.
Schizophrenia Research 64: 175-185.

Allen PP, Amaro E, Fu CHY, et al. (2007) Neural correlates of the misat-
tribution of speech in schizophrenia. British Journal of Psychiatry
190: 162—-169.

Allen PP, Johns LC, Fu CHY, etal. (2004) Misattribution of external
speech in patients with hallucinations and delusions. Schizophrenia
Research 69: 277-287.

Andreasen NC (1984) The Scale for the assessment of positive symptoms
(SAPS). Iowa City: The University of lowa.

Antonova I, van Swam C, Hubl D, et al. (2021) Altered visuospatial pro-
cessing in schizophrenia: An event-related potential microstate analy-
sis comparing patients with and without hallucinations with healthy
controls. Neuroscience 479: 140-156.

Badcock JC and Hugdahl K (2014) A synthesis of evidence on inhibitory
control and auditory hallucinations based on the Research Domain
Criteria (RDoC) framework. Frontiers in Human Neuroscience 8:
180.

Badcock JC, Waters FAV, Maybery MT, etal. (2005) Auditory hal-
lucinations: Failure to inhibit irrelevant memories. Cognitive
Neuropsychiatry 10: 125-136.

Bentall RP (1990) The illusion of reality: A review and integration of psy-
chological research on hallucinations. Psychological Bulletin 107:
82-95.

Bentall RP and Slade PD (1985) Reality testing and auditory halluci-
nations: A signal detection analysis. British Journal of Clinical
Psychology 24: 159-169.

Bentall RP, Baker GA and Havers S (1991) Reality monitoring and psy-
chotic hallucinations. British Journal of Clinical Psychology 30:
213-222.

Bhatia T, Garg K, Pogue-Geile M, et al. (2009) Executive functions and
cognitive deficits in schizophrenia: Comparisons between probands,
parents and controls in India. Journal of Postgraduate Medicine 55:
3-7.

Blakemore SJ, Smith J, Steel R, et al. (2000) The perception of self-pro-
duced sensory stimuli in patients with auditory hallucinations and
passivity experiences: Evidence for a breakdown in self-monitoring.
Psychological Medicine 30: 1131-1139.

Brébion G, David AS, Bressan RA, etal. (2009) Hallucinations and
two types of free-recall intrusion in schizophrenia. Psychological
Medicine 39: 917-926.

Australian & New Zealand Journal of Psychiatry, 00(0)



https://orcid.org/0009-0007-8838-7463
https://orcid.org/0000-0002-4187-1182
https://orcid.org/0000-0002-7415-8252

28

ANZJP Articles

Brébion G, David AS, Jones HM, et al. (2007a) Temporal context dis-
crimination in patients with schizophrenia: Associations with audi-
tory hallucinations and negative symptoms. Neuropsychologia 45:
817-823.

Brébion G, David AS, Ohlsen R, etal. (2007b) Visual memory errors
in schizophrenic patients with auditory and visual hallucinations.
Journal of the International Neuropsychological Society 13: 832-838.

Brébion G, Ohlsen RI, Pilowsky LS, et al. (2008) Visual hallucinations
in schizophrenia: Confusion between imagination and perception.
Neuropsychology 22: 383-389.

Brébion G, Ohlsen RI, Pilowsky LS, etal. (2011) Serial and semantic
encoding of lists of words in schizophrenia patients with visual hal-
lucinations. Psychiatry Research 186: 5-10.

Brébion G, Stephan-Otto C, Cuevas-Esteban J, etal. (2020) Impaired
memory for temporal context in schizophrenia patients with hallu-
cinations and thought disorganisation. Schizophrenia Research 220:
225-231.

Brébion G, Stephan-Otto C, Ochoa S, et al. (2016) Impaired self-monitor-
ing of inner speech in schizophrenia patients with verbal hallucina-
tions and in non-clinical individuals prone to hallucinations. Frontiers
in Psychology 7: 1381.

Brébion G, Stephan-Otto C, Ochoa S, et al. (2019) Clinical and non-clini-
cal hallucinations are similarly associated with source memory errors
in a visual memory task. Consciousness and Cognition 76: 102823.

Brébion G, Stephan-Otto C, Usall J, et al. (2015) Association of auditory-
verbal and visual hallucinations with impaired and improved recogni-
tion of colored pictures. Neuropsychology 29: 667-674.

Bristow E, Tabraham P, Smedley N, etal. (2014) Jumping to percep-
tions and to conclusions: Specificity to hallucinations and delusions.
Schizophrenia Research 154: 68-72.

Brookwell ML, Bentall RP and Varese F (2013) Externalizing biases
and hallucinations in source-monitoring, self-monitoring and signal
detection studies: A meta-analytic review. Psychological Medicine
43:2465-2475.

Bruder GE, Alschuler DM, Kroppmann CJ, etal. (2011) Heterogeneity
of auditory verbal working memory in schizophrenia. Journal of
Abnormal Psychology 120: 88-97.

Brunelin J, Combris M, Poulet E, et al. (2006) Source monitoring deficits
in hallucinating compared to non-hallucinating patients with schizo-
phrenia. European Psychiatry 21: 259-261.

Bucci S, Startup M, Wynn P, et al. (2008) Referential delusions of com-
munication and reality discrimination deficits in psychosis. British
Journal of Clinical Psychology 47: 323-334.

Buckley PF, Miller BJ, Lehrer DS, et al. (2009) Psychiatric comorbidities
and schizophrenia. Schizophrenia Bulletin 35: 383—402.

Carter CS, Robertson LC, Nordahl TE, et al. (1996) Perceptual and atten-
tional asymmetries in schizophrenia: Further evidence for a left hemi-
sphere deficit. Psychiatry Research 62: 111-119.

Catts SV, Armstrong MS, Norcross K, et al. (1980) Auditory hallucina-
tions and the verbal transformation effect. Psychological Medicine
10: 139-144.

Chandiramani K and Varma VK (1987) Imagery in schizophrenic patients
compared with normal controls. The British Journal of Medical
Psychology 60: 335-341.

Chhabra H, Selvaraj S, Sreeraj VS, et al. (2022) Functional near-infrared
spectroscopy in schizophrenia patients with auditory verbal hal-
lucinations: Preliminary observations. Asian Journal of Psychiatry
73:103127.

Chhabra H, Sowmya S, Sreeraj VS, et al. (2016) Auditory false percep-
tion in schizophrenia: Development and validation of auditory signal
detection task. Asian Journal of Psychiatry 24: 23-27.

Chhabra S, Badcock JC and Maybery MT (2013) Memory binding in clin-
ical and non-clinical psychotic experiences: How does the continuum
model fare? Cognitive Neuropsychiatry 18: 304-325.

Chhabra S, Badcock JC, Maybery MT, et al. (2012) Voice identity dis-
crimination in schizophrenia. Neuropsychologia 50: 2730-2735.

Chu RST, Ng CM, Chan KN, et al. (2021) Aberrant learned irrelevance
in patients with first-episode schizophrenia-spectrum disorder. Brain
Sciences 11: 1370.

Cohen J (1988) Statistical Power Analysis for the Behavioral Sciences.
New York: Routledge.

Corlett PR, Horga G, Fletcher PC, et al. (2019) Hallucinations and strong
priors. Trends in Cognitive Sciences 23: 114-127.

Daalman K, Verkooijen S, Derks EM, etal. (2012) The influence of
semantic top-down processing in auditory verbal hallucinations.
Schizophrenia Research 139: 82-86.

Damiani S, Donadeo A, Bassetti N, et al. (2022) Understanding source mon-
itoring subtypes and their relation to psychosis: A systematic review
and meta-analysis. Psychiatry and Clinical Neurosciences 76: 162—171.

David AS (2004) The cognitive neuropsychiatry of auditory verbal hallu-
cinations: An overview. Cognitive Neuropsychiatry 9: 107-123.

De Leede-Smith S and Barkus E (2013) A comprehensive review of
auditory verbal hallucinations: Lifetime prevalence, correlates and
mechanisms in healthy and clinical individuals. Frontiers in Human
Neuroscience 7: 367.

Docherty NM (2012) Missing referents, psychotic symptoms, and dis-
criminating the internal from the externalized. Journal of Abnormal
Psychology 121: 416-423.

Dodgson G and Gordon S (2009) Avoiding false negatives: Are some
auditory hallucinations an evolved design flaw? Behavioural and
Cognitive Psychotherapy 37: 325-334.

Evans CL, McGuire PK and David AS (2000) Is auditory imagery defec-
tive in patients with auditory hallucinations? Psychological Medicine
30: 137-148.

Fernyhough C (2019) Modality-general and modality-specific processes
in hallucinations. Psychological Medicine 49: 2639-2645.

Fiszdon JM, Whelahan H, Bryson GJ, et al. (2005) Cognitive training
of verbal memory using a dichotic listening paradigm: Impact on
symptoms and cognition. Acta Psychiatrica Scandinavica 112:
187-193.

Ford JM and Mathalon DH (2005) Corollary discharge dysfunction in
schizophrenia: Can it explain auditory hallucinations? International
Journal of Psychophysiology 58: 179-189.

Franck N, Rouby P, Daprati E, et al. (2000) Confusion between silent
and overt reading in schizophrenia. Schizophrenia Research 41:
357-364.

Freeman D (2016) Persecutory delusions: A cognitive perspective on
understanding and treatment. The Lancet Psychiatry 3: 685-692.
Gaudiot C, Du X, Summerfelt A, etal. (2019) A working memory
related mechanism of auditory hallucinations. Journal of Abnormal

Psychology 128: 423-430.

Gisselgard J, Anda LG, Brennick K, et al. (2014) Verbal working memory
deficits predict levels of auditory hallucination in first-episode psy-
chosis. Schizophrenia Research 153: 38-41.

Green MF, Hugdahl K and Mitchell S (1994) Dichotic listening during
auditory hallucinations in patients with schizophrenia. American
Journal of Psychiatry 151: 357-362.

Griffin JD and Fletcher PC (2017) Predictive processing, source moni-
toring, and psychosis. Annual Review of Clinical Psychology 13:
265-289.

Guillem F, Bicu M, Bloom D, et al. (2001) Neuropsychological impair-
ments in the syndromes of schizophrenia: A comparison between
different dimensional models. Brain and Cognition 46: 153—159.

Guillem F, Rinaldi M, Pampoulova T, et al. (2008) The complex relation-
ships between executive functions and positive symptoms in schizo-
phrenia. Psychological Medicine 38: 853-860.

Haddad C, Salameh P, Sacre H, et al. (2023) Effects of antipsychotic and
anticholinergic medications on cognition in chronic patients with
schizophrenia. BMC Psychiatry 23: 61.

Haddock G, Slade PD, Prasaad R, et al. (1996) Functioning of the pho-
nological loop in auditory hallucinations. Personality and Individual
Differences 20: 753-760.

Australian & New Zealand Journal of Psychiatry, 00(0)



Bell et al.

29

Hardy A (2017) Pathways from trauma to psychotic experiences: A
theoretically informed model of posttraumatic stress in psychosis.
Frontiers in Psychology 8: 697.

HeJ,RenH, LiJ, et al. (2022) Deficits in sense of body ownership, sensory
processing, and temporal perception in schizophrenia patients with/
without auditory verbal hallucinations. Frontiers in Neuroscience 16:
831714.

Heilbronner U, Samara M, Leucht S, et al. (2016) The longitudinal course
of schizophrenia across the lifespan: Clinical, cognitive, and neuro-
biological aspects. Harvard Review of Psychiatry 24: 118-128.

Heilbrun AB and Blum NA (1984) Cognitive vulnerability to auditory
hallucination: Impaired perception of meaning. British Journal of
Psychiatry 144: 508-512.

Heilbrun AB, Blum N and Haas M (1983) Cognitive vulnerability to audi-
tory hallucination: Preferred imagery mode and spatial location of
sounds. British Journal of Psychiatry 143: 294-299.

Henquet C, van Os J, Pries LK, etal. (2020) A replication study of
JTC bias, genetic liability for psychosis and delusional ideation.
Psychological Medicine 52: 1777-1783.

Hoffman RE (1999) New methods for studying hallucinated ‘voices’ in
schizophrenia. Acta Psychiatrica Scandinavica. Supplementum 99:
89-94.

Hoffman RE, Rapaport J, Mazure CM, et al. (1999) Selective speech per-
ception alterations in schizophrenic patients reporting hallucinated
‘voices’. American Journal of Psychiatry 156: 393-399.

Hubl D, Moor N, Kindler J, et al. (2020) Speed, accuracy, and efficiency
of judgements of coincidence between speech acts and auditory per-
ception during a delayed auditory feedback paradigm: A behavioral
study in patients with schizophrenia. Timing and Time Perception 8:
177-191.

Hugdahl K, Leberg EM, Falkenberg LE, etal. (2012) Auditory verbal
hallucinations in schizophrenia as aberrant lateralized speech percep-
tion: Evidence from dichotic listening. Schizophrenia Research 140:
59-64.

Imrey P (2020) Limitations of meta-analyses of studies with high hetero-
geneity. JAMA Network Open 3: €¢1919325.

Ishigaki T and Tanno Y (1999) The signal detection ability of patients with
auditory hallucination: Analysis using the continuous performance
test. Psychiatry and Clinical Neurosciences 53: 471-476.

Jacobsen P, Peters E, Ward T, et al. (2019) Overgeneral autobiographical
memory bias in clinical and non-clinical voice hearers. Psychological
Medicine 49: 113-120.

Jardri R and Denéve S (2013) Circular inferences in schizophrenia. Brain
136: 3227-3241.

Jenkins LM, Bodapati AS, Sharma RP, et al. (2018) Working memory pre-
dicts presence of auditory verbal hallucinations in schizophrenia and
bipolar disorder with psychosis. Journal of Clinical and Experimental
Neuropsychology 40: 84-94.

Johns LC, Gregg L, Allen P, et al. (2006) Impaired verbal self-monitor-
ing in psychosis: Effects of state, trait and diagnosis. Psychological
Medicine 36: 465-474.

Johns LC, Rossell S, Frith C, etal. (2001) Verbal self-monitoring and
auditory verbal hallucinations in patients with schizophrenia.
Psychological Medicine 31: 705-715.

Jones SR and Fernyhough C (2007) Thought as action: Inner speech, self-
monitoring, and auditory verbal hallucinations. Consciousness and
Cognition 16: 391-399.

Kapur S (2003) Psychosis as a state of aberrant salience: A framework
linking biology, phenomenology, and pharmacology in schizophrenia.
American Journal of Psychiatry 160: 13-23.

Kay SR, Fiszbein A and Opler LA (1987) The positive and negative syn-
drome scale (PANSS) for schizophrenia. Schizophrenia Bulletin 13:
261-276.

Kayser J, Tenke CE, Kroppmann CJ, et al. (2012) A neurophysiological
deficit in early visual processing in schizophrenia patients with audi-
tory hallucinations. Psychophysiology 49: 1168-1178.

Kot T and Serper M (2002) Increased susceptibility to auditory condition-
ing in hallucinating schizophrenic patients: A preliminary investiga-
tion. Journal of Nervous and Mental Disease 190: 282-288.

Krakvik B, Stiles T and Hugdahl K (2013) Experiencing malevolent
voices is associated with attentional dysfunction in psychotic patients.
Scandinavian Journal of Psychology 54: 72-77.

Lakens D (2013) Calculating and reporting effect sizes to facilitate cumu-
lative science: A practical primer for t-tests and ANOVAs. Frontiers
in Psychology 4: 863.

Laloyaux J, Della Libera C and Larei F (2018) Source flexibility in schiz-
ophrenia: Specificity and role in auditory hallucinations. Cognitive
Neuropsychiatry 23: 393-407.

Lee JS, Chun JW, Lee SH, etal. (2013) Association of impaired reality
processing with psychotic symptoms in schizophrenia. Psychiatry
Research 210: 721-728.

Lee SH, Chung YC, Yang JC, et al. (2004) Abnormal speech perception in
schizophrenia with auditory hallucinations. Acta Neuropsychiatrica
16: 154-159.

Lenhard W and Lenhard A (2016) Computation of effect sizes. Available at:
www.psychometrica.de/effect_size.html (accessed 16 December 2022).

Levitan C, Ward PB and Catts SV (1999) Superior temporal gyral volumes
and laterality correlates of auditory hallucinations in schizophrenia.
Biological Psychiatry 46: 955-962.

Li CSR, Chen MC, Yang YY, et al. (2002) Altered performance of schizo-
phrenia patients in an auditory detection and discrimination task:
Exploring the ‘self-monitoring” model of hallucination. Schizophrenia
Research 55: 115-128.

Loberg EM, Jorgensen HA and Hugdahl K (2004) Dichotic listening in
schizophrenic patients: Effects of previous vs. ongoing auditory hal-
lucinations. Psychiatry Research 128: 167-174.

Loberg EM, Jorgensen HA, Kroken RA, etal. (2015) Auditory verbal
hallucinations reflect stable auditory attention deficits: A prospective
study. Cognitive Neuropsychiatry 20: 81-94.

McCarthy-Jones S and Longden E (2016) Auditory verbal hallucinations
in schizophrenia and post-traumatic stress disorder: Common phe-
nomenology, common cause, common interventions? Frontiers in
Psychology 6: 1071.

McCarthy-Jones S, Smailes D, Corvin A, et al. (2017) Occurrence and co-
occurrence of hallucinations by modality in schizophrenia-spectrum
disorders. Psychiatry Research 252: 154-160.

McKay CM, Headlam DM and Copolov DL (2000) Central auditory pro-
cessing in patients with auditory hallucinations. American Journal of
Psychiatry 157: 759-766.

McKay SE, Golden CJ and Scott M (1981) Neuropsychological corre-
lates of auditory and visual hallucinations. International Journal of
Neuroscience 15: 87-94.

McLachlan NM, Phillips DS, Rossell SL, et al. (2013) Auditory process-
ing and hallucinations in schizophrenia. Schizophrenia Research 150:
380-385.

Mobher D, Shamseer L, Clarke M, et al. (2015) Preferred reporting items
for systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Systematic Reviews 4: 1.

Morrison AP and Haddock G (1997) Cognitive factors in source moni-
toring and auditory hallucinations. Psychological Medicine 27:
669-679.

Moseley P, Alderson-Day B, Common S, et al. (2022) Continuities and
discontinuities in the cognitive mechanisms associated with clinical
and nonclinical auditory verbal hallucinations. Clinical Psychological
Science 10: 752-766.

Ocklenburg S, Westerhausen R, Hirnstein M, et al. (2013) Auditory hal-
lucinations and reduced language lateralization in schizophrenia:
A meta-analysis of dichotic listening studies. Journal of the
International Neuropsychological Society 19: 410-418.

Olsson O and Nielzen S (1999a) Contralateral induction by frequency
spectrum in hallucinating schizophrenics. Psychiatry Research 87:
65-75.

Australian & New Zealand Journal of Psychiatry, 00(0)



www.psychometrica.de/effect_size.html

30

ANZJP Articles

Olsson O and Nielzén S (1999b) Perceptual restoration of missing sounds
in a group of hallucinating schizophrenics. Perceptual and Motor
Skills 89: 315-326.

Papageorgiou C, Oulis P, Vasios C, et al. (2003) Do atypical antipsy-
chotics fail to exert cognitive sparing effects? NeuroReport 14:
505-509.

Paulik G, Steel C and Arntz A (2019) Imagery rescripting for the treatment
of trauma in voice hearers: A case series. Behavioural and Cognitive
Psychotherapy 47: 709-725.

Perrin MA, Kantrowitz JT, Silipo G, et al. (2018) Mismatch negativity
(MMN) to spatial deviants and behavioral spatial discrimination abil-
ity in the etiology of auditory verbal hallucinations and thought disor-
der in schizophrenia. Schizophrenia Research 191: 140-147.

Pinheiro AP, Rezaii N, Rauber A, et al. (2016) Is this my voice or yours?
The role of emotion and acoustic quality in self-other voice discrimi-
nation in schizophrenia. Cognitive Neuropsychiatry 21: 335-353.

Powers AR, Mathys C and Corlett PR (2017) Pavlovian conditioning—
induced hallucinations result from overweighting of perceptual priors.
Science 357: 596-600.

Rocca P, Castagna F, Marchiaro L, etal. (2006) Neuropsychological
correlates of reality distortion in schizophrenic patients. Psychiatry
Research 145: 49-60.

Rossell SL and Boundy CL (2005) Are auditory-verbal hallucinations
associated with auditory affective processing deficits? Schizophrenia
Research 78: 95-106.

Rossell SL, Shapleske J, Fukuda R, et al. (2001) Corpus callosum area and
functioning in schizophrenic patients with auditory-verbal hallucina-
tions. Schizophrenia Research 50: 9-17.

Rossell SL, Van Rheenen TE, Groot C, et al. (2013) Investigating affec-
tive prosody in psychosis: A study using the Comprehensive Affective
Testing System. Psychiatry Research 210: 896-900.

Schnakenberg Martin AM, Bartolomeo L, Howell J, et al. (2018) Auditory
feature perception and auditory hallucinatory experiences in schizo-
phrenia spectrum disorder. European Archives of Psychiatry and
Clinical Neuroscience 268: 653—661.

Schneider SJ and Wilson CR (1983) Perceptual discrimination and reac-
tion time in hallucinatory schizophrenics. Psychiatry Research 9:
243-253.

Seal ML, Aleman A and McGuire PK (2004) Compelling imagery,
unanticipated speech and deceptive memory: Neurocognitive mod-
els of auditory verbal hallucinations in schizophrenia. Cognitive
Neuropsychiatry 9: 43-72.

Seal ML, Crowe SF and Cheung P (1997) Deficits in source monitoring
in subjects with auditory hallucinations may Be due to differences in
verbal intelligence and verbal memory. Cognitive Neuropsychiatry 2:
273-290.

Selvaraj S, Chhabra H, Dinakaran D, et al. (2021) Auditory signal detec-
tion in schizophrenia: Correlates with auditory verbal hallucinations
& effect of single session transcranial direct current stimulation
(tDCS). Psychiatry Research 297: 113704.

Shah D, Knott V, Baddeley A, etal. (2018) Impairments of emotional
face processing in schizophrenia patients: Evidence from P100, N170
and P300 ERP components in a sample of auditory hallucinators.
International Journal of Psychophysiology 134: 120—134.

Shea TL, Sergejew AA, Burnham D, etal. (2007) Emotional prosodic
processing in auditory hallucinations. Schizophrenia Research 90:
214-220.

Siddi S, Petretto DR, Burrai C, et al. (2017) The role of set-shifting in audi-
tory verbal hallucinations. Comprehensive Psychiatry 74: 162—172.

Siddi S, Petretto DR, Scanu R, et al. (2016) Deficits in metaphor but not
in idiomatic processing are related to verbal hallucinations in patients
with psychosis. Psychiatry Research 246: 101-112.

Smailes D, Alderson-Day B, Hazell C, et al. (2022) Measurement prac-
tices in hallucinations research. Cognitive Neuropsychiatry 27:
183-198.

Smith P and Gudjonsson G (1995) The relationship of mental disorder to
suggestibility and confabulation among forensic inpatients. Journal of
Forensic Psychiatry 6: 499-515.

Sommer IE, Daalman K, Rietkerk T, etal. (2010) Healthy individuals
with auditory verbal hallucinations; Who are they? psychiatric assess-
ments of a selected sample of 103 subjects. Schizophrenia Bulletin
36: 633-641.

Steel C (2015) Hallucinations as a trauma-based memory: Implications
for psychological interventions. Frontiers in Psychology 6: 1262.

Stephane M (2019) The self, agency and spatial externalizations of inner
verbal thoughts, and auditory verbal hallucinations. Frontiers in
Psychiatry 10: 668.

Stephane M, Kuskowski M, McClannahan K, et al. (2010a) Evaluation of
inner-outer space distinction and verbal hallucinations in schizophre-
nia. Cognitive Neuropsychiatry 15: 441-450.

Stephane M, Kuskowski M, McClannahan K, et al. (2010b) Evaluation of
speech misattribution bias in schizophrenia. Psychological Medicine
40: 741-748.

Sterzer P, Adams RA, Fletcher P, etal. (2018) The predictive coding
account of psychosis. Biological Psychiatry 84: 634—643.

Strawson WH, Wang HT, Quadt L, et al. (2021) Voice hearing in Borderline
Personality Disorder across perceptual, subjective and neural dimen-
sions. International Journal of Neuropsychopharmacology 25: 375—
386.

Sun Q, Fang Y, Shi Y, et al. (2021) Inhibitory top-down control deficits in
schizophrenia with auditory verbal hallucinations: A Go/NoGo task.
Frontiers in Psychiatry 12: 544746.

Szoke A, Trandafir A, Dupont ME, et al. (2008) Longitudinal studies of
cognition in schizophrenia: Meta-analysis. The British Journal of
Psychiatry 192: 248-257.

Thakkar KN, Mathalon DH and Ford JM (2021) Reconciling compet-
ing mechanisms posited to underlie auditory verbal hallucina-
tions. Philosophical Transactions of the Royal Society B-Biological
Sciences 376: 20190702.

Thomas ML, Bismark AW, Joshi YB, etal. (2018) Targeted cogni-
tive training improves auditory and verbal outcomes among treat-
ment refractory schizophrenia patients mandated to residential care.
Schizophrenia Research 202: 378-384.

Thomas N, Hayward M, Peters E, et al. (2014) Psychological therapies for
auditory hallucinations (voices): Current status and key directions for
future research. Schizophrenia Bulletin 40: S202—S212.

Thompson IM and Copolov DL (1998) The psycholinguistics of auditory
hallucinations. Aphasiology 12: 919-932.

Titone D and Levy DL (2004) Lexical competition and spoken word
identification in schizophrenia. Schizophrenia Research 68: 75-85.

Toh WL, McCarthy-Jones S, Copolov D, etal. (2019) Have we over-
looked the significance of multinodal hallucinations in schizophre-
nia? Psychiatry Research 279: 358-360.

Toh WL, Tan EJ, Neill E, et al. (2020) Identifying the cognitive underpin-
nings of voice-hearing by comparing never, past and current voice-
hearers. Acta Psychiatrica Scandinavia 141: 553-562.

Tracy DK and Shergill SS (2013) Mechanisms underlying auditory hal-
lucinations — Understanding perception without stimulus. Brain
Sciences 3: 642—669.

Upthegrove R, Broome MR, Caldwell K, etal. (2016) Understanding
auditory verbal hallucinations: A systematic review of current evi-
dence. Acta Psychiatrica Scandinavica 133: 352-367.

Versmissen D, Janssen I, Johns L, et al. (2007) Verbal self-monitor-
ing in psychosis: A non-replication. Psychological Medicine 37:
569-576.

Versmissen D, Janssen I, Myin-Germeys I, et al. (2008) Evidence for a
relationship between mentalising deficits and paranoia over the psy-
chosis continuum. Schizophrenia Research 99: 103—110.

Waters F, Allen P, Aleman A, etal. (2012a) Auditory hallucinations in
schizophrenia and nonschizophrenia populations: A review and

Australian & New Zealand Journal of Psychiatry, 00(0)



Bell et al.

31

integrated model of cognitive mechanisms. Schizophrenia Bulletin
38: 683-693.

Waters F, Badcock JC, Maybery MT, et al. (2003) Inhibition in schizo-
phrenia: Association with auditory hallucinations. Schizophrenia
Research 62: 275-280.

Waters F, Badcock JC, Michie PT, et al. (2006) Auditory hallucinations in
schizophrenia: Intrusive thoughts and forgotten memories. Cognitive
Neuropsychiatry 11: 65-83.

Waters F, Maybery MT, Badcock JC, et al. (2004) Context memory and
binding in schizophrenia. Schizophrenia Research 68: 119-125.

Waters F, Woodward T, Allen P, et al. (2012b) Self-recognition deficits in
schizophrenia patients with auditory hallucinations: A meta-analysis
of the literature. Schizophrenia Bulletin 38: 741-750.

Wells G, Shea B, O’Connell D, et al. (2000) The Newcastle-Ottawa Scale
(NOS) for assessing the quality of non-randomized studies in meta-
analysis. Available at: www.ohri.ca/programs/clinical epidemiology/
oxford.asp (accessed 27 June 2019).

Woodward TS, Menon M and Whitman JC (2007) Source monitoring
biases and auditory hallucinations. Cognitive Neuropsychiatry 12:
477-494.

Wykes T, Huddy V, Cellard C, etal. (2011) A meta-analysis of cogni-
tive remediation for schizophrenia: Methodology and effect sizes.
American Journal of Psychiatry 168: 472-485.

Yang F, Zhu H, Yu L, et al. (2021) Deficits in multi-scale top-down pro-
cesses distorting auditory perception in schizophrenia. Behavioural
Brain Research 412: 113411.

Zenisek R, Thaler NS, Sutton GP, et al. (2015) Auditory processing defi-
cits in bipolar disorder with and without a history of psychotic fea-
tures. Bipolar Disorders 17: 769-780.

Zhuo C, Chen M, Xu Y, etal. (2020) Reciprocal deterioration of
visual and auditory hallucinations in schizophrenia presents
V-shaped cognition impairment and widespread reduction in brain
gray matter-A pilot study. Journal of Clinical Neuroscience 79:
154-159.

Australian & New Zealand Journal of Psychiatry, 00(0)



www.ohri.ca/programs/clinical_epidemiology/oxford.asp
www.ohri.ca/programs/clinical_epidemiology/oxford.asp

