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sensory modalities
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aCumbria, Northumberland, Tyne and Wear NHS Foundation Trust, Newcastle Upon Tyne, UK; bSchool of
Psychology, Newcastle University, Newcastle Upon Tyne, UK; cDepartment of Psychology, Northumbria
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ABSTRACT

Introduction: Vivid mental imagery has been proposed to increase
the likelihood of experiencing hallucinations. Typically, studies have
employed a modality general approach to mental imagery which
compares imagery across multiple domains (e.g., visual, auditory
and tactile) to hallucinations in multiple senses. However,
modality specific imagery may be a better predictor of
hallucinations in the same domain. The study examined the
contribution of imagery to hallucinations in a non-clinical sample
and specifically whether imagery best predicted hallucinations at
a modality general or modality specific level.
Methods: In study one, modality general and modality specific
accounts of the imagery-hallucination relationship were
contrasted through application of self-report measures in a
sample of 434 students. Study two used a subsample (n = 103) to
extend exploration of the imagery-hallucinations relationship
using a performance-based imagery task.
Results: A small to moderate modality general relationship was
observed between self-report imagery and hallucination
proneness. There was only evidence of a modality specific
relationship in the tactile domain. Performance-based imagery
measures were unrelated to hallucinations and self-report imagery.
Conclusions: Mental imagery may act as a modality general
process increasing hallucination proneness. The observed
distinction between self-report and performance-based imagery
highlights the difficulty of accurately measuring internal processes.
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Introduction

Auditory hallucinations are reported by around 60–80% of individuals with psychosis (de

Leede-Smith & Barkus, 2013). However, they are not uncommon in non-clinical partici-

pants whom also report auditory hallucinations. Lifetime prevalence estimates of around
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7% (McGrath et al., 2015) are reported, but they can be much more commonly reported

(see Linszen et al., 2022).

For people with psychosis there has been an understandable focus on auditory hallu-

cinations given their prevalence and impact (Sheaves et al., 2023). However, increasingly

the importance of hallucinations in other sensory modalities is recognised. In two clinical

samples, McCarthy-Jones et al. (2017) found a range of modalities reported across the

lifetime; 64–80% auditory, 23–31% visual, 9–19% tactile and 6–10% olfactory. In

people with psychosis there is a characteristic pattern of auditory being more common

than visual hallucinations, which are more common than hallucinations in other

sensory modalities (Toh et al., 2020). However, whilst non-clinical participants also

report a range of unusual sensory experiences it seems that auditory and visual experi-

ences are reported to a similar degree (Toh et al., 2020).

What leads people to see and hear things is complex, but one hypothesis is that indi-

viduals who hallucinate more frequently attribute internally generated phenomena to

external sources (Waters et al., 2012; though, see Moseley et al., 2021, 2022). This bias

may reflect a difference in reality monitoring which is an individual’s ability to discrimi-

nate between memories derived from perception and mental content generated by

thought, imagination and dreams (Johnson & Raye, 1981). It is possible individuals

are generating internal representations that are as intense and specific as externally pro-

vided stimuli leading the reality monitoring system to interpret them as occurring exter-

nally (Fazekas, 2021). Such an explanation has parallels with theoretical models in the

context of both Parkinson’s disease (Collerton et al., 2023; Shine et al., 2014) and

Charles Bonnet syndrome (Reichert et al., 2013). Here it is suggested that, in the

absence of high-quality visual input, unconstrained default network activity dominates

the perceptual processes through enhanced reliance on perceptual predictions in the

form of mental imagery. Together this suggests that a general proneness to uncon-

strained or heightened mental imagery may lead the reality monitoring system to misper-

ceive internally generated phenomena as happening externally.

Mental imagery is (like hallucinations) characterised by percept-like experiences

occurring without external sensory input (Kosslyn et al., 2001) and is associated with

an increase in related sensory brain area activity (Slotnick et al., 2005). Such similarities

have led to the proposal of imagery as a candidate mechanism underpinning hallucina-

tions (Nanay, 2016) (although imagery is associated with a degree of perceived control,

unlike hallucinations). Further, like hallucinations, imagery vividness also varies between

individuals (Ji et al., 2019) and across sensory modalities (Andrade et al., 2014). For

instance, while vivid mental images were observed in all domains, they are typically

most vivid in the auditory and visual domains (Andrade et al., 2014). Hence, mental

imagery, like hallucination proneness, is dominated by the visual and auditory

domains. That noted, in most studies it is visual (rather than auditory) imagery which

is reported as most vivid (Andrade et al., 2014).

To date, findings investigating the relationship between imagery and hallucination pro-

neness in non-neurologically impaired individuals have been mixed. Some studies suggest

that individuals who score highly on measures of hallucination proneness report greater

imagery vividness (Aynsworth et al., 2017; Barrett, 1993). However, others find no signifi-

cant relationship between imagery vividness and hallucinations (Auvinen-Lintunen et al.,

2022; Böcker et al., 2000). What is less clear is whether there is a modality specific
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relationship between mental imagery and hallucinations (e.g., auditory imagery is specifi-

cally associated with auditory hallucinations) or whether there is a modality-general

relationship where multiple sensorymodalities are affected simultaneously (e.g., differences

in one general process increase the likelihood of all types of hallucination; Fernyhough,

2019). Commonly, studies report relationships between general measures of hallucination

proneness and domain non-specific imagery questionnaires (e.g., Spontaneous Use of

Imagery Scale; Kosslyn et al., 1998) or visual imagery measures (e.g., Vividness of

Mental Imagery Questionnaire; Marks, 1973). Such comparisons do not allow for the

possibility that imagery and hallucinations have a modality-specific relationship.

Importantly, many of these studies employ only self-report measures of imagery (e.g.,

Auvinen-Lintunen et al., 2022; Aynsworth et al., 2017). Self-report and performance-

based measures of imagery have been found to differ (Aleman & de Haan, 2004; Lequerica

et al., 2002). Aleman et al. (1999) found hallucination prone individuals reportedmore vivid

mental imagery but showed poorer performance on a performance-based task of imagery

inspection. Consequently, in their comprehensive review, Pearson et al. (2013) recommend

studies exploring imagery employ both self-report and performance-based measures.

The present report consists of two studies that examined the contribution of imagery

to hallucinations in a non-clinical sample. Study one employed self-report measures of

hallucination proneness (i.e., Multi-modality Sensory Experiences Questionnaire,Mitch-

ell et al., 2017) and imagery (i.e., The Plymouth Sensory Imagery Questionnaire, Andrade

et al., 2014). These measures assessed both general and modality specific imagery and

hallucinations allowing exploration of both modality general and modality specific

accounts of the hallucination-imagery relationship. Study two further explored the

relationship between imagery and hallucination proneness by incorporating perform-

ance-based imagery measures (adapted from Noordzij et al., 2007).

Study one

Based on previous literature and theory (Aleman et al., 1999; Aynsworth et al., 2017;

Fazekas, 2021; Nanay, 2016) the first hypothesis was that modality-general hallucination

proneness would be associated with more vivid imagery. The second hypothesis was that

domain congruent imagery would be more strongly related to hallucination proneness

than domain incongruent imagery (e.g., visual hallucinations would be more strongly

related to visual imagery than non-visual imagery).

Method

Participants

509 participants were recruited from two universities via an online survey. Three partici-

pants were removed owing to a combination of unusually fast responses and consistently

answering towards the survey extremes. A further participant was removed as their age

(71) was markedly different (> 3 standard deviations) from the other participants

meaning 505 participants were retained. Of these, 434 completed both the hallucinations

measure and themeasure ofmental imagery andwere included in the analyses. Participant’s

ages ranged from 18 to 50 years (M = 21.24, SD = 4.94). Most were female (n = 335/434,

77%), with male (n = 78, 18%), non-binary (n = 13, 3%) and other/non-disclosed (n = 8,

COGNITIVE NEUROPSYCHIATRY 3



1.8%) individuals completing the sample. Most participants were White British (n = 315

72%; further demographic information is available in supplementary table S1).

Measures

Multi-modality Sensory Experiences Questionnaire (MUSE-Q) (Mitchell et al., 2017).

The MUSE-Q is a 43 item self-report scale assessing unusual sensory experiences across

six modalities (visual, auditory, olfactory, gustatory, bodily sensations and sensed pres-

ence). Higher scores represent greater reporting of hallucinatory experiences. The

measure has been validated in both clinical and non-clinical populations. In this

sample the internal consistency was excellent (α = 0.950)

Plymouth Sensory Imagery Questionnaire Short Form (PsiQ-SF) (Andrade et al.,

2014). The PsiQ-SF is a 21-question measure consisting of seven sets of three items

asking participants to imagine sensory experiences in different domains (vision,

sound, smell, taste, touch, bodily sensation and emotional feeling) and report the relative

strength on a 1 (no image at all) to 7 (as vivid as real life) scale. The scale has been vali-

dated in a similar non-clinical population. In this sample the internal consistency was

excellent (α = 0.948)

Procedure

Participants were recruited via email, posters, presentations in lectures and accessed the

online questionnaires through Qualtrics. Informed consent was obtained electronically

prior to testing. Participants completed the MUSE-Q and PsiQ-SF.

Sample size considerations

Given hallucination (auditory and visual) prevalence estimates of around 7% in non-

clinical populations (Aynsworth et al., 2023; McGrath et al., 2015) an initial sample

size of >500 people was targeted to ensure a meaningful proportion of participants

would report clinical like hallucinations. Further, it was anticipated that this sample

size would support recruitment for Study Two which required a representative range

of experiences.

Ethical considerations

The project was subject to independent peer review, and ethical approval for both studies

was obtained from a Newcastle University Ethics committee. Participants gave full

informed consent. The authors abided by the Ethical Principals of Psychologists Code

of Conduct as set out by the HCPC and BPS.

Results

Data preparation

MUSE-Q and PSIQ subscales alongside full scale scores were tested for normality using

Shapiro–Wilk. All variables excluding PSIQ total score, W(434) = 0.994, p = 0.118, were

4 L. W. ROGERS ET AL.



non-normally distributed (p < 0.001). Square root and log transformations did not

correct the non-normality. Consequently, non-parametric analyses were undertaken.

The MUSE-Q overall score was compared to the original MUSE-Q data (Mitchell

et al., 2017) using a one-sample Wilcoxon signed rank test. The current sample reported

significantly higher MUSE-Q scores (Mdn = 56, N = 434), than the sample in Mitchell

et al. (2017) (Mdn = 47, N = 514, Z = 6.669, p < 0.001).

MUSE-Q and PSIQ summary data is detailed in Table 1 below. As expected, auditory

and visual unusual sensory experiences were commonly reported. Tactile experiences

were also very common. Similarly, auditory, visual and tactile imagery alongside

bodily imagery were reported as most vivid.

Relationship between self-report imagery and hallucinations

A Spearman correlation indicated a small-moderate, significant positive correlation

between the MUSE-Q and PSIQ full scale scores (r(434) = 0.265, p < 0.001 CI

.173–.353). The analysis was repeated including only the five core sensory modalities.

Sensed presence was removed as it is not always considered a hallucinatory experience

(Lim et al., 2016; Toh et al., 2020) and testing modality specific congruence was not poss-

ible as there was no equivalent in the imagery measure. This analysis remained significant

(r(434) = 0.266, p < 0.001 CI.174–.354).

Upon review of the MUSE-Q, five of the items (supplementary table S2) assessed per-

ceived voluntary control of experience which is closer to the definition of imagery than

hallucinations. This overlap of content between the two measures could have artificially

inflated the relationship between imagery and hallucinations, hence to reduce this poten-

tial confound these items were removed and the Spearman’s rank correlation was recom-

puted. The relationship remained significant r(434) = 0.231, p < 0.001 CI .137–.353 These

findings indicate a modest modality general relationship between imagery and

hallucinations.

To test the modality-specificity of this relationship an asymptotic z-test based on Stei-

ger’s equations 3 and 10 (Lee & Preacher, 2013) was employed. Once again, the sensed

presence subscale was excluded from this analysis. Therefore, the five subscales (visual,

auditory, olfactory, gustatory and tactile) for the PSIQ and MUSE-Q were included in

this analysis.

The analysis compared domain congruent correlations (e.g., visual hallucinations and

visual imagery) to domain incongruent correlations (e.g., mean correlation between

Table 1. MUSE-Q and PSIQ scales.

Modality MUSE-Q PSIQ

Max Score Mean (sd) Median Max Score Mean (sd) Median

Auditory 28 13.56 (5.95) 13 21 13.77 (4.32) 14
Visual 32 11.97 (7.01) 11 21 13.76 (4.39) 14
Olfactory 32 8.09 (6.51) 7 21 9.56 (4.68) 9
Gustatory 32 8.50 (6.52) 8 21 10.01 (4.81) 10
Tactile 32 12.25 (8.03) 11 21 12.82 (4.86) 13
SP 16 3.99 (3.59) 3
Body Sense 21 12.99 (4.54) 13
Feeling 21 12.98 (4.89) 14
Total 172 58.37 (30.19) 56 147 85.9 (25.43) 86

Abbreviations: SP, Sensed Presence.

COGNITIVE NEUROPSYCHIATRY 5



visual hallucinations and auditory/olfactory/gustatory/tactile imagery). Table 2 displays

correlations between the MUSE-Q and PSIQ.

Initially the full subscales for each analysis were used. All correlations were stronger

for domain congruent pairings but only the olfactory (Z = 2.023, p = 0.043) and tactile

(Z = 2.201, p = 0.028) domains reached the threshold for significance. To exclude the

impact of MUSE-Q voluntary control items the analysis was repeated using the

revised version of the subscale. For this analysis, all correlations excluding the visual

domain (Z =−0.374, p = 0.709) were in the expected direction but only the tactile

domain remained significant (Z = 2.127, p = 0.033). Consequently, there was some evi-

dence that tactile imagery was more closely associated with tactile unusual sensory

experiences when compared to other imagery types.

Discussion

The non-clinical participants in this study reported a range of hallucinatory experiences

across a number of sensory domains demonstrating that a focus solely on auditory

experiences risks neglecting a person’s actual experience. When exploring the contri-

bution of imagery to the range of these hallucinatory experiences there was a modality

general relationship between mental imagery and multi-sensory hallucinations, support-

ing hypothesis one. Partially supporting hypothesis two, tactile imagery was found to

have a modality specific impact on tactile hallucinations. However, there was no evidence

of a modality specific relationship in any other domain particularly once the voluntary

control items were removed.

Study two

Introduction

The first study showed that heightened imagery contributed to increased reporting of

hallucinatory experiences (Aleman et al., 1999). A modality specific relationship was

only observed in the tactile domain, implying a weak modality specific contribution of

imagery to hallucinations. However, the findings require replication on an imagery

measure not based on self-report. Consequently, study two examined the contribution

of imagery to hallucinations, using a performance-based measure.

Research on other constructs such as cognitive empathy (Murphy & Lilienfeld, 2019)

and self-control (Saunders et al., 2018) also reveals differences between self-report and per-

formance-based tasks. Dang et al. (2020) referenceHedge et al.’s (2018) reliability paradox

which notes that experimental tasks are typically designed to prioritise within participant

variability at the expense of between-participant differences. As between participants

variability is in the numerator for reliability, lower between-person variability reduces

the reliability of behavioural measures. Thus, observed differences between the measure-

ment modalities are often driven by poor reliability of the performance-based task.

In the first study, the PSIQ (self-report) measure demonstrated excellent internal con-

sistency. Studies of “objective” tasks in the field of hallucinations such as auditory self-

recognition tasks have unacceptably low levels of reliability (Smailes et al., 2022).

Hence, in study two, there is particular consideration of measure reliability.

6 L. W. ROGERS ET AL.



Table 2. MUSE-Q and PSIQ subscale correlations (n = 434).

MUSE-Q Auditory Visual Olfactory Gustatory Tactile

PSIQ FSS IIR FSS IIR FSS IIR FSS IIR FSS IIR
Auditory .168** .132** .184** .148** .068 .027 .141** .117* .142** .138**
Visual .148** .113** .182** .131** .101* .069 .126** .110* .149** .139**
Olfactory .133** .128** .172** .152** .218** .175** .200** .178** .136** .130**
Gustatory .105* .088 .150** .120* .161** .118* .194** .163** .117* .110**
Tactile .174** .150** .213** .177** .181** .136** .195** .172** .230** .220**

Abbreviations: FSS, Full Subscale; IIR, Imagery Item Removed. **p < 0.01, *p < 0.05.
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As with study one, it was predicted that modality-general hallucination proneness

would be associated with more vivid imagery. The second hypothesis was that modality

congruent imagery would be more strongly related to hallucination proneness than

modality incongruent imagery. Finally, despite some findings suggesting a dissociation

between self-report and performance-based imagery (e.g., Aleman et al., 1999) the

third hypothesis was that there would be a significant positive relationship between

self-report and performance-based imagery tasks.

Method

Participants

Participants for study two were recruited based on their MUSE-Q scores in study one.

Eligible participants were contacted within a month of completing study one. Recruit-

ment aimed to involve people with a wide range of unusual experiences. The mean

(M = 50.5) and SD (29.94) from the Mitchell (2017) paper were used to calculate four

quartiles each containing 25% of the sample. A total of 107 participants were recruited.

However, four participants were excluded, two owing to incomplete survey responses

and two owing to obvious distraction during task administration. Hence, 103 partici-

pants were included in the analysis representing the quartiles (low score 0–30 n = 20;

mid-low score 31–50 n = 27; mid to high scores 51–70 n = 24; and high scores 71–172

n = 32). Participant’s ages ranged from 18 to 46 years (M = 22.16, SD = 5.48). Most par-

ticipants were female (n = 75, 72.8%) with the remainder of the sample comprising male

(n = 24, 23.3%) and other (n = 4, 3.9%). Most participants were White British (n = 66,

64.2%; see supplementary table S1 for further demographic information).

Measures

Visual Form Imagery Task (amended) (VIT) (Noordzij et al., 2007). The VIT assesses

visual imagery generation. The original task presents participants with 23 triads of

common objects (as words) and asks them to determine the odd one out based upon

shape. For example, if “book”, “ball” and “shoe box” were presented the deviant item

would be “ball”. The aim of the task is to require participants to engage in visual

imagery when determining the odd one out. The measure was piloted on seven male par-

ticipants (Age,M = 25, SD = 0.535) and reduced to 20 items following feedback regarding

the ease of imagery of the items involved in the triads.

Auditory Imagery Task (amended) (AIT) (Noordzij et al., 2007) – The AIT assesses

auditory imagery generation. The original task presents participants with 23 triads of

common sounds (as words) and asks them to determine the odd one out based upon

sound. For example, if “tractor”, “blender” and “whistle” were presented the deviant

item would be “whistle”. As with the VIT, the aim of the task is to require participants

to engage in auditory imagery when determining the odd one out. The measure was

piloted on the same seven male participants and reduced to 20 items following feedback.

Multi-modality Sensory Experiences Questionnaire (MUSE-Q) (Mitchell et al.,

2017) – This is described in study one, although only the visual and auditory subscales

were used in Study Two. The auditory (α = 0.836) and visual (α = 0.863) subscales

demonstrated good internal consistency.

8 L. W. ROGERS ET AL.



Plymouth Sensory Imagery Questionnaire Short Form (PsiQ-SF) (Andrade et al.,

2014) – This was described in study one. For this sample, the PSIQ (α = 0.948) demon-

strated excellent internal consistency.

Moderately strong test-retest reliability was demonstrated for all scales; Auditory

MUSE-Q r(103) = 0.741, p < 0.001 CI .634–.820, Visual MUSE-Q, r(103) = 0.787, p <

0.001 CI .695–.853 and PSIQ, r(103) = 0.841, p < 0.001 CI .767–.892.

Procedure

Consenting study one participants were contacted by email and provided with an infor-

mation sheet detailing study two. Participants completed an online consent form then the

PSIQ and MUSE-Q subscales via Qualtrics and booked a time to complete the imagery

tasks via Microsoft Teams. For this session the experimenter was present, and the partici-

pants were asked to confirm their environment was free from distraction. The VIT and

AIT were administered in a counterbalanced order. Participants were asked to keep their

cameras on throughout. Upon completion participants received a verbal and written

debrief. Participants were compensated with either research credits or prize draw entry.

Sample size considerations

An a-priori power analysis was completed to determine the sample size required to detect

differences in correlation strength between domain congruent correlations (e.g., visual

imagery and visual hallucinations) and domain incongruent correlations (e.g., auditory

imagery and visual hallucinations). Owing to the paucity of research exploring the

relationship between performance-based tasks of imagery and hallucinations sample

size calculations were based upon observing a difference of r = 0.4 (domain congruent)

vs r = 0.2 (domain incongruent); a difference in variance of 16% vs 4%. Validation of

the PSIQ estimated a correlation of r = 0.56 between visual and auditory imagery

(Andrade et al., 2014), this value was used as the common index. Using these values at

a significance level of 0.05 a total of 120 participants were required to achieve a power

of 0.8 when using an asymptotic z-test to test the difference in strength of two dependent

correlations (G*Power, Faul et al., 2007).

Results

Missing data and data preparation

Analysis of missing data was conducted for each questionnaire measure using Littles

MCAR test (Little, 1988). Data was determined to be missing at random for all scales;

Auditory MUSE χ2 (18) = 23.375, p = 0.177, Visual MUSE χ2 (14) = 9.709, p = 0.783,

PSIQ χ2 (127) = 98.065, p = 0.973. Multiple imputation was applied to generate values

for missing data in all MUSE-Q and PSIQ subscales along with PSIQ full scale scores.

5 imputations were generated, and pooled values were used in the reported analysis.

Scores on both performance-based measures are reported in Table 3. Participants gen-

erally performed well making few errors, with performance slightly better on the visual

task.

COGNITIVE NEUROPSYCHIATRY 9



All variables were tested for normality using Shapiro–Wilk. All variables excluding the

original MUSE-Q visual variable W(103) = 0.961, p = 0.004 were normally distributed (p

> 0.05); consequently, non-parametric correlations were reported for analyses containing

the visual MUSE-Q variable.

VIT and AIT data was tested for normality, neither the VIT data W(103) = 0.908, p <

0.001 nor the AIT data W(103) = 0.938, p < 0.001 was normally distributed. Review of

histograms indicated this was driven by negative skew; square root and log transform-

ations did not correct this. Consequently, non-parametric correlations were reported.

No significant relationship was observed between the total score of both performance-

based tasks and the study one MUSE-Q overall score r(103) = 0.015 p = 0.884 CI

−.185–.213. Similarly, there was no relationship between the VIT and the study two

MUSE-Q visual subscale r(103) = 0.033, p = 0.742 CI −.169–.233 or the AIT and the

study two MUSE-Q auditory subscale r(103) = 0.004, p = 0.966 CI −.198–.206.

Hence, there was no relationship between imagery and hallucinations in general, and

no modality specificity. Similarly, there was no significant relationship between AIT and

PSIQ-auditory r(103) =−0.003, p = 0.979 CI −.198–.203, or between VIT and PSIQ-

visual r(103) =−.069, p = 0.490 CI −.267–.133.

Split half reliability for the AIT and VIT was calculated using the RElex tool (Steinke &

Kopp, 2020). Split half parallel reliability values are reported based on the Spearman–

Brown formula (Spearman, 1910), both analyses used 5000 iterations. The VIT split

half reliability analysis revealed a median reliability coefficient of Psp = 0.59 (95%CI

0.44–0.70) and the AIT split half reliability revealed a median reliability coefficient of

Psp = 0.48 (95% CI 0.33–0.63). Neither task reached the minimum acceptable threshold

to be considered reliable (α = 0.6–0.7) (Ursachi et al., 2015).

Discussion

In study two there was no support for the hypotheses. In contrast to study one there was

no association between hallucination frequency and mental imagery as assessed by per-

formance-based tasks, either generally or specifically between auditory imagery and audi-

tory hallucinations (or for visual imagery and experiences). Further, contrary to the third

hypothesis there was no relationship between the self-report imagery measure and per-

formance-based imagery tasks. This could be owing to the weak internal consistency of

the performance-based tasks.

General discussion

Both studies explored the relationship between imagery and hallucinations. In study one

a self-report imagery measure provided evidence of a small but significant relationship

between modality general imagery and hallucinations, supporting the first hypothesis.

Table 3. Performance based imagery tasks.

Modality (Max Score) Mean (sd) Median

Visual (20) 15.97 (2.49) 16
Auditory (20) 13.01 (2.43) 13
Total (40) 28.98 (3.62) 30
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However, there was an absence of a modality specific imagery and hallucinations

relationship in all domains excluding tactile. Consequently, imagery appeared best

understood as a modality general process leading to a general increase in hallucination

proneness, though tactile imagery may be an exception.

Exploration of the relationship between imagery and hallucinations was extended in

study two through incorporation of an auditory and a visual performance-based

imagery task. It was striking that there was no relationship between either imagery

task and domain congruent, or overall hallucination proneness. There was also no associ-

ation between the self-report and performance-based measures. This is consistent with

Aleman et al. (1999), who also reported a difference between self-report and perform-

ance-based imagery in hallucinations. Further research should aim to understand the

constructs being assessed by both self-report and performance-based measures of

imagery – it could be, for example, that this research area commits the “jingle fallacy”,

in which two measures are assumed to measure the same construct simply because

they share the same name (Flake & Fried, 2020).

For instance, it is possible that some participants applied non-imagery-based strat-

egies for the performance-based task. For example, in some image inspection tasks,

differentiating between imagery inspection and semantic knowledge of stimuli is proble-

matic (Pearson et al., 2013; Pylyshyn, 2002). Hence participants may have used semantic

knowledge to determine their answers (e.g., a smart phone is rectangular, a ruler is rec-

tangular and a ball is spherical). In future studies such strategies may be partly controlled

for through the application of measures such as a visualiser verbaliser questionnaire

(Kozhevnikov et al., 2005).

An alternative approach would be to use imagery-based tasks where use of alternative

strategies is highly improbable. Policardi et al. (1996) describe a comprehensive battery of

visual tasks which would offer a more thorough assessment of visual mental imagery.

Other visual imagery tasks that might be suitable include the Image Maintenance Task

(Kosslyn et al., 1990) and the Visual Patterns Test (Della Sala et al., 1999) though it is

worth noting that most visual tasks are without the auditory counterpart that our

design required.

Furthermore, even assuming an imagery-based strategy, participants must hold mul-

tiple items in working memory. While our student population implies that profound

working memory deficits are unlikely, the absence of a working memory measure

means we cannot evaluate its possible confounding effect. Thus, future studies may

seek to include a measure of working memory such as the digit span. Alternatively, as

raised above, poor reliability of performance-based tasks may have led to low statistical

power in the analyses using these tasks.

It is possible that the results of the performance-based task represent the true extent of

any association between imagery and hallucination proneness. However, the observed

difference between self-report and objective measures reflects the challenge of accurately

measuring internal processes. Given the poor internal reliability of the performance-

based measure, it may make sense to err towards the self-report findings.

Additional limitations include the sensitive measure of hallucinations. This had the

effect of capturing many relevant experiences but may reduce comparability to clinical

hallucinations. Consequently, the findings require reproduction in a clinical sample

with current hallucinations.
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Overall, study one demonstrated a modality general relationship between self-report

imagery and hallucination proneness. However, only tactile imagery showed evidence

of a modality specific relationship. Further, there was no relationship between domain

congruent hallucinations and the performance-based imagery tasks. Finally, self-report

and performance-based imagery measures were found to be unrelated. This dissociation

was likely influenced by poor reliability, potentially driven by little between-subjects

variation.

In terms of theoretical implications, it would seem there is some support for a

modality general understanding of hallucinatory experiences, at least in non-clinical par-

ticipants. This would also be consistent with the similar rate of reporting of auditory and

visual experiences, which is not the case with clinical participants (Toh et al., 2020).

Clearly given the non-clinical sample clinical implications are limited. However, the

apparent role of imagery in contributing to hallucinatory experiences does encourage

consideration of utilising this as a possible treatment resource (Dudley et al., 2011).

Where people regard a process as a strength it can be utilised as a method for overcoming

or managing one’s issues. Further, imagery transformation approaches have been helpful

in dealing with a range of emotional issues (Holmes & Mathews, 2010) and specifically

for distressing voices (Ison et al., 2014) nightmares (Sheaves et al., 2015) and persecutory

ideation (Taylor et al., 2019).
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