
Item-specific overlap between hallucinatory experiences and cognition in the general 
population: A three-step multivariate analysis of international multi-site data

Abhijit Chinchani, Mahesh Menon, Meighen Roes, Heungsun Hwang, Paul Allen, Vaughan Bell, Josef Bless, Catherine Bortolon, Matteo Cella, Charles 
Fernyhough, Jane Garrison, Eva Kozáková, Frank Laroi, Jamie Moffatt, Nicolas Say, Mimi Suzuki, Wei Lin Toh, Yuliya Zaytseva, Susan L. Rossell, 

Peter Moseley & Todd S. Woodward

Summary
In this study, we aim to uncover cognitive 
mechanisms underlying hallucinatory experiences 
(HEs) in healthy participants.  

Historically, when studying overlap between two 
sets of variables, data is often analyzed by using 
summed aggregate variables, due to concerns 
regarding Type I errors [1-2]. 

In this exploratory study, we develop and employ 
a novel multivariate approach to find associations 
between cognition measures and HEs using 
individual items. 

We demonstrate that such an approach would 
provide a finer description of the nature of the 
overlap between two sets of variables. Preprint of 
the paper is now available on PysArXiV [3]. 
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Data
Data from 419 participants collected from 11 
data-collection centers across 7 countries was 
used [2]. 

Cognition was measured using tasks like - 
auditory signal detection, dichotic listening, source 
memory, backwards digit span, and matrix 
reasoning task. 

HEs were assessed using two questionnaires - 32 
items from Cardiff Anomalous Perceptions Scale 
(CAPS) and 16 items from the Launay-Slade 
Hallucination Scale - Extended (LSHS-E).

The data and code necessary to reproduce all the 
results can be found in the following publicly 
accessible repository (https://osf.io/aeg5d/).

CPCA
We use Constrained Principal Component 
Analysis (CPCA) to find specific dimensions of 
cognition that are optimally linked to HE items . 

CPCA involves performing multivariate multiple 
regression on total variance in the criterion 
variable (Z, cognition measures) into variance 
predictable from the predictor variables (G, HE 
items). 

Z = GC + E

This is followed by performing a PCA on the 
predicted scores (GC).  

GC = UDV’

This provides us the component scores (√NU), 
the component loadings (VD/√N), and the 
predictor loadings (√NU correlated with G).  

3-Step reliability test
Step 1: Permutation Test for Significance of 
Z regressed onto G. The percent of variance of 
the Z matrix predictable by the G matrix less 
than 5% of variance predicted from randomly 
permuted G matrices. 

Step 2: Assessments of Reliability of 
Component Loadings. The component 
reliability proportions presented were computed 
for each CPCA component, and are the 
proportion of 1,000 half-split iterations for which 
component pairs match. 

Step 3: Assessments of Reliability of 
Predictor Loadings. Predictor loading reliability 
proportion were computed as the proportion of 
the reliable components that showed predictor 
loadings > 0.2 in both split-half solutions. 

Results
Signal detection measures like such that lower 
sensitivity (dˈ) and a lower response bias (β) are 
linked with modality-general HEs involving 
sensory distortions (hearing voices/sounds, 
troubled by voices, everyday things look 
abnormal, sensation of presence/movement).

Dichotic listening based measures indicate that 
reduced left-brain lateralization for phoneme 
detection and increased distraction are 
associated with feeling overwhelmed by sensory 
overload, and vivid visual images and imagery 
(seeing faces, life-like people in daydreams).  

Conclusion
Here, we developed and tested a novel 
multivariate framework to find associations 
between two set of variables (here, cognitive 
measures and HEs). 

This involved using a statistical hypothesis test 
at the multivariate level, and variance 
constraints, dimension reduction, and split-half 
reliability checks at the level of individual items.

We not only replicated previous findings but also 
found novel associations. 
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