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Abstract

Individuals diagnosed with schizophrenia spectrum disorders (SSD) exhibit a constellation of sensory and perceptual impair-
ments, including hyporeactivity to external input. However, individuals with SSD also report subjective experiences of sensory
flooding, suggesting sensory hyperexcitability. To identify the extent to which behavioral indices of hyperexcitability are related
to non-psychotic symptoms of schizophrenia, we tested a non-clinical population measured for schizophrenia-like traits (schizo-
typy), and a behavioral measure of sensory hyperexcitability, specifically the number of illusions seen in the Pattern Glare Test.
Two samples totaling 913 individuals completed an online version of the Schizotypal Personality Questionnaire — Brief Revised
(SPQ-BR) and the Pattern Glare Test. Individuals with higher schizotypy traits reported more illusions in the Pattern Glare
Test. Additionally, one of the three SPQ-BR factors, the disorganized factor, significantly predicted the number of illusions

reported. These data illustrate the potential for research in non-clinical samples to inform clinically relevant research.

Introduction

Schizophrenia spectrum disorders (SSDs) are characterized by abnormal sensory and perceptual processing.
An enduring question is the puzzling dichotomy between schizophrenia patients’ subjective sensory experi-
ences which contrast with neurobiological and behavioral measures of sensory responses. Individuals with
SSD tend to exhibit hyporeactivebehavioral responses such as higher, less sensitive, thresholds in auditory
and visual discrimination tasks (Ramsay et al., 2020; Todd et al., 2003). Indeed, hyporeactivity to sensory
input is a distinguishing trait of schizophrenia and a putative biomarker of disease progression (Javitt et
al., 2018; Koshiyama et al., 2020). However, the subjective experience of SSD individuals is not captured
by the hyporeactive response account. Instead, people with schizophrenia and SSD report sensory overload,
or sensory flooding, consistent with sensory hyperezcitability (Bunney et al., 1999; Micoulaud-Franchi et
al., 2012). These conflicting observations describe a mismatch between objective and subjective behavioral
responses to sensory stimuli in individuals with SSD.

Hyperexcitability and Sensory Flooding

A sizable literature characterizes hyperexcitability in people with SSD amid subjective reports of sensory
flooding (McGhie & Chapman, 1961). Sensory flooding refers to hyper-awareness of ambient sounds, im-
paired selective attention, enhanced visual illusions (e.g., heightened colors), and detecting meaning within
meaningless stimuli (Bunney et al., 1999; McGhie & Chapman, 1961; Micoulaud-Franchi et al., 2012). One
of the potential causes of sensory flooding is abnormal sensory gating - differential modulation of neural
responses to relevant or irrelevant stimuli. Deficits in inhibitory sensory gating manifest as sensory flooding
(Freedman et al., 2020; Hetrick et al., 2012; Patterson et al., 2008; Potter et al., 2006). Sensory gating
impairments in schizophrenia are observed in abnormal P50 gating responses (Atagun et al., 2020; Javitt &



Freedman, 2015; Patterson et al., 2008), occur across SSD (e.g., schizotypal individuals with genetic predis-
position for schizophrenia, newborns of schizophrenic parents and ultra-high risk adolescents), and increase
with disease progression (Brockhaus-Dumke et al., 2008; Luo et al., 2019). However, the sensory gating
deficits observed in schizotypal personality disorder (Cadenhead et al., 2000; Hazlett et al., 2015; Javitt &
Freedman, 2015 ) and high schizotypy (Croft et al., 2001; Park et al., 2015; Wang et al., 2004) are smaller
in magnitude compared to the deficits observed in schizophrenia. Abnormal sensory processing, consistent
withhyperezcitability is evident across the schizophrenia spectrum.

Current Study

A simple behavioral tool to identify sensoryhyperezcitability is the Pattern Glare Test (PGT; Wilkins & Evans,
2001). Participants report visual illusions and sensationsdetected in static spatial gratings. Typical reports
include illusory colors, stripes bending, moving, disappearing, blurring, andsensations of visual discomfort,
such as pain and nausea (Evans & Stevenson, 2008; Wilkins et al., 1984). Higher numbers of illusions are
reported when viewing the mid-range spatial frequency grating pattern, compared to the lower or high spatial
frequency pattern, due to our visual systems being maximally sensitive between 1-5¢pd (Campbell € Robson,
1968). Mid-range spatial frequencies tend to evoke a large metabolic response in the visual cortex that is
even larger in those who are visually sensitive (Coutts et al., 2012; Huang et al., 2003). Certain clinical
conditions such as those with migraine, stroke, autism, or synesthesia report higher numbers of illusions in
the PGT and are all associated with a hyper-excitable cortex (Beasley & Davies, 2012; Fong et al., 2019,
2020; Harle et al., 2006; Ward et al., 2017). As a result, the illusions (i.e., visual perceptual distortions and
sensations) induced by the PGT are thought to be due to excess cortical excitation in early visual cortex that
spreads to neighboring parts of the cortex, creating the perception of illusions (Bargary et al., 2015; Evans
& Stevenson, 2008). The relationship between the PGT and cortical hyperexcitability is so strong that the
PGT is now being used to identify cortical hyperexcitability in other conditions such as major depressive
disorder (Qi et al., 2019) and out-of-body experiences (Braithwaite et al., 2013). These illusions are not to
be confused with visual hallucinations that manifest in the absence of external stimuli (Spencer & McCarley,
2005; Teeple et al., 2009).

Here, we used the PGT to test for behavioral evidence of hyperexcitability as a function of schizotypy symp-
tomatology in thenon-clinical population. Schizotypy refers to individuals in the general population that vary
in schizotypal traits (Broyd et al., 2016; Gonzalez-Rodriguez et al., 2021; Kwapil & Barrantes-Vidal, 2015).
The non-clinical population is appealing because it avoids concerns related to the effects of antipsychotic
medications (see Ettinger et al., 2015 for review; Kelemen et al., 2013), high schizotypy individuals have
similar sensory profiles to SSD (Broyd et al., 2016; Moussa-Tooks et al., 2021; Myles et al., 2017; Nelson et
al., 2013), and they are accessible.

Hyperexcitability predicts that individuals with higher schizotypy scores should report more illusions. If so,
we can then examine whetherthe number of reported illusions loads on one or more factors of schizotypy
symptomatology (e.g., cognitive perceptual, interpersonal, disorganization). Alternatively, hypore activity
would be associated with reduced reports of illusions as a function of higher symptomatology. The value of
clearer understanding of the pattern of behavior is to uncover links between anomalous sensory erperiences
and potential neural mechanisms in the pursuit of meaningful biomarkers in the SSD population.

Methods
Participants

The study was conducted in two samples. The first sample included 436 undergraduates (304 females, M =
19.37 (range: 18-45) years of age) recruited from undergraduate psychology courses who received course bo-
nus credit. The replication sample included 477 undergraduates (314 females, M = 20.07 (range: 18-56) years
of age). Both samples were comprised of non-clinical individuals varying in schizotypal traits. Participation
criteria included: (1) normal hearing; (2) normal or corrected-to-normal vision; (3) no history of epilepsy;
and (4) no history of major neurological or psychiatric illness (e.g., traumatic brain injury, multiple sclerosis,
autism, bipolar disorder). Information regarding participants’ medication intake was not collected. However,



data were excluded if participants indicated that they had a neurological disease or psychiatric problem. Thus,
we can infer that participants included in both samples were not under the effects of antipsychotic medicati-
on. Protocols were approved by the University of Nevada, Reno’s Institutional Review Board (#1395718) .
Participants completed an online survey (Qualtrics) including demographic questions, the SPQ-BR (Cohen
et al., 2010), and the PGT (Wilkins et al., 1984).

Schizotypal Personality Questionnaire — Brief Revised (SPQ-BR)

The SPQ-BR (Cohen et al., 2010) is a 32-item self-report assessment requiring responses on a five-point Likert
scale (0 “strongly disagree” to 4 “strongly agree”). The SPQ-BR cousists of three factors: Interpersonal [IP],
Cognitive-Perceptual [CP], and Disorganized [DIS]. SPQ-BR scores range from 0 - 128 with higher scores
indicating greater schizotypy trait severity.

Pattern Glare Test

Participants viewed one of the grating patterns from the PGT (Wilkins et al., 1984). Because the online
format precluded monitor calibration and validations of cycles per degree were not possible. Because it is high
contrast and robust to various screen settings, we presented a medium spatial frequency image (horizontal
square-wave grating at a Michelson contrast of ~0.7) for 5 seconds, based on Pattern 2 of Wilkins and Evans
(2001) PGT ; see Figure 1. Participants were asked to fixate on the central fixation point embedded in the
image. They were asked to endorse percepts via mouse click from the following options: pain/discomfort,
shadowy shapes amongst the lines, shimmering of the lines, flickering, colors, blur, bending of the lines,
nausea/dizziness, unease, other, and none of the following. Participants could select as many options as they
wished.

— lllusions
------ Sensations

Figure 1. Illusions and sensations experienced from viewing the Pattern Glare Test (5 sec.): pain/discomfort
(1), nausea/dizziness (2), unease (3), shadowy shapes amongst the lines (4), shimmering of the lines (5),
flickering (6), Colors (7), blur (8), and bending of the lines (9).

Data Analysis



SPQ-BR total scores were calculated by summing across all 32-items (see Figure 2a), following standard
instructions. The interpersonal, cognitive-perceptual, and disorganized factors were calculated following
convention from various subfactors (Cohen et al., 2010; see Figure 2¢). The interpersonal factor (range
0-40) was the sum of no close friends (CF), constricted affect (CA), and social anxiety (SA) subfactor
items (CF1, CF2, CF3, CA4, CA5, CA6, SA1, SA2, SA3, SA4). The cognitive-perceptual factor (range
0-56) was the sum of the ideas of reference (IR), suspiciousness (S), magical thinking (MT), and unusual
perceptions (UP) subfactor items (S1, S2, S3, IR4, IR5, IR6, MT1, MT2, MT3, MT4, UP1, UP2, UP3, UP4).
Lastly, the disorganized factor (range 0-32) was the sum of the eccentric behavior (EB) and odd speech
(OS) subfactor items (EB1, EB2, EB3, EB4, OS1, OS2, 0OS3, OS4). We also assessed the relationship
between number of illusions seen in the Pattern Glare Test and the seven subfactors of schizotypy: mno
close friends/constricted affect, social anziety, ideas of reference/suspiciousness, magical thinking, unusual
perceptions, eccentric behavior, and odd speech (Cohen et al., 2010). See the supplementary materials for
the results of this analysis.

Pattern Glare score was the total number of illusory responses reported by the participant (see Figure 2b).
The “other” response option counted as 1 illusion. The “none of the following” response option counted as
0 illusions.

To test for a relationship between schizotypal traits (SPQ-BR total score) and the number of reported illu-
sions in the PGT (Pattern Glare score), data were first analyzed using the non-parametric Spearman’s rank
correlation. The Spearman’s correlation corrected for a positive skewed distribution in the Pattern Glare
score. Correlations were conducted for each sample.

We conducted negative binomial regressions for each sample to understand which subfactor of the SPQ-BR
(interpersonal, cognitive-perceptual, and disorganized) best predicted the Pattern Glare score. Negative bino-
mial regressions were used to adjust for overdispersion in Poisson regressions and to accommodate the skewed
distribution of the outcome variable (number of reported illusions in the Pattern Glare). All assumptions
were met when conducting regressions. Additionally, there were no influential outliers as assessed by the
Cook’s distance values being less than one (all D; <.04).

All tests were corrected for multiple comparisons with a Bonferroni adjusted alpha level of .02. Statistical
analyses were carried out using Statistical Package for the Social Sciences (SPSS Version 27).

Finally, we conducted an analysis of whether the types of illusions seen in the PGT were related to SPQ
scores. Reporting ‘bending of the lines’ was the only type of illusion that was significantly related to SPQ
(see supplementary materials for details).

The data that support the findings of this study are available at the Open Science Foundation
(https://ost.io/kzwrd/).
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Figure 2. Consistent distributions of SPQ-BR scores and Pattern Glare scores across samples. (a) Fre-
quency histogram of SPQ-BR total score for the initial sample (dark gray) and replication sample (light gray).
(b) Frequency histogram of Pattern Glare scores for both samples. (c) Violin plots demonstrating the dis-
tribution of the three SPQ-BR factor scores (interpersonal [IP], cognitive-perceptual [CP], and disorganized
[DIS]).
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There was a positive correlation between SPQ-BR total scores and Pattern Glare scores (Spearman’s: rs(434)
= .25, p < .001); see Figure 3. The results indicate that individuals with more schizotypy traits experience
a greater number of illusions in the PGT.
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Figure 3. High schizotypy traits relate to a greater number of illusions. In the initial sample, the SPQ-BR
total score positively correlates with the Pattern Glare score. *p < .001
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Negative Binomial Regression of SPQ-BR Factors and Pattern Glare score for the Initial Sample
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Figure 4. Disorganization factor best predicts the Pattern Glare score. Negative binomial regression results
of (a) interpersonal factor (IP) score. (b) cognitive-perceptual (CP) factor score, and (c) disorganized (DIS)
factor score, and the Pattern Glare score for the initial sample. In all graphs, the z-axis was limited to
possible scores. *p <.001
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Figure 5. Replication sample findings showed that high schizotypy is related to a greater Pattern Glare
score, similar to the initial sample. *p < .001

Table 2

Negative Binomial Regression of SPQ-BR Factors and Pattern Glare score for the Replication Sample

Parameter

(Intercept)

P

CP

DIS

Note. Exp(B) = exponentiated values of B or incidence rate ratio; CI = confidence intervals of Exp(B); IP = interpersonal;
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Figure 6. Regression results for the replication sample. Again, the disorganization factor best predicts
Pattern Glare score. Regression results of (a) interpersonal (IP) factor score. (b) cognitive-perceptual (CP)
factor score, and (c) disorganized (DIS) factor score, and Pattern Glare score. In all graphs, the x-azis was
limited to possible scores. *p <.01

Discussion

A discrepancy exists between the objective and subjective responses to sensory stimuli in people with SSD:
measures of sensory processing indicate hyporeactivity whereas their subjective reports of sensory flooding are
consistent with hyperexcitability . Access to SSD populations can be challenging. We approached this issue
by testingnon-clinical individuals with varying degrees of schizotypy traits to test whether those with high
schizotypy exhibited patterns of behavior consistent with hyperexcitability (higher reports of perceived visual
illusions) or hyporeactivity (fewer reported illusions) in an online presentation of the PGT. Data from two
samples, totaling 913 participants, found that individuals with higher schizotypy traits reported more illu-
sions than those with fewer traits. The disorganization factor robustly predicted Pattern Glare scores, whereas
the interpersonal and cognitive-perceptual factors did not. The findings are consistent with ahyperezcitability
account.

Our findings suggest that the non-clinical population experiencing abnormal disorganized thinking is asso-
ciated with a greater Pattern Glare score. Consistent with our findings, former research has found a link
between disorganized schizotypy and attentional deficits (Chen et al., 1997; Cicero & Kerns, 2010; Kemp et
al., 2021), which has been described as a symptom of perceptual abnormalities and sensory flooding (Bunney
et al., 1999; McGhie & Chapman, 1961). Disorganized schizotypy has been associated with greater affective
deficits, affective ambivalence, and impairments in communication (Cicero & Kerns, 2010; Kemp et al., 2018;
Kerns, 2006; Kerns & Becker, 2008).

Implications: Neural Mechanisms of Hyporeactivity versus Hyperexcitability in SSD

Our goal was to gain insight regarding conflicting characterizations of sensory percepts in SSD. On one hand,
there is the subjective experience of sensory flooding (McGhie & Chapman, 1961) and the increased incidence
of visual illusions reported here, both of which are associated with hyperexcitable sensory processing , and
competing findings identifying hyporeactive responses. Importantly, the hyporeactivity /hyperexcitability
conversation is not a straw-man argument. There is strong evidence associating hyporeactivity with SSD
and disease progression (Javitt et al., 2018; Koshiyama et al., 2020). Hyporeactive neural responses in SSD
are cataloged across a variety of measures, including preconscious deviance detection (mismatch negativity:
MMN) in visual (Farkas et al., 2015; Urban et al., 2008) and auditory domains (Erickson et al., 2016; Haigh
et al., 2016a; Joshi et al., 2018; Koshiyama et al., 2020; Umbricht & Krljes, 2005), and reduced N1 responses
to visual (Antonova et al., 2021; Hoptman et al., 2018; Neuhaus et al., 2011) and auditory stimuli (Force et
al., 2008; Mathalon et al., 2019; Osokina & Ivnyev, 2018; Perez et al., 2012). Hyporeactive BOLD responses
in fMRI designs are observed in early visual, auditory, and somatosensory cortices (Gaebler et al., 2015;
Haenschel et al., 2007; Haigh et al., 2016b; Hoptman et al., 2010; Martinez et al., 2018). Hyporeactivity is
observed for complex sensory processing, including early face processing (Earls et al., 2016; Herrmann et al.,
2004), behavioral face processing (Walther et al., 2009) and self-viewing (Zhou et al., 2020). In those with high



schizotypy similar, weaker patterns appear (Broyd et al., 2016; Donaldson et al., 2021). Reduced amplitudes
in the auditory MMN (Broyd et al., 2016), auditory and visual N1 (Favrod et al., 2017; Qestreich et al.,
2015, 2016), are reported. Across SSD, including high schizotypy, a range of findings point to hyporeactive
neural responses to sensory stimuli.

On the other hand, there is strong evidence forhyperezcitability . In the SSD population, there are reports
of sensory flooding (Bunney et al., 1999; McGhie & Chapman, 1961) that are thought to reflect deficits in
sensory gating (Freedman et al., 2020; Hetrick et al., 2012; Patterson et al., 2008; Potter et al., 2006) which
have been observed in SSD (Brockhaus-Dumke et al., 2008; Cadenhead et al., 2000; Hazlett et al., 2015),
including high schizotypy (Croft et al., 2001; Park et al., 2015; Wang et al., 2004), which include the current
findings. The PGT is valuable as a behavioral measure of hyperexcitability.

It is important to note that neurological data would be required to make statements of hyperexcitability
and how they relate to illusions seen in the PGT in high schizotypy. Although more research is needed, the
current findings support that a feasible way to get a handle on SSD is to examine the neurotypical population
who naturally vary on symptomatology. It may be the case that both hyperexcitability and hyporeactivity
may be at play contributing to the impairments documented in SSD. Because of the challenge of accessing
schizophrenia populations, the non-clinical population will continue to provide meaningful insight to clarify
this question.

Limitations

Although a strength of the study is the large sample, we relied on an online format. This left uncontrolled a
host of viewing parameters (e.g., image resolution, lighting, person-to-screen distances, screen dimensions) we
would prefer to control. These sources of noise are likely equivalent across participants, and we see significant
effects. The added noise may weaken effects compared to in person testing. This is worth revisiting with
in person testing going forward. Online data collection prevented us from linking visual illusion findings in
SSD with neural mechanisms (e.g., Thakkar et al., 2019). The number of illusions seen in the PGT has been
associated with cortical hyperexcitability in visual cortex (Braithwaite et al., 2015; Fong et al., 2020), though
we did not measure this in the current study, and cannot confirm this in our samples. It is possible that cortical
hyperexcitability /hyporeactivity fluctuates across the cortex.To capture the underlying mechanism accounting
for the relationship between high schizotypy and illusory percepts we are now collecting neural responses
during task performance. The absence of neural measures leaves open an alternative hypothesis that there
is a signal detection difference that shifts response criterion in those with higher schizotypy scores. In other
words, those with high schizotypy might bemore inclined to report that an illusion was perceived than those
with lower scores (Sahakyan & Kwapil, 2019), and thus we could be capturing a response bias rather than
a difference in perceptual experiences.

Another limitation worth noting is how the “other” response option was accounted for in the PGT. A small
portion (< 1.5%) of participants selected the malfunctioning survey option “other,” which did not allow them
to describe their experience. These responses were counted as one illusion experienced. Since there were so
few of the “other” responses, we believe this limitation is not influencing the results from our rather large
sample (918 participants in total).

Lastly, we tested a non-clinical undergraduate population. This may explain why the cognitive-perceptual
factor did not predict illusory percepts. Specifically, this factor assesses unusual patterns of thought (ideas of
reference /suspiciousness, magical thinking, unusual perceptions) associated with paranormal belief (Betsch
et al., 2020) and identifying meaning in meaningless stimuli (Riekki et al., 2013; Simmonds-Moore, 2014).
This pattern of thinking would hamper performance in the university setting and it may bias our sample
away from patterns that could exist in the broader population.

Conclusion

Individuals with more schizotypal traits experience a greater number of illusions when presented with the
PGT compared to individuals scoring lower on the SPQ-BR. Interestingly, experiencing illusions is predicted



by higher scores on the disorganization factor of the SPQ-BR,

which was consistent across two large data sets. Our results suggest the presence of behavioral hyperexcitability
within high schizotypy individuals; albeit our lack of neurological data limits the extent to which we can infer
the association between cortical hyperexcitability and illusions seen in the PGT. However, overall, this study
reveals the meed to continue studying the role cortical hyperexcitability may be playing on perception in
individuals high in schizotypy traits.
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