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Introduction

Contemporary sensory gating definitions are generally tied
to the perceptual and attentional phenomenology described
by McGhie and Chapman, including abnormalities in the
quality of sensory input, heightened awareness of background noises, and poor selective attention reported by
individuals with schizophrenia. Despite these explicit
phenomenological origins, little is known about the experiential phenomena underlying contemporary operationalizations of the sensory gating construct, such as whether
the construct is restricted to experiences associated with
the modulation of sensory percepts includes selective attention and distractibility or even whether the construct is accessible via self-report. Because clarification of these issues
has important implications for the development and testing
of psychological theories and the study of psychopathology,
a series of studies was conducted to (a) empirically identify
the major dimensions of sensory gating–like perceptual and
attentional phenomenology in healthy young adults and (b)
develop a psychometrically sound self-report rating scale to
capture these dimensions, the Sensory Gating Inventory
(SGI). Factor analyses of Likert items measuring a broad
range of sensory gating–like subjective experiences
revealed 1 primary factor that encompassed anomalies
of perceptual modulation (eg, perceptions of heightened
stimulus sensitivity and sensory inundation) and 3 other
factors measuring disturbances in the processes of focal
and radial attention as well as exacerbation of sensory gating–like anomalies by fatigue and stress. Psychometrically,
the SGI demonstrated strong reliability and validity. An
empirically based conceptual demarcation of the sensory
gating construct is offered, and directions for future
research are described.

Sensory gating is of widespread importance to the study
of both pathological and normative psychological conditions. In the case of schizophrenia, much of the observed
psychopathology may be ‘‘the result of abnormalities in
filtering stimuli, focusing attention, or sensory gating.’’1
Similarly, McGhie and Chapman2 proposed that symptoms of schizophrenia indicate a primary deficit in mechanisms of attention related to selection and inhibition. In
their now-classic interview study, patients with schizophrenia reported anomalies in attention and perception,
such as, ‘‘I just can’t shut things out,’’ ‘‘Everything seems
to grip my attention although I am not particularly interested in anything,’’ and ‘‘. noises all seem to be louder.
It is as if someone has turned up the volume..’’ The
authors reasoned that these experiential phenomena
could be logically sorted into (a) disturbances in the process of ‘‘perception,’’ including abnormalities in the quality of sensory input, perceived increases in stimulus
intensity, and heightening of sensory vividness, and (b)
disturbances in the process of ‘‘attention,’’ including distractibility, inability to focus attention, and heightened
awareness of background noises. They further hypothesized that a breakdown in selective inhibitory function
results in a sensation of being ‘‘flooded’’ by an overwhelming mass of sensory input. Subsequent studies
have continued this line of investigation, not only replicating the findings at the phenomenological level of analysis3–6 but also specifying candidate neurophysiological
mechanisms to account for these anomalies.7–11
Despite the impact of the article of McGhie and Chapman,2 little has been done in the intervening decades to
further characterize sensory gating at the phenomenological, or experiential, level of analysis. Instead, there have
been tremendous advances in characterizing neurophysiological sensory gating deficits believed to produce the
phenomenology McGhie and Chapman2 characterized.
Bunney and colleagues3 are an exception to this general
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sensory gating, as measured by suppression of the P50
event-related potential (ERP), varies in healthy, nonpsychiatric people by age,10 sex,13,14 self-reported levels of
tension and anxiety,15 physical stressors,16 and psychological stressors.17,18 These observations strongly suggest
that sensory gating in nonpsychiatric samples varies on
a continuum that encompasses psychopathological
states. The continuity of normal phenomena with clinical
phenomena has been similarly exploited in analogue
studies of more traditional symptoms of schizophrenia,
including hallucinations and delusions.19–21 Fourth, the
study of sensory gating in a nonpsychiatric sample has
the potential advantage of placing schizophrenia in
a larger, more general theoretical framework of psychological phenomena relating perception, attention, and
cognition.22,23 Fifth, the study of the relevant phenomena
in healthy people avoids the likely confound of the ‘‘generalized deficit’’ often observed in schizophrenia,24 as
well as avoiding the interpretive complexities raised by
the effects of acute psychosis and medications on cognitive function and personal insight. Finally, careful attention to the factorial structure of sensory gating–like
phenomena and their relationships with related psychological constructs will (a) facilitate the development of
hypotheses about underlying mechanisms and (b) allow
for clearer elaboration on the relationship between those
underlying mechanisms and the resulting subjective experiences.23 Factor analytic studies such as this, although
extremely powerful, require large numbers of participants (ie, many hundreds), making it difficult to conduct
this research in clinical populations.
The purpose of the present series of studies is to remedy
the historical neglect of phenomenological dimensions of
sensory gating so that neurophysiological investigations
of related phenomena can be more firmly grounded both
theoretically and empirically.7,8 One important reason
for the relative neglect of phenomenological elaboration
is a lack of appropriate instrumentation. The absence of
a comprehensive, quantitative and empirically derived
demarcation of the relevant phenomenology limits the
precision with which brain-behavior relationships can
be studied. Thus, the overarching aim of the present
work is to empirically ascertain and describe the major
dimensions (ie, factors) of perceptual and attentional
phenomenology related to sensory gating. Using an inductive-hypothetico-deductive approach to scale development,25,26 we began by identifying items that
appeared to tap the gating construct. We then examined
the factor structure so as to parse the pertinent dimensions (Study 1). Following the initial exploratory analysis, we examined test-retest reliability (Study 2) and
evaluated the factor structure in Studies 3 and 4. Finally,
we performed a number of validity checks (Study 5) and
examined sex differences in this self-report measure
(Study 6). The present study therefore expanded upon
the logical categorization of the phenomenology of
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trend. They replicated and extended the qualitative findings of McGhie and Chapman by developing and validating the Structured Interview for Assessing Perceptual
Anomalies (SIAPA). Building on the theoretical conceptualization of the sensory gating phenomenology of
McGhie and Chapman, the SIAPA was designed to empirically assess 3 perceptual anomalies: perceived hypersensitivity, inundation, and selective attention to external
sensory stimuli. Perceptual anomalies were significantly
more prevalent in the self-reports of schizophrenics
(n = 67) compared with healthy controls (n = 98), with
prevalence rates of 52.2% and 25.5%, respectively. Compared with control participants, people with schizophrenia experienced anomalies more frequently in the
auditory (41.8% vs 17.3%) and visual modalities
(32.8% vs 8.2%). These findings provided the first estimates of the proportion of acutely ill schizophrenic
patients and healthy individuals who report sensory gating–like perceptual anomalies. The present work extends
this research by employing an empirical (eg, factor analytic) procedure to comprehensively assess and systematically identify the phenomenology most central to
sensory gating.
Building on the initial delineation of the sensory gating
construct of McGhie and Chapman, as well as indications that about one-quarter of healthy people and
one-half of patients with schizophrenia report sensory
gating–like anomalies of perception and attention,3 the
present study aimed to empirically derive and operationally define the sensory gating construct at the phenomenological/experiential level of analysis.
For several reasons, we elected to conduct this initial
examination of sensory gating phenomenology in
a healthy, nonpsychiatric sample. First, there is an increased potential for error variability in psychiatric populations, which may be influenced by poor insight and
self-awareness.12 Thus, for the purposes of scale development, less impaired populations may serve as better samples in which to conduct these analyses. Second, previous
research indicates that the base rate of the target perceptual and attentional phenomena is about 25% in healthy,
nonpsychiatric samples.3 In another study, between 10%
and 41% of college undergraduates reported perceptual
anomalies such as ‘‘ordinary colors sometimes seem
much too bright to me’’ (10% endorsement rate), ‘‘For
several days at a time I have such a heightened awareness
of sights and sounds that I cannot shut them out’’ (20%
endorsement rate), ‘‘My hearing is sometimes so sensitive
that ordinary sounds become uncomfortable’’ (29%), and
‘‘Often I have a day when indoor lights seem so bright
that they bother my eyes’’ (41%) (Chapman, L. J. and
Chapman, J. P., unpublished data, November 1989).
These data suggest that sensory gating–like anomalies occur at sufficiently high rates to both warrant and support
systematic analysis in nonpsychiatric samples. Third,
psychophysiological investigations demonstrate that
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McGhie and Chapman2 by empirically identifying the
major dimensions of the sensory gating construct.
Study 1: Initial Identification and Exploration of the Sensory Gating Construct

Method
Construct Explication and Item Pool Generation. For an
initial working definition of the sensory gating construct,
we turned to the classic descriptions offered by McGhie
and Chapman2 and Venables.27 In order to broadly sample perceptual and attentional item content,28 4 sources
were consulted: (1) verbatim, first-person quotes collected by McGhie and Chapman2; (2) verbatim quotes
from SIAPA interviews with schizophrenics and healthy
controls3; (3) 4 items from the Perceptual Aberration
Scale (PAS) that assess external perceptual experiences29;
and (4) new items written to assess content that was otherwise underrepresented in the pool, including exacerbation of perceptual and attentional anomalies by fatigue
and stress. The impetus for the latter items came from
the finding of Bunney et al3 that healthy controls
reported higher frequencies of perceptual and attentional
anomalies under fatigue and stress.
An effort was also made to ensure that a representative
number of items directly tapped perceptual and attentional constructs proposed by McGhie and Chapman.2
Specifically, items reflecting the following 3 hypothesized
‘‘perceptual processes’’ were included: (1) sensory flooding/inundation; (2) perceived increases in the intensity of
exteroceptive stimuli; and (3) abnormalities in the quality
of sensory input. Within the domain of ‘‘attentional processes,’’ items were included to capture the following 3
phenomena: (1) distractibility; (2) difficulty focusing
on single exteroceptive stimuli; and (3) heightened awareness of background sensation.
All the candidate items were reviewed to ensure that
they referred to perceptual and attentional anomalies
180

Participants. After providing written informed consent,
the 124-item Sensory Gating Inventory (SGI) was administered to 582 undergraduates who received course credits. Minimal instruction was provided for participants,
and they were not instructed to exclude experiences related to illicit drug use. Data from 50 participants
were excluded because (1) they were incomplete, (2)
the participant reported hearing or vision problems, or
(3) the participant failed to endorse 2 or more items
on the Chapman Infrequency Scale,34 thus indicating
that a subject may not have read the items. The demographic characteristics of the remaining 532 participants
were as follows: 45% women, 83% Caucasian/White, 7%
Asian/Pacific Islander, and 6% African American/Black.
The average age was 20.81 years (SD = 3.11). The entire
project was approved by the Human Subjects Institutional Review Board at Ohio State University where
the data were collected.
Results
Descriptive Statistics. For each item, the distribution of
endorsement frequencies across the Likert categories was
examined. Thirty-five items were deleted from the item
pool because (a) the mode was zero, (b) the ratio of
the corresponding skewness value to its standard error
was greater than 3 and one-half, or (c) the ratio of the
kurtosis value to its standard error was greater than 3
and one-half.
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The purpose of this first experiment was to use classic inventory development methods to empirically ascertain
and describe the major dimensions (ie, factors) of phenomenology related to sensory gating. Two primary hypotheses were tested: first, that factor analysis would
yield a multifactorial solution given that previous studies
have revealed several dimensions of related abnormality
such as (a) perceived increases in the intensity of exteroceptive stimuli; (b) perceived inundation by sensory stimuli; (c) difficulty concentrating and focusing on
exteroceptive stimuli; and (d) increased awareness of irrelevant background noises.2,27 Second, based on the
observations that perceptual and attentional anomalies
tend to covary with each other,3 it was hypothesized
that the emergent factors would be moderately correlated
with one another.

arising from ‘‘external’’ (or environmental) ‘‘sensory
stimuli,’’ as opposed to apparently more cognitive, higher
order disturbances such as those associated with bodily
awareness (eg, body-image aberration29), thinking
(eg, thought disorder30,31), and affect (eg, arousability32,33). Also, the item content was limited to phenomenology related to the auditory and visual modalities
because tactile, olfactory, and gustatory anomalies are exceedingly rare in both healthy and schizophrenic people.3
One hundred twenty-four items were initially generated, and a pilot study was conducted to evaluate item
endorsement distributions. A pilot sample of 128 university student volunteers rated each item on a 6-point Likert scale ranging from ‘‘never true’’ to ‘‘always true.’’ A 6point Likert response format was selected in order to
maximize variability of responses without allowing so
many options as to make the response anchors indistinguishable to the participants. Furthermore, an even number of response choices eliminates the problem of
participants selecting a middle ‘‘neutral’’ option. Thirteen items that were rarely endorsed or almost always endorsed or whose distributions were characterized by
skewness or kurtosis values more extreme than 61.0
were reworded to normalize the endorsement distributions and then included in the instrument administered
in this first study.

Sensory Gating

Table 1. Items from the Sensory Gating Inventory and Their Factor Loadings Greater than 0.30
Factor Loadings
Content

PM (a = 0.92)

My hearing is so sensitive that ordinary
sounds become uncomfortable.
There have been times when it seems that
sounds and sights are coming in too fast.
For several days at a time I have such
heightened awareness of sights and
sounds that I cannot shut them out.
Every now and then colors seem more vivid
to me than usual.
At times I have feelings of being flooded
by sounds.
Sometimes it seems like someone has turned
the volume up—things seem really loud.
I have feelings of being flooded by visual
experiences, sights, or colors.
It seems like I take in too much.
Sometimes I find it difficult to focus on one
visual sight to the exclusion of others.
I hear sounds but I can’t make sense of
them all because it’s like trying to do 2 or
3 things at once.
It’s not bad when just one person is
speaking but if others join in, then I can’t
pick it up at all. I just can’t get into tune
with that conversation.
Sometimes I notice background noises more
than usual.
Background noises are just as loud or
louder than the main noises.
I can’t focus on one sound or voice to the
exclusion of others.
It seems like I hear everything at once.
There are days when indoor lights seem so
bright that they bother my eyes.
At times I have trouble focusing because
I am easily distracted.
I am easily distracted.
I have more trouble concentrating than
others seem to have.
I find it hard to concentrate on just one
thing.
It is hard to keep my mind on one thing
when there’s so much else going on.
There are times when I can’t concentrate
with even the slightest sounds going on.
I find it difficult to shut out background
noise and that makes it difficult for me to
concentrate.
When I am in a group of people I have
trouble listening to one person.
Not only the color of things fascinates me
but all sorts of little things, like markings
in the surface, attract my attention, too.
I notice background noises more than other
people.

0.787

D (a = 0.89)

OI (a = 0.80)

FS (a = 0.75)

0.708
0.683
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0.681
0.680
0.629
0.591
0.512
0.508

0.300

0.494

0.468

0.449
0.448
0.413
0.400
0.379
0.810
0.758
0.691
0.633
0.572
0.498
0.456

0.372
0.539

0.525
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Table 1. Continued
Factor Loadings
Content

PM (a = 0.92)

D (a = 0.89)

Everything grips my attention even though
I am not particularly interested in any of it.
The silliest little things that are going on
interest me.
Maybe it’s because I notice so much more
about things that I find myself looking at
them for a longer time.
I seem to hear the smallest details of sound.
I seem to always notice when automatic
appliances turn on and off (like the
refrigerator or the heating and cooling
system).
When I’m tired sounds seem amplified.
It seems that sounds are more intense when
I’m stressed.
When I am tired, the brightness of lights
bothers me.
I cannot focus on visual images when I am
tired or stressed.
When I am driving at night, I am bothered
by the bright lights of oncoming traffic.

OI (a = 0.80)

FS (a = 0.75)

0.523
0.494
0.488

0.839
0.669
0.664
0.449
0.329

Note: The refined, 36-item SGI is presented here as 4 items were later removed (see Study 3). PM, Perceptual Modulation factor; D,
Distractibility factor; OI, Over-Inclusion factor; FS, Fatigue and Stress Vulnerability factor. N = 532 (Study 1). Factors were extracted
using principal axis factor (PAF) analysis with Oblimin rotation. Items are presented with their loadings onto their assigned factors.

Factor Analyses. Principal axis factor (PAF) analysis
with Oblimin rotations was used to examine the factor
structure of the remaining 89 items of the SGI. When determining the number of factors to extract, balanced consideration was given to (a) the absolute value of the
eigenvalues, (b) the visual screening test, and (3) the theoretical interpretability of the factors.35–37 Consideration
of these criteria suggested a 4-factor solution that optimized parsimony and ease of interpretation. One primary
factor accounted for 31.6% of the variance in the data and
3 other factors accounted for an additional 15.1% of the
variance combined. In order to enhance the homogeneity
of each factor, an item was retained only if its factor loading exceeded 0.30 on the corresponding factor and the
loading value was at least 0.15 greater on the given factor
than on any other factor.38,39 Forty-nine items were
removed from the SGI because they did not meet these
criteria.
The remaining 40 items were then subjected to another
PAF Oblimin analysis in which a 4-factor solution was
specified. In this new analysis, the 4 factors accounted
for 32.1%, 6.4%, 6.1%, and 3.5% of the variance, respectively, and 48.1% of the variance cumulatively. The first
factor was labeled the ‘‘Perceptual Modulation’’ factor
because the content of its 17 items primarily related to
modulation of stimulus intensity and perceptual inundation. The 10 items on the second factor appeared to mea182

sure anomalies of focal attention, or distractibility, and
thus the factor was named the ‘‘Distractibility’’ factor.
The third factor was named the ‘‘Over-Inclusion’’ factor
because its 9 items appeared to assess anomalies of radial
attention as a result of a low threshold of perception
(over-inclusion and hyperawareness). The fourth, and final, factor was comprised of 4 items reflecting vulnerability to perceptual and attentional anomalies during
periods of fatigue and stress; thus, it was named the ‘‘Fatigue and Stress Vulnerability’’ factor (see table 1). Factor
intercorrelations were moderate-to-strong, indicating
shared variance between the factors ranging from
19.4% to 43.6% (see supplementary table 1). Correlations
between each factor and the total SGI score, excluding
each target factor successively, were stronger, with the
proportion of shared variance ranging from 29.2% to
50.4%. The internal consistency reliability, as measured
by Cronbach’s alpha, was moderate-to-large for each
of the 4 factors, ranging from 0.75 (Fatigue and Stress
Vulnerability) to 0.92 (Perceptual Modulation; see supplementary table 1). Differences in alpha between the factors may be a consequence of differences in the number of
items contributing to each factor.
Discussion
The results of Study 1 confirmed 2 primary predictions.
First, the factor analysis yielded a multidimensional
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0.469
0.439
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Study 2: Test-Retest Reliability of the SGI
The available evidence suggests that sensory gating
should be relatively stable across time in healthy, unaffected people. For example, scores on the PAS, which
measures a related construct, demonstrated relatively
strong test-retest reliability in healthy controls across
a 12-week test-retest interval (0.75 correlation coefficients for men and 0.76 for women39). Similarly, studies
of arousability, which has been linked to poor sensory
screening,40 indicate that arousability is stable enough
to be considered trait like. We expected that SGI scores
would be consistent across time in healthy participants.

25 participants were reassessed at 4.5 weeks following the
first testing session, 29 participants were reassessed at 6.5
weeks, and 36 participants were reassessed at 9 weeks.
Results
The test-retest intraclass correlations for the overall SGI
scores were r(25) = 0.88, r(29) = 0.88, and r(36) = 0.86
across the retest intervals of 4.5, 6.5, and 9 weeks, respectively, indicating good retest reliability. The test-retest
intraclass correlations for the Perceptual Modulation factor scores were 0.84, 0.83, and 0.84 across the same 3
intervals, indicating good retest reliability. Similarly,
the correlations for the Distractibility scale were 0.90,
0.91, and 0.80; Over-Inclusion scale: 0.84, 0.83, and
0.87; and Fatigue and Stress Vulnerability scale: 0.85,
0.77, and 0.68. With the exception of the Over-Inclusion
and Perceptual Modulation factor score, the magnitudes
of the reliability coefficients decreased from the 4.5-week
retest interval to the 9-week interval as one would expect
with increasing time between test administrations. These
decreases in intraclass reliability coefficients were not significant for any of the factors, however (z values < 1.64,
P values > .05).
Discussion
Test-retest correlations indicated substantial temporal
stability of the SGI and its factors across intervals of
4–9 weeks in these healthy individuals.
Study 3: Replication of Factor Structure and Scale
Refinement
In the interest of taking a conservative approach to scale development, this study was conducted to examine the reproducibility of the SGI’s factor structure across independent
samples and to refine the scale by eliminating items that did
not consistently load on the same factor across samples.
Method
Participants and Procedure. The 40-item version of the
SGI was administered to 2 new, large samples of undergraduates (sample 1: n = 568; sample 2: n = 532). The average age
for sample 1 was 19.13 years (SD = 2.61), and the average age
for sample 2 was 19.93 years (SD = 3.10). Two separate exploratory PAF analyses with Oblimin rotations were conducted. In accordance with the factor analytic findings
described in Study 1, the number of factors was set to 4.
The factorial stability of each item was examined by comparing factor loadings across the 2 samples.

Method
Participants and Procedures. Ninety new undergraduate
volunteers (mean age = 19.68, SD = 3.57) completed the 40item SGI twice. Test-retest reliability of the SGI’s full-scale
and factor scores were examined at 1 of 3 intertrial intervals;

Results
Eigenvalues from each sample were similar and suggested
the extraction of a primary factor that accounted for
34.2% and 33.8% of the variance, respectively. The 3
183
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solution consisting of a primary factor, accounting for
aberrations in the modulation of exteroceptive inputs
(the Perceptual Modulation factor), and 3 minor factors
measuring distractibility due to difficulties focusing attention (Distractibility factor), over-inclusion or hyperattention (Over-Inclusion factor), and vulnerability to
perceptual anomalies during periods of fatigue and stress
(Fatigue and Stress Vulnerability factor). The Perceptual
Modulation factor unified 2 types of disturbances that
were combined in conceptualization of McGhie and
Chapman: (a) perceived increases in the intensity of exteroceptive stimuli and (b) the experience of being
flooded, or inundated, by sensory inputs. The results support the theoretical classification of the pertinent anomalies into 2 domains of McGhie and Chapman2
(disturbances in the processes of perception and attention). However, 2 factors related to disturbances of attention emerged instead of just one as they proposed.
The findings of the present study also confirmed the
second prediction that the emergent factors of the SGI
would be intercorrelated. This finding is consistent
with observations of Bunney et al,3 McGhie and Chapman,2 and Venables27 that perceptual and attentional
anomalies tend to occur together. The magnitude of
the intercorrelations among the SGI factors indicated
that these factors share a substantial amount of variance,
ranging from 19% to 44%.
Thus, poor sensory gating appears to be primarily
comprised of aberrations in the modulation of sensory
inputs, but it also includes anomalies of focal attention
(distractibility), radial attention (over-inclusion), and
susceptibility to perceptual aberrations during periods
of fatigue and stress. The extraction of 2 SGI factors
assessing disturbances in attention also confirms the relevance of attentional disturbance in the constellation of
sensory gating–like phenomena.
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Discussion
The general structure of the SGI factor solution from
Study 1 was quite stable across the 2 additional large
and independent samples collected in Study 3. Although
the specific item loadings obtained in Study 1 were less
stable when examined in these new samples, the evidence
for a provisional multifactorial solution remained strong,
184

as indicated by (a) the consistent interpretability and variance accounted for by the 4-factor solutions; (b) the observation that 35 of the 40 original items loaded most
robustly on the same factor in these new samples; and
(c) the consistency of cross-loadings between samples.
Study 4: Validation of the Factor Structure
The purpose of this study was to validate the 4-factor
structure by conducting a CFA on a new sample of
healthy undergraduate participants.
Method
Participants and Procedure. The 36-item SGIwas administered to a newsample of undergraduateswho hadnot participated in Studies 1, 2, or 3 (n = 349). The average age of
this sample was 19.72 years (SD = 3.63). Thirty-three participants were removed due to missing responses for various scale items for a total of 316 included in the final
analysis. AMOS 16.0 was used to conduct a CFA to test
the hypothesized 4-factor structure of the scale.41 Model
fit was assessed using v2, comparative fit index (CFI),
the root mean square error of approximation (RMSEA),
the Akaike information criterion (AIC), and the Bayesian
information criterion (BIC) for both a unidimensional and
4-factor solution. The range of possible CFI values is from
0 to 1, with larger values indicating a better fit. As for the
RMSEA index, low values indicate a better fit, with values
below 0.05 indicative of a ‘‘good’’ fit and values from 0.06
to 0.09 indicative of a ‘‘moderate’’ fit. Smaller v2, AIC, and
BIC values indicate a better model fit than larger values.42
Results
The indices of fit for both the unidimensional and 4-factor
models are presented in supplementary table 3. Differences
in v2 between the 2 models revealed a significant improvement in model fit for the 4-factor solution, Dv2 = 598.59,
Ddf = 6, P < .001. Similarly, the differences between
CFI, RMSEA, AIC, and BIC between the 2 models indicated a better fit for the 4-factor model. Although improvement in fit was observed in all 5 indices with the 4-factor
model, the moderate CFI and RMSEA values suggest
some remaining problems in fit. These values are consistent
with observations from Study 3 that some items had high
cross-loadings on other factors. Finally, Cronbach’s alpha
values for the individual subscales using the refined, 36item questionnaire were very similar to values obtained
in Study 1. Cronbach’s alpha for the Perceptual Modulation factor was 0.92; Distractibility, 0.88; Over-Inclusion,
0.80; and Fatigue and Stress Vulnerability, 0.75.
Discussion
CFA revealed that the phenomenology of sensory gating
is not unidimensional. The observed fit values, however,
indicated only a moderate fit of the hypothesized 4-factor
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remaining factors accounted for 7.4%, 4.8%, and 3.8% of
the variance in the first sample and 7.4%, 4.3%, and 3.7%
of the variance from the second sample. The cumulative
percentage of variance accounted for by all 4 factors was
50.3 and 49.2.
Twenty-six of the 40 SGI items met inclusion criteria
by loading at least 0.30 on the same factor in each analysis and exhibiting loadings that were at least 0.15 greater
on their highest loading factor than on any other factor in
that analysis. Of 14 items that did not meet the inclusion
criteria, 9 had their highest loadings on the same factor in
both samples but did not meet the established factorial
independence threshold (ie, the loading on the primary
factor was not greater than 0.15 from the next highest
factor loading); the other 5 items changed their primary
loading from 1 factor to another across analyses.
The factor intercorrelations in Sample 1 were quite
similar to those seen in Sample 2 (see supplementary table
2). In both samples, the correlations between Perceptual
Modulation factor and each of the 3 other factors were
rather robust (r values ranged from 0.61 to 0.66), indicating proportions of shared variance ranging from 37% to
44%. Stronger correlations were observed between each
subscale score and the full-scale score (excluding the
target subscale score), with r values ranging from 0.57
to 0.80.
Although we had specified cross-loading as an item exclusion criterion (see Study 1), at this early stage of development, we decided to err on the side of retaining
these cross-loading items rather than eliminate them
on the assumption that the inventory was multidimensional. Elimination of such items would be reasonable
only to the extent that the inventory was multidimensional; however, multiple cross-loadings could indicate
unidimensionality rather than that a given item was
a poor indicator of a multidimensional construct.
Whether the inventory was multi- or unidimensional
was an empirical question that was further addressed
by a confirmatory factor analysis (CFA) in Study 4.
Therefore, we elected to retain extra items so they could
be subjected to this additional empirical scrutiny.
Most importantly, the results showed that all but 4
items achieved loadings of 0.30 or greater in both analyses. With these 4 items eliminated, the Spearman rankorder correlation coefficient of the factor loadings was
r(36) = 0.93, P < .001, across the samples, indicating reasonable structural stability.
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Table 2. Correlations between SGI and Its Factors and Other Self-Report Measures
Sensory Gating Inventory
Factor

Self-Report Scale

Perceptual
Modulation
(a = 0.93)

Distractibility
(a = 0.91)

Over-Inclusion
(a = 0.80)

Fatigue-Stress
Modulation
(a = 0.77)

0.79***
0.71***
0.65***

0.73*
0.64*
0.58

0.79*
0.75*
0.62

0.59
0.50
0.46

0.63
0.55
0.56

0.65***

0.58

0.60

0.51

0.59

0.63*
0.61**

0.52
0.49

0.67*
0.74**

0.41
0.41

0.55
0.48

0.60***

0.53

0.63**

0.36

0.47

0.59***
0.57***

0.50*
0.62**

0.66*
0.42

0.34
0.38

0.43
0.40

0.53**
0.51*
0.45***

0.49
0.42
0.36

0.57
0.65*
0.46**

0.31
0.27
0.36

0.38
0.41
0.45**

Note: Cronbach’s alpha is presented for each instrument. ***P < .001; **P < .01; *P < .05. IPI, Imaginal Processes Inventory; TAIS,
Test of Attentional and Interpersonal Style.

model to the observed item covariances, suggesting further refinements might be beneficial. For example, item
phrasing could introduce unintended redundancy, which
can cause covariation between items to become artifactually inflated.38,43 A future study could examine whether
a shorter version of the scale that eliminates item redundancy may produce a closer fit with the hypothesized
model. Nevertheless, a significant improvement of the
4-factor solution over a unidimensional model indicates
that 4 separable dimensions comprise the sensory gating
construct. Study 5 was conducted to explore the relationships between SGI dimensions and established measures
of constructs of theoretical interest.
Study 5: Convergent and Discriminant Validation
The relationships between the SGI and a variety of other
theoretically relevant measures were examined to determine the inventory’s convergent and discriminant validity. Measures were selected for their ability to assess
cognitive, attentional, and perceptual processes hypothesized to be linked to the sensory gating construct, thus
providing a test of the convergent validity of the SGI.
Method and Results
Participants and Procedure. The 36-item SGI was administered along with 12 other self-report scales to

a new sample of 556 undergraduates (mean age =
20.06, SD = 1.94), none of whom had participated in
Studies 1, 2, 3, or 4. Data from 43 participants who
reported hearing problems were excluded from the
analyses. The entire battery of instruments was not
administered to all participants; thus, sample sizes for
the various correlation coefficients ranged from 181
to 513.
Instruments, Hypotheses, and Findings. Spearman correlation coefficients and Cronbach’s alpha internal consistency coefficients are produced in table 2. The battery of
instruments and findings are summarized below; see
supplementary material for description of self-report
measures.
Perceptual Aberration Scale Moderate correlations
between the PAS and the SGI were predicted because
the body-image distortions measured by the PAS have
been conceptually linked to a putatively broader range
of perceptual dysfunction in psychotic and psychoticprone people.29 Furthermore, 2 items were shared by
these instruments, and several other items on the PAS refer to perceptual aberrations of exteroceptive stimuli, as
does the primary factor on the SGI.
The magnitude of the correlation between the PAS
and the composite SGI score was moderate, as predicted, r(513) = 0.57, P < .001. In support of the
185
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TAIS: OET (n = 219; a = 0.91)
TAIS: OIT (n = 219; a = 0.88)
Arousal Predisposition Scale
(n = 454; a = 0.86)
Highly Sensitive Person Scale
(n = 219; a = 0.91)
IPI Mind Wandering (n = 181; a = 0.91)
Attentional Instability Questionnaire
(n = 513; a = 0.92)
Cognitive Failures Questionnaire
(n = 513; a = 0.94)
Fatigue (n = 454; a = 0.92)
Perceptual Aberration Scale
(n = 513; a = 0.94)
Trait Anxiety Inventory (n = 332; a = 0.94)
IPI Distractibility (n = 181; a = 0.79)
Trait Arousability Scale (n = 332; a = 0.88)

Total Score
(a = 0.95)
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the relationships were strongest with the Perceptual
Modulation and Distractibility factors of the SGI and
significantly stronger with the Distractibility factor than
with the Perceptual Modulation factor, t values(219) >
2.48, P values < .05.
Cognitive Failures Questionnaire Studies of divided
attention to auditory and visual stimuli suggest that cognitive failures may emanate from difficulty allocating and
switching attention between multiple goal-directed activities.48,49–51 In contrast to higher order ‘‘resource allocation’’ models proposed to underlie the construct
measured by the Cognitive Failures Questionnaire
(CFQ), sensory gating phenomena are thought to reflect
an earlier stage of selective attention wherein the flow of
sensory afferents along neural pathways to perceptual
mechanisms is ‘‘gated’’ or inhibited to prevent sensory
flooding.57 Thus, the latent constructs that are presumably tapped by these 2 instruments may be related but
should not be redundant. Accordingly, it was predicted
that the SGI and the CFQ would moderately correlate,
with the strongest association to the Distractibility
factor—whose manifest content appears most similar
to the CFQ.
As predicted, the correlation between the composite
SGI score and CFQ was moderately strong, r(513) =
0.60, P < .001. Furthermore, in support of the discriminant validity of the factor structure, the Distractibility
factor of the SGI correlated significantly higher with
the CFQ, r = 0.63, t values(510) > 4.9, P values < .01,
than did any of the other SGI factors.
Trait Anxiety Inventory The relationship between the
SGI and Trait Anxiety Inventory (TAI) was examined
because anxiety appears to be an important contributor
to sensory gating, as measured by suppression of the P50
ERP waveform.53 For example, increased levels of anxiety in recent-onset schizophrenics54 as well as healthy
controls17,18,55 have been found to correlate with higher
P50 gating ratios (ie, poorer gating). Based on these
reports, it was predicted that scores on the SGI would
show moderate positive correlations with the TAI. Consistent with this prediction, the TAI and SGI were significantly correlated, r(332) = 0.53, P < .001, indicating that
28% of the variance was shared.
Highly Sensitive Person Scale In addition to the conceptual convergence between the latent constructs measured by the SGI and Highly Sensitive Person Scale
(HSPS), several HSPS items refer to phenomena that
are similar to that found on the SGI.56 Accordingly, it
was expected that there would be a moderately positive
correlation between the HSPS and the SGI. As predicted,
the obtained correlation was 0.65 (n = 219, P < .001).
Attentional Instability Questionnaire A moderately
positive correlation was predicted between the SGI
and the Attentional Instability Questionnaire (AIQ),
with the SGI’s Distractibility factor having the strongest
correlation (Allan L., unpublished data). Consistent with
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multidimensional model of the SGI, the Perceptual
Modulation factor correlated significantly higher with
the PAS, r = 0.62, than did any of the other 3 SGI factors
(r values ranged from 0.38 to 0.42 P values < .01).
Given the magnitude of these correlations, we examined the extent to which the latent constructs assessed
by each of these instruments could be discriminated by
factor analytic methods26 in a sample of 456 subjects.
PAS and SGI items were jointly entered into a principal
components factor analysis in which 2 factors were specified for extraction (varimax rotation). Each inventory
contributed an equal number of items (n = 35) to the analysis, and all items were rated on the same 6-point Likert
scale. The vast majority of SGI and PAS items loaded
strongly on separate rotated factors and showed only
weak cross-loadings. For example, all unique SGI items
(the inventories shared 2 items) had their highest loadings
on the same factor, the SGI factor; similarly, all but 2 of
the unique PAS items had their highest loadings on the
PAS factor. The difference between an item’s factor loading on the primary vs secondary factor exceeded 0.30 for
62 of the 70 unique items in the analysis. Finally, the
overall Spearman rank-order correlation between the
full-scale SGI and PAS was r(456) = 0.60. Therefore,
we concluded that the SGI and PAS tap related but
empirically distinguishable constructs, sharing only
36% of their variance.
Trait Arousability Scale Arousability is believed to be
inversely related to stimulus screening, which is conceptually similar to sensory gating, and ‘‘non-screeners’’ are
more arousable than ‘‘screeners.’’32,44 It was predicted
that the SGI and Trait Arousability Scale (TAS) would
correlate moderately. The correlation between the TAS
and SGI was r(332) = 0.45, P < .001. At the factorial level
of analysis, the TAS correlated significantly higher with
the Distractibility (P < .01) and Fatigue and Stress Vulnerability factors (P < .01) than with the other 2 factors, t
values(332) > 3.45, not significant.
Arousal Predisposition Scale It was predicted that the
SGI and Arousal Predisposition Scale (APS) would be
moderately correlated.45,46 Consistent with this prediction, the composite SGI score was moderately correlated
with the APS, r(454) = 0.65, P < .001.
Test of Attentional and Interpersonal Style Two subscales of the Test of Attentional and Interpersonal Style
(TAIS) were of particular interest because they assessed
attentional ‘‘overload’’ by external stimuli (OET subscale) and overload by internal stimuli (OIT).47 A moderate correlation was predicted between the SGI and the
OIT subscale, while a moderate-to-strong relationship
between the SGI and OET was expected due to similarities in item content and construct definition.
Moderate-to-strong correlations were observed between the composite SGI score and the OIT, r(219) =
0.71, P < .001, and the OET, r(219) = 0.79, P < .001, subscales of the TAIS. For both the OIT and OET subscales,
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Discussion
Study 5 provides substantial convergent validity evidence
for the SGI. The sensory gating construct systematically
correlated with a variety of constructs related to individual differences in perceptual and attentional processes.
An examination of the rank-order correlation coefficients
showed that the full-scale SGI was most positively and
strongly correlated (r = 0.79) with a measure of attentional OET. The SGI also strongly correlated with

measures of attentional overload arising from internal
stimuli, such as irrelevant thoughts (0.71), and with
arousability (0.65) and sensitivity to exteroceptive stimuli
(0.65). The SGI correlated somewhat more modestly—
but statistically significantly—with measures of poor
attention allocation and modulation, including mind
wandering (0.63), attentional instability (0.61), and cognitive failures or lapses (0.59). The full-scale SGI also was
modestly associated with measures of fatigue (0.59) and
body-image aberrations (0.57). Although still statistically
significant, the weakest correlations of the full-scale SGI
score were with measures of trait anxiety (0.53), trait
arousability (0.45), and distractibility (0.51).
The pattern of relations observed between the full-scale
SGI score and these other measures constitutes the manifest portion of the sensory gating construct’s nomological network,61 in which poor sensory gating is most
closely related to difficulties modulating exteroceptive
inputs to the nervous system (eg, attentional overload
due to external stimulation). In addition, the SGI is somewhat less related to difficulties modulating and/or allocating attention (eg, mind wandering); even less related
to physical and mental manifestations of fatigue and psychotic-like body-image distortions; and modestly related
to trait anxiety and trait arousability.
The discriminant validity of the SGI’s factors was supported by several observations. First, the PAS correlated
significantly higher with the SGI’s Perceptual Modulation factor than with any of the other SGI factors.
This is consistent with the supposition that the PAS
measures one aspect of a larger domain of perceptual aberration,29 and the SGI’s Perceptual Modulation factor
measures another aspect of the same domain to a greater
extent than the other SGI factors. Second, the Perceptual
Modulation and Distractibility factors of the SGI correlated significantly higher with both the OET and the OIT
subscales of Nideffer’s47 TAIS than did either the OverInclusion factor or the Fatigue and Stress Vulnerability
factor. Furthermore, the Distractibility factor, compared
with the Perceptual Modulation factor, correlated more
strongly with both the OET and the OIT. Examination of
the content of the OET, OIT, and Distractibility factor of
the SGI suggests that the commonality among these
scales may be their measurement of similar aspects of
the sequelae of poor sensory gating, as opposed to
what could be considered the primary sensory gating
deficit—aberrant modulation of perceptual processes.
Third, the Distractibility factor of the SGI, compared
with the other SGI factors, correlated significantly more
strongly with the AIQ (Allan L., unpublished data),
CFQ,48 Distractibility and Mind Wandering subscales of
the IPI,59 OIT subscale of the TAIS,47 and TAI.53
Some correlates of the SGI’s factors, however, failed to
support its hypothesized structure. For example, the Fatigue Scale60 did not correlate most strongly with the
Fatigue and Stress Vulnerability factor of the SGI as
187
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this prediction, the correlation between the composite
SGI score and the AIQ was 0.61 (n = 513), and the Distractibility factor of the SGI correlated significantly more
strongly with the AIQ (r = 0.74) than any of the other
factors, t(510) = 14.89, P < .01.
Imaginal Processes Inventory: Distractibility and Mind
Wandering Subscales A moderately positive correlation
was predicted between the composite SGI score and these
2 subscales of the Imaginal Processes Inventory (IPI), and
a strong correlation was expected with the SGI’s Distractibility factor because they appear to measure difficulties allocating and modulating attention more so
than modulation of perceptual processes (Perceptual
Modulation factor) or habitual hyperattention (OverInclusion factor). 57–59 The obtained correlations between
the SGI and the IPI Distractibility and Mind Wandering
subscales were 0.51 (n = 181) and 0.63 (n = 181), respectively, and both subscales correlated significantly higher
with the SGI’s Distractibility factor score than any of the
other SGI factors (r values = 0.65 and 0.67; P values <
.05).
Fatigue Scale The impetus for including a measure of
fatigue came from the finding of Bunney et al3 that
healthy controls reported higher frequencies of perceptual and attentional anomalies under fatigue and stress.60
A weak-to-moderate positive correlation was predicted
between the full-scale SGI and the Fatigue Scale of
Chalder et al.60 It was also predicted that the Fatigue
Scale would correlate most strongly with the SGI’s Fatigue and Stress Vulnerability factor. The results indicated that although the magnitude of the correlation
between the Fatigue Scale and the SGI was within the
predicted range, r(454) = 0.59, P < .001, the Fatigue Scale
correlated significantly more strongly with the Distractibility (0.66) and the Perceptual Modulation factors
(0.50) than the Fatigue and Stress Vulnerability factor,
r = 0.43; t values(451) > 2.19, P values < .05. One possible
explanation for this unanticipated result is that the
Fatigue and Stress Vulnerability factor of the SGI has
fewer items in it, which reduces its reliability. Given
that the reliability of a subscale constrains its validity,
it is possible that the Fatigue Scale could exhibit a stronger relationship with Fatigue and Stress Vulnerability
if more items were added to this factor to increase its
reliability.
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predicted. Also, the HSPS,56 which measures sensory sensitivity, did not correlate most strongly with the Perceptual Modulation factor, which assesses, among other
phenomena, perceived increases in stimulus intensity
and sensitivity to perceptual subtleties. However, taken
together, the results of this study justify the retention
and further examination of the 4 factors.
Study 6: Sex Differences on the SGI

Method and Results
The participants were 1517 undergraduate students (734
men). Sex differences on the SGI and its factors were
tested by independent samples t tests. Following a conservative nonparametric strategy, sex differences were examined with order statistics. Women scored significantly
higher on the Distractibility factor score (M = 18.39,
SEM = 0.29) than men (M = 16.95, SEM = 0.28),
Mann-Whitney U[M-W] statistic (1517) = 279057, P =
.001, and on the Fatigue and Stress Vulnerability factor
(women: M = 12.81, SEM = 0.19; men: M = 11.59, SEM =
0.18), M-W U statistic (1517) = 247181, P < .001. The
groups did not significantly differ on the Perceptual
Modulation (women = 26.19 [0.47], men = 27.22
[0.49]), Over-Inclusion (women = 17.48 [0.21], men =
17.75 [0.21]), or the overall SGI scores (women = 74.88
[0.99], men = 73.51 [0.99]).
Discussion
Women reported greater distractibility and greater susceptibility to perceptual anomalies under conditions of
perceived fatigue and stress than men. However, there
were no significant differences between men and women
in the composite SGI score or the other subscales. A recent meta-analysis examining sex differences in several
measures of schizotypy found that, among older individuals, women tended to score higher on the PAS,29 which
correlated highly with the Perceptual Modulation factor
(see table 2).65 One possible reason for the discrepancy
188

Conclusions
These studies provide empirical characterization of the
sensory gating construct at the phenomenological level
of analysis and a self-report instrument, the SGI, with
which to measure this construct. The data indicate that
sensory gating is principally comprised of anomalies in
the modulation of percepts, including both the modulation of stimulus intensity and perceptual inundation. The
perceptual anomalies are meaningfully related to, but not
identical with, disturbances of focal and radial
attention—a conclusion that is supported by 2 kinds of
evidence. First, item-level analyses conducted in independent samples consistently revealed 4 distinct and meaningful factors that differentially intercorrelated with
each other (Studies 1 and 3). Second, the 4 factors consistently exhibited substantial intercorrelations across
samples, indicating strong relationships between factors;
yet, a CFA ruled out the hypothesis that sensory gating is
a unidimensional construct (Study 4). Third, these factors
evidenced a conceptually meaningful pattern of associations with other constructs, supporting both the multidimensionality of sensory gating and the validity of the SGI
(Study 5). Further, the data suggest that fatigue and
stress exacerbate sensory gating–like anomalies, especially in women—a finding that directly mirrors results
from a P50 sensory gating study (Study 6).55 Convergent
validation efforts indicated that poor sensory gating was

Downloaded from http://schizophreniabulletin.oxfordjournals.org/ at University of Maryland on August 12, 2014

Sex differences have been reported for both P50 suppression13,62 and acoustic startle suppression,14 indicating
that women exhibit poorer sensory gating than men, especially under stress.55 Mehrabian33 reported a significant
positive correlation (0.38) between arousability/stimulus
screening (as measured by the TAS) and sex, indicating
that men tend to filter, or screen, to a greater extent than
women. Similarly, normative data for the APS46 suggest
that women report greater arousability than men. Also,
subscale scores on the IPI60 suggest that women report
greater distractibility (factor 23) and mind wandering
(factor 24) than men. Finally, there is evidence suggesting
that women may be more distractible than men in competing aural message paradigms63 and have less tolerance
for loud tones than men.64

between the results reported by the meta-analysis and
those presented here is that the authors found the sex differences on the PAS to be most prominent in older subjects, while the participants in the present study were
young college students.
The sex differences on the SGI’s Distractibility factor
score were consistent with Mehrabian’s findings that
women scored significantly higher on his arousability/
poor stimulus screening measure, the TAS. Coren46
also reported that women scored higher on the APS,
and Giambra59 observed that women reported greater
distractibility and ‘‘mind wandering’’ than men on the
IPI. In Study 5, all 3 of these measures correlated significantly higher with the Distractibility factor than with the
Perceptual Modulation factor of the SGI, providing additional support for the discriminant validity of the SGI’s
factors.
The sex differences on the Fatigue and Stress Vulnerability factor are consistent with a number of methodologically diverse reports in the literature. First, the
observed findings are consistent with evidence that, during a stressor task, women showed significantly more disrupted P50 sensory gating compared with men.55 Second,
there are reports that women, compared with men, describe themselves as more susceptible to the effects of
stress than men. Finally, women have been found to report more symptoms of fatigue than men.67
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information processing in the P50 suppression paradigm70 as well as distinguish samples that vary on clinical
and diagnostic dimensions (eg, trauma exposure and
post-traumatic stress disorder71). Third, the factor structure of the SGI suggests 4 substantive areas to pursue experimentally: Perceptual Modulation, Over-Inclusion,
Distractibility, and the effects of Fatigue and Stress.
Given the large proportion of variance accounted for
in the item pool (see Studies 1 and 2) and the observed
correlates with other constructs (Study 5), subsequent
studies of Perceptual Modulation, including sensory reactivity and inhibition, would be most germane to the
phenomenology of sensory gating. This supports the continued use of P50 and acoustic startle suppression paradigms to assess sensory gating, as well as the
reexamination of other paradigms that similarly index
how the central nervous system modulates sensory inputs
(eg, augmenting-reducing72). It seems prudent to keep in
mind that any given psychological or neuropsychological
construct is distinct from its operationalization and may
never be fully captured by any 1 measurement.73 Finally,
the suggestion from our findings that ‘‘over-inclusive’’ attention captures an important aspect of sensory gating
problems also warrants further study. Interestingly, the
concept of ‘‘over-inclusiveness’’ has been previously
used to describe cognitive deficits observed in schizophrenia74,75 and is consistent with experimental findings of
hyperattentiveness in schizophrenia.76 Similarly, additional research is needed to understand the relationships
among Distractibility, Fatigue and Stress Vulnerability,
and sensory gating, especially given promising preliminary reports of their interrelations.16–18,55,77–79
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