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Abstract

A growing body of psychophysiological evidence points to the possibility that individual differences in early
auditory processing may contribute to social withdrawal and introverted tendencies. The present study assessed the
response characteristics of the acoustic reflex arc of introverted–withdrawn and extraverted–sociable individuals.
Introverts displayed a greater incidence of abnormal middle ear acoustic reflexes and lower acoustic reflex amplitudes
than extraverts. These findings were strongest for stimuli presented at a frequency of 2000 Hz. Results are discussed
in light of the controversy concerning the anatomic loci(peripheral vs. central neuronal activity) of the individual
differences between introverts and extraverts in early auditory processing.
� 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Most theorizing on the biological basis of stable
individual differences in social withdrawal in
adulthood centers on Eysenck’s(1967) theory of
introversion–extraversion, which initially posited
that social withdrawal tendencies are associated
with individual differences in cortical and brain-
stem arousal. Eysenck saw arousal as reflecting
activation of the ascending reticular activating
system (ARAS) and the cortical–reticular loop
system, and he suggested that introverts have
higher levels of resting arousal than extraverts.
Eysenck later modified his original theory to
include limbic activation of sub-cortical structures
such as the septum, amygdala, and hypothalamus
as involved in the variability in arousal among
introverted and extraverted individuals(Eysenck,
1990; see also Gray, 1982).
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According to Eysenck the stimulation-seeking
behavior of extraverts and the withdrawal tenden-
cies of introverts may be explained as compensa-
tory behaviors, based on the assumption that
introverts and extraverts differ on their responses
and needs for optimum levels of environmental
stimulation(Eysenck, 1967). A low level of stim-
ulation for optimal behavioral and psychological
performance in introverts was thought to lead them
to exhibit more restrained and inhibited behaviors
and to avoid arousing social activities in an effort
to reduce external stimulation to more optimal
levels. Conversely, a higher optimal level of stim-
ulation for extraverted individuals was seen as
leading them to exhibit more unrestrained behav-
iors and to seek social engagement in an effort to
increase external stimulation. Within this concep-
tual framework, much of the characteristic behav-
ior of either group of individuals is seen as the
result of attempts to maintain an optimal level of
arousal.
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Empirical studies on individual differences in
preferred levels of auditory stimulation generally
supported Eysenck’s theoretical model. For exam-
ple, adult introverts self-adjust environmental noise
levels as much as 17 dB lower than extraverts
(Geen, 1984), and they tend to activate sound
stimulation less frequently(Gale, 1969; Miyashiro
and Russell, 1974). Noise-sensitive adults are less
secure in social interactions, more introverted, and
have a greater desire for privacy than their less
noise-sensitive peers(Weinstein, 1978). Similarly,
Campbell and Hawley(1982) found that under-
graduate students who preferred a noisy reading
room in the library had higher scores on the
extraversion scale of the Eysenck Personality
Inventory, and Furnham and Bradley(1997)
reported reduced cognitive performance of intro-
verts compared with extraverts while exposed to
background pop music. Finally, several studies
have indicated that introverted individuals have
lower auditory thresholds than extraverts(e.g.
Goldman et al., 1983; Smith, 1968; Stelmack and
Campbell, 1974).
A growing body of psychophysiological evi-

dence points to the possibility that individual
differences in early auditory processing may con-
tribute to introverted tendencies. Specifically, sev-
eral studies have replicated an association between
faster auditory brainstem response(ABR) laten-1

cies and adult introversion(e.g. Andress and
Church, 1981; Bullock and Gilliland, 1993; Cox

The ABR (Jewett et al., 1970) is an auditory evoked1

potential typically elicited by the presentation of trains of
abrupt stimuli such as clicks or tone pips. The ABR is reflected
in a series of seven vertex-positive waves occurring within the
first 10 ms following stimulation. The ABR waves are believed
to correspond to the synchronous action potentials of succes-
sively higher levels of the ascending auditory pathway. ABR
waves I and II correspond to activity of the distal and proximal
portions of the auditory nerve, respectively, and waves III, IV,
and V correspond to brainstem activity in the cochlear,
superior-olives and lateral lemniscuses, and inferior colliculi,
respectively. The generators of waves VI and VII are at present
less defined(see Stockard and Rossiter, 1977; Møller, 1994;
Hughes et al., 1988). The seven waves of the ABR are usually
evaluated by their absolute latency from stimulus presentation,
and by their interpeak latencies(i.e. the transmission time
from one peak to another peak). Less reliable is the estimation
of ABR peaks’ amplitudes(for further detail see Chiappa,
1997; Hall, 1992).

et al., 2001; Stelmack and Wilson, 1982; Swickert
and Gilliland, 1998). Similar findings of faster
brainstem transmission were also found for socially
withdrawn 8 to 12-year-old children(Bar-Haim
and Marshall, 2001).
Despite Eysenck’s formulations of a neurophy-

siological model of introversion-extraversion, the
specific neurobiological mechanisms associated
with the findings of faster brainstem transmission
(i.e. shorter ABR latencies andyor shorter inter-
peak intervals) in introverted individuals remain
open to debate. There are a number of alternative
explanations for the associations between ABR
wave latencies and introverted tendencies.
Gilliland and colleagues(e.g. Bullock and Gil-

liland, 1993; Matthews and Gilliland, 1999; Swick-
ert and Gilliland, 1998) believe that faster
brainstem transmission in introverted individuals
is a result of increased arousal of the ARAS(i.e.
introverts show higher levels of brainstem arousal
compared with extraverts). These researchers point
out that the ascending auditory pathway parallels
the course of many ARAS brainstem pathways,
and receives collaterals from and projects collat-
erals to the reticular formation(e.g. Brodal, 1957,
1981; Guyton, 1981; Klepper and Herbert, 1991;
Møller, 1994; Scheibel, 1980). Such an explana-
tion links findings of faster ABR latencies in
introverts to Eysenck’s original hypotheses regard-
ing individual differences in the arousal of the
ARAS and variations along the introversion–extra-
version continuum.
Woodward et al.(2001) offered a different ‘top-

down’ anatomical model to explain their finding
of increased amplitude of ABR wave V complex
of 10–12-year-old children classified as highly
reactive and behaviorally inhibited in infancy. They
imply that the increased wave V amplitude of
children who were highly reactive to sensory
stimulation in infancy is a function of increased
excitation of the amygdala, that indirectly(via the
periaqueductal gray or locus ceruleus) feeds back
to brainstem nuclei such as the inferior colliculus
(generator of ABR wave V).
In contrast to the central arousal models(i.e.

ARAS or limbic), Stelmack and colleagues(e.g.
Stelmack, 1990; Stelmack and Houlihan, 1995;
Stelmack and Wilson, 1982) argue that differences
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in peripheral nervous system mechanisms may
account for differences between introverts and
extraverts in brainstem transmission latencies. This
alternative model was originally invoked to explain
the finding of Stelmack and Wilson(1982) of
shorter absolute ABR wave I latency in introverts
compared with extraverts, indicating faster trans-
mission rate in the middle or inner ear or the distal
part of the acoustic nerve. Specifically, inherent
differences in the axonal or synaptic transmission
in the primary auditory pathway were implicated
as underlying the shorter ABR latencies in intro-
verts(Stelmack and Geen, 1992; such a possibility
was also acknowledged by Bullock and Gilliland,
1993). Since wave I latency has been shown to
decrease with increasing stimulus intensity(e.g.
Andress and Church, 1981; Stelmack and Wilson,
1982), the faster response latencies of introverts
seem congruent with their greater auditory sensi-
tivity observed in psychophysical tests(e.g. Stel-
mack and Campbell, 1974). However, this link
between intensity–loudness functions and intensi-
ty–ABR latency functions has not been fully
established(Wilson and Stelmack, 1982).
To summarize, despite the promising accumu-

lation of data showing differences in ABR laten-
cies of introverts and extraverts, the level of the
ABR at which these individual differences are
occurring remains unclear. In the study reported
here an attempt was made to shed further light on
this predicament by assessing the response char-
acteristics of an early auditory system that operates
at an earlier(i.e. more peripheral) as well as
parallel stages to those recorded by the ABR-the
middle ear acoustic reflex(AR). This mechano-
neural circuit is involved in the early modification
and attenuation of incoming sound. The acoustic
reflex arc(Fig. 1) controls the contraction of the
middle ear muscles. Testing of the AR provides
information about the functioning of the middle
ear muscles, the auditory nerve(parallel to ABR
waves I and II), cochlear nucleus(parallels ABR
wave III), facial motor nucleus, and part of the
facial nerve(Møller, 1994). The AR in humans is
characterized by a contraction of the stapedius
muscles, which impede the motion of the middle
ear ossicles and thereby reduces the transmission
of low frequency sound through the middle ear by

approximately 10–30 dB. The threshold of the AR
for natural, broadband sounds is typically 65–70
dB SPL, which makes it likely that the reflex is
activated in many normal listening situations
(Møller, 1983). The AR is seen as a protective
mechanism for limiting damage from exposure to
high-intensity, low frequency sound, which often
characterizes the acoustic parameters of noisy
social situations. Action of the stapedius muscles
is also thought to limit distortion and non-lineari-
ties in sound transmission(Borg and Zakrisson,
1974; Møller, 1983).
There are a number of possible ways in which

the AR may not function properly. For example,
if the consistency of reflex contraction is poor,
then loud sounds may reach the inner ear. If, on
the other hand, the AR occurs but the stapedius
muscle does not release properly, then excessive
or prolonged attenuation of loud sounds may occur.
Porges(2001) suggested that the functioning of
the AR is related to normal patterns of social
engagement and interaction. For an individual
whose AR does not function properly, certain
sounds in the environment could be perceived as
disproportionately noisy, while others may appear
overly attenuated and distorted. Along these lines,
Bar-Haim and Marshall(2001) found an increased
frequency of abnormal acoustic reflexes in intro-
verted and socially withdrawn children compared
with their more sociable peers. Furthermore, the
same group of socially withdrawn children dis-
played shorter ABR latencies as compared with
the group of sociable children.
A variety of studies in populations of diverse

clinical conditions as well as healthy controls
reported an association between absent acoustic
reflexes and abnormal ABR results(e.g. Burkey
et al., 1996; Hirsch et al., 1992; Keith et al., 1987).
For example, Hannley et al.(1983) found that
abnormal acoustic reflex functioning was associ-
ated with abnormal ABR wave III in multiple
sclerosis patients. Noffsinger et al.(1982) reported
that patients whose ABR abnormalities com-
menced with waves I, II or III had absent or
abnormal AR, while patients whose ABR abnor-
malities commenced with waves IV or V yielded
normal acoustic reflexes. Finally, Rawool(1996)
monitored AR functioning of healthy female adults
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Fig. 1. Reflex arc of the middle ear acoustic reflex: nerve VIII, auditory nerve; CN, cochlear nucleus; SO, superior olive; FMN,
facial motonucleus; nerve VII, facial nerve motoneuron.

during the type of click stimulation used in the
ABR, and reached the conclusion that when ABRs
are recorded an acoustic reflex is likely to be
present during 75–95% of the time, depending on
click intensity levels and presentation frequency.
Considering the anatomical overlap between the

neural pathway of the acoustic reflex arc and the
generators of the earlier ABR waves(i.e. waves I,
II and III), it may be assumed that increased
abnormalities in AR functioning among introverted
individuals would support the view that differences
in the initial peripheral action of the auditory
system are implicated in the individual differences
among introverts and extraverts found in ABR
measures.
It was therefore hypothesized that:(1) adult

introverts, compared with extraverts, would display
an increased frequency of abnormalities in AR
functioning. Unreliable functioning of the acoustic
reflex arc may partially account for introverts’
faster ABR latencies and increased sensitivity to
sound stimulation.(2) Introverts would show low-
er AR peak amplitudes compared with extraverts.
Decreased reflex amplitude may indicate decreased
attenuation of incoming high-intensity low-fre-
quency sound, which corresponds to introverts’
lower auditory thresholds and their preference for

more quiet environments compared with extraverts.
(3) Introverts would display higher AR thresholds
compared with extraverts, in accord with intro-
verts’ increased sensitivity to auditory stimulation
and their reported active avoidance of noisy envi-
ronments. Finally, it has been hypothesized that
AR abnormalities, amplitudes, and thresholds
would be uniquely associated with the personality
dimension of Introversion–Extraversion in which
social inactivity is reflecting social inhibition and
not with Neuroticism that could contribute to social
inactivity as a function of anxiety.
In summary, such findings may be interpreted

as supportive of the suggestion that differences in
peripheral nervous system mechanisms may
account for behavioral differences as well as dif-
ferences in brainstem transmission latencies
between introverts and extraverts.

2. Method

2.1. Participants

Participants were 85 first year undergraduate
psychology students(64 females, 21 males), who
received course credit for their participation. Mean
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age was 23.05 years,(S.D.s2.46, ranges17–34
years).

2.2. Procedure

Participants were invited to the laboratory in
groups of five. Because more female than male
students enlisted for participation, care was taken
that each group contained at least one and no more
than two male participants. Upon arrival, partici-2

pants were informed about the procedures to fol-
low and a written consent was obtained. Each
quintet of students was randomly seated in a
prearranged semicircle of chairs, and was requested
to discuss possible criterion guidelines for student
admission to the graduate studies program at the
psychology department. This simulation topic was
selected in an attempt to minimize the possibility
that any particular participant would contribute
more to the discussion due to his or her expertise
in this particular field. Participants were told that
they would have 10 min for discussion, and that
they will then be requested to present their conclu-
sions to the experimenter. The entire session was
videotaped for later analyses.
Following the group session, participants com-

pleted the Eysenck Personality Questionnaire-
Revised(EPQ-R), and were individually tested for
tone-audiometry, basic tympanometry, and middle
ear acoustic reflex function in an adjacent sound-
attenuating room.

2.3. Measures

2.3.1. Group participation
Three indices of active group participation were

selected for coding based on their previously
reported association with introversion and social

In total there were 17 quintets of participants. Thirteen2

quintets consisted of four females and one male. The remaining
four quintets consisted of three female and two male partici-
pants. To assess whether group composition affected partici-
pants’ response characteristics, participants in the two quintet
types (i.e. one or two male participants) were contrasted on
all of the measures used in the study(i.e. self-reports, observed
behavior, and auditory measures). None of these contrasts
yielded statistically significant results, indicating that variation
in quintet’s composition did not affect the results of the present
study.

withdrawal: (a) frequency of active speech in the
group(for a recent review of the findings concern-
ing associations between introversion and speech
production see Dewaele and Furnham, 1999); (b)
frequency of non-verbal communicative gestures
(e.g. Gallaher, 1992; Gifford, 1994); and (c)
latency in seconds to the first and second speech
vocalization in the group(for detail on the imple-
mentation of similar measures in the study of
socially withdrawn and inhibited children see Fox
et al., 2001, or Kagan et al., 1987).
The first two indices were coded as present or

absent during consecutive 10-s intervals of group
discussion. This resulted in approximately 60 cod-
ing intervals per participant. Proportion scores
were calculated to reflect the percentages of inter-
vals during which a participant talked or gestured
out of the total number of codable intervals.
Three independent observers coded the behavior

during the discussion groups. Inter-coder reliability
on a randomly selected group of participants total-
ing 15% of the sample was calculated between
pairs of observers using Cohen’s Kappa. For fre-
quency of active speech, agreements ranged from
89 to 93% (Kappas ranged from 0.78 to 0.85).
For frequency of communicative gestures inter-
rater agreements ranged from 91 to 94%(Kappas
ranged from 0.80 to 0.86).

2.3.2. Eysenck Personality Questionnaire-Revised
(EPQ-R)
The Hebrew version(Levin and Montag, 1987)

of the EPQ-R(Eysenck, Eysenck et al., 1985) was
used for this study. The EPQ-R consists of 100
forced-choice items aggregated into four scales:
Extraversion(E), Neuroticism(N), Psychoticism
(P), and Lie(L).

2.3.3. Audiological screening
A tone audiometry screening test was adminis-

tered that consisted of 500-, 1000-, 2000-, and
4000-Hz pure tones at 20 dB HL. In addition,
tympanometry screening was performed. Six par-
ticipants failed the pure tone audiometry screening
test. Four of these participants exhibited an inabil-
ity to hear 20-dB HL tones at 2000 Hz and below
in both ears, one participant failed to hear 20-dB
HL tones at 2000 Hz and below in one ear and
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Fig. 2. Illustration of normal, absent, and contraction-without-
release forms of the acoustic middle ear reflex response. Wave-
forms are examples taken from representative participants at a
stimulation frequency of 2000 Hz.

Table 1
Two-tailed correlations among the EPQ-R scales

Extraversion Neuroticism Psychoticism Lie

Extraversion – – – –
Neuroticism y0.22 – – –
Psychoticism y0.07 0.01 – –
Lie y0.09 y0.16 y0.35* –

P-0.01.*

1000 Hz and below in the other ear, and one
participant failed the screening across all testing
frequencies in one ear. These six participants were
not included in any further analyses. One addition-
al participant showed abnormally high negative
pressure and abnormal middle ear admittance in
both ears. Because high negative middle ear pres-
sure and abnormal middle ear admittance are
expected to directly affect the recording of the
acoustic middle ear reflex, this participant was also
excluded from further analyses. The remaining 78
participants passed the audiometric screening test
and showed tympanograms that were in the normal
range for admittance, equivalent volume and tym-
panometric pressure peak in both ears(ASHA,
1997).

2.3.4. Assessment of the acoustic middle ear reflex
Assessment of ipsilateral AR at 0.5, 1 and 2

kHz was based on the observation of a minimum
of 4% change in admittance to a 226-Hz carrier
tone with reference to baseline admittance. Probe
tone stimuli(600 ms duration, rise- and fall-times
of ;35 ms) were presented at 0.5, 1 and 2 kHz,
starting at a fixed level of 80 dB HL and increasing
in 5-dB increments until the predetermined admit-
tance change threshold was detected, or a maxi-
mum limit of 110 dB HL was reached.
Interstimulus intervals were 400 ms, and each
reflex response was measured over an 800-ms
window.
Three measures of AR functioning were derived:

(1) reflex morphology was scored as normal or

abnormal(i.e. absent or stapedius muscle contrac-
tion without the expected release after stimulus
offset, Fig. 2); (2) peak reflex amplitude in milli-
liters was taken as the highest positive deflection
within the 800-ms window of measurement; and
(3) the minimum intensity level(in dB HL)
necessary to elicit each reflex(i.e. the acoustic
reflex threshold).

3. Results

3.1. Preliminary analyses: EPQ-R and behavioral
coding of group participation

Means and standard deviations of the EPQ-R
scales for the total sample were: Extraversion,
Ms15.92 (S.D.s3.61); Neuroticism, Ms10.83
(S.D.s5.18); Psychoticism, Ms7.78 (S.D.s
3.77); and Lie, Ms8.55 (S.D.s3.83). Intercorre-
lations among the EPQ-R personality dimensions
are reported in Table 1.
To examine the associations among the behav-

ioral indices of group participation(i.e. proportion
frequency of active speech, proportion frequency
of non-verbal communicative gestures, and latency
to the first and second speech vocalization), and
between these behavioral indices and self-reported
introversion–extraversion(EPQ-R), Pearson prod-
uct moment correlations were computed(Table 2).
As expected, the behavioral indices of group

participation were significantly intercorrelated.
Furthermore, self-reported extraversion was posi-
tively correlated with the observed frequencies of
active speech and non-verbal communicative ges-
tures in a group setting. The more extraverted an
individual reports he or she is, the larger portion
of time he or she spoke in a group discussion, and
the more communicative non-verbal gestures he or
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Table 2
Two-tailed correlations among the behavioral indices of group participation and self-reported Introversion–Extraversion

Extraversion Frequency of Frequency of Latency to
active speech gestures first speech

Frequency of active speech 0.23* – – –
Frequency of gestures 0.24* 0.72** – –
Latency to first speech 0.07 y0.22 y0.16 –
Latency to second speech y0.05 y0.41** y0.25* 0.51**

P-0.05.*

P-0.001.**

she made. Unexpectedly, latency to speak in the
group was not associated with self-reported extra-
version. Further inspection revealed that this lack
of correlation was most probably a function of a
skewed distribution of the latency to speak
variables.

3.2. Introversion and acoustic middle ear reflex
functioning

To achieve a more robust index of introversion
that relies on both self-reports and direct observa-
tion of behavior in a group setting, an aggregate
variable was computed as the sum ofz-scores of
the EPQ-R extraversion scale, proportion of inter-
vals containing active speech, and proportion of
intervals containing non-verbal communicative
gestures. The latencies to the first and second
speech vocalization measures were not added to
the aggregate because these were not significantly
correlated with the EPQ-R extraversion scale.
Two extreme groups of participants were formed

for purposes of further analyses. An ‘introverted-
withdrawn’ group consisted of individuals featur-
ing in the bottom quartile of the newly formed
aggregate(ns19), and an ‘extraverted-sociable’
group consisting of individuals in the top quartile
on the same aggregate(ns18). The two groups3

had similar male to female ratios and did not differ
on the Neuroticism, Psychoticism, or Lie scales of
the EPQ-R(P values)0.10). In addition, the two

All analyses concerning between group differences in3

functioning of the acoustic middle ear reflex were also carried
out on extreme groups selected based on scores on the EPQ-
R extraversion scale only or based on observed behavior only.
These analyses, albeit showing similar trends to the analyses
reported above, did not show statistical significance.

groups did not differ on any of the parameters
pertaining to the audiometric screen, tympanome-
tric admittance, equivalent volume, and tympano-
metric pressure peak(P values)0.10).

3.2.1. Introversion and acoustic reflex morphology
To assess between-group differences in acoustic

middle ear reflex morphology, the two groups were
contrasted on an aggregate variable consisting of
the sum of abnormal reflexes across ears and
frequencies(0sall normal, 6sall abnormal). The
introverted-withdrawn group had a significantly
higher frequency of abnormal reflexes(Ms1.89,
S.D.s1.63), compared to the extraverted-sociable
group(Ms0.89, S.D.s1.23; t s2.11,P-0.05).35

Further inspection of the reflex morphology data
(Fig. 3) revealed that the frequency of abnormal
reflexes was higher among introverted–withdrawn
individuals as compared with extraverted–sociable
individuals at all stimulus frequencies. However,
the two groups significantly differed in the amount
of abnormal reflexes only when acoustic reflexes
were elicited by a 2000 Hz tone(x 4.50, P-

s2

0.05 for the left ear, andx 2.86,P-0.10 for thes2

right ear).

3.2.2. Introversion and peak reflex amplitude
To assess between-group differences in AR peak

amplitudes, the reflex amplitude data were sub-
jected to a 2(Ears: left and right)=3 (Frequency:
0.5, 1 and 2 kHz)=2 (Group: introverted–with-
drawn and extraverted–sociable) ANOVA, with
group serving as the between-subjects factor. No
significant main effect or two-way interactions
were found for any of the variables. A trend toward
significance was indicated for the three-way inter-
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Fig. 3. Number of participants showing abnormal reflex forms by group, ear, and stimulus presentation frequency. Black barss
introverted-withdrawn, gray barssextraverted-sociable; *P-0.05,qP-0.10.

Fig. 4. Mean peak reflex amplitude(ml) by group, ear, and stimulus presentation frequency. Black barssintroverted-withdrawn,
gray barssextraverted-sociable; *P-0.01 (two-tailed Bonferroni).

action of Ear=Frequency=group, F s2.36,2,70

Ps0.10.
Further exploration of between group differenc-

es in reflex peak amplitudes of specific stimulus
frequencies and ears(using two-tailed Bonferroni
corrected contrasts), revealed that introverted–
withdrawn individuals had a lower mean peak
reflex amplitude in the right ear at 2000-Hz stim-
ulation (Ms0.07, S.D.s0.06) compared to
extraverted–sociable individuals(Ms0.13, S.D.s
0.06; t s3.10, P-0.01). Non-significant35

between-group differences in mean peak amplitude
were found for the rest of the stimulus presentation
frequencies in both ears(Fig. 4).

3.2.3. Introversion and acoustic reflex threshold
Acoustic reflex threshold data were subjected to

a 2 (Ears: left and right)=3 (Frequency: 0.5, 1
and 2 kHz)=2 (Group: introverted–withdrawn
and extraverted–sociable) ANOVA, with group
serving as the between-subjects factor. Non-signif-
icant main or interaction effects were found. Intro-
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verted–withdrawn and extraverted–sociable
individuals required similar intensity levels of
stimulation to elicit the AR.

3.2.4. The role of Neuroticism in AR function
The role of Neuroticism in AR function was

evaluated using the same set of analyses reported
for the Introversion–Extraversion personality
dimension reported above. A median-split along
the EPQ-R Neuroticism scale was used to assign
participants to high and low neuroticism groups.
Non-significant between group effects and non-
significant interaction effects were found for reflex
abnormalities, reflex amplitudes, and reflex thresh-
olds (all P values)0.10). In the present sample
low and high neurotic individuals did not differ
on AR functions.

4. Discussion

The findings from the present study offer further
validation to previous ABR findings showing that
variation in the very early stages of auditory
processing may contribute to individual differences
in introversion. Specifically, introverted individuals
as compared with extraverts displayed a greater
incidence of abnormal middle ear acoustic reflexes
and lower AR amplitudes. These findings corrob-
orate observations of Bar-Haim and Marshall
(2001) of similar irregularities in AR functioning
in socially withdrawn children.
Unlike the childhood data, in which increased

abnormalities in reflex functioning among socially
withdrawn children occurred for all stimulation
frequencies, the present adult findings were strong-
est for stimuli presented at a frequency of 2000
Hz. While it is not clear why this specific stimulus
frequency, and not others, yielded the statistically
significant differences between introverts and
extraverts, it is worth noting that Stelmack and
Wilson (1982) reported a similar pattern of stim-
ulus frequency=extraversion interaction for ABR
wave V latency. Introverts, compared to extraverts,
showed shorter wave V latencies for 2000-Hz
stimuli but not for 500 Hz. Further research into
the associations between stimulation specificity
(i.e. frequency and intensity) and the developmen-
tal trends of ABR latencies and acoustic reflex

functioning among introverted and extraverted
individuals is clearly merited.
The unstable nature of AR functioning and the

lower reflex peak-amplitudes in withdrawn–intro-
verted individuals may alter their experience of
the acoustic environment, making it more taxing
and unpleasant. Specifically, reduced reliability of
reflex functioning and reduced contraction of the
stapedius muscles in reaction to sound stimuli(i.e.
lower reflex amplitude) could result in increased
sound intensity reaching higher structures of the
auditory system. Such alterations in sound percep-
tion may be a contributing factor to an introverted
behavioral pattern and are in accord with the
literature describing increased auditory sensitivity
in introverts and their preference for more quiet
environments(e.g. Stelmack and Campbell, 1974;
Weinstein, 1978). Of particular relevance is the
finding of Geen (1984) that introverts chose a
noise level(55 dB) that, on average, was 17 dB
lower than the intensity level preferred by extra-
verts (72 dB). This 17-dB difference between
introverts and extraverts in sound intensity prefer-
ence may be party accounted for by the lack of
adequate modulation of sound typically offered by
the normal functioning of the AR(i.e. reduction
of 10–30 dB upon contraction of the stapedius
muscles), leading introverts to compensate behav-
iorally for unstable AR physiology. Further indirect
support to this possibility may be found in the
tight overlap between the particular sound intensity
levels that exposed the reduced ABR latencies in
introverts(75–85 dB SPL; Stelmack and Wilson,
1982) and the same sound intensity levels that are
normally required to elicit the acoustic reflex and
are behaviorally preferred by extraverts.
Although the acoustic reflex arc and ABR waves

I, II and III reflect the neural functioning of
overlapping anatomical loci, the interplay between
the two systems and their bearings upon sensitivity
to sound is still not fully understood. It is clear,
however, that when ABRs are recorded an AR is
present in 75–95% of the time(Kasden, 1981;
Rawool, 1996). Furthermore, the reported associ-
ations between AR functioning, ABR responses,
and sound modulation in the auditory pathways,
seem to offer a more comprehensive framework
for interpretation of previous findings of individual
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differences in ABR latencies among introverts and
extraverts. It is my inclination to view the AR
findings from the present study as supporting the
position that faster ABR latencies for introverts
than extraverts are the product of differential sen-
sitivity and functioning of peripheral neuronal
processes rather than central arousal mechanisms.
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