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In environmental noise surveys, self-reported noise sensitivity, a stable personality trait covering
attitudes toward a wide range of environmental sounds, is a major predictor of individual
noise-annoyance reactions. Its relationship to basic measures of auditory functioning, however, has
not been systematically explored. Therefore, in the present investigation, a sample of 61 unselected
listeners was subjected to a battery of psychoacoustic procedures ranging from threshold
determinations to loudness scaling tasks. No significant differences in absolute thresholds, intensity
discrimination, simple auditory reaction time, or power-function exponents for loudness emerged,
when the sample was split along the median into two groups of “low” vs “high” noise sensitivity

on the basis of scores obtained from a psychometrically evaluated questiofifiaireer and
Ellermeier, Diagnosticd4, 11-20(1998]. Small, but systematic differences were found in verbal
loudness estimates, and in ratings of the unpleasantness of natural sounds, thus suggesting that
self-reported noise sensitivity captures evaluative rather than sensory aspects of auditory processing.
© 2001 Acoustical Society of Americ4aDOI: 10.1121/1.1350402

PACS numbers: 43.50.Qp, 43.66.Cb, 43.66R¥'S]

I. INTRODUCTION be seen by their different correlation structures: Whereas
measures of annoyance show a clear positive correlation with
indices of noise exposure €£0.30), noise-sensitivity mea-
Individual noise sensitivity is a personality trait covering sures are independent of exposire= —0.02; see Taylor,
attitudes towards a wide range of environmental sounds, antii84; Job, 1988, 1999Nevertheless, noise sensitivity has
is typically assessed by obtaining responses to one or seveigéen demonstrated to have direct or indirect effects on health
rating-scale items. by (a) constituting a stressful psychological condition in its
Noise sensitivity is a major antecedent of individual own right(Job, 199%; (b) increasing physiological reactivity
noise annoyance, as has been demonstrated in field surveg&the cardiovascular systeitsing et al, 1980; Stansfeld
and laboratory experiments aliksee Taylor, 1984; Stans- and Shine, 1993 and (c) being found to covary with the
feld et al, 1985; Stansfeld, 1992; Job, 1988, 1999; Staplesglegree of psychopathologgtansfeld, 1992
1996. In a review of 27 studies pertaining to railway, air- The use of the noise-sensitivity concept is not restricted
craft, and construction noise, JOb988 reported annoyance {0 clinical or subclinical populations, but refers to a property
reactions to be determined most strongly by noise exposur®revalent in the population at large. There is strong consen-
With noise exposure controlled for, the second most powerSUs that noise_ sensitivity constitutes a personality trait th_at is
ful predictor was individual noise sensitivity, with correla- Stable over time(Stansfeld, 1992; Langdon, 1976; Wein-
tions ranging fromr=0.25 tor=0.45. On average, indi- stein, 1978; Zimmer and Ellermeier, 1998a, 199 defini-

vidual noise sensitivity explained 10.2% of variation in 1OD lt?tncotrnpasr]5|ngball facets of n(cjmse Isensmwily .dISCUSSQd in
noise-annoyance reactions towards a given sound sourceé}ée iterature has been proposed only recently: (399

A. The concept of noise sensitivity

compared to 17.6% of variation explained by noise-exposur fined n0|se.sens.|t|V|ty as referrlp Y tq.the |n'ternal'sta'tes
. e they physiological, psychological [including attitudinal],
measures. Tayla1984) found an even stronger influence of : L .
. o ) . or related to life style or activities conducted) of any indi-
noise sensitivity on annoyance reactions. Using a path-. L ; - o
. . ; . .~ vidual which increase their degree of reactivity to noise in
modeling approach to investigate the impact of noise- neral” (p. 59
exposure measures, attitudes towards aircraft operation, ar(‘? e
several personal-background characteristics on annoyance by _ _
aircraft noise, Taylok1984 found noise sensitivity to have B. Evidence for a sensory component in noise
the largest single effect overdls did Langdon, 1976 sensitivity
It should be emphasized that, conceptuatigise sensi- While this definition distinguishes several levels at
tivity is clearly distinguishable fromoise annoyances can  which noise sensitivity might operate, many investigators
have conceptualized a crucial component of noise sensitivity
Portions of the data were presented at the joint meeting of the Acousticdi® b? pergeptualln nature. R?asom1973. hypothe.S|z-eq a
Society of America(ASA) and the European Acoustics Association physiologically based disposition that might lead individuals
b)(EElAA), Berlin,_ll\/lart‘i? 1999-“ er@psychologie.un bura to “...transduce... input more effectively so that the subjec-
ectronic mail: wo gang.ellermeler@psycnologie.uni-regensourg.ae H H H H H
9Currently at Institut fu Kognitionsforschung, UniversitaDldenburg, FB5/ tl\./e 'experlen‘ce I eYOk,e.S IS. more intense than that prOduced
A6, P.O. Box 2503, 26111 Oldenburg, Germany. Electronic maiI:W'_thln less ‘receptive’ individuals by the same |e\_/E| of
karin.zimmer@uni-oldenburg.de stimulus energy” (p. 306. Taylor (1984 conceptualized
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personal sensitivity as related to how individuals “perceivesufficient quality and breadth of the psychoacoustical mea-
noisy events” (p. 259, as opposed to how they evaluate sures employed. These criticisms shall be dealt with in turn.
them, and Jol(1999 explicitly includes greater “hearing

acuity” (p. _59) as a possible contributor to npise _sensitivit_y. 1. Measurement of noise sensitivity

The evidence for a sensory component in noise sensitiv- i ) . )
ity is weak, however. We found only four studies addressing .. With the notable exception of the two Swedish studies
the issue, and we will demonstrate that methodological angOhrstran et al, 1988; Dornicet al, 1990 that used a trans-
conceptual shortcomings prevent unequivocal conclusioni@tion of Weinstein's(1978 21-item noise-sensitivity ques-
from the present state of research. tionnaire, the determination of noise ser_15|t|V|ty rested on

Investigating physiological and psychophysical corre-Measures qf unknoyv_n_psychometnc quallty. In many other
lates of noise sensitivity in a female community sampie ( studies, noise sensmwty. is cqnfounded v_wth noise annoy-
=72), Stansfelckt al. (1989 found no relationship between aNC€, Of asses_sed from smgleﬁem S(_alf—ratlngs that have been
noise sensitivity and absolute hearing threshold or uncomsNOWn to be inferior to questionnaire-based measurement
fortable loudness level. A small effect of noise sensitivity(z'rnmer and El[erme|er, 1999F|rs_t of 'all,.such ratings do
was found in graphic ratings of the loudness of 2-kHz toneé‘Ot_ meet established psychometric crltgna of rellgbmty and
(see their Fig. 1, indicating that highly noise-sensitive indi- validity; second, they are open & hocinterpretation de-
viduals exhibit steeper psychophysical functions. This find{€nding on the context in which they are presented, and fi-
ing, however, did not hold up when instead of a direct Se”_nally, they fail to elicit a wide enough range of 5|tua_t|_0ps to
rating of noise sensitivity the McKennelil963 scale qualify for the measuremgnt afjeneral noise _sensmwty
capturing potential disturbance by seven everyday sound§JOP, 1999 These properties make them unfit to measure
was employed. Furthermore, the authors acknowledge th@dmdual differences with the precision needed for correla-
procedure to be flawed, since reversing the polarity of thédional analyses. _ o
graphic rating scale was occasionally misunderstood by the 1herefore, the present investigation employed a recently
participants. developed (Zimmer a_md EIIe'r.m.eler, 19.98afqll-length,

In a laboratory experiment using a student sample of gg>erman-language .nO|se-senIS|t|V|ty qqesﬂonnawg havmg. ex-
persons,"@rstr'dn, Bjorkman, and Rylandef1988 had sub- cel_lent psy;hom_etnc properties. Details about this question-
jects determine the levels at which three artificial sound1&iré are givenin Sec. lIC7.
became “unpleasant.” Noise-sensitive subjects tended to re-
port discomfort at lower sound-pressure levels, resulting in &. Psychoacoustical measurement
correlation ofr = —0.25 (see their Appendixbetween dis-
comfort thresholds and noise sensitivity as determined eith%tio
by a Swedish translation of Weinstei’5978 questionnaire
or a single-item self-rating. Likewise, Dornic, Laaksonen
and Ekehammaf1990 found correlations ranging from :
= —0.44 tor = —0.65 between noise sensitivity as assesset{g
by Weinstein’s scale and the level of three different types o
noise that respondents from a student sample 18) chose
as being “clearly annoying.”

Further evidence for suprathreshold effects of noise serﬁ_—)
sitivity was presented by Moreira and Bry&t972. In their
Table I, they report a correlation af=0.31 between self-

A greater hindrance to conclusive assessment of the re-
nship between noise sensitivity and perceptual acuity is
the scarcity of adequate psychophysical measurements in the
'pertinent literature. The studies reviewed in the previous sec-
on clearly do not cover the breadth of psychophysical meth-
ds available to assess auditory functioning. TkByoften
employ methods that do not represent the state of thé2art;
collect too little data to justify the derivation of individual
arameters(3) make statements based on small numbers of
ubjects(e.g., selected extreme group$4) use stimuli or
response categories that confound psychoacoustical perfor-

. o ._mance with noise assessment, &b)dare subject to a host of
assessed noise sensitivity and the slope of loudness funCt'opésponse biases that makes it difficult to separate sensory
determined in an earlier, unpublished study. Furthermorefrom judgmental(or attitudina) contributions

they had 34 subjects rate three recorded sounds presented at Therefore, the present investigation was designed with a

various levels on a scale mixing adjectives refering to IOUd'test—battery approach in mind: An attempt was made to cover

ness and annoyance. When they contras_te_:d their_three MY road range of methodologies and phenomena including
noise sen5|t|ye with the three least _sensmve subjects, thetra) absolute and difference thresholdds) suprathreshold
grqphs(Morelra and Bryan, .1972.’ Figs. 3 and deem to reaction-time measurement&) a ratio-scaling procedure;
indicate that_the former assign h|gher.rat|ngsl at low SPI‘S‘and(d) direct ratings of loudness or annoyance. In our view,
thus produpmg psychophysical fun_ctlons V.V'th sr?allov\“.arconverging with an integrative perspective recently proposed
slopes, WhICh. appears to be at variance with their earlleBy Baird (1997, Chaps. 1 and 15these procedures may be
loudness scaling data. ordered on a hypothetical dimension along which the sensory
contribution decrease§rom thresholds to ratings, for ex-
ample while the judgmental contribution increases accord-
ingly. Furthermore, an effort was made to employ bias-free

In our view, conclusive assessment of the relationshipadaptive procedures which had not been used in this research
between noise sensitivity and auditory functioning is pre-area thus far, and to include signal-detection analyses which
cluded by two major deficiencies of previous researfdh: might help to disentangle sensory and judgmental effects of
Unsatisfactory measurement of noise sensitivity, éjdn- noise sensitivity, if present.

C. Rationale for the present investigation
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As a result of refining the assessment of noise sensitivE. Procedure
ity, while simultaneously broadening the collection of psy-
choacoustical parameters, we hope to make a contribution 9 »,.</ute thresholds

the clarification of the concept of noise sensitivity, specifi-
Ca”y by probing if it rests on a perceptua| basis. Absolute thresholds for 1-kHz tones were determined

using a two-interval adaptive forced-choice method as de-
scribed by Levitt(1971). On each trial, the subject had to
decide in which of two observation intervals marked by the
consecutive illumination of two LEDs the signal tone had
Il. GENERAL METHOD occurred. Immediately after responding via a hand-held unit,
A. Subjects the subject received visual feedback as to whether the deci-

sion was correct. At the outset of the measurement sequence,

An unselected samp'le of'61 volunteers, most of. v'vhom[ e signa—a 200-ms sinusoid having 10-ms rise/decay
were students at the University of Regensburg, participate mps—was presented well above thresHald40 dB SPIL

in the expergergi. This éample h?dka rtnedlan _ztage of 2lélollowing two successive correct responses, the level of the
year_s(ratn?e - | yea)t;s ar(;: \f/vas IZ\len3§ I‘eCTL::; an lap- signal was decreased; following a single incorrect response,
proximately equal number of femaleN{=33), and male it was increased agai‘2-down/1-up rule,” Levitt, 19721.

(N=A2li3) pta)t_mupants. di icall d using Initially, level thus varied in steps of 4 dB, but after the first
subjects were audiometrically tested usingkBey four reversaldchanges from decreasing to increasing inten-

tracking at the standard audiometric frequenciess—8 sity or vice versathe step size was reduced to 2 dB. Another

;gzéé-rl\_/ivf Of ﬁhe 61 subjecrt]s TI\? algtgaarlng Ic&ssde;(ceedln%ight reversals were collected at this final step size, and their
with respect to.t € (1999 sta'lr) ard for at mean was taken as an estimate of the 71%-correct threshold
least one of the frequencies tested; an additional eight su Levitt, 1971

Je.CtS showe_d Iosse; greater than 20 dB HL. These te Two adaptive threshold determinations were obtained
slightly impaired subjects were not excluded from the analy-lcor the right ear of each participant, and two for the left ear

ses, since restricting the range of audiometric performanc&lith measurements being made in a counterbalanced RLLR
might have weakened correlations with noise—sensitivity?Or LRRL) sequence

scores. Separate analyses revealed, however, that the rela-
tionships observed in the present study were not affected by
the marginal impairments found in the audiometric screeningz | e
test. . Intensity discrimination

In order to minimize the effect of expectations, the par- To obtain a measure of differential sensitivity, we deter-
ticipants were not informed about the central role of self-mined each subject’s intensity discrimination performance at
reported noise-sensitivity in the present investigation.l kHz. An adaptive procedure of identical format as in Sec.
Rather, they were told that the study focused on interdl C1 was used. This time, however, the subject had to tell
relations between different measures of auditory perforwhich of the two observation intervals contained the tone of
mance obtained in the laboratory. greater intensity. The standard tone always had a level of 54
dB SPL; the variable comparison was generated by electri-
cally adding the same signal to the standard after passing it
through a programmable attenuator. At the outset of the
adaptive track, the signal was added in phase at equal level,
corresponding to a relative amplitud®A) of 0 dB, and

All stimuli—except for the natural sounds used in theyielding a level differenceAL of 6 dB. Subsequently, the
annoyance rating experimefec. Il C§—were computed relative amplitude was decreased or increased following a
using a Tucker-Davis-Technologi€$DT) signal processor two-down/one-up rulésee Sec. Il C), using an initial step
card (model AP3, and played from a 16-bit digital-analog size of 4 dB(RA) which was reduced to 2 dB after the first
converter(TDT model DD at a sampling rate of 50 kHz. four reversals. Note, however, that by varying the relative
After passing through a low-pass filter set at 10 KIDT  amplitude of the added signal, level differencgd ) be-
model FT3, the signal was adjusted to the proper level bytween standard and comparison amounting to fractions of a
means of two programmable attenuatOf®T model PAS. dB may be generate@Green, 1988, Table 3-1; leftmost and
Upon passing through a headphone buff@®T model HBG rightmost columng Again, the arithmetic mean of the last
the signal was delivered to the subject via audiometric headeight reversals was taken as an estimate of the amplitude
phones(Beyerdynamic DT 48 A different set of phones difference that would yield 71%-correct responses. For ease
(Beyerdynamic DT 550was used in the annoyance rating of comprehension, the relative amplitudes obtained were
experiment. The equipment was calibrated by measuringonverted Ellermeier, 1996, Eq(2)] to the intuitively more
sound-pressure levels at the headphones using an artificiatcessible measurgL, the “just noticeable” level differ-
ear(Bruel & Kjeer type 4158and a sound level metéBruel  ence in decibels between standard and comparison.
& Kjeer type 2610. Subjects were run individually and were Again, two adaptive measurements were made for each
seated in a double-walled sound-attenuated chambeyar of each participant, with appropriate control of order ef-
throughout the experiments. fects as in Sec. IIC1.

B. Apparatus and stimuli
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3. Magnitude estimation of loudness scale as specified by the “BTL” scaling modgluce, 1959.
Direct loudness judgments of 1-kHz sinusoids were 0b_The ten sounds to be rated were natural, traffic, and indus-

tained using the method of magnitude estimation with a fixeda! noises ranging from “Water”running from a faucet” to
standardalso termed “ratio estimation,” Gescheider, 1997 the recording of a “jackhammer.” The sounds were stored in

On each trial, subjects first heard a 70-dB tdtie “stan- “Wav’i fi]e format and were—deviating from the _general
dard”) which—via instruction—was given a loudness value description of the apparatésee Sec. Il B—played with 16-

of “10” (the “modulus”). Following a 2-s interval a second bit resollutlon at 22-kHz sampling rate via a “Sounqplagter
tone was presented, the loudness of which was to be nume§ompatible” PC sound card. After adequate amplification
cally estimated relative to the standard. Both tones had {16y were diotically delivered via Beyerdynamic DT 550
total duration of 500 ms, including 10-ms rise/fall times. Theh&adphones. The sounds were presented “as recorded” and
participants had unlimited time to note their estimate on d'ad vastly differentA-weighted, energy-equivalefL qy])
chart, then pressed a button to initiate the next trial. In eound-pressure levels ranging from 60 to 81 dB SPL.

block of trials, nine sound-pressure levels covering the range  Subjects were asked to rate each sound as either “not at
from 50 to 90 dB SPL in 5-dB steps were presented in &/ unpleasant,” “somewhat,” “medium,” “rather,” or
random sequence. After a block of practice that was dis- VeTY unpleasant” by pressing one of five response buttons

carded, three repetitions of the stimulus set were presented {gPeled both verbally and numerically. The ten sounds were
each subject, in a different random permutation each time. presented four times, in a different random order each time.

4. Loudness category scalin . L . .
gory g 7. Noise sensitivity questionnaire

In order to obtain categorical judgments of loudness, the ] o ) .
same proceduréstimulus levels, timing, number of tridlas Noise sensitivity was assessed using a psychometrically

in Sec. I1C 3 was used, with the exception that no standar§valuated 52-item questionnairéLa rm-Empfindlichkeits-

or modulus was presented, and that subjects had to rate th&ifagebogen,” LEF developed by Zimmer and Ellermeier
loudness impression on a five-point scale. They entered theft9988. This questionnaire encompasses statements about a
judgment by pressing one of five response buttons on a handide variety of environmental noises in a range of situations

held unit which were labeled with the German equivalents othat affects the entire population. The material covers seven
“very soft,” “soft,” “medium,” “loud,” and “very loud.” content areas: everyday life, recreation, health, sleep, com-

munication, work, and noise in general. The 52 items pre-

sented relate to perceptual, cognitive, affective, and behav-

ioral responses towards noise in these contexts. For every
For reaction-timgRT) measurements, the same apparaditem, respondents may choose one of four response options

tus and stimuli as in the scaling experime(8gcs. IIC3 and ranging from strong disagreement to strong agreement. In

4) were used with the exception that stimulus duration warder to correct for response bias, an almost equal number of

shortened to 200 ms. A simple reaction-time paradigm wag#tems is scored in each direction. The questionnaire scores

employed,; that is, subjects had to press a key in response tery well on psychometric indices: It has high internal con-

the onset of a tone as fast as they could. Each trial begasistency (Cronbach’'s «=0.92 and retest reliability 1

with the illumination of a warning light for 200 ms. After =0.91). Though its scope is somewhat broader, it correlates

another 300 ms, an exponentially distributed random forewell with the better-known Weinstein(1978 noise-

period ranging between 0 and 3000 thaving an expected sensitivity scale (=0.79), and is superior to single-item

value of 500 mswas initiated which was followed by the self-ratings of noise sensitivitfZimmer and Ellermeier,

presentation of the target tone. Reaction time was measure®99.

from the onset of the target tone to the closing of the re-

sponse key contact. After the subject had made a response,

the next trial was started following a 2-s intertrial interval. g session format

As in the scaling experiments, trials were permuted in blocks o o

containing all nine sound-pressure levels. Ten such permuta- N @dministering the procedures detailed in Secs. C1-7,

tions of the nine stimulus levels were presented, yielding 4@ Strictly adhered to the following sequence: In the first

total of 90 RT measurements per subject. Trials resulting irF€SSion lasting approximately 40 min, data were collected

reaction times shorter than 100 rfenticipations or longer ~ USing(1) Bekesy audiometry(2) adaptive intensity discrimi-

than 1 s(misses were repeated at the end of each block. nation; and3) category scaling of loudness. The second ses-
sion lasted 60—70 min including appropriate rest breaks, and

involved (4) annoyance ratings of natural sounds) mea-
surement of absolute threshold$) magnitude estimation;

Since annoyance is awkward to assess in a laborator§7) simple reaction time; and8) administering the noise-
situation without reference to a focal task with which thesensitivity questionnairdLEF). The two sessions were a
annoying sounds may interfere, we decided to have subjectainimum of 1 and a maximum of 6 weeks apart. Given the
rate the “unpleasantness” of ten environmental sounddigh retest reliability of both noise-sensitivity and psychoa-
which a previous study(Ellermeier, Mader, and Daniel, coustical measures, the time lapse between sessions was not
1997 had shown to be measurable on a unidimensional raticonsidered problematic.

5. Simple auditory reaction time

6. Annoyance ratings
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TABLE I. Absolute and difference thresholds for 1-kHz, 200-ms tones as a 30 T T T T T T T T T

function of noise sensitivity. Intensity discrimination performadderefers
to the level increment in dB required to make a test tone distinguishable &
from the 54-dB SPL standard. S
o 25 7
: E
N Mean Min Max  s.d. g
Absolute threshold$édB SPL) :% o0 | High Noise |
Low noise leftear 31 -270 -1005 540 434 @ Sensitivity (N=30) /1
sensit. — g
High noise 30 -099 -880 2375 708 = 15| -
sensit. [ /
Low noise rightear 31 —2.48 -11.65 6.65 4.98 @ N S. (N=31)
sensit. g 10 F B
High noise 30 0.81 —9.90 3090 7.98 =)
sensit. =
z
Intensity discrimination thresholdsL [dB] 2 5 L e
Low noise left ear 31 1.46 0.52 3.18 0.69 =
sensit. 1 1 1 I I 1 1 1 |
High noise 30 1.38 0.39 3.50 0.80 50 55 60 65 70 75 80 85 90
sensit SOUND PRESSURE LEVEL [dB]
Low noise right ear 31 1.60 0.68 431 0.83
sensit. FIG. 1. Mean magnitude estimates made by the two noise-sensitivity
High noise 30 1.57 060 554 1.10 groups. Data points are geometric means ptwsminug one standard error
sensit. of the mean. These error bars are asymmetric, since they are based on the
log transformation of the responses. For legibility, some are plotted in one
direction only.
Il. RESULTS

well (Jesteadt, Wier, and Green, 1977; Florentine, Buus, and
Mason, 1987; Green, 1988n the most recent comprehen-
Overall noise sensitivity, as measured via questionnairesive study, employing the sani®vo-down, one-upadaptive
was normally distributed in the present sampleprocedure as the present investigati@xcept for a longer
(Kolmogorov—Smirnov testz=0.664, p=0.77. The data stimulus duration of 500 msFlorentine, Buus, and Mason
exhibited a sufficient range of scor@mnin=44, max=116), (1987 reported a mean difference liméAL) of 1.42 dB at
and the overall meartM =80.18, s.0=16.4 agreed well 50 as well as at 60 dB SP(see their Table )|
with the mean noise-sensitivity score found in the original ~ As is evident in Table I, however, there is no indication
student sampléM =79.4; Zimmer and Ellermeier, 1998a that the two noise-sensitivity groups formed on the basis of
In order to make group-wise comparisons in the varioughe questionnaire data differ in absolute or differential sensi-
psychoacoustic tasks, the present sample was split along thigity to 1-kHz tones. In no case do the small apparent dif-
median (ned=81) into a group exhibiting “low noise sen- ferences in mean thresholds reach statistical significance, as
sitivity” (M o,=67.45, s.059.84), and one exhibiting is confirmed by between-groupsgests >0.05). Likewise,
“high noise-sensitivity” scoregMpigh=93.33, s.d=10.22.  when individual noise-sensitivity scores are correlated with
Interestingly, the “high noise-sensitivity” group was domi- individual thresholds, weak and nonsignificant correlations
nated by female participant@1 female, 9 male the “low  emerge:r=0.219, p=0.091, for absolute thresholdaver-
noise-sensitivity” group contained a majority of malek?2  aged across the two earandr =—0.111,p=0.396, for the
female, 19 malg A x? test confirmed that noise sensitivity relationship between noise sensitivity and intensity discrimi-
and gender may not be considered independent in the presamdtion (AL).
sample[x?(1)=4.82; p=0.028.

A. Noise sensitivity

C. Magnitude estimation of loudness

B. Absolute and difference thresholds Suprathreshold data on intensity perception were col-

Mean absolute thresholds for 1-kHz tones as well adected by having subjects make direct numerical estimates of
difference limens of intensity are given in Table | for the two the loudness of sinusoids varying in level. Following
noise-sensitivity groups, and for left and right ears, sepaStevens'(1975, Chap. lrecommendations, these magnitude
rately. Overall, absolute hearing sensitivity of our sampleestimates were geometrically averaged both across the three
seems to be quite good, with an average threshold value @épetitions of each level, and across individuals. The result-
—1.36 dB SPL. The fact that this measurement is roughly 8ng loudness-growth functions are depicted in Fig. 1, sepa-
dB lower than published norms is most likely due to therately for the high and the low noise-sensitivity group. These
more sensitive adaptive procedures used in the present efunctions are hardly distinguishable, diverging only at the
periments(Marshall and Jesteadt, 1986; Kollmeier, Gilkey, three highest decibel levels with noise-sensitive individuals
and Sieben, 1988 The difference thresholdg\L) given in  showing a steeper growth of loudness. The two curves are
the lower portion of Table I, on the other hand, match pub-well fit by psychophysical power functiong=k ¢# with ex-
lished values of intensity-discrimination performance quiteponents of 8=0.450; r?=0.9986 for the low noise-
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< = /A/ Sensitivity (N=30)

= 2+ i 5 2 L ’ o
>
=
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1 i 1 1 1 1 1 ). 1 1 A/’
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SOUND PRESSURE LEVEL [dB] , STIMULUS PAIR

FIG. 2. Mean Category ratings of the loudness of 1-kHz tones. Each datﬁ|G 3. Cumulative Sensitivityc(é) Compu[ed from the p00|ed category

point is based on three repetitions of each stimulus level per subject. Famtings(see the tejt Each entry on the abscissa refers to pair of adjacent

better legibility, standard errors are plotted in one direction only at the highstimuli contributing to the cumulative record. For better legibility, only the

sound-pressure levels. higher-level member of each pair is given on the abscissa, preceded by a
leading underscore.

sensitivity group andB=0.414; r=0.9964 for the high
noise-sensitivity group. The difference in exponents is not In order to assess whether the divergence in loudness
statistically significant, however, as is evident when the in+atings observed when comparing the two noise-sensitivity
dividual exponents of the low noise-sensitivity group aregroups is due to a true sensory difference or merely to a
compared to those of the high noise-sensitivity groupjudgmental artifact, the data were subjected to a signal-
[t(59)=1.02]. More importantly, individually fitted expo- detection analysigsee Irwin and Whitehead, 1991; Eller-
nents do not correlate significantly with the noise-sensitivitymeier, 1997, for analogous applications in the psychophysics
scores obtained by each participant in the questionr(aire of pain). This is achieved by treating the pooled loudness
=0.10. ratings of the two groups like “confidence ratings” in a
It should be noted, though, that the present ratio estimasignal-detection experiment. These serve to trace out
tion experiment may not differentiate groups of subjects or‘receiver-operating curvest{ROCS9 from which two param-
individuals in every respect, since all functions are forcedeters may be computedl) A discriminability indexd;, in-
through a fixed point in the center of the curves: the pointdicating the sensory distance between stimuli, &dan
defined by the standar@0 dB) and the agreed-upon modu- entirely independent “bias” paramete8 reflecting a ten-
lus (a judgment of 1R Shifts along the ordinate may not be dency to assign high ratings.
detected by this implementation. Therefore, other supra- A maximum-likelihood method(Alf and Grossberg,

threshold methods were investigated as well. 1987 was used to estimatd, for each adjacent pair of
stimuli, separately for the two noise-sensitivity grodpsg-
D. Loudness category scaling ure 3 shows these measures of sensitivity, cumulated over

. o the stimulus range. There i indicati i
Figure 2 shows the loudness categorizations made by tPW "mutl g Is o indication that the highly

o S . . . noise-sensitive subjects show a greater growth in cumulative
two groups of participants: Individuals expressing high nOISediscriminability than do the less-sensitive subjects. If any-
sensitivity appear to assign slightly higher loudness rating

h ted with d level ding 75 ing, the latter group exhibits a slight advantage due to an
when presented with sound-pressure 1evels exceeding -Offset generated by superior discrimination of the two lowest
SPL. Using the standard analysis of variance approach i

order to evaluate the statistical significance of this diver ound-pressure levels. The slopes of the two curves, how-
st 'gnit IS dv .ever, which may be interpreted as indicating the growth in

gence was ruled out, since the data showed significant dev'%’ensation magnitude unbiased by judgmental tendefigies

tions from the normality assumption, especially towards th%/vin and Whitehead, 1991do not seem to differ between the
extreme categories of the rating scale. Therefore, a nonpara- '

metric equivalent of a two-factor mixed analysis of variance{flw0 noise-sensitivity groups(14)=0.308,p=0.763.
(Bortz, Lienert, and Boehnke, 2000, Sec. 6.2.%ased on
Kruskal and Wallis’(1952 H-statistic was performed. In the
absence of a main effect of noise sensitivity, it revealed a  Simple reaction timgRT) is often seen as a dependent
significant (groups by SP)L interaction,Hx,g=21.541;p  variable that might tap the underlying sensory processes
<0.01, thus confirming the statistical significance of the di-more directly than various verbal measures used in psycho-

vergence seen at high SPLs. physics. Furthermore, as a long research tradition has shown

E. Simple auditory reaction time
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FIG. 4. Mean auditory reaction tim&T) to the onset of tones having SPLs k|G, 5. Unpleasantness ratings of the ten natural sounds identified at the

given on the abscissa. Linear functions relating RT and sound-pressure levghitom of the figure(for details, see the textMean ratings plus/minus one
are fitted to the data of groups of subjects reporting lifgangles and low  gtandard error of the mean are given. Note that the abscissa is not metric;

(crossep noise sensitivity. Each data point is based on at least 300 RTgqunds are merely ordered according to the mean rating received.
measurements.

ogy in a previous study using the same sou(il&ermeier,

(Chocholle, 1944; Luce, 1986; Kohfeld, Samteand Wal- ; i .
lace, 1981, it may be seen as an indirect way of scaling Mader, and Daniel, 1997_the rank correlation between the
gwo orderings, however, is=0.81.

sensory magnitude via ratio-scale physical measurement . . o
y g phy When the ratings of the two noise-sensitivity groups

Therefore, reaction times were measured in response to the . S o .
P e considered separatdhs in Fig. 5, it is evident that the

same stimuli as in the scaling experiments. The parameter ‘ﬁ,r h noise-sensitivity aroun tends o assian higher unpleas-
interest is the slope of the function relating decreasing re- g y group gn hig P

. . . antness ratings once the middle category of the scale is ex-
sponse times to increasing sound-pressure levels. 9 gory

As is evident in Fig. 4, this slope appears to be Somepeeded. The convergence at the top end of the scale is most

. . . : .. likely due to a ceiling effect: the sound of the jackhammer
what steeper for the subjects reporting high noise SenSItIVIt¥eceives mean ratinas almost indistinguishable from the
in the questionnaire. Note that while in the literatyeeg., 9 g

Kohfeld et al, 1981 Pieron functions(power functions ac- rToar)r(\Icr>nlcjer:]]ei\tle?gﬁvg:i:ﬁcilr:sesi}ms tiirr:tags n\gﬁla;;ﬁe?rficﬂlgst
counting for the steep rise in RT at very low intensitiase 9 Y ption, P

used to describe data like these, starting at a clearly audib \ggr']\/r;/sg aznoa(%svlvzsf Ve?;garrrf: dotr:) r:ltgliiz;tich:I:tz,eb;Sgtrg {ahr;d
50 dB SPL takes us into the linear portion of the RT functionun Ieasa,ntness ratinps Both the main effec); of noise sensi-
(cf. Kohfeld et al,, 1981, Fig. 4. Therefore, we fitted func- P gs.

L * o L X )
tions that are linear over sound-pressure leydB) to the t|:{|ty l.(?AE2'6?'£H*0'191§gd75'_ts ~|n0teor§)c'tlor; fW.:thd ihe
group data which are plotted in Fig. 4. The function describ-> 'ml;]' tot' Etl. ral & .’?.XB_ =19, p=0.Ug Just Tailed 1o
ing the mean data of the low noise-sensitivity group is rrieach statstical signiiicance.

=—0.943< SPL+292.33; the function accounting for the Analysis on an individual-subjects level, however,
high noise-sensitivity dz'ata is RT— 1.153< SPL+ 312 54 shows unpleasantness ratings to be systematically related to

The difference in slope, however, is not statistically signifi-no"'se sensitivity: When each participant's mean ratanger-

cant; either when the two sets of individual slope parametergg'ng.across all ten soundss p{;ured .W'th his/her noise-
are comparedt(59)=1.368; p=0.177, or when these pa- sensitivity score from the questionnaire, a correlatiorr of
rameters are correlated with the individual noise-sensitivity: 0.26 (p=0.042) emerges between the two measures.
scores obtained from the questionnaireés=—0.138, p

=0.29. IV. DISCUSSION

The present investigation found noise sensitivity as mea-
sured by a psychometrically evaluated questionnaire to be

Figure 5 shows mean unpleasantness ratings of ten natlargely unrelated to psychoacoustic indices of auditory func-
ral sounds ranging from the sound of water running from aioning. Small, but significant effects of noise sensitivity
faucet to the noise of a jackhammer. The entries on the alenly emerged in loudness scaling and in ratings of the un-
scissa are ordered according to the mean rating given by gllleasantness of sounds; that is, in those tasks most closely
61 subjects. This ordering does not correspond perfectly teelated to annoyance@vhich noise sensitivity was originally
the ordering obtained from a paired-comparison methodoleonceived to predigt

F. Unpleasantness ratings
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These findings shall be discussed with respec¢ttdhe  rather than sensory in nature: a tendency to assign higher
(lacking psychoacoustical basis of noise sensitivity; the  ratings in the absence of a true difference in auditory pro-
role of gender effects; antt) the potential of combining cessing.

indicators to predict increased noise sensitivity. This interpretation is consistent with the fact that in the
present investigation, it is only in the “softer,” more judg-
A. Psychoacoustic correlates of noise sensitivity mental psychophysical tasks that noise-sensitivity effects are

observed, while objectively measured thresholds, RT mea-
Surements, and ratio estimates do not show systematic differ-
ences. Taken together, the evidence suggests that self-
reported noise sensitivity is not related to auditory acuity, but

hr(gflects a judgmental, evaluative predisposition towards the

Our finding that individuals expressing high or low
noise sensitivity do not differ in absolute thresholds agree
well with the two relevant earlier studie§Moreira and
Bryan, 1972; Stansfeldt al, 1985. Whereas these studies
used classical methods for threshold measurement, t .
present finding is based on more rigorous, bias-free adapti\,%erceiz’.t'On of .soun(.j_s. . .
procedures. Furthermore, it extends to difference thresholds Th|s pr(‘ald|sposmon ShOl,J,Id not be interpreted as simply
(see Table )l Thus, there is no indication that individuals reflecting a “response style,” e.g., a tendency to use extreme

expressing increased susceptibility to noise differ in absolut\8/\";‘::.3'9O_riz'.s .gf ?Jf?}ing scale,f ?lsf discusgeﬁ bi/j (JxSldSJQ.
or differential hearing sensitivity. If anything, there is a lle individual differences of this sort might indeed create

slight trend(though statistically not significanfor subjects spurious correlations, when single-item ratings of annoyance

having higher absolute thresholds to express greater noisaend sensitivity are related, for example,_such an explanation
sensitivity seems unlikely for the present resul& since different re-

It may be argued that most of our more sophisticateoSponse formats and settinfguestionnaire items versus psy-

psychophysical analyseadaptive thresholds, scaling, RT chophysical judgments obtained in the.course.ofalab(.)_ratory
are restricted to data collection at 1 kHz. It is of Coursegxp_erlmen):are bemg compared arit) since noise sensmv_—
possible that noise sensitivity is mediated by increased audﬂy.Is measured using g_psychometrlcally spund questpn-
tory acuity at other(e.g., higher frequencies. An attempt naire, c;onstructgd explicitly to cancel out biases resulting
was made to assess this possibility by analyzing thiee8e from idiosyncratic response styles.
tracking data obtained from all subjects at the standard au-
diometric frequencie$0.5 to 8 kH2. Those subjects, how- B. Gender effects
ever, that showed evidence for slight hearing losses in this”
screening test were roughly equally distributed across the An unusual finding related to the present sample is that
two noise-sensitivity groups: Gow) vs 4 (high noise sensi- we found a significant majority(roughly two-third$ of
tivity ) subjects showed hearing losses exceeding 20 dB for atomen in the noise-sensitive groggee Sec. Il A. This is
least one of the audiometric frequencies. Reanalyzing thatypical, both for research published by other investigators,
scaling data while excluding these participants did notwho found no effects of sex on noise sensitivitloreira
change the general outcome. and Bryan, 1972; Weinstein, 1978; Taylor, 1984nd for a

The suprathreshold data collected over a large soundrast amount of data collected in our own laboratory. In four
pressure range encompdss magnitude estimation and)  different samples, three of which were drawn from a similar
category scaling of loudness, as well @3 reaction-time  student population, and all of which consisted of a far greater
measurements ang) unpleasantness ratings. Despite thenumber of participant§ranging between 117 and 213ve
breadth of methodologies used, significant effects of nois@ever found a significant effect of gend@immer and Eller-
sensitivity only emerged in loudness category scaling and imeier, 1997, 1998a, 1998bTherefore, we tend to interpret
the unpleasantness ratings of natural sounds. The genetthle gender imbalance found in the present investigation as a
tendency of noise-sensitive subjects to assign higher loudpeculiarity of that particular sample.
ness categories or greater unpleasantness ratings was largely Interestingly, however, the present data occasionally
restricted to higher sound-pressure levels, and thus contrghow significant effects of sex on the form of the psycho-
dicts the earlier finding by Moreira and Brydh972, who  physical functions obtained. To distinguish these effects
found their extreme group®f N=3 each to convergeat from the consequences of increased noise sensitivity which
high SPLs. are the focus of this article, additional analyses were per-

To further explore the nature of the small suprathresholdormed. The general strategy was to make gender another
differences emerging in the present investigation, the loudfactor in the analyses of varianééhat is, to inspect effects
ness category ratings were subjected to a signal-detectiasf noise sensitivity, gender, and sound-pressure level, and
analysis which enabled us to disentangle sensory and juddheir respective interactions. Significant main effects of, or
mental aspects in the data. Cumulative sensitivity) (was  interactions with the participant’'s gender emerged for only
shown to grow at the same rate for sensitive and nonsensitivi&vo psychophysical taskél) loudness category scaling, and
participantgsee Fig. 3, while computing a bias measu(g; (2) unpleasantness ratings of natural sounds. The case of
McNicol, 1972 showed the same divergence at high SPLs asoudness category scaling is instructive, since here the effect
did the “raw” mean ratings. Thus, from a detection-theory of gender consists of a discrepancylaiv sound-pressure
perspective(MacMillan and Creelman, 1991; Irwin and levels, evident in a significant interacti¢hl X, g=17.04; p
Whitehead, 199)lthe apparent noise-sensitivity effect in the <0.05] between the effects of sex and SPL, which is quali-
loudness scaling data might be interpreted as judgmentahtively different from the divergence high sound-pressure
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levels found if subjects are grouped according to their noiseheavier, faster, and more painful place than it is for less
sensitivity scoregsee Fig. 2 When rating the unpleasant- ‘receptive’ people”(Reason, 1972, p. 306There is no in-
ness of natural sounds, female participants tended to assighication in the present data set that noise sensitivity may be
higher categories to all sounds presented, leading to a sigttributed to a predisposition to perceive sound events more
nificant main effect of genddH =7.769; p<<0.01] in that  intensely, or to discriminate between them more accurately.
data set. In no case, however, did a two-way or three-waNevertheless, noise-sensitive participants systematically
interaction involving both noise sensitivity and gender reachtended tgudgethe same stimuli as louder or more unpleas-
statistical significance, implying that the effects of noise senant than the less sensitive group, suggesting that what is
sitivity are the same in both genders with no need to considgpsychophysically tractable in the concept of noise sensitivity
differential effects for male and female participants. might primarily reflect attitudinal/evaluative rather than sen-
Observing effects of gender in psychoacoustic measuresory components. Furthermore, as an earlier st(ilier-
is by no means unusual. Whether they are biological in nameier and Zimmer, 1997employing the irrelevant speech
ture, as the evidence compiled by McFaddd®98 sug- paradigm had shown, individual noise sensitivity is only
gests, or whether they reflect different judgmental styles isveakly related to objectively measured performance decre-
still a matter of debate. The fact that in the present investiments under noise.
gation gender effects show up in the same “soft” psycho-  Hence, laboratory experiments may help to clarify the
physical tasks as do the effects of noise sensitivity seems tooncept of noise sensitivity by providing some of the empiri-

suggest a similar, judgmental origin. cal evidence, Jok1999 had called for in his recent review.
Even though the central outcome of the present study is
C. Combining psychoacoustical predictors negative, showing that self-reported noise sensitivityas

. N o i related to auditory acuity, the effects observed suggest it to
Since individual indices of psychoacoustic performancgefiect 5 judgmental, evaluative predisposition towards the
showed only occasional and weak relationships with noisgercention of sounds. This is consistent with the vast litera-
sensitivity, one may ask whether a combination of these ing, e relating noise sensitivity to the annoyance produced by
dices provides a better prediction. To address this question, g, vanted sounds. Some of that work might have to be re-
multiple regression analysis was performed, into which pog,a1yated, however, in the light of the both conceptually, and
tential predictors from all psychoacoustical tasks were enbsychometrically more evolved measures of noise sensitivity
tered: (1) mean absolute threshold?) the threshold pro- 4y iiaple today, which provide better protection against the
duced by the poorer ear alon) the difference threshold yigy of circularity involved in assessing an individual’s noise
(AL); (4) the individual magnitude-estimation exponel  gensitivity and his or her annoyance produced by an environ-
the slope parameter of the loudness category-scaling funGpental source by posing two very similar questions. Further-
tion; (6) the mean unplea_santnes; rating qf teq sounds; a’more, the issue of “specificity” will have to be addressed, in
(7) the slope of the function relating reaction time t0 SPL. o qer to clarify whether noise sensitivity is specific to acous-
All seven variables in combination account for 15.2%6) i nyisances or represents a broader, more general tendency

of the variance in noise-sensitivity scores. Note, however(e_g_ Winneke, Neuf, and Steinheider, 1986 be bothered
that this value is the optimal prediction to be made from the,, environmental Stressors. '

presentsample If it is corrected for potential measurement
errors to estimate the relationship in thepulation a disap-  AckNOWLEDGMENTS

pointingly low “adjusted” Rgdj of approximately 0.04 re-
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Furthermore, when in a “stepwise multiple regression” proyiding us with a program to_perform the nonparametric

those parameters that contribute least to the prediction afduivalents of analyses of variance. Furthermore, we are
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to which (a) the mean unpleasantness ratig®~0.256; (b)

the threshold in the poorer eaﬁ{z 0.197; and (C) the Actually, d,, a measure allowing for different variances of the signal and

category-scaling S|0p$(= -0 129) provide the best predic— noise distributiongcf. Macmillan and Creelman, 1991, E¢3.8)], was

. R h o . computed. Since overall, however, the ratio of the two variances did not

t!on of 'nd_'V'dual noise sensmwty. Even_ thOUgh the Pr_Ed'C' differ significantly from onegd, was taken as an index of the more familiar

tion provided by this model is statistically significant ¢,

[F(3,57)=2.947; p=0.04]; given the small proportion of 2Asin Sec. Ill D., due to violations of the homogeneity-of-variance assump-

variance accounted fo(,Rzzo_134; Rgdj: 0.089, it is of gon,hn?(npazrggz)etrsic eqtéi\éa;erawts of ane;lyjezof varia(ﬂmtz{ I__ienert, and

. . . H oennke, , ©€C. b.Z.p.dre reported. Using parametric or nonpara-

!Itt_le pragtlcal relevancg. The best thlng that may _be said fOI’metric analyses, however, did not affect the statistical conclusions to be

it is that it comes up with the same psychoacoustical paramyrawn from the data analyzed here.

eters as did looking at each task in turn.
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