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Maore than & decade has passed since a relationship between community noise exposure and (he
prevalence of snnoyance was synthesized by Schuliz [T, 3, Schultz, 1. Acoust, Soc. Am. 64,
377405 {1978) ] from the findings of a dozen social surveys, This quantitative dosuge-efiect
relationship has been adopted as a standard means for predicting noise-induced annoyance in
environmental assessment documents. The present effort updates the 1978 relationship with
findings of social surveys conducted since its publication, Although the number of data points
from which a new relationship was inferred more than tripled, the 1978 relationship still

provides a rensonabie fit to tlie data.
PACS numbers: 43.50,Ba, 43.50.Lj, 43.50.Qp

INTRODUCTION

It has been more than a decade sinee Schuliz (1978)
synthesized a relationship between transportation noise ex-
posure and the prevalence of annoyance in communities
from the findings of n dozen social surveys. Although initial-
Iy greeted with considerable controversy, the retationship
has becomne o mainstay of assessments of the effects of noise
exposure on communities, and has gained widesprend cur-
rency as the most thorough und well-documented dosage—
effect relationship available to environmental planners.

One concern expressed at the time of publication of
Schultz's synthesis was thal it might have a chilling effect on
the conduct of further social surveys of noise-induced an-
noyance, since some believed that agencies which fund such
studies might erronecusly conclude that the synthesis repre-
sented n definitive solution to many of the problems of as-
sessing effects of noise expusure on comimunitics, The abun-
dance of surveys conducled since preparation of the
synthesis (cf. Dorsky, 1985; Fidell er al,, 1985; Fields and
Walker, 1982; Hall und Taylor, 1977; Hall et al., 1981; Hede
and Bullen, 1982; Rylander, 1977, Schomer, 1983b; Soren-
sen and Hammar, 1983, inrer alia) demaonsirates that such
concerns were unfounded.

In fact, s0 many measurements bave been made of the
prevalence of noise-induced annoyance in various communi-
ties since publication of the synthesis paper that it is now
worth reviewing the dosage-effect relationship derived in
1978 in the light of evidence published since.

l. METHOD

Table I lists 15 sociz] surveys of the annoyince of trans-
portation noise exposure published since the preparation off
the 1978 Schuliz synthesis paper that were judged sufficient-
ly similar in design 10 those considered by Schultz to be com-
paruble for present purposes. Five criteria for comparability
were adopted: (1} At least ane questionnaire item had 1o
inguire directly about long-term anpoyance per se, rather
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than activity interference or other naise eflfects from which
antoyance might arguably be inferred; (2) the noise source
under study had to be a transportation noise source, and
actual acoustic measurements of noise exposure were
strongly preferred; (3) acoustic measurements, i not re-
ported in units of day-night average sound level (DNL},
had to be convertible into such units with reasonable confl-
dence; (4) sample sizes had to be adequate for estimating

TABLE |, Summary of sociul surveys reviewed,

Authors(s) No. off
datu painty

Muemaonic

1978 adddenda, new surveys:

(1) U5 AIRBASE Borsky, 1985 25

[2) ANTWERPSTREET Myncke oral, 1977 Ell

(¥} BRUSSELS STREET Myneke o al., 1977 235

(4} BURHANK ALRPORT Fidell oral, 19453 0

{5} CANADIAN ROAD Hall and Taylar, 1977 14

(&) DANISIISTREET Helser, 1975 28

(7) NRITISH RAIL Fields uasd Walker, 1

1982

(R) AIRCRAFT/ Hall et b, 1977 2l
TRAFFIC

(9 ORANGE Fidell erad., 1945 12
COUNTY AIRMORT

(1) AUSTRALIAN Hede aeit Bullen, 1982 42
AIRCRAFT

11 TRAMWAYY Hylander, 1977 12
TRAFFIC

(1) DECATUR Schomer, 1983 4
AIRPORT

{13y SWEDISH Sorensen and Hamunar, 15
RAILROAD 1983

{14) WESTCHESTER Eidell of af., RS L}
AIRIFORT

{15y DANISH Anxlersen ot al., 1982 1h
RAILROAD

Ity 202
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prevalence of annoyance with reasonable precision; and (5)
the scale used for quantification of annayance had to permit
identification of numbers of respondents deseribing them-
selves as “highly annoyed" in a manner comparable to that
devised by Schultz (1978),

Specifically excluded {rom present considerntion were
laboratory studies of noise-induced annoyance, field studies
of community reaction 1o impulsive noise sources (gunfire,
blasting, helicopters, sonic booms, ete. ), and studies of com-
munity tresponse (o other nontransportation sources (e.g.,
construction).

A, Treatment of data from studles meeting selection
criteria

Sincethe major goal of the present eifort was (o preserve
comparnbility of analyses with those conduoeted by Schultz
(1978), the conventions adopted by Schuliz for deriving
paired values of noise exposure and prevalence of unnoynnce
were retuined. For example, the definition of “highly an-
noyed” respondents adopled by Schultz (those respondents
whose self-described annoyance fell within the upper 27¢%-
299 of the response seale, except when category labels un-
ambiguously dictated otherwise) was retained. Likewise, it
was necessary (o transform noise measurements reporied in
units other than L, to units of L, in several cases, Treal-
ments of the data of individual studies are described belaw.

1. Australian aircraft (Hede and Bullen, 1582; 3575
nterviews}

Hede and Bullen report o conventional social survey of
the annoyance of nircraft noise, Noise levels were reported in
units of L, for field measurements made st various locu-
tions around the commereln! sirports at Sydney, Perth, Ad-
tlaide, Melbourne, and the Royal Australian Air Force Base
ut Richmond, Personal interviews were conducted with 45
to 115 respondents per site, The physical measurements used
in the present analysis are reported in Hede and Bullen's
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Tables 3.3 and D.9 and Fig. 6.4, Twenty-lour-hour noise
mensurements were made for approximately 2 weeks per
site. These values were Lhen campared to existing noise expo-
sure forecast (NEF) contours lor accurucy.

The percentages of respondents highly annoyed were
tabulated (rom responses to questionnaire item 36 by the
authors (Bullen, 1988). The item was worded "'How would
you tlescribe your *general feelings” about the aircraft noise
in this neighboerhood?" Respondents were constrained 10 se-
lect one of the following categories: (1) highly annoyed, (2}
considerably annoyed, (3) moderately annoyed, (4) slightly
annoyed, or (5) not at all unnoyed.

A total of 42 paired values of measured noise levels and
percentuges of respondents highly annoyed were availuble in
this data set, Respondents describing themselves as “highly
annoyed" were considered highly annoyed for present pur-
poses to conform with the convention adopted by Schultz
(1978, p. 381) for dealing with named response categories.

Ninety-five percent confidence intervals were caleulat-
ed for the estimated percentages of respondents highly an-
noyed nt each interviewing site by assuming that the self-
reporisof annoyance in the categories “highly annoyed" and
all other calegories were binomially distributed:

1.96(PQ /M)

where £ is the proportion of respondents highly annoyed, @
is the propartion of respordents not highly snnoyed, and ¥V
is the number of respondents per sile, Figure 1 displays the
95% confidence intervals for the data points reported by
Hede and Bullen in relation to the dose-response curve syn-
thesized by Schuliz (1978).

2. Aircraft-traffic comparison (Hafl el al, 1981; 673
interviews)

This social survey compared the annoyance from pir-
craft noise to the annoyance of road traflic noise at nine sites
around Toronto International Airport (Canadun). Inter-

FIG. 1. Relatioaship of ditu from Ausea-
lian Aireraft Study 10 1978 synthesin
Curve,

:

B0 ad w0 o an 86 & S0 M M B0 &1 A M M To 1B Ta

DAY-NIGHT AVERAGE SOUND LEVEL

222 J. Acoust, Soc, Am,, Vol. B9, No. 1, January 1991

E N L

Fidell o2 al;: Noise dosage eltects 222




views were conducted with 10 to 180 respondents per site,
Noise levels were reporied in units of' L,,,, . The daty analyzed
for present purposes are those reported in Table 11 {rond
traffic) and Table IV (aircralt) of Hall er af. (1981).

Duta for rond traflic noise were collected by automated
cquipment during 24-h periods during weekdays, at one lo-
cntion per sile. Aireraft noise exposure wos predicted by use
of the Integrated Noise Madel software, Control tower re-
cords for 1977 were used us the source of aperntionnl infor-
mation for the predictions,

Hall ¢t al. solicited judgments of the annoyance of trans-
portation noise sources witha direet question (“How do you
rate each ol the sounds you huve mentioned? ) and 1 bipolar
response scale composed of the lollowing categorivs: (1) ex-
tremely agrecuble, (2} moderately agrecable, (3) consider-
ably agrecable, (4) slightly agreeable, (5) neutral, (6)
slightly disturbing, (7) mederately disturbing, (8} consid-
erably disturbing, and (9) extremely disturbing.

Nine datu points for aircraft noise and 12 data poinis for
traflic noise were reported. Hall er af. suppested thal ... the
appropriate cutofl point for high annoyance on the response
scale is between moderately and considerably disturbing... "
This criterion represents the top two of the nine response
categories of the bipolar scale. If the “neutral” cotegory is
cansidered to be equivalent 1o “not at all annoyed,” how-
ever, Hall e al. in effect counted the top 40% of a five-point
scale, Thus the authors’ criterion oversstimates the percen-
tage of respondents highly annoyed relative to the percent-
ages counted by the criterin adopted for the 12 clustering
surveys, Figure 2 shows 959 confidence intervals for both
the aircraft and traffic noise data,

aoa—l- T

H  HALL AIRCRAFT

X  HALL TRAFFIC
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3. Burbank Alrport survey (Fidell et al,, 1985; 504
interviews)

Fidell er al. describe n socinl survey of aircrafl noise
annoyanee involving multiple rounds of interviews in the
vicinily ofa mised-use civil nirport located in Southern Cali.
fornia [reported ns “study 1* in Fidell et al. (1985}) m
which noise levels changed considerably over time due 1o
changing runway use patterns, Noise levels were monitored
continuously for a week prior to interviewing at multiple
microplione posilions within tie boundaries of eacly site, and
cilibrated against expostire gradients from atrcraft noise ex-
posure contours. D¢ facto panel samples of 220 to 330 re-
spondents per site were interviewed live times in person or by
telephone, Table I of Fidell er @/, (1985) presems the an-
noyance and noise data for live rounds of interviews in four
sirport neighborhoads. The pereeniage of respondents high-
ly annayed was derived from responses to questionnaire item
4, which usked respondents if they had been (1) not ot all
annoyed, (2) slightly annoyed, (3) moderately annoyed,
(4) veryunnoyed, or {5) extremely annoyed by the noise of
nircrafl over the past year,

Twenty duta paints resulted from this assessment of
long-term naise expasure, { Another questionnaire item that
salicited judgments of the annoyance of nircraft noise expo-
sure over the past week was not considered (or present pur-
poses ta preserve compurability with the time scales of other
surveys.) Respondents describing themselves as “eatremely
uimoyed" or “very annoyed™ were considered to be highly
annoyed. Figure 3 displays 959 confidence intervals for the
data points,

FIG. 2 Relationship of data fram Airs
cralt-Truffic comparison w0 978 syuthe-
Sy CHIVE.

-ttt
40 4 44 40 40 0D OF B4 OF DA BO ST B4 BB MA 0 TR T4 TR TR 85 BE B4 M0 MR WY

DAY = NIGHT AVERAGE SOUND LEVEL

223 J, Acoust, Soe. Am., Vol, 89, No. 1, January 1991

Fidell o af.: Noise dosage offects 223




PERCENTAGE OF BESPOMENTS HIGHLY ANNOYED
3

+

FIG. 3 Rehationship of dany from Hor-
Baph Adrpon Soudy 1o TFTR aynthesis
Cure,
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4. Orange County Alrport (Fidell et al, 1985; 3103
interviews)

This social survey was reporied as “study 2" in Fidell cr
al. (1983), Noise exposure measurements were made by the
existing monitoring system installed at Qrange County Air-
port located in Southern California. The data were energy-
averaged over week-lang intervals from six micraphone po-
sitions and were compared with known aireraft noise
conlours 1o estimate area-weighted noisc expasure levels.
These sites were part of the alrport’s installed noise monitor-
ing system, Face-to-face and telephone interviews were con-
ducted with 200 to 330 respondents per site. Table 1V of

nwt
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Fidell et al. (1985) summurizes the long-term snnoyance
duta produced in four rounds of interviews in three inter-
viewing areas in airport environs, The percentage of respan-
dents highly annoyed was compiled from responses to ques.
tionnaire item 5, which asked respondents “*While you've
been at home over the past year, since last (scason of year),
have you been bothered or annoyed by the noise from lurger
airliners?" The named categories for the responsescale were:
(1) not atallannoyed, (2} slightly annoyed, (3) moderately
annoyed, (4) very annoyed, or (5) extremely annoyed.
Twelve paired vatues of percentages of respondents highly
annoyed and measured sound levels were reported. These
data points roay be seen in Fig, 4.

116G 4. Relarimship of data from Orangy
Counly Adrport Study v 1978 synthesis
cnne

N ‘
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5, Tramway and traffic survey (Rylander ot al., 1877: 464
Interviews)

Rylander et al, report a survey of differences in respon-
dents’ reactions (o lramway and cily truffic noise. Interviews
were conducted with approximately 75 respondents nt cach
of 12 sites in Gothenburg, Sweden, along streets supporting
mixed motar vehicle and tramway traflic. Noise measure-
ments were collected on tape recorders at 1-h intervals dur-
ing aflerncons, and were later annlyzed using o sladistical
distribution analyzer, Specific details regarding the perind of
time over which these measwrements were tnken were not
reported.

Noise Jevels reported in upits of 24-h £, for bath tram-
way and traffic noise were converted to £, values by taking
the average ol twa dilferent conversion procedures. The con-
version equation for the first method (Galloway, 1977 ) was

Ly =Ly +3.38 dB.
The canversion equation for the second method used by
Schultz (1978) was

Ly, = LI3L, 0, — 49 dB,

The differences between the conversions ranged from 0.3-
0.8 dB,

Respondents were provided with three response cutego-
ries from which to select un answer to the question “Are you
annoyed by Iramway or traflic noise?*: (1) a little annoyed,
(2) rather annoyed, and (3} very annayed. Rylander ef al,

(1977) present the noise exposure and response datn in Ta-.

bles 1 and 2 for respondents wha described themselves as
"very annoyed." Respondents considered fo be very an-
noyed by Rylander o al. {1977) were counted s highly
annoyed for present purposes,

A total of 12 data points consisting of noise levels and
percentuges of respondents highly annoyed (six for tramway
und six for traffic) were reported by Rylanderet af, Figures 5
and 6 display 95% confidence inlervals in relation 1o the
Schultz Curve for both tramway and traflic noise respective-
ly.

.
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6. Dacatur Airport (Schomer, 1983a,b; 231 interviews)

Schomer ( 1983b) reports u noise survey of allitudes Lo-
witid aireraft noise condueted near Deentur, [linois Air-
port, Noise measurements were made in units of L, . Field
mensiarements of poise exposure were compared Against ex-
posure tevels predicted by Integrated Noise Maodel Version
2.6. Deils regording the measurement methods were not
specilied, Personal interviews were condueted af four sites
with 22 10 99 respondents per site. ,

Questionnaire itein T inguired about noises heard m
home that respongdents preferred nol to hear, Forench unde-
sired noise source heard in the ome, questionnaiee item 770
asked respandents to rate their anneyance using the follow-
ing seale: (1) exoremely annoyed, (2) very much annoyed,
{3y inoderately annayed, or (4) slightly annoyed. Schomer
cansidered respondents whe deseribed themselves as “very
much™ or “extremely™ annoyed as highty annoyed, Schomer
presents the noise source and response data in his Fig. 3 und
Table IV for respondents he considered highly annoyed.

Respondents who spontancously mentioned some type
of naise annoyance were considered ta be at least “slightly
annoyed" by the noise source, Itis assumed that respondents
were “nol at all annoyed™ by noise sources that escaped men-
tion, yiclding a five-cotegory response scule. Schomer's
study yielded four paired observations of measured noise
levels nd percentages of respondents highly annoyed. These
are plotted in Fig. 7.

7. Brilish raflroad (Flelds and Walker, 1982; 1399
interviews)

Fields und Walker conducted an antitudinal survey of
railroad noise in Great Britain, They made more than 2000
noise measurements at 403 locations in units of 24-h L,
noise and number index (NNI), community noise equiva-
lent level (CNEL), and £,,. Personal interviews were can-
ducted with 45 to 220 respondents per sie.

The awthars tabuluted percentuges of respondents high-

FIG 5 Relativaship of 1raamay i
ooy Tramway snct Traflic Sty to 1978
sthesis e
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FIG. 0. Relativnship of tallie e frans
Tramway indd Traftie Sundy 10 1978 syo-
tiesis cure

DAY = NIGHT AVERAGE SOUND LEVEL

ty annoyed to a direct question (questionnaire item 17b)
worded as follows: **Does the noise of truins bother or annoy
you: (1) very much, {2) moderately, {3 a little, or (4} not
at all." Respondents describing themselves us “very much"
annoyed by train noise were considered ta be highly annoyed
for current purposes, Figure 8 shows 959 conlidence inter-
vals lor the British Railroad data.

8. Swedish raliroad (Sorensen and Hammar, 1983; 1125
interviews}

Sorensen and Hammar report an investigation per-
formed during 1978-1980 of reactions to railroad train noise
in arens surrounding the cities of Malmo and Stockholm,

bLh
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The authors imerviewed 30 to 100 respondents ateach ol t3
sites. Noise was measured in units of 24-h L, Tor each pass-
ing train. The conversion from the reparted units of L, 1o
L,, was performed us described for the Rylander {1977)
survey.

Ttie datn used in the present unalysis are found in Fig. 1
of Sorensen and Hammar (1983), Since the data were not
tlabulated, a grid was overlaid on Sorensen and Hammar's
Fig. 1 toestimute values of pairs of noise exposure levels and
percetituges of highly annoyed respondanis,

Sorensen and Hammar did not report the labels of re-
sponse calegories used for eliciting annoyarnce judgments,
They did, however, claim close similarity of annoyunce meu-
surement techniques with an earlier survey (Rylander et af.,

il
4 uF 44 48 G W 32 B4 M M 80 B N0 M M
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1980), which used four named response categories: (1) not
annoyed, {2) a little annoyed, (3) rather unnoyed, and (4}
very annoyed. In the present analysis, “very annoyed" was
used to describe high annoyance. Fipure 9 shows 95% confi-
dence intervals for the 15 data points from this study.

9. U.S. Airbaae (Boraky, 1083, 1965; 824 Interviews)

Personal interviews were conducted with 27 to 45 re-
spondents per site ut 25 sites near seven U.S. Air Force bases,
Borsky used automatic equipment to measure exposure in
units of L, for approximately 10 days per site. A threshold
of 65 dBA was used for these measurentents. It is unclear

PERCENTAGE OF RESPONDENTS HIGHLY ANNIVED
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how levels of exposure lower than this threshold value were
estimated.

The dats used in the present aunlysis are based on a
questionnaire item thal asked “How much does noise from
sireraft disturb, bother, or annoy you?" Respondents selects
ed a response category from an “opinion thermometer™
compased of ten gradations with named end points, as fal-
laws:

*notatall0123456789 extremely”

Respondents were considered highly annoyed for prasent
purposes if they selected eategories 7, 8, or 9 (309% of the
response scale), Figure 10 shows the 95% confidence inter-
vals calculated for the 25 sites,

FIG. 9. Relationship of duty from Swedish
Railroad Study 10 1978 synthesis cun e,
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10, Westchestor County Alrport (Fidell et af., 1985: 1465
interviews)

Fidell ef al, report » socinl survey of the annayunce of
pircraft noise at four sites around Westchester County Air-
portlocuted in New York state. Both personal and telephone
interviews were conducted twice with samples of 10010 250
respondents per site. Noise measurements were made by
automatic equipment at muitiple microphone lacations
within eacli site for a week prior to interviewing, and were
reported in unitsof L,

Table V1alFidell er af, (1985) summarizes the percen-
tage of respondenis highly annoyed and measured noise lev-
els. Questionnaire itemn 4 asked respondents “And how
nbout this past (season of year): Have you been bothered or

.
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annoyed by noise from nirplanes while you've been at home
during these moanths?" Respondents were allowed to choose
one of the following cutegories: (1) not at all annoyed, (2}
slightly annoyed, {(3) moderately antioyed, {4) very an-
noyed, or (5) extremely annoyed. Respondents describing
themselves as cither “very™ or “extremely” annoyed were
considered highly annoyed for current purposes, Figure 11
presents the 95% confidence intervals for the eighl data
points reported by Fidell ¢f al. in relation 10 the dose~re-
sponse curve generated by Schultz (1978).

11. Danizi) raliroad (Andersen et al,, 1983; 615
interviews}

Andersen et al. report a survey conducted near Seven
Danish railways with 1raffic volumes ranging from 30-300

IF1G. 11, Refutiomip of datia from West
eliester County Airport Studdy s 1978w
sy curve,

e f e,

“p af 2 4 s po

Day = NIGHT AVERAGE SOUND LEVEL

228 J. Acoust, Sac. Am., Vol, 88, No. 1, January 1991

4 et Attt
B 8¢ M M M MK M B T M A M O s T M M M N

Fidell ef al: Noise dasage ellects 228

————,—




%-:wvw.n-.a Bt e e

e e e P L Lt Ao,

irains per hour. Numbers of respondents ranged from 1-55
at each of 26 sites. Noise measurements were reported by
Andersenef af. inunits of L, and were converted to L, by
using the method described for the Rylander ( 1977) survey,

Andersen es al, directly asked respondents *Daes rail-
way noise annoy [you]?" Respondents indicated thut they
were (13 strengly annoyed, (2) somewhat annoyed, (1)
slightly annayed, (4) very fittle annoyed, ar (5) not an-
noyed atall, Respondents rating themselves as “strengly an-
noyed™ were considered to be highly annoyed lor present
purposes. This represents 209% of the response scale, slightly
underestimating high annoyance as defined by the 27%-
29% eriterin,

A prid was overlaid on Figure | of Andersen ef al,
(1983} 10 estimute values of pairs of noise exposure levels
und percentages of highly annoyed respondents. Figure 12
shows 95% confidence intervals for the 26 prints from this
study.

12. Other studies

Datu from the following studies [ considered as part of
the otiginal clustering surveys or four addenda by Schultz
(1978} ] are included in the present analysis as well. The
reader is referred to Schuliz (1978) for a detuiled explana-
tion of the treatment accorded the data of these studies.
French Aircralt ( Alexandre, 1970}

Second Hewhrow Airport { MIL Research, 1971)
First Heuthrow Airport (McKennell, 1963)
London Traflic { Langdon, 1976)

Munich Airport (Rohrman et al, 1974}

Paris Street (Aubree eral, 1971)

French Rail (Aubree, 1975)

Swedish Aircraft (Rylander er al, 1972}

Swiss Rond (Grandjean er al., 1973)

Swiss Aircralt (Grandjean er al,, 1973)

w1
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USA 24 Site (Fidell, 1978) .

Los Angeles Airport {(LAX 2 SITE} (Fidell and Jones,
1975)

Antwerp Street (Myncke et al,, 1977)

Brussels Street (Mynckeer al., 1977}

Canadinn Road (Hall and Taylor, 1977)

Danish Street {Relster, 1975)

8, Derlvation of a fitting function

The studies summarized above yielded a 1otal of 292
new datia paints, Figure 13 combines the data from the indi-
vidual studies described above into a single plot, along with
the 16] data points from the clustering surveys of Schultz
(1978), A least-squares quadratic fit to the data points is
also shown,

Figure 14 compares the third-order polynomia! fune-
tion Schultz chose to fit the data ol the 1978 synthesis with o
sceond-arder fitting function for all 453 data points. As can
be seen, the quadratic fit 10 the new data points is several
decibels higher (about 4 4B higher at an L, valte of 57.5
dB, und about 1.5 dB higher at an L, value of 70 dii},
indicating greater annayance thun the 1978 synthesis over a
large part of the range of interest for most purposes,

Il. BISCUSSION

A, Relationship between third-order polynomial and
least-squares quadratic fit

Schultz (1978) selected & third-order polynomial
foreed to predict zero prevalence of high unnoyance at an
L, value of 45 dB for the 1978 dosupge-cifect relutionship.
Figure 15 compares the 1978 dosage-efTect relationship with
(1} the (unconstrained) least-squares quadratic fitting
function shown in the previous figures snd (2) with quadrat-

FIG. 12, Relationship of dati fem Dan-
ish Railroad Sty o 1978 synthesis
cnrve.

DAY = KIGHT AVERAGE S0uUnD LEVEL
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FIG. 1, Quadeatic fit 1o alf 453 datu
points.

QAY = MIGHT AVERAGE SOUND LEVEL

ic least-squares fits 10 e uppe e and lower boundaries of the
950 conlidence intervals for all data points, Note that the
1978 refationship lies within these limits over victuully all of
its range. '

The equattion of the quudratic Arting function is

T flA = 0.0360L ], — 3.2645L,, + TRIIRI.

The quadrtic fit accounts for 4% of the variance in the
dla poinis. Since the best-fitting {least-squires eriterion)
cubic relationship accounts for only 196 more variinee, and
in the ubsence ol uny theoretical imperative in favorof cither
one, the quadratic is preferred over the cubie fit for reasons
of parsimany.

The information on which both the 1978 mnd the qua-

™ OM B A M M K

dratic fitting functions are based is not error-free. Indeed,
there is uncertainty in quantification of both the dependent
and independent variables of the dosage-effect relationship.
Influences of errors of several types on the relationship are
discussed briefly here, and from s different perspective, by
Green and Fidell (1991).

B. Bias errors [n definitions of high annoyance

One obvious influence on the shape of the fitting func-
tion is the detinition adopted for high annoyance in each of
the data sets, Table Il compares the percentages of the re.
sponse alternatives included in the definition of “high an.
noyance™ in the 11 studies not considered in the 1978 synth-
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esis.On avernge, self-reports of annoyance in the upper
31.49 of the response alternatives in these studies were con-
sidered to meet criteria for “high annoyance.” This figure is
slightly higher than the 2795-29% average lor the [2 clus-
tering surveys on which the 1978 dosage-effect relationship
is based, About half (45.5%) of the data points underesti-
mate “high annoyance” by 5%, while 54.5% of the data
points overestimate *high annoyance® by 10.3%%. Even these
figures do not suggest the extent to which the dosage—effect
relutionship is sensitive lo the definition of high annoyance
in separate surveys. Because the present dnta set of 453
points is composed of a relatively inrge number of surveys
each contributing a relatively small number of duta points,
changing the definition of high annoyance adopted in any
one survey isunlikely to produce a meaningful change in the
dosage-effect relationship.

Forexample, changing the definition of high annoyance
adopicd for the Burbank Airport data points from 409 of
the response scale 10 30% of the response senle ns shown in
Fig. 16 changes the quadratic fit hardly at all.

I EEEEEEEEEEEEEEEEE X EEEEE

C. Uncertainty in measurements of percentages of
respondents highly annoyed

Table HI displays the sizes of the averuge esiimated
95% confidence intervals for percentages of highly annoyed
respondents for each of the 29 dutn sets. When published
reports contuined suflicient information, these estimates
were made by caleulting confidence intervals for each inter-
viewing site snd averaging them within studies, When the
published reports indicated only total numbers of respon-
dents and interviewing sites, the estimates were made by as-
suming equal numbers of respondents per site. As can be
seen, there is considerable uncertainty in some of the survey
data about percentages of respondents highly snnoyed, The
average width of the estimated 95% confidence intervals ol
the 29 studies is 16.5%. Given that the slope of the 1978
dosage-eflect relationship is about 29%-3% highly annoyed
per decibel of noise exposure through much of its runge, the
uncertainty in the original survey datn corresponds to o
change in noise exposure of nearly an order of magnitude.

TABLE 1. Percentape of response alternstives considered “highly unnoying™ in surveys not considered in the 1978 syntlicsis,

Comparison of percenlages

Survey o of response Toaf % of
scile considered totul dots new data

"highly annoying™ paints poinls

Ausiralinn Airerafl 27 9.3% 214%
Aircrfi/Traflic 40% 4.6% 10,7%
Burbank Airport 7 447 H11%
Orange Counly Airport 0% 2.7% 61%
Tromway/Tmflic 25%n 7% 6.1%
Decutur Airpory 0% 0.9% 2.0%
Brivish Railrasd 25% 245 5.0%
Swedisl Railraud 25% 1.3% 115
U.5. Airbase A 5.5% 1285
Wesichesier Airport 4z 1A% +.1%
Dunish Ratitroad 20% 5.7% 13.3%
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Since this uncertainty represents the fundamental level of
precision of measurement on the ordinate of the dosage-
effect refationship, it is unproductive to seck explanutions
for smaller differences among potential finting functions for
these duta,

TARBLE L Ninely-five canfidence infervads for determinations af pereents
ages of respandenty highty anwyed.

Rank ordering of saudies by average evtismtted eonfidence inlervily

Withhy of 957 Study
confidence
interval (%)
T Swiss Adrenalt (Grandjesn oraf, 1973}
T2 TrafMerTrarmway [Fraflie only, {0 ader, (777§
T4 Second Heathraw Aivpart ( MIL Researeli 1970)
1.5 British Rail ¢Fields amd Walker, 1982)
1.6 Freneh Airesaft (Alesandre, 1971}
0.0 Swiss Rowd ( Gewndfesnr e ad, 1970
1.9 First Heathrow Aiepart (MoKennel, 1963)
1049 Wesehester Adeport (Fiddell e ol, 1985)
113 Hurbsuk Airpon (Fidell ¢ o, 1985)
HA Trufic/Tromway  (Tramway only,  Rylader,
1977}
12.3 Oruange County Airport {Fidell of ol 1985)
125 Los Angeles Airport { Fidet) wid Jones, 1975)
135 Swealish Rail {Sorensen wnd Elamovie, [983)
[ER) Austrulian Airerft (Hede saind Bullen, 1982)
14.5 frussels Street (Myneke ef al, 1977)
14,8 USA 24 Sie (Fidell, 1978)
6.3 Antwerp Stpeet {Myacke of of, 1977)
les, 3 Deeutur Adrpart (Schomer. 1983}
17.3 Freneh Ruil (Aubiee, [975)
18.7 urks Streer (Anbre, et ol 1971)
nl Pranish Ruilroud (A mdersen eral, 1951
pal | Trattie/Airerull Conparison {Traflic anly, 1l
vral, 1977)
2.4 Caummaian Rowed ¢Hall und Taylor, 1977)
314 LLS. Arbase (Bursky, 1U85)
pER)] Danish Street (Reber, 1975)
1 Landan Trafie (Langdon, 1970}
s TreaffierAireran Comparisom {Aiverali only, flall
etal, 19TT)
120 Munieh Airgeirt (Rohrman of al ,1974)
303 Swoedish Adrerall {Rybinder vraf, 1992)
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D. Errors in estimating noise exposure

A more difficull matter to address is uncertainty in re-
ported measurements of noise exposure, Few of the studies
reviewed provide sufficient detail to permit estimation of
confidence intervals for such measurements, In general, the
numbers of microphone locations, durations of measure-
ment, calibration of measurements against other informa.
tion, und hemageneity of expasure across interviewing sites
are not well reported.

One exceplion is the measurements made at Burbank
Airport, In 1his case, noise measurements were made al five
locations within each interviewing site for a full week prior
to interviewing, and the oblained measurements were cali-
bruted ogainst noise exposure gradients derived from air-
eraft noise comouring software, Even in this case, however,
exposure varied by about + 2.5 dB within interviewing
sites. This figure is probably close to the greatest precision of
physical measurement of any of the studies in the present
dutu set. Thus the position of any fitting function developed
for this data set probably cannol withstand any closer scruti-
ny of its relationship to the abscissa than 3 d3,

E. Reliability of dosage-eflect relatlonship

One major implication of the preceding discussion of
sources of errar in the data set is that the relatively small
differences between the current dosage—cflect relationship
and the one synthesized in 1978 should not be overinterpret-
ed. Thedifferences are minor ones that coudd be utiributed as
persuasively 10 errors of messurement of various sorts as 1o
substuntive effects, Another implication is that more sophis-
ticated eurve fitting procedures could be employed to deal
with uncertainty on both axes of the relationship, For exum-
ple, il he goal were ta weight the salience of each dita point
Iy the magnitude af its likely errors of both physical and
psychological measurement, u dosage-cellect relationship
with a rather different shape might well emerge.

Another limitation of bath the 1978 polynomial appros-
imation and the current quadratic fitting Munction s that
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they are both simply convenient data fitting funciions, de-
void of physical meaning. Both functions are positively ac.
celerated within the range of DNL values of greatest inler-
est, und both are notmonotonic. Care is therefore necessary
to aveid using these relationships outside their intended
ranges. Commaon sense strongly suggests that in reality the
function relating exposure to gnnoynnce must be a sigmoid
asymptotic 1o values of the prevalence of nnnoyance in the
vicinity of 0% and 100%.

The next article in this issue develops o thearetically
based alternative approach to the purely empirical curve fir-
ting described above,
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