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ABSTRACT

This thesis ,is concerned with the effects of non-acoustical
variables on individual fesponse to noise.

Starting with some fundamental ideas about the nature of qualitative
response, a specific mathematical model of individual response is derived.
The model developed, a binary logit model, is suitable for the analysis
of dichotomous (0, 1) response variables.

Two methods by which this model can be used to study the effect of
respondent-specific, non-acoustical variables on respSnse to noise are
described and a two-stage aha]ytjca] design which inCorﬁorateé both
approaches is developed. '

The first part of the analysis combines characteristics of the

respondent with noise level measurements in multivariate models of response.

The second stage looks at differences in response across groups of indivi-

duals which are internally homogeneous with respect to certain key charac-
teristics which influence response.

The general conclusionsof the study are.that (i) noise levels afone
give a ven} poor explanation of the variance in individual response and ‘

(i1} the variables which influence response tend to be psychological in

nature rather than socio-economic or demographic.
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CHAPTER 1
INTRODUCTION

In common yfth the other major pollutants, environmental noise is
to a large extent the inevitable concomitant of social and economic ad-
vances. Given present levels of technology, the goal of noise abatement
is incompatible with other major societal g?als, the most obvious example
being increased accessibility. Consequent]y‘noise - in particular trans-
portation-related noise - is an important factor in transportation and
land-use planning. It is, moreover, a factor of considerable complexity
which not only pervades the physical and design aspects of planning, but
which may also raise important issues of a social nature,

'This thesis investigates the latter idea. The basic question
which it addresses is To what extent does response to noise depend upon
non-acoustical variables? Existing noise‘control ordinances have been
drawn up on the implicit a2§umption that response is largely, if not
completely, determined by the noise leyel alone; but there is an increasing
body of evidence which suggests that characteristics of the individual o
are equally important in this respect. If personal variables are
imporiant, then predictions of response derived from noise levels alone
may be inaccurate, and noise standards based upon these predictions in-

effective.



1.1 Problem Statement

Existing studies shed little light on the effect of non—acouééiék]
. variables on response to noise. Few studies have even attempted to address
the subject, tending instead to focus on the relationship between noise
and response whilst iénoring the "intervening" (i.e. ;espondent-specific)
varégf]es. Typically, the focus of research in studies of response to
both .road traffic and-aircraft noise has been the link between the avérage
noise levels measured at residential sites and some measuré of the average
or median regponse, the latter usually measured according to subjeciive
ratings of annoyance. In most cases the objective has been to develop a
noise measure to correlate high}y with annoyance scores (Griffitﬁs and
Ladgdon, 1968; Hazard, 1971; Rylander, Sorensen and Kajland, 1976), though
qccasiona]]y the focus has been on the measures of respoﬁse used (McKennell,
1970; Berglund et al., 197E). However little pﬁzgress has been made in
these research aréas in so far as there does not yet exigt any widely
accepted description of the noise-response relationship. Given that the
'‘majority of these”studies have been conducted under largely uncontrolled
conditions, this result is not surprising. Clearly, if socio-economict
demographic, personal or psychological characteristics of thé*respondéﬁts
play any part whatsoever in affécting response to noises, failure to control
for thege factors from one study to the next ‘will result in diverdént
fi?dings.\ Langdon (1976) for examplg attributes the poor performénce in
re]iabilify tests of the Traffﬁc Noise Index developed by Griffiths and
Langdon (1968), to differences between the samples used for developing

and testing the index. If we are to aghieve transferability with these

models we need to be able to identify the effects of sample characteristics,
¥ . .
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and to bro§?é% the specification of our predictive equations to include
those.cﬁs;écteristics significantly related to response.

A few studies have gone some way to providing an improved under-
standing of the role of respondent characteristics ip determining response
to noise (Langdon, 1976; Taylor and Hall, 1977a). However, the tesfs con-
ducted by Taylor and Hall, though théy cover a wide range of intervening
variables, indicage only the levé] of significance of relationships between
pairs of response variables and characteristics of the respondent. No
attempt is made to develop a functional rélationship between these compOnenfg
of the noise response problem. The Langdon study, on the other hand, does
undertake such an analysis using a multiple regression model to specify
functional relationships between dissatisfaction (the dependent variable),
and noise level plus certain intervening variables, However only two
intervening variables are examined, the respondent's subjectively rated
satisfaction with his neighbourhood and his sensitivity to noise. In
addition, the use of regression analysis with variables which are only
ordinally measured is based upon the strong assumption of equal intervals
between §f§}§ poimts: ngléttempt has been made, by Langdon or anyone e]se,}
to va]id&tebthis assumption for the kind of data normally collected in
social surveys on noise annoyance. The ordinality of the dependent vafi-
able in particular raises interpretational problems if the results are to
be used for prediétive purposes. It is the failure to identify an appro-
priate and étatigtica]ly sound modelling technique for the analysis of
individual-level data which is in part responsible for the lack of infor-

mation on the influence of respondent characteristics on response to

noise.

Y



1.2 Research Objectives

Thé present study develops and applies an appropriate method for
analyzing response to noise when the dependent variable has less than
interval scale properties. The model used, a binary logit model, and the
stimulus-response theory on which it rests were developed first 1nlbio]ogica1
assay, though recent applications in travel demand modelling are probably
more familiar to the geographer. With the exception of one recent rather
cursory application (Starkie, 1975), this model has never been used to study
response to noise. This is rather surprising in view of the fact that its
theoreticé]/conceptual structure readily comprehends the noise‘response
problem. Because the present study represents a relatively new area of
application the derivation of the model from first principles is presented
in some detail. The model is then used to analyze the effects of various
socio-economic, demographic and personal characteristics on response to
noise. Particular attention is paid to noise from main road (expressway)
traffic. The thesis embodies two research objectives: first, to develop ‘
a model syitab1e for the analysis of individual response to noise and the
effeg} of personal attributes on response; and second, to use this model
to explore differences in reactions to noise across groups of.individuals

characterized by different levels of these intervening variables.

1.3 The Data Set

The data for this application comprise social survey information
and §ound level measurements collected at residential sites in the
Hamilton-Toronto area aver the summers of 1i25 and 1976. The sample

design and the data collected are described/elsewhere (Taylor and Hall

-
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1977b);accordingly no further description is included here. However a copy

of the 1975 questionnaire is provided in Appendix 1. !

1.4 Outline of the Thesis e f
The next chapter develops the model to be applied in subsequent |
analysis as one of a family of models appropriate for the analysis of
qualitative response variables. Alternative forms and extensions of the'
model are treated, and reasons for the choice of the binary logit stated.
Chapfer 3 outlines the analytical framework for application of this model
to noise response data, and describes the statistics used to guide the .
analysis. Following this are the two analysis chapters. Chapter 4 presents
the results of some multivariate model estimatidns used to select inte L

vening variables for more detailed ané1ysfs. In Chapter 5 the variab]e%
chosen are used to stratify the sample so that differences in responsive-
ness to noise across the different groups can be evaluated. Chapter 6

summarizes the results and concludes the thesis.



CHAPTER 2

DERIVATION OF THE MODEL
The model developed here for the study of individual ré%ponse
to noise is superficially similar to that used in travel demand forecasting,
but its derivation ig somewhaf different. Because of two obvious contex-
tual differences it is not possible to derive the noise model from similar
theoretical constructs as those developed for example by Domencich and
McFadden (1975). ‘First, whereas it is usually po;sible in noise response
studies to.rank the responses according to the strengths of the reactions
they index, this is not the case when dealing with travel-related choices.
For example "extremely disturbed" is obviously a stronger respgnse to
noise than "slightly dfsturbe@"; but it is glearly impossible to order
typical mode split responses guch as "choose auto” or "choose bus" using
the same (or a similar) criterion. The result is that the multinomial
model used to predict ranked responses to noise contains definitions of
- --the various response probabilities which are structurally different from
those used in multinomial travel choice models. But even where a response
-ranking is either impossible or undesirable the parameter estimation problem
will st{I] be different due to a second and more fundamental (though ‘
related) ‘difference. This arises from the fact that while travel demand

response categories or choice alternatives are individually characterized
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by particular values of the independent variasles (time, cost or whatever),
this is not so with categorized response to noise. Consequently it is

not meaningful in dealing with noise to talk about the (dis)utility derived
from making a response,.so that utility maximization ideas are of no use

in this context. It becomes necessary therefore to base the derivation

of a noise response model on entirely different theoretical arguments and

concepts. These are developed in the next section.

2.1 Conceptual and Theoretical Underpinnings

An individual's response to noise depends upon: (i) characteristics
of the noise; and (ii) characteristics of the individual. Let Y denote the
responseaéﬁriab1e and L'some measure of the noise level which fully charac-
terizes this stimulus. Denote by Z a vector of observed characteristics
of the individuals, which will in general include such variables as age,
sex, income, occupation, etc. Finally g_is.a vector of unobserved {or
unobservable) variables which accounts for the residual variation in

response unexplained by Z. The relationship between these components can

be expressed as
Y = f(L, Z, U, e) " (2.1)

where e is a random error term due to measurement errors.
Assume initially. that the individuals in our sample are relatively
homogeneous with respect to the socio-economic and demographic variables

represented by Z. Then response to noise is explained by the noise level

L and the vector U, and s0 equation (2.1) simplifies to:
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f(L, 23 e) ) (2.2)
If- the response variable, Y, is measured on a continuous scale.
then analysis can proceed by using standard techniques such as regression
analysis. Difficulties arise however if the respoﬁgg“zz;TE‘?E‘nuangsl)or
qualitative in nature. Given that the scales used to measure noise res-
ponse are usually ordinal and hence of the latter kind, the question which
arises 1is whetheg response to noise is inherently “lumpy"; or whether there
is a continuous (quantitative) sca]e.of measurement underlying these e
qualitative scales. If the former is the case then clearly there must
exist, for each individual, some threshold or critical noise level below
which 5 particular response does not occur and at of above which it does
(Finney, 1971). This Eritica]-value is usually referred to as a tolerance.
Even if response is not quantal, but the measurement scale is, the idea of
a threshold is still needed in order to relate the qualitative scale used
to the underlying qﬁantitativescaie: that is, the use of mqﬁua[ly exclusive
response categories implies thresholds corresponding to the boundaries of
these categories. In short, the us; of qualitative response variables
involves, implicitly or explicitly, the assumption of tolerance Tevels.
In the present study the assumption is made explicit and the construct
is central to the theoretical development which follows - though the
mathematical models which are derived do not depend upon it (Ashton, 19725.
Though the question of qualitative versus quantitative response is
in some sense a moot point, two arguments support the hypothesis

of quantal response. First, even.when attempts are made to gain interval



or ratio measurement of response there are doubts as to the success of such
efforts. fhese arise pgrtly because subjects tend to use only integers in
‘reSponse fo questions designed to gain a continuous numerical rating'gf
disturbance. Secondly, noise control regulations are founded upon the
assumption of guantal response for otherwise there would be little point
in setting such standards. Consequently it is assumed here that response
to noise is in fact qualitative, so that the tolerance idea is used not as
a by-product of a particular method of collecting data, but as an essential
part of a theory whiEh attempts to explain the phenomenon of quantal
response.

Let us assume that only two mutually exclusive responses are pos-
sible: these can be denoted "disturbed" and "not disturbed". (This
assumption will be relaxed in Section 2.4 to deal with the multiple res-
ponse situation.) In this case the tolerance or threshold noise, denoted
T_» is that noise at which an individual becomes disturbed. This tolerance
can be thought of as reflecting the combined effect of all the unobserved
variables, including those which may be unique to a particular individual.

Equation (2.2) can therefore be written as:
Y o= f(L, T, e) (2.3)

By further assuming that the neise level and response are measured without

error (an assumption retained throughout), e disappears, yielding

Y= f(L, T | “(2.4)

nb
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An jndividua] will be disturbed if the actual noise exceeds his tolerance
for noise, i.e., 1f (T < L). But T, is an unobservable, so that we do
not have any information about the occurrence of this event. However by
making assumptions about the distribution of T| in the population we can
at least answer questions about the probability of the event, for each
individual, given of ¢ourse the actual noise level to which each is

exposed,

2.2 Linear, Probit and Logit Models of Response

Following Domencich and McFadden (1975) we can identify at least
threb different assumptions about the distribution function of TL which
aré of interest either because of their intuitive appeal or because they:
yield models which are easy to work with.

Assumption 11 Suppose that Ty has a uniform distribution op the interval

(a, b). Then:

~ 0 Lsa °
L
P o= P(T <L) = F(L) = {/ L dt a<L<b (2.5
.]a b-a .
’ 1 Lzb

where P is the probability that a person exposed at noise level L will

be disturbed. Performing the integration in (2.5) we obtain for

a<Ll <b:
P = (L-a)/(b-a)
= .2 . __1_L (2.6)
b-a b-a
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The result therefore is a truncated linear probability model (Figure 2.1)

with parameters a« = -a/(b-a). and g8 = 1/(b-a).

Assumption 2: Alternatively we might assume that T is normally distributed

N(u, o) throughout the population. Hence

L
P = . | exp -l.(E:H. “\dt
gVen -« 2\ o
X 2
= 1 [ exp (-5_\ds (2.7)
Ven -w 2

Here X = %(L—u) is the normit of P, being the value on the abscissa which
yields a probability of P in a standard norfial distribution. Simply in
order to avoid negative values of X it is usual to write equation (2.7)
as:

1 X5 2

Ps / exp(~

Ven g

Nlm

) ds (2.8)

%:L is known as the probit of P (Finney,
1971). Under the probit transformation therefore P .is the area under a

(

normal N(5, 1) curve on the interval (-=, (-X +5) + %JL) (Figure 2.2).
o] .

The parameters of interest in this model are a = -%.+5, g=21 "

where X = 5 + %{L-u) = (—% +5) +

4

Assumption 3: Finally we might assume that TL has a logistic distribution.

This gives:

1
1 + exp(~a-glL)
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Figure 2.1

Truncated Linear Probability Model

Figure 2.2

The Probit Model

' | v 1 1
u-20 H-g ) p+a u+20 L
-2 -1 0 - 1 2 éL-u)/c
3 4 5 6 7 (L-u)/0)+5
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which defines a logit model with parameters o« and g (Figure 2.3). The
Togistic is a symmetrical distribution widely used in place of the normal
when a simpler distribution is needed. 1A fact the percentage points

of the standard logistic distribution closely approximate those of the stan-
dard normal though there is some deviation in the probabilities for extreme
values of L (Domencich and McFadden, 1975).

As regards the selection of an appropriate model from these three,
the linear probabi]ity model can probably be dismissed first on the grounds
that the assumption of a uniform tolerance Qistributioﬁ is implausible in
most stimulus-response situations. Moreover, as Domeneich and McFadden
(1975), have shown, the presence of observations for which L is less than
a or greater than b, will result in the parameter estimates being biased,
perhaps substantially, below their true values. The distribution assump-
tions underlying both the logit and probit models are more tenable, but -2
unfortunately because of the nature of TL they cannot be subjected to
empirical verification. There are therefore no strong grounds on which
to discriminate among these two, so that choice between them is usually
guided by practical considerations more than anything else. In this
respect the logit model has usually been favoured to date by reason of
its more tractable form. The problem with the probit model is that the
probability P defined in equation (2.8) cannot be estimated by simpler
functions so that probit analyses by computer have to draw on tables of
the percentage points of the normal distribution. In the present case the
‘ logit model is chosen as the analytical tool because of the 6ract1ca]

advantage offered by its relatively simply functional form.



Figure 2.3

The Logit Model

14
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2.3 The Multivariate Logit Model <

The assumption of a population which is homogeneous in everything
except the noise level affecting individuals is neither realistic, nor, in
the present context very helpful, since we are particularly interested in
the effect of variation in gzacross the sample. Relaxing this qafumption
we obtain, again assuming absence of measurement error:

&

Y = f(L, Z, V) \ (2.10)
- &
The development of a model of response for a population which is hetero~
i
geneous with respect to certain variables which influence response involves

|
retention of the tolerance concept} However whereas previously U was the

only source of variation among ind%vidualg, and as a result individual
tolerances depend upon U only, the‘more general case with which we are
now dealing requires that:

L= (LY 2.11)
C]ear]}l the distribution of T in.the population will ﬁé affected by‘t e
distributions of the variables 21{ cees Ly The effect of these variables
on response may be examined in either of two ways.| First we may stratify
the sample so as to obtain groups of individuals wﬁ}ch meet fhe assumption
of a constant Z vector. Within each of these groups variation in tolerance
Tevels is due solely to variation in the unbbserv?d variables-U and so

analysis can proceed as described above by assuming a distribution for TL

-within each group. Provided the assumptions (models) are the same for
) .
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the various groups we can then’test/for differences in the parameters of

the response equation across these groups.

?

Alternatively we can develop a multivariate response model which

explicitly incorporates the vector of observed variables, Z. For illus-

trative purposes, suppose that L contains one variable only, the age of

-

the respondent, which we shall assume to be negat1ve1y related to distur-
bance as a result of presbycusis- 1nduce41}nqpei§§’:;/the individual's
to]erance for noise. Since T, varies directly with age, the probability
of disturbance must_now be considered in relation to a conditional dis-
tribution of tolerances - the distribution of tolerance levels given age.
Aéieries of age—conditionai to]aranef distributionsi§ illustrated in Figure
2.4‘iﬁ which the distributions for successive aggs are shifted upwards
along the tolerance axis as a resu]t of a constant or generic increase in
the individual (and hegée the average) to]grance for noise,

Formally,let A denote the random variable age, and f(A) some

function thereof, then assume:

-

ia = Tupsayo t o FA) (2.12)
where: TL]A : conditional tolerance of individual given age
TLIf(A)'O = the tpitial (prior te presbycusis) tolerance of the
- individual .
6 = a parameter to be determined empirically.

Equafion (2,12) states that tolerance is a linear-in-parameters functiogn
of age over the region bounded by f(A)=0.‘_The function f(A) could simply
be' the identity traH%formatioﬁ, but a non-linear form is more Tikely, if
for no other reason than that the effect of thisavariable on tolerance may

be zero over a particular range of ages. In terms-of the present example,



Age

=

Figure 2.4

Conditional Distribution of Tolerance Given Age

¥

Average tolerance
of population

Distribution of tolerances
given age = a

Average tolerance prior
~—S to presbycusis

Tolerance (dBA)

3
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pre§gycusis may be ab;eht below a particular age. However, it may not
always be the case that we can so conveniently identify a ra%ge of a vari-
able over which its effect on tolerances is zero, due to the lack of any
well-developed explanation of causative links such as that provided in the
case of age by the concept of presby&usis. Variables such as Income and
Education are obvipus examples. In these cases we can instead idehtify

some value(s) of the variab]é: Z, for which f(Z) is an extremum and which

" can therefore be regarded as a base condition, TL!f(Z)=0 can therefore

be interpreted as the tolerance of a "control" group of individuals.

An individual will be disturbed if

that is, if

.

TL,f(A)=0 +9 - f(A) < L
or
* Te(ayo < L0 fA) \ (2.13)

- .
To establish the probability of disturbance we need to make an assumption

about the distribution of TLIf(A)=0' Assume this to be logistic: then

: 1
1+ exp(-a-gg(t-e-f(A)))

PTy|a < L)

) .
= (2.14)
1+ exp(—a-BOL-Blf(A))
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where: B1 = -8g * 6.

Generalizing equation (2.14) to include the entire vector of attributes
L yields
—_— 1 ,
= . 1+ exp(-a-gol-8)Xy~...-8xXy)

where Xy is some empirical function of Zy. To illustrate: if a part%cu1ar
variable X, 1is negatively related to tolerance, then 8y will be negative
and By positive, so that, as we would expect, the probability of distur-.
bance will increase with X,. '

Equation (2.15) represents the f;rm‘of the multivariate logit
model commonly used: waat has not previously been recognized however is
the assumption, imblicit in eqﬁ%tion {2.12), that the conditional distri-
butions of tolerance at each value of Z are identical but for the lgca-
tional paramete; (c.f. Figure 2.4): that is, the coefficient of noise in
equation (2.15), Bg» 1s constrained to remain constant regardless of the
value of Z. In coﬁ%rast, the stratification method of analyzing the
effect of Z on response é1loWS varidgtion écrogs groups (ages) in both
the location.and sca]iﬁg parameters of the tolerance distribution, and
is therefore‘based upon a less restrictive assumption about the nature of
the relationship between Zand T (edﬁation 2.11).

-

2.4 Multinomial Extensions

So far only the case of a dichotomous (0, 1) dependent variable
} .
has been treated. We next corisider the extension of the binary logit

model developed above, to the situation in which more than two responses
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are possible. Two rather different versions of the logit model have been
proposed as suitable for the analysis of multi-category response variables.
The difference between these is that one assumes the dependent variable
can be related to at least an ordinal scale of measurement; the other

does not (Cox, 1970). Both models are developed here for the simp]esf

case in which there is a single eip]anatory variable but again the multi-

. variate generalization should be obvious.

The first model considered applies when there exists some kind of
ordering among responses. For example resbondents may be asked to rate
the level of noise in their neighbourhood as being either 'not at all
disturbing', 'disturbing' or 'high]& disturbing'. These response cate-
gories might be ranked 0, 1 and 2 respectively, using strength of fesponse .
as the ordering rule. In general there will be J+1 response categories,
ranked 0 through J. We can now extend the arguments presented above for
binary response variables by positing that for each individual there
exists a set of threshold noise levels {Tj: =1, ..., J}, where Tj
is the Tevel of noise above which the individual makes response j and
below which he makes\responSe j-1 (the subscript L is omitted for clarity).
The probability that a given individual will make response j, for

j=0,...,J is given as:

P\]-l = P(TJ-]. <L =< TJ)

P(TJ-l <l) - P(TJ < L)‘

n

(2.16)



21

Py = P(Ty <LsT,) .
= P(T1<L)‘P(T2<L)

P0~ P(L s T = 1 - P(Tl < L)

1)

If we assume tha\tlT:j is logistically distributed with parameters ajs B,
for j =1, ..., J, then these probabilities can be given explicit functional

forms:

Py = (1+ eV )'1.
Ppp = (% N TR Al

-1+ ;'“J 1'8L)-1 b,
Prg = (1% R A SR

= (1+ e'GJ-z'BL)_l ) (PJ_l . PJ)

(2.17)
-a,-BL

R R ).
P0 = 1- (P1 + ...+ PJ)

More generally,
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v .
"'0,"8‘- _.1
(1+e 3 ) j=19
"‘U.."BL _1 \J
P, =€ (l+e J Y- 7 P 0<j<d »(2.18) .
J i=J+1 1 .
J
1. Z P1 j=0
i=1 3

The logic of the problem requires that the parameter g8 be held
constant while

j=1, ..., 91 (2.19)

QJ' > dj+1
(Gurland, Lee and Dahm, 1960). To see this consider the example cited
above in which there are 3 possible responses, denoted 0, 1 and 2. The

cumulative distribution curves of T1 and T2 intersect when

~-aq-8,L ~an=Bol _
(ee 1)1 L a2y
That is, when
ap * Bl = eyt gl
4a
or, ¢ {
a -
L= L2722 (2.20)
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If 8; = By equation (2.20)is undefined, i.e. no solution exists, which
means the curveswill not intersect. However, if 8, # 8y the point of

intersection exists, and implies the éxistence of a value of L for which

»

- -aq-84L -a,=Bsl
- e DIV o qae T
which, using (2.17) implies that
(P1+P2) <P2 ' .

for a contradiction. In turn it can be seen that for 8 constant, (2.19)
is a necessary and sufficient condition for the consistency of the model.

In general then, where there are K independent variables, this model
uses information on J+1 possible responses to generate the J+K parameters
necessary to fit a series of J parallel respgnse curves to the data.

The second mode] applies whenever there is no obvious ranking of
the alternatives, or where we wish to usé a more general model that takes
no account of the ordering. As an example, Wrigley (1976) cites the sit-
uation where a sample of respondents indicate whether they are 'in favour®,
‘against' or 'undecided' about a proposed road improvement scheme. These
responses can be arbitrarily.scored 2, 1 and~0 respectively. Because of
the fact that the depgndent variable in this case has only ﬁominal
properties, the concepf of a tolerance 1eve1vgoverning transition (pro-
gression) from one response to the next is useless. The development of the
model for this situation has been based instead on contingency table

analysis (Cox, 1970; Mantel, 1966), though Wrigley's derivation follows
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from what he appears to consider an intuitive generalization of the binary
logit model. Both approaches at some point designate paired parameters

o5 and 8. to correspond to each of the possible responses. Then the log

J

odds of being in category j as opposed to.category j+l1 is given by

P _
J+1
which is equivalent to.’
eaj+BjL ,
.= - : 2.22
'PJ J  a.+B.L . ( )
ed J
j=0

In order to obtain unique parameters (only the differences in (2.21) matter),

it is usual to impose the constraint that

In this case then the;é are J(K+1) parameters to be estimated, where again.
K is the number of independent variables.

In most noise response studies conducted to date the dependent
variable has been assumed to have ordinal properties. This assumption
has also been made in previous work uging the dependent variables to be
analyzed here (Taylor and Hall, 1977a),and is probably quite reasonable.
This makes the ranked responses model the appropriate analytical tool to use
both in the present context and in noise resbonse studies in general

(though Mantel 1966 offers a dissenting opinion). However, there would
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appear'to be some question as to the value of a multinomial model since
the additional jnformation which it yields hardly Justifies the extra
computation involved in its estimation. A multinomial analysis would be

a reasonable procedure if it could be shown to use more information in -
order to yield better estimates of a fixed number of parameters. These
models use more inf&rmation to generate more parameters rather than be#ter
parameteré. Indeed the number of parameters in the unranked responses
model is so large as to raise interpretational difficulties. For these

reasons the simpler binary model is chosen for the present study.

2.5 Summary

This chapter has developed a formal model of response to noise.
The theoretical foundation of the model is predicated upon the idea of
a to]e;ance (threshold or critical) noise level which is held to
account for the qualitative or quantal nature of individual response. By
making assumptions about the distribution of tolerance levels in the
population we can derive explicit mathematical forms for the response
model. The logit model results from an assumption of logistically dis-
tributed tolerances. This partjcu]ar postulate is neither more nor less
realistic than others such as that of a normal tolerance distribution:
it is preferred here simply because it gives rise to a model which is easy
to calibrate. The tolerance concept can be used to deal with any number of
response classes, but the muiticategory model is not so much an extension
or improvement of the simple two category case as structura]{y a different
model. The more complex model provides more information but of a less

useful kind and so it was decided to focus only on dichotomous response
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&

in the present study. This decision completes the specifications necessary

to.fully determine the mathematical form of the model - binary logit -

4

to Be used in subsequent analysis.
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CHAPTER 3
" SPECIFICATION OF VARIABLES AND ANALYTICAL DESIGN

The purpose of this chapter is to describe in detail the framework
within which the model of response developed above is to be applied.
Section 3.1 relates the abstract components of the model to specific
empirically-measured variables. Methods by which these‘variaﬁles may be ‘
examined are discussed in the following section, and the analytical al—.

gorithm presented. The penultimate section, 3.3, describes the statistics

used to guide the analysis and finally.section 3.4 summarizes the chapter.

3.1 Variables for Analysis

In order to operationalize the model of response described in
Chapter 2, we need to identify the variables which correspond to the
stimulus and response components of the model. With regard first to the
selection of a noise measure, the present trend in acoustics seems to be
towards the use of relatively simple noise metrics and away from the more
sophisticated measurement preeedures (Schultz, 1972). In support of this
movement Lanjdon (1976) found that eTaborate equations such as that for
the Traffic Noise Index (TNI) performed no better than fhe simpler measures
such as LlO’ LSO’ Leq etc., in explaining dissatisfaction scores& The

measure used in the present analysis, the day-night equivalent sound level,

27
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Lgn® is an Leq-based index in which the nightime noise energy is multiplied
by 10 and combined with the daytime level to give a weighted average for

the 24 hour period, iat is

1
Lgn = 10 Tog{57(15L, + 9(10L))]1dBA ' (3.1)
.
where: Ld = average daytime (07:00-22:00) sound energy
L = average nightime sound energy.

n
Because it places more emphasis on nightime sound levels this measure has

been identified as an appropriaée basis for noise standards for residential
areas (USEPA, 1974), It is used #in the present context for the same reason
and also to facilitate comparison with the results of other studies which

have adopted Lan® .

-

Response measures are of two basic kinds - cognitive and behavioural.
Cognitive measures evaluate an individual's reaction in terms of the form-
ation of, or change in, attitudes and/or other psychological variables.
Disturbance, dissatisfaction and annoyance are the names applied to the
kinds of cognitive response measures commonly used in noise studies.
Measures of behavioural response, on the other hand, assess the impact of
noise (or any other stimulus) according to the physical actions or reac-
tions of the individual. Complaint action is one of the most common
measures of behavioural response used, largely because of its political
importance.

In the present study both types of response measure were available
from the data set. Cognitive, response was measured according to the

individual's rating of the disturbance caused him by noise. Other variables
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recorded what complaint action, if any, had been taken, as well as the
incidence of both immediate reactions (e.g., closing windows) and long
term reactions (e.g., changing residence) to the noise. For the purpose
of this analysis however 1t was decided for a number of reasons to focus
on cognitive response only. In the first place, several studies have shown
that acfion takegf\and in particular complaint activity, is an unreliable
and unstable measure of the annoyawce caused by noise (McKennell, 1970;
Taylor and Hall, 1977a). Because the level of, for example, complaint
activity depends upon certain social and political variables such as
membership of organizations and political activity (McKennell, 1970) it
has been suggested (Borsky, 1970) that a ch§nge in socio-political con-
ditions could lead to a sharp increase in thk number of complaints filed,
even if the noise level were to remain the s;me. Indeed Bauer (1970)
believes that this ﬁay already be happening. Secoﬁd1y, cogn§¥1ve response
measures are chosen for the same reason that Lyn was selected as theé noise
metric, namely to facilitate comparisons with the resu1t§ of other studies.
The actual measures of cognitive or psychological response which
are used, consist of disturbance ratings for both néighbourhood noise
in general and main road traffic noise in particular (Table 3.1). The
reason for looking at response to overall noise is that many of the sites
in the 1975 data set experienced high noise levels from sources other than
road traffic, e.g. railway and industrial noise. Early approaches to the
measurement of annoyance or disturbance used'indirect technigues, con-
structing disturbance scales from the response to a host of questions dealing

with activity interruption and other adverse noise impacts. However recent

studies have tended to usé the simpler and more direct method of obtaining

- aee——
R, 2 S S



Table 3.1

Variables Used in Analysis

Variable
Noige Metric -

9 ) Day-night equivalent sound level

Respon(pe Variables

Attitude towards overall neighbourhood
noise - any Qisturbance

Attitude towards overall neighbourhood
noise ~ severe disturbance

Attitude towards main road traffic noise
- any disturbance

Attitude towards main road traffic noise
- severe disturbance

(X

-

Intervening Variable;;
Age
Sex

Level of Education

%

Income

Tenure

Length of Residence

Hours spent at home during the week \
Hours at home during the weekend )

s

»
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Name

dn

NHDATT (1-5/6-9)
NHDATT (1-7/8-9)
MNATT (0-5/6-9)

MNATT (0-7/8-9)

AGE
SEX
LEVED
INCOME
TENURE
LENRES
WKHME
WENDHM



Table 3.1 (cont'd)

Variable

Sensitivity

Rating of Workplace Noise
Sleep Interruption
Relaxation Inéerruption
Conversation Interruption
Work Interruption

T.V. Interrupted

Phoning Interrupted
Eating Interrupted

Shielding (presence or absence of a
wall) -

Name

SENSE
RATHORK
SLPINT
RLXINT
CONINT
WKINT
TVINT
PHINT
EATINT
WALL

31
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‘subjective ratings of disturbance. Langdon (1976) presents evidence to
suggest that elaboraté scaling procedures offer no advantage from the
point of view of corre]ation‘with measured noise levels.

The scales used to rate disturbance in the present study are
9-point bipolar scales, with the extreme points labelled as "extremely
agreeable" and "extremely dﬁsturbing". Intervening points were labelled
to correspond to degrees of disturbance intermediate between these extre-
mes (see question 6 of. questionnaire in Appendix 1).

Since the model selected in Chapter 2 requireg the dependent
variable to‘be in binary form, these scales have to be dichotomized. This
requires the se1ectjon of a cut-off point which divides the §ca1e into
two general response categories. }n the present case two dichotomizations
of the scale were of interest - one separating those individuals who
reported any disturbance from those not at all’disturbed; &nd the other
differentiat%ng between the "highly disturbed" respondents and those with
lower disturbance levels. The former requires gﬁcqt—éff directl& abové the
neutral point on the scale (i.e., neutral is iﬁc]uded with the "no dis-
turbance" category), and is a fairly obvious dichotomization to try. -For
the second test, "highly disturbed" individuals were defined as those
rating the noise as either "considerably disturbing" or "extremely dis-
turning" (Appendix 1). Schultz (1977) has arguéd strongly in favour of
the latter classification system, claiming that it ié a more sensitive
measure of the adverse impact ofynoise, and hence more suifable for
regulatory purposes.

In shnmary then, we have, in all, fouredistinct'depepdedt varigsles

which together cover response to both main road traffic and overall neigh-
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bourhood noise levels, where response is defined according to two different
criteria.,

The battery of‘intervening variables (Table 3.1) used in conjunction,
with noise level measurements (Ldn) to explain response includes fairly
standard socio-economic variables such as income and education, as well as
such demographic variab]es as age and sex. Other variables measure the
length of residence and tenure characteristics of the household while
two measures of the time spent at home by the respondent are also included
for obvious reasons.

In addition to these variables are measures of the activity inter-

ruption caused by noise and two psychological characteristics of the

-

_ individual - his reported sensitivity %o noise and rating of the noise level

at his place of work. Both of these variables are measured on 1ébe11ed
5-po%nt bipolar scales. Sensitivity is included on the strength of
Langdon's (1976) finding that this variable accounted for a large part

of the variation in individual response. The rating of workplace noise is
the kind of attitudinal variable ;hat:McKenne]] (1970) suggeéts is likely
to be closely related to subjeéiive.ratings of annoyance.

Activity interruption is measured for sleeping and.conversation as
well as a number of other daily actjvities. It is possible to view inter-
ruption measures as valid indices'of the adyeffe jmpact of noise and so
to treat them as dependent variables to be exS]ained by noise exposure plus
other independent variables. However because it was Hecided? as descfibed_
above, to use a more direct measure of annoyance these measures are more

appropriately viewed as explanatory variables since activity interruption

is usually considered to occur prior to psychological response (Borsky;
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1970; Taylor, Gertler and Hall, 1978). It is acknowledged, however, that
there may be some question as to whether a set of explanatory variables
‘which ingTudes activity interruption measures along with variables such as
sensitivity satisfies mutual independence requirements. We will return to
this point later.

Finally the presence or absence of a wall as a shield between
fhe respondent and the noise source is recorded. Earlier work on the
present data set (Hall, Birnie and Taylor, 1978) 'suggests that for a given
level of noise,-respondents at sites with this type of shielding are more
1ikely to be disturbed (by overall noise levels at any rate) than if no
V shielding at all, or some other form of shielding existed: that is, there
appears to be some negative psychological effect associated with this type
of barrier working in opposition to its acoustical effect.

LS

3.2 Analytical Procedures

Two methods of looking at the effect of intervening variables on
response have been described already (Chapter 2, Section 2.3). One of
these involves the use of a multivariate logit model: the other is based
upon a stratification of the sample for the purpose of comparing mo&els
calibrated for the resylting groups. The second (stratification). approach
is superior in several respects. Most-importantly, it is based upon less
restrictive assumptions about the relationship between various components
of the model of résponse deve]oped above (c.f., Section 2.3). As a result
it distinguishes clearly between stimulus and intervening variables whereas
_the multivariate model described by equation (2.15)nconfusesathese components.
The stratification approach is therefore gasiér to relate to the conceptual

-



i3

model of response developed by Borsky (1970),.and McKennell (1970), and more
directly relevant to the aims of this thesis. The major disadvantage of
this procedure is that it is more time consuming than direct multivariate
analysis if the number of intervening variables is large. Under such
circumstances there may also prove to be too few observations in certain
cells of the attribute matrix, particularly if the sample was not based
upen a comprehensive stratification design. The result is that it may not
be feasible-to hold all variables constant at once.

In order to gain the advantages of both approaches the analy-
tical design for this thesis is based upon a two-stage analysis, as described

next.

3.2.1 Outline of the Multivariate Analysis

&
In the first stage the intervening variables Tisted in Table 3.1

L4

are used in conjunction with the noise level to build up the best multi-

variate model for each response variable. This analysis serves a twofold

purpose: first it specifies the functional relationships betweén the

intervenipng variables and various measures of response; secondly it serves
to narrow the focus of subsequentnanalysis by indicating the intervening
variables which are significantly related to response.

The first problem encountered in this part of the analysis lies in

the fact that mest of the intervening variables listed in Table 3.1 are

either ordinal or nominal in measurement and cannot be directly incorporated
. * ® .

into equation (2.15) without some prior transformation. .For a particular
variable this consists of first identifying, on the given measurement geale,

ranges of the variable or classifications of its possible values, within
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which the explanatory effect of that variable is hypothesized to be constant
(Tulloch and McMillan, 1973). For variable Zk' let there be L such class-
ifications or groups, labelled Zkl’ cees ij, coes Zkrk’ where ij is the
jth classification of the variable. On the basis of these c¢lassifications
the original variable Zk is now transformed into a series of dummy variables

4

Xkl’ ceey Xk‘”k with:

-

1 if individual i ¢ Z,,
(1) ’
kJ B (3.2)

0 otherwise

In order to avoid problems of multicollinearity we can designate
é particular classification as a "base" group: the remaininé rk-i dum@y
variables are then used to represent the variable in equation 12.15). Thus,
if there are M non-interval scaled variables to be:considered we have

M rg-1

K
P = [1 + exp(-a ind BoL - ( z Zl Bkj ij + z Bkzk))J-l
. J_ -

k=M+1

©.3)

- \

¥
Here Bkj can be interpreted as a measure of the degree to which individuals
in class ij are more Tikely to reSpond than individuals in the base class
who possess otherwise 1dent1ca1 character1st1cs Similarly the term
(BKJ - ﬁk]) provides a measure of the d1fference in responsiveness of
individuals in any two classes, ZkJ and Zk] of the varxable

The obvious problem with this procedure is that the effect of
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many variables on response will be continuous, so that even within a parti-
cu]ar class of the attribute, the probability of response wi11‘differ
according to‘the “true" or underlying value of the variable. The justi-
fication for this method of handling certain variables derives largely from
the fact that it is in some sense a sine qua non given that much of the

dataare only available from the questionnaire in ordinal or nominal form.

- This {s not to suggest that the questionnaire is in any way lacking. Many

of the variables are inherently nominal (e.g., sex or tenure) so that the
above criticism does not apply. Others, for example income and the

psychological variables such as sensitivity, would 1ikely be subject to

_large reporting or measurement errors_if an attempt were made tao obtain
interval scaled data, with the result that the data wou1q only be reliable
anyway when grouped. For this reason the handling of these variables in
the manner described above seems reasonabie. ’

As is evident from equation (3.3) the expression for P can

{nvo1ve a very large number of terms when the number of variables, K, is
large and contains variables for which'rk is-alsollarge. In fact because
of this and the large sample size (1786 observations in all) storage
problems. were encountered in the computer analyses. In order to obviate
these problems ri was set equal to 2 for all the multicategory (ordinal)
variables: \Ehat is, it was assumed that the differences in response due
to a particular variable could be fully explained by assigning individuals

1o one of two groups aFcording to their scores on that variable. The
danger in this simplification is that it may obscure bimodal relationships.

Howéver preliminary analyses indicated that in all but a few cases relation-

ships between these independent variables and all four of the dependent
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variables were monotonic. Moreover, in those cases where a more complex
pattern of association existed, the relationships were not in any case
significant. |

This siﬁp]ified the ana1ysié somewhat but necessitated a furthe;
decision as to the definition of the two groups on each variable. As an
example, .suppose that income is hypothesized to bg monotonically related
to response such that higher-income individuals are more likely to respond
than those with lower incomes; the question which arises, if only two income
groups are to be compared, is where to place the cut-off between these
groups. Empirical analysis was used to answer this question. Taking each
of the four dependent variables in turn, the model was estimated for each
%nferveﬁing variable plus a tonstants £oxza“ggrtj;u1ar intervening variable
every possible cut-off point on the measurement scale was tested, and that
which gave the highest t-statistic for th; variable in question as well as
the best overall fit to the data was selected.

The first response variable analyzed was attitude to overall neigh-
bourhood noise as described by the two response classes "not at all dis-
turbing" and "disturbing". Analysis proceéded by designating the model
containing on1§ noise level (Ldn) and a constant a "base"” model., Each

]

intervening variable was then entered into this base model, in arbitrary
order, and retained oé]y if both its coefficient and contribution to over-
all fit were significantly different from zero (Figure 3.1). This a]goritﬁm
was also used to analyze the neutral cut-off dependent variable for attitude
to main road traffic noise. For the remaining two response variables

(those defined by the more extreme cut-off point) the procedure was slightly

different. In order to save time, both of these variables were first cross-
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Figure 3.1

Algorithm for Analysis, Part 1

»| Enter a variable into
base model

Is t-value

39

[

Drop
Variable

el

no

Is x2 significant?
(Is fit improved?)

Retain variable and
define new base
model.
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tabulated with each of the intervening variables,rand x2 and ¢ measures

of associatioﬁ computed for the resulting 2x2 contingency tables (Nie et al.,
1975). The base model was then formed from those independent variables

which were significantly related to the response variable in question,

as determifed from the x2 statistics, and which had entered into the

optimum model for the corresponding dependent variable defined according

to a neutral cut-off point. The algorithm outlined in Figure 3.1 was
followed for each of the remaining intervening variables which gave sig-

2

nificant x* statistics. The results of this stage of the analysis are

oyted in Chapter 4.

3.2.2 Stratification Design

The second stage of the analysis consists of stratifying the sample
according to the intervening variables identified in stage 1 as significantly
re]ated to response. For consistency with the first part of the analysis
it is necessary to look at these variables in their reduced (dichotomized)
form using the same cut-off points as before. For each response variable
the sample is stratified according to the g intervening variables signifi-
cantly related to it. The stratification matrix therefore contains 2%
cells. The effect of any one variable, all others being held constant,
may then be examined by comparing any of Zq"l pairs of cells defined along
the appropriate axi; of the g-~dimensional matrix. In the present study the
pair which was chosen from among thése was simply that which had the largest
number of observations in each of the two cells.

To be able to discuss differences in response across various groups

of the population we need.some statistic(s) on which to base comparisons.
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Since the variables which enter the model calibrated‘for each group.are

the same in all cases (i.éi Lyn Plus a constant) the focus of attention
should be the differénces in the coefficients of these terms. Differences
in response probabilities (tolerance distributions) between the two groups
defined for a particular variable may be indexed by differences in the
constant term, the coefficient of noise on both., A useful measure of
differences in responsiveness which takes into account both these séurces
of variation simultaneously is the "P-Effective Noise Level", denoted

ENP. This is the level of noise requisite to produce a response pro-
bability of P in a fitted model of response. Thus for the univariate logit

]
model -

y

1
ey = -fe* log(p-1) (3.4)
) B

For example the .5-Effective Noise Level, EN _ is given by

5

a + ]Og(lg'-l)
EN S = - >
: g

= - (3.5)
B8

In fact, (-a/8) is the mean “and median of a logistic distribution
with parameters « and 8, and the £N.S will be commonly referred to in the
analysis as the "median effective noise". Clearly it only makes sense to
calculate ENP for models containing noise level as the single explanatory

variable. In biometrics the ENP is often interpreted as the noise level

at which P-100% of the population become annoyed (Finney, 1971, 18). Note

o
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however that this extrapolation involves an implicit assumption of population
homogeneity which is only satisfied when the type of stratification practiced
here is undertaken, For a given stratum of the population the ENp can be
regarded as the noise which causes response in P-100% of the population of
all individuals who possess the attributes which define that group.

A measure of the standardized difference between ENp values derived
from different samples is described in the next section, along with test
statistics for hypotheses relating to model parameters. Measures of over-

all goodness of fit and associated test statistics are also described.

3.3 Test Statistics and Goodness of Fit Measures

In order to assess the overall explanatory power of the model
developed in Chapter 4 we need some measure of overall fit to the cali-
bration data set. The goodness of fit measure most commonly used with
logit models is the likelihood ratio index (Tardiff, 1976). In its most

general form this is defined as

-

*(_e__)
*(H)

p2 = 1-.

—

L*(g) - L*(H)
~L*(H)

(3.6)

where: L*(8) = logarithm of the 1ikelihood of the model with maximum

1ikely parametervector g = (a, Bys Bys ovs Bk)

L*(H) = log likelihood of some hypothesized base model.

-

Y
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Like the R? statistics used in regression analysis this index varies
between 0 and 1, It provides a measure of the improvemenf in fit (or
explanatory power) achieved by the fitted model over a base model which
gives some assumed-minimum explanation (the true minimum of the log 1ikelihood
is of course undefined). The choice of a base model is clearly crucial.

To date two specifications have been used.

The first of these is a model with all parameters set equal to

zero (L*(H) = L*(0)). This yields equal probabilities of responding and .

not responding for each individual since

P, - n+el = 5= 10, (3.7)

The justification for this base model is that when no information about
the determinants. of response is available a reasonable procedure is to assign
Py = 75 for all individuals. In an information-theoretic sense
-L*(H) = -L*(0) = —Z log .5 corresponds to maximum entropy or uncertainty.

The second ;ase model to be considered was first suggested by
Tardiff who claimed that the conventional pz statistic based upon L*(0)
overestimated the fit of models by.allowing the constant, o, to contribute
to explanation. Tardiff's argument is that rather than using a base model
with @27 coefficients equal to zero, fit should be considered in relation
_to a model with alt coefficients zero except the congtant texrm (denoted
‘ by L*(H) = L*(C)). This provides a measure of the explanatory power of
the independent variables alone. The constant for the base model is chosen
so as to maximize the likelihood of a model with a con§tant term only,
Tardiff shows tHat for a binary logit model this implies

\\

~—
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R (
a = 'log( ) /’ (3.8)
N - R o f
(
where: R = total numberiresponding in sample of size N.
Consequently,
poo= (1+e? - :
i © bo =N
and (3.9)
N-R

- R,
(1-p) = 1- 0 = —

so that the expected numbers responding/not responding agree with those

observed. Since the base model now contains more information the likeli-

hood ratio index calculated in this case, denoted pg, wfl] be less than or
equal to p2, with equality if and onty if %- = 5.

The selection of a measure of fit from these two depends upon how

-~

one views the role of the constant term in the model. It is important to 1

note that Tardiff was concerned with qualitative choice models in which ‘
there is no theoretical justifigation for a constant. In choice-based
travel demand mgdels the constant is interpreted as indexing the effect of
unobserved or unabservable variables on behaviour; but choice theory
usually assumes, imp]icii]y‘or explicitly, that all variables re]eva&t

to a choice can (theoretically) be measured. Certainly there is no place
for a constant in the so-called abstract mode approach’to travel demand

modelling "(Quandt and Baumol, 1966) which is based upon this assumption.

In this context therefore the desire to exclude the contribution of the

I3

\
)

—- e

.
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constant to a goodness of fit measure ié understandable.

“The samé is not true however for the stimulus response mode{s_
developed in Chapter 2. Here the fundamental theoretical concept on which
the explanation of response hinges is that of a distribution of noise
thresholds throughout the population. As the location paraméter in this
distribution, « contributes valid information about the nature of the
response process, serving in some respects to characterize different
stimuli (Goldstein, 1964). The role of the constant and its importance
in fﬁis context are illustrated in the definition and description of the
ENP introduced above. One_mdy therefore argue that the explanation due to
the constant ought to be measured in any index of overall fit.

Clearly it is difficult, if not impossible, to decide which of
these measures of fit is the "right" one. Rather than choosing one of
them, both are presentéd in the present study, each to be interpreted

according to the rationale which underlies it. Thus 92 is a measure of

2
c

of the independent variables gnly. Since the constant is largely deter-

the explanatory power of the entire vector of coefficienfs; p¢ of that -
mined by the sample split or aggregate frequencies of responders and non-
responders, the latter measure can be seen as a measure of the }nfgrmation
provided by the model over and above that which we obtain simply by knowing
the aggregate,response frequencies.

Associated with each of the two measures of fit are statistics
which test the null hypothesis that (i) all of the t model coefficients
are equal to zero and (ii) all of the coefficients except the constant

are zero. These statistics are, respectively
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£ o= 20(g) - Lx(Q) . (3.10)

xi_l = 2[l*(g) - Lx(C)) ’ (3.11)

Both are asymptotically chi-square distributed, the former with t, the
latter with t-1 degrees of freedom (Cox, 1970).

In order to operationalize Ehe algorithm presented in Figure 3.1
we also need statistics with which to assess the significance of individual
variable coeff{cients and of differences in fit between models containing
different numbers of variables. A Ehi<square statistic is again used to
test the null hypothesis that a model Qith t coefficients offers no improve-
ment over one with s < t coefficientsf/ This statistic is given by

)
/

2

Xpg = 20L%(E%) S () , (3.12)

where Lf(gf) = maximum log likelihood of the model with t coefficients.
In this case the number of degrees of freedom is (t-s).

Thg significance of i;dividual coef;icients is evaluated using
a t-statistic. The null hybothesis is that a particular coefficient
estimate, ék, does not differ sianificaﬁtly from zero. The t-statistic
is defined as:

~

t = _Bk ' (3.13)
(ka)35

where Vek = the kth diagonal element of the inverse of the negative of the
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Hessian matrix of second partial derivatives of the likelihood functions.’
This definit%on makes use of the fact that the asymptotic sampling dis-
tribution of the maximum Tikelihood estimator B is normal with expected

value 8, and variance matrix

vo= ot © (3.14)
2 -
where mij = -E 3_1225_
381 38\] 81': BJ‘ R
. [3%0gL

(Domencich and McFadden, 1975, 111-112). A consistent estimate of w3 is

J
A _(azlogL
(x),ij = ————
»331' BBj

given by

LN

whiéh is the estimate used to calculate the t-statistics.

It would be useful to have a similar statistic to measure the
significance of differences in ENP values estimated for different subgrodps
of the sample. By analogy to the t-statistic we can define a measure -

call it d - given by:

<

ENp(A) - Efip(B)
2 ALY
(oA + 08)2

Q.

(3.16)

estimated ENp- of group A

where ENP(A)
2
B

1

variance of EﬁP(B)

o

- : (3.15) <
B:y B
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The estimated ENP is found simply by evaluating equation (3.4) at «, 8:
the variance of this estimate is derived in Appendix 2. Like the t-statistic
for the difference in two parameters, d measures the difference between
the Eﬂp's of two subgroups in units of the standard error of this difference
(the latter derived on the assumption that the covariance of EﬁP(A) and
EﬁP(B) is zero). |

The problem is however that d does not have a convenient sampling
distribution. Iﬁ Appendix 2 it is shown that the probability density func-
tion"for Eﬂp is composed of a term which is éomet?ing 1ike a Cauchy density
function and a term which resembles a normal density function. Because
of fime constraints it was not possible to go further and derive the
distribution of -d but this is likely to @e extreme]& complex. It certainiy
dogs not correspond to any of the well-known and documented sampling dis-
tributﬁons. Moreover the Cauchy term in the density function raises a
further problem. In the special case that the distributions of both o
and 8 are located at the origin (which is likely to occur)when the fit of
the model is poor) the "normal" term disappears so that the sampl{ng dis-

tribution of the EN_ is a modified Cauchy. But the moments of the Cauchy

P
are undefined which means that significance tests cannot be conducted oﬁ
parameters with this distribution. This plus the fact that the sampling

distribution of fhe d-statistic is unknown means that significance levels
cannot be ca1cu1a%ed for this statistic. However the d itself can still

be employed in a pufely descriptive capacity where comparisons are drawn

between’ group Eﬂp values;

Appendix 3 contains details of the numeric method used to solve

the maximum 1ikelihood equations for the parameter vector 8. A copy of
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the computer estimation program, including a subroutine to calculate the

statistics described above, is given in Appendix 4.

3.4 Summary

This chapter has ‘been concerned with operationalizing the mogel of
response described in Chapter 2.

The day-night equivalent sound level, Ldn’ is chosen as the noise
metric, while attitudes towards both overall neighbourhood noise and main
road traffic noise are selected as the response measures. In all, four
response variables are defined using two different cut-off points in the
response sca]es for each of the two noise sources. The battery of inter-
vening variables comprises a wide array of socio-economic, demographic,

psychological and §ituqtiona] characteristics of individuals. .

The explanatory variables may either be incorporated directly\into
multivariate response equations, or used as the basis of a sample strati
fication designed to permit differences in response across subgroups to (be
examined. It was decided to use both methods of examining the intervening
variables in the present study, giving rise to a two-stage analysis. In
stage 1 variables will be entered in turn into multivariate response
models and retained if a number of pre-determined tests are satisfied.
Variables with ordinal and nominal properties have to be transformeq into ’
dummy variables before being entered. The variables which are retainea
will then behfurfhgr examined in stage 2 for differences in the respon-
‘siveness of groups characterizea by different Tevels of theseﬂattributes.

The measure of rgspdnsiveness to be used‘%s the noise level

associated with given probabilities, P, of response in the subgroup in

:, aM
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quest{on. "This measure is denoted with “P-Effective Noise Level® or ENP.
Unfortunately the sampling distribution of the ENP estimate is unknown,

precluding significance tests of differences in this response measure across

Y
A

groups. However all of the other statistics used in the analysis can be
subjected to significance tests since they all have well-known sampling

distributions.



CHAPTER 4

MULTIVARIATE MODELS OF RESPONSE
~

This chapter investigates the effect of various non-acoustical
variables 6n attitudes towards both overall.neighbourhood noise and maim
road traffic noise. 1In all, four attitudinal variables are examined, as
described in Chapter 3, and the structure of the chapter is based on the .
presentation of the results for each of these in turn. The analysis of the
first dependent variable, which measures whether or not the respondent was
at all disturbgd by neighbourhoodsnoise levels, is reported in some detail
in order to i]fustrate the procedure by which the best model specification
for a particular response variable is derived. The treatment of the other
dependent variables will be briefer and concentrated more on the best-fit
model specification. The chapter éonciudes with a summary and discussion
of the results:

Note that the abbreviated forms of the names of the four response
variables (as given in Table 3.1) will be used frequently throughout the
discussion.. The numbers in parentheses after these abbreviations refer to
the various cut-off pointg used to de%i;e the response variables. Thus
?1—5/6-9“ indicates a neutral cut-off; "0-7/8-9" an extreme cut-off in which
persons who did not respond to the question are classified as "not severly

disturbed".

51
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4.1 Attitude Towards Overall Neighbourhood Noise - Any Disturbance

Analysis of NHDATT (1-5/6-9) beéan with the estimation of a model
which contained noise level {L,,) as the single explanatory variable. The
results (Table 4.1) indicate that though noise level is positively (and
significantly) related to the incidence of disturbance'the overall model
fit is poor as indexed by a pg of .66. As further evidence of the failure
of noise leve] alone to explain individual response, this finding is in
accord with those of Langdon and Griffiths (1968) and Langdon (1976), and
is an appropriate point of departure for the present analysis, which
investigates the remaining unexplained variation.

The first intervening variable entered in the predictive equation
was sensitiyity. This was converted into a dummy variable with value 1
for respondents who described themselves as more sensitive than average
and 0 for all others. This particular cut-off point wasg chosen arbitrgri]y:
for the rest of the intervening variables however, break points were chosen
as described in Chapter 3. The result of including sensitivity is almost
a doubling of %he 1evé1 of explanation (Table 4.2), a similar result to
that observed by Langdon (1976). The coefficient of sensitivity is positive

and highly significantl, indfcating that more highly sensitive individuals

are, ceteris paribus, more likely to be disturbed. The xz—statistic for

improvement in fit over the base model (model 1.1) is also significant,

1 The critical values set for significance levels were .0l in the case of
the y2-statistic for improvement in, fit, and .05 for the t-statisttc.
The t-tests were one- or two-tajled according to whether there was a
prior hypothesis as to the sign of the coefficient: for example the
significance levels for Ldny are ‘in all cases those derived from one-
tail of the t-distribution. If the t-statistic for a variable added
to-a model was not significant the xZ-statistic was not computed, that
variable being automatically eliminated from further consideration.

- S



Variable

CONSTANT

Ldn

Table 4.1
NHDATT (1-5/6-9) model 1.1

Coefficient
-6.16
0.08
o
.13 xg
.06 Xi
. 1700

+ N is the sample size.

53

11.73
10.57

308.41
121.81
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Table 4.2
NHDATT (1-5/6-9) model 1.2

Variable Coefficient t

CONSTANT -7.46 9,89
Lan ’ 0.10 8.72
SENSE ' 0.89 4.68

(greater than average)

N .21 x§ 273.43
2 2 ‘

o .11 | X 108.50

N 821 *X:ZL 21.65

+ This is the statistic to test the significance of the improvement
in fit over the previous best model - in this case over model 1.1.

-
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and so sensitivity is retained as an explanatory variable and model specifi-
cation‘l.Z becomes the new base model.

It shou}d be noted that the sample size is more than halved by
inclusion of sensitivity in the model. This is due to the fact that sen-
sitivity was only measured in the 1975 survey and it is from this that
the 821 observations in model 2.1 are drawn. Because of the importance
of sensitivity throughout,the analysis is effectively limited to the 1975
data set. The sample size will decrease further (though much less dras-
tically) with inclusion of other variables on which there are observations
with missing data.

] After sensitivity a number of othef intervening variablies were
tested, including INCOME, number of hours spent at home during the week
(wkHME) and hours at home during the weekend (WENDHM). 1In no case were
the coefficients of these variables significantly different from zero at
the desired confidence level. The nextrvariable to have a significant

coefficient was in fact the individual’s rating of the noise at his place

work-place quieter than average and all other respondents. The estimation
results (Table 4.3) reveal that individuals whose work-places are relatively
quiet are less 1ikely to report disturbance than respondents who are similar
with respect to the other variables in the model but who rate their work-
place as noisier. z

] This finding is interesting and informative since it is difficult
to dec{de‘g priori the 1ikely effect of work-place noise on attitude

towards neighbourhood noise. Plausible arguments could be made to support



NHDATT (1-5/6-9) model 1.3

Variable

CONSTANT
Ldn
SENSE

RATWORK A
{quieter than average)

92 .25

p .15
N 801

Table 4.3

Coefficient

-6.89
0.09
0.94

-1.10

274.821
145.87
38.58

8.66
8.01
4.68
5.97

56
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hypotheses of either a positive effect (as observed) or a negative effect
(i.e. quiet work-places associated with disturbance by neighbourhood noise).
What the present result suggests is that disturbance is additive in the

sense fhat though it may be attributed by the individual to a particular

{

source, disturbance may in fact reflect the combined effect of a number of
sources. In other words the individual's tolerance for noise experienced

in the vicinity of the home is not independent of nbfse experienced else-
where, Since both its coefficient and contribution to fit were significant,
RATWORK was included in the model for NHDATT (1-5/6-8). The result of its
inclusion in terms of the overall fit is to raise pg by 1/3 of its

previous value.

The next variable to be tested, relaxation interruption, (RLXINT),
simply recorded whether or not an individual had suffered interruption of
relaxation by the noise source in question. .As expected, individuals
who were interrupted are more likely to express diséurbance (Table 4.4).
The magnitude o% the coefficient of RLXINT, its associated t-statistic,

and the improvement in model fit are encouraging, and indicate a strong

relationship between disturbance and activity interruption of this kind.

Varidbles measuring the interference of noise with work, conver-
sation, eating, television viewing and telephone conversations were tested -

after RLXINT, but none of them yielded a significant improvement in fit over

" model 1.4, and only work interruption had a significant cogfficient. It

is likely however  that this result is due to intercorrelation among the
activity interference variables. Although this was not tested for .
directly, it was found that when each of the activity interference measures

listed above was entered by itself into model 3.1 it yielded a significant



Variable

CONSTANT
Ldn
SENSE
RATWORK

RLXINT

-

Table 4.4

NHDATT (1-5/6-9) model 1.4

Coefficient

.\

~5.99
0.07
0.82
-1.03
1.51

.30
21

801

334.48
205:53
59.66

7.27
6.05
3.83
5.35
7.66
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coefficient and improvement in fit. None of these perfarmed quite as well
as RLXINT however and so it was decided to retain this particular variable
as the best representation of what appears to be a single underlying dimen-
sion of variation. These findings help to illustrate th% fact that the
intermediate results described here are not independent Jf the order of
incorporation of the inteéveningtyaria51es fnto the mode]ispecificatioﬁs
{though the final ‘best' model specifications are). In tge present study
this order was in part arbitrary, in part based upon intuifion as to what
variables were 1ikely to contribute most to explanation of\response -
those thought to be most powerful being entered first. \

Two demographic variables sex and age were tested next: both gave
very poor results.

At this point it was decided to explore alternative specifications
of the sensitivity variable, the cut-off point used up to and X

' \
model 4.1 having been chosen arbitrarily. It was found that by\placing the

pc]uding

break point immediately below the neutral or medium point on the\sca]e a
better explanation of disturbance was achieved (Table 4.5), and sé\this new
specification was adopted for all subsequent model estimations. THE gain
in explanatory power is indexed by the slight increase in the absolute
magnitude ofAﬁhe variable coefficient: ‘the sign of the coefficientvchénges
to‘;;ga ive of course since the variable is now specific to éhe less sen-
sitive part of the sample. Note ihat since no new variables are being .‘
entered into the model it was not necessary (nor appropriate) to test the
significance of the {mprovement in fit. ‘
Following.this respecification the remaining intervening variables

- length of residence, shielding, level of education, tehure and sleep



Variable

CONSTANT
Ldn

SENSE
(1ess than average)

RATHWORK
RLXINT

“NHDATT (1-5/6-9) model 1.5

4

31
.22

801 -

Table 4.5

Coefficient

-5.49
0.08
-0.89

-1.00
1.41

e

60

6.66
6.07
4.77

5.16
7.09

343.41

214.46

A s
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interruption - were tested. Of these only sleép interruption was retained,
to give model specification 1.6 (fable 4.6). It is worth noting however
that the coefficients of both length of residence (positively relatedto
disturbance) and tenure (owner occupiers more 1likely to be disturbed)

were significant, while their Xz-statistics only just failed.to reach
significance at the predetermined level. Sleep interruption on the other
hand barely satisfied the requirements for entry, which is somewhat sur-
prising in view of the importante placed upon it e]sewhere'(e.g. Langdon
and Buller, 1977). The 'explanation of this result may be due in part to
intercorrelation betwéen SLPINT and Ldn‘ Clearly, some degree of correl-
ation is to be expected from the very definition of Ldn (see Chapter 3,
Section 3.1). Further support for the hypothesis comes from'another study
based upon the present data set (Tay]or, Gertler and Hall, 1978) which
found a significant relatijonship between disturbance and sleep intérruption:
significantly, no méasqre of noise level was 1nciuded as a predictor.

" A final attempt to improve the fit of the model consisted in con-
structing a composite variable called “speech interference" which had value
llif verbal &ommun?cation {n general was interfered with, during either
person)to person or telephone conversations, or Tistening to iebevision.
The vériab1e failed hgwéver to support a §i§n1ficant coefficient. Model

1.6 is therefore the best model obtainable for this pa%ticular’responée

variable. : , ) . .

4.2 Attitude Towards Overall Neighbourhooa Noise - Severe.Disturbance
. .o L
The first model calibrgted for NHDATT (1-7/8-9) was the same as

that which had given the-best fit for the same dependent variable defined

i



Variab[e

CONSTANT
Ldn
SENSE
RATHORK
RLXINT

SLPINT

Table 4.6
NHDATT (1-5/6-9) model 1.6

Coefficient

-5.36

0.07

-0.82

-1.02

1,22

0.67
.32 Xz
.23 xgx :
801 X%

351.98
223.02
8.57

6.45
5.72
4.38
5.20
5.81
2.94

62 -
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according to the neutral cut-off point,.the only change being in the ‘speci-
fication of RATWORK (seé Table 4.7). Estimation of this model resulted

in non-significant coefficients for both RLXINT and SLPINT. Both were
dropped from the vector of explanatory variables and at the same time
CONINT was added to give model 2.2 (Table 4.8). This respecification
resulted in a highly sigﬁificant coefficient of CONINT and an, improvement
in overall fit. This leads to the interesting conclusion that whiﬁ§¥?>“
interruption of sleep or relaxation produces mild or moderate disturbanée,
conversation interruption causes more extreme disturbance. This justifies
the imporﬁance attached to the latter variable in for éxamp]e the USEPA
“Levels qeggggnt" (USEPA, 1974), and corroborates the findings of numerous
other studies.

‘ Another important point brought out by a comparison of this model
with model 1.6 is the substantial improvement in fit 6bta1ned in the

present case. Evé1uation of the magnitude of this improvement depends
though on the measure of .fit on wﬁich the compyrison is based, for the

two indices diverge quite widely in model 2.2, Yhe reason for this diver-
geﬁce is that the sample split is now quite ex#reme with only 7% of the
respondents’Qescribing tﬁemse1ves as highly disturbed. A model with a
constant alone will the;efore give quite a good exp]anatﬁon of %esponse”
an& S0 pg is- Tow ré]ative td pz. Yet the'former measure shows a significant
increase over the corresponding value in mcdg] 1.6, indicating that even
allowing for differences in the éamplé §p1%t, it is easier fo predict
response as defined according to the miore extreme break point; This Tends

support to arguments in favour of the use of "perceﬁtageﬁhighly annuyed{

in sett}ng noise standards (Schultz, 1977; Rylander, Sorensen and Kéjlénd,

[e—



Table 4.7

NHDATT (1-7/8-9) model 2.1

Variable Coefficient
CONSTANT -8.60
Ldn 0.10
SENSE -1,28
(less than average)
RATHORK 1.78
(noisier 'than average)
RLXINT | 0.62
SLPINT 0.33

o2 .74

2
Pe .29
N 801

64

6.09
5.10
3.22

5.28

1.89
0.99

816.86

122.68

1 d



Table 4.8
NHDATT (1-7/8-9) model 2.2

Variable Coefficient t
CONSTANT -7.70 5.35
Lgn 0.09 4.42
SENSE -1.39 3.52
RATHORK 1.82 - 5.33
CONINT i 1.24 3.47

o? 78 2 822.621

o2 .31 xi 128.443

N 801

%
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1976).
None of the other intervening variables contributed significantly
to the explanation of NEHDATT (1-7/8-9), and so model specification 2.2

(330N

represents the best fit mode] for this response variable.

4.3 Attitude to Main Road Traffic Noise - Any Disturbance

Turning attentioﬁ now to response to main road traffic noise, two

~ characteristics of the déta set which have a bearing on the analysis need

to be noted. First, individuals were asked to rate their disturﬁance due
to noise from main road traffic only if. they indicated that they had
noticed it.‘ Many individuals did not and so no rating exists in‘these
ﬁases. Rather ‘than discarding fhesé observations however it was felt safe
to-assume that if a reSpoﬁdent had nat even noticed the noise he was not
disturbed by it, Such individuals a;é therefore classified as non-
disturbed observgtions on both the dichotomizéd dependent variables defined
for this noise source. Secondly, none of the activity inperferencé vari-
ables could be included in model specifications for either of these response
v§riab1es. This was because respondents who did not report any disturbance
by main road traffic noise were not duestioned further about activity
interference'arising from this noise source. It does not seem justified

to assume that these individuals would not have réﬁorted activity inter-
ference if asked: obviously an individual may- suffer, say, interruption qf
conversation without neéessari]y being aﬁnoyed or disturbed. .There is
fherefore no aTtérnat{ye other than to exclude these variables from further
analyses, énd this should be borne in mind when drawing tompa?isons wjth |

the model specifications for the two WHDATT variables.

-
Mt 4 e A0
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The results from the first model evaluated for MNATT (0-5/6-9)

(Table 4.9) indicate that noise Tevel alone (plus a constant) gives its

2

best performance so far, the Pe

index for model 3.1 being almost twice that
for model 1.1 for example. The improvement in fit and the increased magnitude
of the coefficient of Ldn suggeét that résponse to main road traffic noise

is better predicted by the noise measure alone than is response to overall
neighbourhood noise. The explanation of this finding may 1ie in the fact

that the latter variable probably taps a much wider range of attitudes and
feelings, with the result that non-acoustical variables cou]d-be expected

to play a larger role in its determination.

Adding sensitivit} to the model specification results in a sub-
stantial increase in f{t (Table 4.10), providing further evidence of the
importance of this variéb]e in explaining responsg.‘

The best model specification for MNATT (0-5/6-9) contains, in
addition to sensitivity, only one other intervening variab]g, namely level
of education (Table 4,11). Thg positive coefficient of LEVED indicates
that respondents whose level of educational attainment includes at least
high schqo] graduation are more likely to regigter disturbance than those
with less formal eﬁucation, (at most some high school). Initially INCOME
',too had entered into the model specification §ut‘1ost its explanatory
power wﬁeﬁ LEVED was added, due to the correlation between the two. This
is an intriguiﬁg’resu]t in view of the facf.that it is commonty assumed
{e.g., Borsky, 1570) tﬁaé socio-economic indicators bear'nb relation to
disturbance ;though, as discussed earlier they ma}, and usually do, influence
such indirect measures of disturbancé as complaint activity).  The present

finding challenges this assumption and suggests that the spatial distribution

-~

L4



Variable

CONSTANT

Ldn

Table 4.9
MNATT (0-5/6-9) model 3.1

Coefficient

-8.95
0.12

2

.19 X

2

11 X]

1715

68

15.39
14.41

445.29
250.12
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Table 4.10
MNATT (0-5/6-9) model 3.2 : v

Variable Coefficient t
CONSTANT -9.24 10.16
Ldn | . 0.12 9.31
SENSE -1.32 6.12
(less than average)

02 .42 % 481.76

2 ' 2
o .18 X5 148.68
N © 832 Xi 42.2



MNATT (0-5/6-9) model 3.3

Variable

CONSTANT
Ldn

SENSE
LEVED

(at least high school
graduation)

p2 ) .43
.19
N 829

Table 4,11

Coefficient

> <

v .
R WNHB N -

9.94
9.32
5.79
3.48

e ~
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of response may be in part determined by the distribution of variables such
as inco;e or education. Other things, including Ly, Eeing equal, response
appears to be greater in areas of higﬁer socio-~economic status. One
explanation of this result which seems plausible is that those with lower
levels of education (or lower socio-economic status in general) tend to
have a lower aspirati%ﬁ level with respect to their acoustic environment
and, as a result, are less likely to suffer dfsturbance or stress due to
noise (c.f. for example Brummell, 1977, 116-120). If this is the case

then it would obviously be wrong, from a social-justice point of view, to
use the present finding to support a socially discriminatinéxnoise—control

policy.

4.4 Attitude Towards Main Road Traffic Noise - Severe Disturbance

The combination of variables which best explains "consjderable"
or "extreme" disturbance due to main road traffic noise consist; of only
the noise level and sensitivity (Table 4.12). Both of these variables
are highly significant as is the overall model fit. The improvement
in fit over model 3.3 is further.evidence of the fact that response defined
according to the more extreme cut-off point is easier to predict. It is
interesting to note, in connection with the discussion above that LEVED
disappears from the model specification. This Tends support to Schultz's
arguments in favour of the more extreme break point on the grounds that
"the effects of non-acoustical variables are reduced" (Schultz, 1977, 6).
However it should be noted that sensitivity once again contributes signi-
ficantly to model %it. In fact additjon of this variable raised the pg

statistic from .17 for a model with just a constant and Ldn to .26 in

model 4.1.4
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2
Table 4,12
MNATT (0-7/8-9) model 4.1
Variable Coefficient t
CONSTANT , -12.0 8.43
ngn - 0,15 ) 7.30
SENSE -2.49 74,65

(Tess than average)

0 .74 x§ 858.98

2 2
o .26 X5 . 105. 37

N 832
F —~
oo\
o *
e
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4.5 Summary and Discussion

f1 This chapter has deJe]oped predictive equations to explain response
to noise as defined according to 4 different response variables. Focuss1ng
first upon differences in the results for the two different noise sources
we are led to conclude that attitude towards main road traffic noise is in
general easier to predict and better explained by noise level alone than is
attitude to overall neighbourhood noise; The first part of this conclusion
is based on the fact that although the gopdness of fit statistics are
better for the two NHDATT models, this is due to the inclusion of activity
interference Qariab1es’iﬁ these models, which, because of the method in
whjch the data were collected could not be used to predict attitude towards
main road traffic noise. Compare for exampie models 1.3 &nd 3.3, neither
of which contain activity interference variables. The claim that noise
level alone predicts MNATT better than NHDATT is borne out by the relatively
larger coefficients of Ly, in models 3.3 and 4.1 as compared te models

1.6 apd 2.2; and also by the better fit of model 3.1 compared to model

1.1. These results are to be expected since attitude towards overall neigh-
bourhood noise is likely to be 1nf1uenced by a much w1der range of non-
acoust1ca1 variables than the more specific attitude to ma1n road traffic
noise, Llangdon (1976) found for example that overall satisfaction with

the neigabourhood was important. in this respect. In the present case 1t,
is informative to note that "RATWORK is ohe of the most important variables

“in the predictive equatiohs for NHDATT, but fails ‘to appear in tﬁe MNATT ‘
model specifications. This is probably due to the fact ‘that there is an )

obv10us cbmpar1son to be made between noise levels at home and at wor@ a

comparison whlch was certainly 1mp]1c1t 1n'the questionnaire and which
[y 1
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lTeads to the fairly strong relationship obseried between NHDATT and RATWORK.
_then the’individual is asked to focus specifically on noise from main road
traffic however the comparison is less obvious and the relationship vanishes.
Looking next at th;\difjgnggfes in results for the two specifications
of response it is clear that severe disturbance is easier to predict than
any disturbance. This is probably due to the fact that, as Schultz (1977)
points out, response measures based on neutral break points are 1ike1y'to
be more subject to random variation than those defined by more extreme cut-
of f boints. Compérison of the magnitude of the coefficients of Ldﬁ in
models 1.6 and 2.2 with the magnitude of those in modelg 3.3 and 4.1 prompts
the conclusion that noise Tevel alone is a better predictyr of seQere dis-
turbance tﬁan it is of any disturbance.
As rebards.the performance of {Bdividual explanatory variables,
the results indicate that attention can be confined to a relatively small
group of intérvening variables: these are sensitivity, rating of work-
piace noise, level of education, and interruption of relaxation, sleéping
and conve;saiionx' By vi%tue of its appearance in all four. of the best model r*
specifications, sensitivity is probab]i the most powerful of these exp]anétory
variab;es.‘ It is esseqfia]ly a psychological variab]g,iand though it is ‘
encouraging to be able to reﬁuce some of the unexplainéd variations in
individual response, one can questfon the utility or information value of
this result from a predictive point of view on the grounds thﬁt in any .
practica] situation where predictions of response a}e required fr?m a
small amount of prior information about the éxposed population, sensitivity

E

will be unknown and unpredictable. “ .l
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7

2 statistics for the 4 best model specifications

o
are not very impressive, ranging from .19 for MNATT (0-5/6-9) to .31 for

In general the p

NHDATT (1-7/8~9). In view of these low levels of explanation, the major
conclusion to be drawn from this part of the analysis mu;t'be that vari-
ation in individual response to noise remains largely unexplaiqed.g How-
ever it is felt that the failure to achieve a more complete explanation of
response is due not so much to any misspecification of the form of model
chosen for analysis, but to gaps in the daté on individual characteristics..
For example, the goodness of fit étatisfics for the two main road traffic
noise response variables would probably have been considerably higher had “;
activity interruption data for this noise source been available in usable ‘
form. Similarly, some measure 6f the individual's overall satisfaction

with his neighbourhood, if avai]ab!e, may have helped reduce the unexplained
variation in attitudes towards neighbourhood noise. Moreover, the levels

of explanation actually achieved compafe favourably with those reported

2

elsewhe®® for individual response to noise. For example the highest R

obtained by Langdon' (1976, 258, Table i2) was only .2, which is just above

2

the Lowest Pe

obtained in the present study. This improvement, considered
together with the much stonger theoretical and statistical basis of the

present modelling approach admits some optimism.

h |



CHAPTER 5

INTER-GROUP .COMPARISON OF RESPONSE MEASURES

N

The aobjective in this chapter is to investigate differences in
response to noise across various groups of the sample.  The ana]y%ic design
has already been described in Chapter 3, so no further comments aré necessary
here except to note that the inter-group comparisons are‘based on the EN.S
(see equation 3.5), i.e., the level of noise fequired to produce the res-
ponse of interest (“"any disturbanc "severe disturbance") in 50% of the
individuaTs‘{n the group. This partjcular 1eve1ﬂof the ENP statistic 15'
chosen for two reasons: firstly\because‘of the obvious planning signifi-
cance Qf fhe 50% response Tevel} and secondly because as a measure of
‘central tendency the I-ZN‘5 is less subject tq sampling variation thaﬁ are
" more extreme measures such as !ZN.1 and EN_'9 (Finney, 1971,.18-19);

foTiowing the format of the peébiouﬁ chapter, the first four
secfions presegt the results for each of the dependent variables in turn.
. - The final section summarizes.the more important findings and compare§'thé
results to those obtaineﬂ,by'other researchers. This comparison helps té
i]]u§trate the 'biases (errors) that may be introduced to;?he sgttiﬁg of
noise stahdardg by fai];ng to take into account the effect of intervening,

-

non-acoustical variables.

(2

-

T

come ]
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5.1 Differences in Median Effective Noise for Any Disturbance by Overall |

Neighbourhood Noise

The results of the multivariate model estimations reported in

. Chapter.4 suggest that there are four intervening variables which affect the

incidence of disturbance due to overall neighbourhood noise levels. These
are sensitivity, rating of Work—pléce noise, and interruption (if any) of
relaxation and sleeping.

&

Analysis began by 1ooking’qy differences in the FN.S between indi-
viduals who are less sensitivel than ayerage and all other respondents,
whilst holding the remaining 3 intervéning variables constant. Though'
the results (Table 5.1) appear to indicate a laréé difference in the
median effective noise for these th groups, the more striking aspect of
the data is the lack of fit of the response equation for the less sen-
sitive group. The4adjusted chi-square index of f?t 1§ not significant at
the required confidencé level (.01), whilst the coefficient of Ldn barely
achieves significance. Clearly, disturbance by évera]X neighggdrhood noise
within tﬂis groyp is only weakly related-to the noise Tevel itself. \
Because the coefficient of noise is close_to zero the standard deviation
of the EN 5 estimate is very large, (see equatién A2.,2), so tﬁat 11§tﬂe
conf1dence canjbe piaced in the value of 9? dBﬁ obtained. The gaodness Ofx‘
fit stat1st1cs for the more sens1t1ve group are better, and the standard ”_

error of -the EN . estimate much Tower; but because of the large variance

of the EN . for the less sensitive group, the standardized differenqe, d,
‘ -5 : : SRR

-,

1 Throughout this part of the ana1ys1s ‘the cut- off p01hts used are those
on which opt1mum model. spec1f1cat1ons were based in Chapter 4,
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, Table 5.1 J
© Differences in NHDATT (1-5/6-9) according to sensitivity:
RATHORK, RLXINT and SLPINT held constant’ "

Less Sensitive More Sensitive
Group Group
} N - : | 160 138 %é%
log(P/1-P}+ ' | =5.04 + 0.05 Ly, ' ~6.67 + 0.09 Ly,
t . © 273 1.90 . 371 3.3
p? , o : .36 * .14
SO ¢ e B
e | 8015 2635
O 350 Co1B3
N 95.11 : ' 70.52
¢ L 15.86 am
d = 1,53
- L
i + Since P = (1 +, E-Q-BLdn)_} A
: 1.og.1-% ‘N (a+BLdn)
’ P P it
s.‘°’ (7 13) "
. % R
3 . .
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is re1at%ve]y small. As a result it is difficult to conclude anything
definite about differences in response across these two groups. .

There are at least two possible explanations of this finding. On
the one hand it may be that there is insufficient variation in noise levels
within the less sensitive group to support a strang relationship between
Ldniaﬁd response, This would occur if the noise level and sensitivity
were correlated. It has, for example, been suggested that less sensitive
inﬁividuals my tend to 1ive at relatively more noisy sites than more
sensitive individuals, Time did not permit of a full test of this hypo-
thesis but.soﬁé support is lent it by the fact that whereas the variance

=in noise Tevedks among the more sensitive grqup'(which includes average
ind&Vidua]s) was 57.65 dBAz, it was only 36.48 dBAZ for the less sensitive
group.'. |
' An alternative explanation -of the results is that the less sensitive
group may Eontéin a large number,of what Schultz (1977).haS'termed "im-
perturbables”; that is, individuals who remain undisturbed by any level of
néise within the rénge commonly experienced ag~residential sites. we1ght
is added tb this exp]ana?ion Qhen it 1is consig;red that for the analys1s of
sensitivity bpth activity interruption veriab\es were held constant at their.
?Base" valuesy i.e., these groups represe&t individuals who reported no
interruption of either sléeﬁ or relaxation by noise Fhrther support comes
from the- fact that of the 160 respondents in th]@ group 133, (83.1%), were .

°

not at a11 dlsturbed
@

Quate probably the present resu]ts ref]ect both of these factors,
i.e., 1ack of variation in the noise levels within the group and the
-“presence,of “1mperturbab1e" individuals: In an attempt to doth increase

s .
. ®
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the variability of Ldn and add individuals who were likely to have been
disturbed, it was decided to relax control of both the activity ihterruption
variables. The result (Table 5.2) is as anticipated, with the fit of
the model for the less sensitive group,being improved sufficiently for
Ldn to now support a significant coefficient. Again there exists a large
difference in the median effective noise between the two groups, ranging
from 83.27 dBA for the less sensitive group to 65.45 dBA for the more ‘
gensitive group. The d-statistic indicates that the difference between
these two levels is more than 2% times the standard err;r of the difference,
prohpting the conclusion that response to neighbourhood noise differs
quite markedly between the more ahd less sensitive'segments of the population,
The next variable to be examined was rating of work-place noise,
Holding sensitivity, sleep interruption and relaxation interruption constant,
separate models were calibrated for these individea1$'who reported quieter
than average work-places and all other respondents (Tab)e 5.3). 'As was the
case for the less sensitive individuals, it was impossible to thain~aﬁ
signiftcant fit for either of the two RAZWDBK groups. Moreoyer, for those
’ indiJﬁdua]s Egdixquieter work-places, the coefficient of noise itself failed
to achjeve significance. 'fhe EN\.5 etatistie indidﬁtes very little, if‘any,
difference between these groups, but this is again due to the poor, per-
formance of the noxse medsure, Ld , 1in exp1a1n1ng response If we Took
instead at the constants in the two response equations we are led to be11eve
that there is in fact a cons1derab1e d1fference petween the groups. These
apparently contrad1ctory f1nd1ngs are due to the fact that though there is

no strong relationship between Ldn and response 1n“p1ther group - 50 that

ina tr1v1a1 sense, the groups are s1m11ar*1n this respect - there are

prp——
-
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Table 5.2 \é
Differences in NHDATT (1-5/6-9) according t \sensitivity:
RATHORK held constant \

Less Sensitive - \ More Sensitive

{ Group \ Group
N - - 206 262
log (P/1-P) -5.11 + 0.06 Ly -6.83 + 0.10 Ldn
t 3.56 2.85 5.44\\ 5.47
0l .21 , .10
02 _ . .04 10

c
¥ _61.15 - 37.06
.X§~ B 8.34 - 36.92
n . 83.27 65.45
o | 6.50 : 1.27
. ,
x ff;_;.'__
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Table 5.3
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Differences in NHDATT (1-5/6-9) according to rating of work-place

noise:

N
log(P/1-P)
t

2 0O ™ O N ~no

m>

SENSE, RLXINT and SLPINT held constant

Quieter Work-

place

143

-8.90 + 0.09 L

2.24
.70

139,05
2.49

" 94,10
18.44

1.57

d =

dn

.0.04

Noisier Work-
¥ place

" 160
~5.04 + 0.05 L
dn
2.73  1.90

.36
.02
80.16

’ 3.60

95.11
15.86
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substantial differences in the proportions disturbed, and it is these
proportions which 1ar93}y determine the constant terms.

Once again it was decided to relax control of the two activity
interruption variables in order to introduce more variation in both Ldn
and the response variable. This produced the desired result, (Table 5.4),
namely significant fits for both groups and low variance estimates of the
EN.S. The data indicate that holding sensitivity constant, there is a
large difference in the median effective noise according to whether or not
the individual rates his work-place as quieter than average. For those
who do enjoy relatively quiet places of employment the noise level at which
a typical individual has .5 probability of being disturbed is almost 10
dBA higher than the corresponding mark for individuals with more noisy
work-places: this difference in the EN.5 is almost 3 time§ the standard
error of the difference,

Before proceeding further it is necessary to ask What is the effect
of allowing relaxation interruption and sleep interéuption to vary when
looking at differences in the EN.S levels across different SENSE and
RA%@ORK‘groups? In particular, to Qﬁat extent are the differences in
respoﬁse Tevels which emerge in Tables 5.2 and 5.4 due to coincident inter-
group differences in the proportions of individuals who experienced relax-
ation and sleep {nterruption? A complete answer to this queétion would
require a comprehensive analysis of the structure of the intercorrelations
'betweén the intervening and response variables, and would certainly carry
us beyond the scope of the present study. On the basis of what data there
are available however it is clear that tﬁére is covariation between agtivity

interruption and both SEﬁSE'and RATWORK which may have a bearing on the

£
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Differences in NHDATT (1-5/6-9) accarding to rating of work-place

N
Tog(P/1-P)

noise: SENSE held constant

Quieter Work-

P

lace

166

-8.55 + 0.11 L

4.40
.30
.09
68.49
16.97

75.26

3.02

3.86

dn

3.00

Noisaer Work-

-6.83
5.44

37.
36.

65.

place

262

+ 0.10 Ldn

5.47

.10
.10
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interpretation of the results. For example; whereas only 17% of the
less sensitive group reported disturbance of relaxation, the same statistic
for the more sensitive group was 38%.

However, there are two arguments in favour of overlooking the
effects of variation in activity interference and interpreting the results
in Tables 6.2 and 5.4 as due to SENSE and RATWORK respective]y. First, the
highest intercdrrelation (phi-coefficient) of relevance to thjs discussion
was .20 for the relationship between sensitivity and relaxation inter-
ruption. This seems toosmall to be the source of a large aggregation bias.
Secondly, and more importantly it is argued that activity interruptioﬁ
measures are not truly independent variables but rather functionﬁ of’bther
vari&bles such as sensitivify and work-place noise (c.f. Section 3.1).

As a result it seems safe gg attribuge the variation in both median effégl
tive noises and.percentages suffering activity interruption which emerges
in, for example, Table 5.2, to the difference in sensitivity across the
two groups. On the strength of these arguments the failure to adhere to
"other things being equal" conditions in deriving and interpreting the
results in Tables 5.4 and 5.4 is justified.

This now imposes some constraints, if not on the analysis of the
activity interruption variables, then certainly on the interpretation of
the.results. Clearly it is desirable that sensitivity and work-place
rating be controlled iﬁ treating the two interruption variables, in order

to ascertain the extent to which RLXINT and SLPINT independently affect

response. AN

Unfortunately, the results for both RLXTuT (Table '5.5) and sIprur

(Table 5.6) reveal once again the inability of. Lyn 2lone to explain
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Table 5.5
Differences in NHDATT (1-5/6-9) according to relaxation
interruption: SENSE, RATHWORK and SLPINT held constant _
No Relaxation Relaxation
Interruption Interruption
N ' 138 54
Tog(P/1-P) -6.67 + 0.09 Ly, -1.89 + 0.04 L
t 3.71 3.39 0.57 0.80
02 ’ .14 .11
2
pc .07 .01 *$
X2 26.35 8.26
Xi 13.36 0.68
BN ¢ 70.53 48.53
o 2.77 25.55 )
d = 0.86
\
}
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Differences in NHDATT (1-5/6-9) according to sleep

interruption: SENSE, RATQORK and RLXINT held constant

-

! No Sleep
Interruption
j N 138
| 1og(P/1-P) -6.67 + 0.09 Ly
/ t 3.71  3.39
/ 'pz .14 "{‘
2
Pe .07
NG & 26.35
2
X 13.36
EN 70.52
o 2.77

d= 0,44

a L

Sléép
Interruption

24
-4.80 + 0.07 Ly,
1:18 1,22
.05"
.05 4
1.79 .
1,63
67.5

6.24

[T
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disturbance 1evei§ under certain conditions of the {ntervening variables.
The models for both of the groups w;ich experienced activity interruption
fail to give a significant fit to the data, while the coefficient of Ldn
is non-significant in both cases. ‘Again, this result may be due either to
insufficient variation in noise levels (both of the groups which exper-
ienced activity interruption are exceedingly small); or to the presence of
what Schultz calls “hypersensitives", these, the opposite of "impertur-
bables", being individuals who tend to report disturbance regardless of the

noise level. Whatever the reason, it is impossible to draw definite con-

.clusions about the ‘effect of these two variables on disturbance from the

data in Tables 5.5 and 5.6 atone.

Allowing both sensitivity and work-place noise rating to vary

'overcqpés the problem of lack of fit (Tables 5.7 and 5.8) so that comparisons

of the median-effectivg noises can be made. However we again encountey
interpretafiona] problems because of the statistical relationship between
the activity interruption variables on the one hand and the psychological
variables SENSE and RATWORK on the other. Previously it has been argued
that in this relationship the psychological variabies correspond to cause

and the activity interferénce variables to effect. Consistency therefore -

" demands that the large inter-group variation in median effective noise in

Table 5.7 be attributed in part to variations in sensitivity and rating of
work-place noise. In a sense the problem is one of semantics: "t s
correct to say that large differences in the EN 5 are assoctated with

differences. in relaxation interruption; but if it is desired to make a

v

_statement about the cause of those differences we need to be more careful.

Bearing in mind this caveat, note that the data for RLXINT (Table



Table 5.7
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Differences in NHDATT (1-5/6-9) according to relaxation

N
log(P/1-P)

-

interruption: SLPINT held constant

No Relaxation
Interruption

555
» -6.16 + 0.07 Ldn
5.93 4.52
.36
.04
278.63
20.47
85.84

4.87

d= 3.88

'
Relaxation

Interruption
101
2.19  2.39
.08
.05
10.73
6.33
o
62.35
3.59
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_ Table 5.8
Differences in NHDATT (1-5/6-9) according to sleep

interruption: RLXINT held constant

Sleep Not Sleep

Interrupted Interrupted
N ! 101 86
Tog(P/1-P) -4.62 + 0.07 Ly, -4.53 + 0.0 Ly,
t 2.19 2.39 2.15 2,45
2 .08 s .13
2 ' ’ )
Pe .05 .06
X2 10.73 15.98
xi 6.33 6.69
EN ¢ 62.35 " 59.51

x 3.59 4,54
-3
d = 0.49
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5.7)-are consistent with the hypobhesizéd direction of exp]anat}on. Since
relaxation interruption, itself a measure of noise impact, is more closely
linked to the response variable than either SENSE or RATWORK its relation-
ship to response is mitigated by fewer in;ervening factors, and, as we would
expect, its effect on the median effective noise is even more marked than
that of t?e psychological variables.

The same is not true however of SLPINT (Table 5.8), but the e§p1an—
ation of this finding lies in the relatively high corre]ation‘of the two
activity interfuption variables (phi-coefficient of .4). If RLXINT is not

controlled for in looking at SLPINT the d-statistic rises to 4.17, with

"individuals who suffer interruption of sleep being prone to disturbance

at considerably lower noise levels than those who don't. This interrela-
tionship between sleep interruption and relgkation interruption is further
evidence to support the hypothesis that both types of activity interruption
are influenced by underlying psychological yariables suchegs sensitivity.
The finding is also consistent with previous evidence for the inter-

correlation of activity interference variables (see Section 4.1).

5.2 Differences in Median Effective Noise for Severe Disturbance by

Overall Neighbourhood Noise

On the basis of the results in Section 4.2, three variables

-

will be examined here for their effect on inter-group variations in median

effective noise levels: sensitivity, rating of work-place noise, and

conversation jnterruption. *

s

Aidégg_gdé case with the analysis for WHDATT (1-5/6-9), calibrations

e
of .the model
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~a=B8L, _
P = (1+e dny-1

)
fér particular cells of the 3x3 matrix of individual attributes resulted
in non-significance of the goodness of*fit statistics and the coefficients
of Ly, (Tables 5.9-5.11). Such models continue to suggest that at certain
yﬁ1ues of the vector of intervening variables, response, whilst partly
determined by the levels of these attributes, is independent of the noise
level. ‘
Analysis for SENSE and RATWORK proceeded by allowing CONINT to
vary between groups. Still, the noise level completely fails to explain
response for the less sensitive individuals and those with relatively
quiet work-places (Tables 5.12, 5.13) resulting in very large standard
errors in the EN . estimates. In order to obtain Tow variance estimates
and significant overall fits to thg data it was necessary, whenﬂéésting a
particular intervening variable, to relax control of all other variables.
The results for both sensitivity and work-place noise rating (Tgbles 5.14,
5.15) reveal relatively small variations in EN.5 levels along the &imensions
of these two variables. 1In part this is due to the persistence of large
variation in the EN 5 estimates for the two "base" groups - -i.e. the less

sensitive individuals and the individuals with relatively quiet work-places.

"This in -turn appears to result from the presence of "imperturbables" in

each group as is suggested by the fact that 97.6% of the less sensitive
group and 97.5% of those who reported quieter than average work-places
were not severely disturbed. In such situations the concept of a median

effective noise has little meaning and is of doubtful validity. Certainly
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Table 5.9
Differences in NHDATT (1-7/8-9) according to
sensiti;ity: RATWORK and CONINT held constant

Less Sensitive More Sensitive
Group Group
N 84 113
log(P/1-P) -7.37 + 0.05 L -9.70 + 0.12 Ly,
t _ 1.13  0.57 4.16 3.69
92 .84 .36
2
Pe .02 . ) .14
Y 97.88 55.93
xi 0.33 - 16.14
EN 8 134.21 78.52
o , 115.91 ‘ 3.23

d = 0.48
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Table 5.10
Differences in NHDATT {1-7/8-9) according to rating of

work-place noise: SENSE and CONINT held constant

Less Hoisy More Noisy
Work-place Work-place
N ﬁ 261 84
log(P/1-P) ~10.27 +0.09 L, -7.37 + 0.05 Ly
t 1.97 1.16 1.13  0.57
o? .91 .84
pg \ .04 .02
G 330.32 97.88
2
1.26 0.33
XC '
EN ¢ 115.42 . 134.21
o 41.58 115.91

d = -0.15
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Differences in NHDATT (1-7/8-9) according to conversation

<

interruption: SENSE and RATWORK held constant

No Conversation

Interruption
N 113
log(P/1-P) -9.70 + 0.12 Ly,
t 4.16 3.69
X .36
pg .14
N 55.93
Ti | 16.14
EN ¢ 78.52
©a 3.23

d= 1.30

Conversation
Interruption

31
-3.09 + 0.Q7 Ldn
0.66 1.0
.47
.05
20.29
1.15
44,59
725.99



Table 5.12
Differences in NHDATT (1-7/8-9) according to

sensitivity: RATWORK held constant

Less Sensitive More Sensitive
Group Group
N / - % 114
log (P/1-P) -8.36 + 0.08 L, -9.68 + 0.13 Ly -
t 1.76  1.15 5.16  4.75
oF .76 .29
o2 .04 .17
NG - 98. 59 57.60
X 1.36 28.13
EN ¢ 107.85 77.01
o 33.86 2.15
. d = 0.91
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Table 5.13
Differences in NHDATT (1-7/8-9) aceording to rating of

work-place noise: SENSE held constant

Quieter Work- Noisier Work-
\ place place
N : 284, ' 114
Tog(P/1-P) -8.13 + 0.07 Ly, -9.68 + 0.13 Ly
t 2.73  1.63 5.16 4.75
92 .80 .29
2
oc .32 .17
NG 316.41 57.60
¥ 2.54 28.13
C
EN ¢ 112.94 77.01
o 28.35 _ 2.15
N <//’”’/
d = 1.26 :
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Table 5.14
Difference in NHDATT (1-7/8-9) according to

dn

sensitivity
Less Sensig%ve ‘ More Sensitive
Group Group \
N 373 428 —
Tog(P/1-P) -12.40 + 0.13 Ly, 11,11 + 0.13 L
t 3.92 2.9 7063 6.50
pz .85 o .57
o2 .10 .16
X2 440.93 337.39
"5 8.66 48.61
EN . 9644 83.43
o _ 9.10 2.32
d = 1,38
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Table 5.15
Differences fﬁiﬁHDATT (1-7/8-9)

according to rating of work-place noise

~ -
Quieter Work- Noisier Work-
place place
563 © 238
-10.46 + 0.10 Ldn -9.97 +~0.12 Ldn
4,36 2.97 6.03 5.31
/. a4
\ ————s 06 B
657.84 c 135.57
8.44 33.49
102.12 81.43
11.45 o 2.43

)
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Zéfrgsfﬂmated.EN.s represents extrapolation well beyond the range of the
ata: hence the rather unlikely value of 102 dBA obtainéd for the quieter
work~place group (Table 5.15) and the large standard error of 11.45 dBA
associated with it.

The results for conversation interruption (Table 5.16) are some-
what better, in respect of the variance of the parameter estimates. Sur-
prisingly, the data indjcate little difference in median effective noise

——r

levels caused by interruption of conversation. The apparent contradiction
of earlier findings by this resul@ can be explained by focussing on the
parameters of the response equation. As pointed out earlier, (Chapter 2,
Section 2.3), entering non-acoustical variables directly into the response
equations allows the effect of these variables to emerge only through the
constant term: the coefficient of noise is constrained to remain £he

same regardless of the value of %g or in this case Bf conversation inter-
ruption. Now the constant term does in fact.vary widely according to the
value of CONINT (Table 5.16); hence the signi%icance of the variablé in
earlier model estimations (Table 4.8). However, the present analysis
}evea]s that the coefficient of npise also varies between grouﬁs, and in
fact the difference in g for the two groups has an effect on the response
probabilities opposite that of a. Whereas at noise levels approaching 0
the probability of response is greater for individuals, in the interruptpd.
group, the tolerance distribution for the individuals reporting no inter-
ruption clusters more tightly about its mean so that as the noise level
increases the difference between the cumulative response probabilities

Hecreases quite rapidly. Thus the d-statistic for the EN 5 group for

example is 2.65, almost 3 times that associated with the median effective
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Table 5.16
Differences in NHDATT (1-7/8-9) according to

conversation interruption

No Convérsation Conversation
Interruption Interruption
714 . 87
~11.20 + 0.12 L, -6.69 + 0.08 Ldn
6.69 5.12 2.79 2.46
.76 19
10 .06
749.09 22.89
26.63 6.64
91.33 84.48
4.52 5.30

d = 0.98

.
m'
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noise. This result helps to demonstrate that the assessed difference between
any two groups with respect to their tolerance distributions (response

curves) depends upon the response level in which we are interested.

5.3 Differences in Median Effective Noise for Any Disturbance by Main Road

Traffic

Two non-acoustical variables have been identified as significantly
related to MNATT (0-5/6-8) - sensitivity and level of education.

Looking first at the results for sensitivity (Table 5.17) thé
analysis reveals that there is a large difference in the median effective
noise between the more and less sensitive sections of.the population. As
we might expect, the average effective noise, or tolerance, among the more
sensitive individuals is 9.08 dBA higher than that for the less sensitive
individuals. Moreover the g parameters of thé tolerance distributions
indicate that the probability of response increases more quickly with noise
in the sensitive group. This result is interesting in so far as it is
cormon to find reference to g as a "sensitivity" parameéer; that is a
parameter which indicates how "sensitive" or responsive the individual is
to changes in the value of the independent variable, be it noise level, the
cost of travel, or the price of a good (Wilson, 1974, 143). The present
finding gives real and precise meaning to this concept. Moreover, the
differencé in B between the groups emphasizes again the qualitative dif-
ference between this and the earlier multivariate logit analyses, and
suggests that the assumption of a constant noise parameter on which the
multivariate model is based may not be tenable.

Dividing the sample on the basis of level of education, and con-



Q (\; ) 103

Table 5.17

Differences in MNATT (0-5/6-9) according to

sensitivity: LEVED he]p constant

Less Sensitive . More Sensitive
Group Group

N 193 267
log(P/1-P) -11.38 + 0.14 L L -111+ 0416 Ly,
t 4.84 4.17 6.9 6.55
o .52 .26

2
ol .14 .18

2 139.54 96.05
¥2 20.79 59.99

C

EN ¢ 80.14 71.06
o 3.17 1.15

L d= 2.69 .
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trolling fér sensitivity, yields large inter-group.differences in F_N_5
(Table 5.18). The data indicate that a response level of 50% disturbed

is reached at a lower noise level among the more highly educated 1ndividua]s
than it s among‘indiviﬁua1s with a lower level of educational attainment.
The relatively high d—staéfstic confirms the significance of this va;iable

in earlier analyses.

5.4 Differences in Median Effective Noise for Severe Disturbggce by

Main Road Traffic Noise

Only one intervening variable, sensitivity, has been found to be
significantfy related to the incidence of disturbance by main road traffic
noise. Aomparison of the mean values (EN 5‘5) of the fitted tolerance

w
\\Eiifizg y small difference (in standard deviation units) between these

distrié&ﬁ?uﬂs for more and less sensitive individuals reveals however a
two groups (Table 5.19). Yet again this result is indirectly due to the
fact that only 1% of the individuals in the less sensitivé group reporEFd
severe disturbance.

The poor explanatory power of Ldn in the model for the less
sensitive group, as compared to its relatively good performance in the
models for the median cut-off (MvATT (0-5/6-9)), describes a trend
similar to that found with analysis of NHDATT. Nhereés noise level
usually explains any disiurbance fairly well within specific groups of the
sample (though it may be necessary to aégreéate over certain variables, as
in Section 5.1), greater difficulties have been experienced ip analyzing

severe disturbance. Schultz claims that severe disturbance is better

explained by noise alone than is median disturbance, and the earlier
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Differences in MNATT (0-5/6-9) according ‘to level of

education: SENSE held constant

Only Some
High School

176

Tog(P/1-P) -8.23 + 0.10 Ly,

5.0 4.37
.34
.17
81.82
21.46
79.39
3.15

d = 2.49

At Least High
School Graduation

267

-11,11 + 0.16 Lan

6.94 6.55
.26
.18
96.05
59.99
71.06
1.15
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Table 5.19
Differences in MNATT (0-7/8-9) according

to sensitivity

Less Sensitive More Sensitive
Group Group
N 387 ' 445
log(P/1-P) -15.15 + 0.15 L ~11.93 + 0.14 L,
t ’ 3.16¢ 2.37 - 8.00 6.92
of C .93 ' .59
'2 .
pc .13 .18
NG 497.84
2
Xc 5.88
EN.5 98.27
o] . 11.07
d =
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analysis supported this assertion (c.f. Chapter 4, Section 4.5). However,
the present finding serves as a warning that the matter is a good deal more
complex than Schultz's statement suggests, since within particular groups
of individuals noise performs very poorly in explaining response - worse,
in fact, than non-acoustical variables. For e;amp1e, the present result
implies that if we know an individual is relatively less sensitive to

noise, we can predict whether or not he will be severely disturbed almost

with certainty, and without any knowledge of the relevant noise level.

5.5 Summary and Discussion

This chapter has extended the multivariate analysis gf\g§§ggg§g,?ygc

comparing estimated tolerance distributions across different groups of the .

sample defined according to their levels of the intervening variables shown
in Chapter 4 to be signific&ht]y related to response. The comparisons have
been baseq upon the EN.S’ which for a given sample or group corresponds

to the mean and median of the tolerance distribution. The use of this
measure to test for diffsrences in response takes into account simultaneously
. variation in both'parameters of the tolerance distribution (response curve).
The analysis is therefore qualitatively different from that undertaken in’
Chapter 4, with the result that some of the results appear to contradict
earlier findings. For example, conversation interrﬁption was found in the
first part of the analysis fo be significantly related to severe disturbance
by neighbourhood noise levels; but the present analysis suggests little
differencg in median effective néise due to this variable.

Other important results of the analysis include the finding that

sleep interruption causes little difference in the EN 5 most of the
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correlation of this variable with response deriving from its intércorre1ation
with relaxation interruption. Sensitivity emerges as the most important
determinant of the median effggtive noise level, not only because of its
direct effect on the EN.5</Bat also because of its indirect effect through
other variables such as the activity interruption measures. It is argued
that sensitivity is, in a sense, the causa causans in the relationship
between exposure and dis?urbance. The only socio-economic variable pre-

viously found to be significantly related to response, level.of education,

is also associated with relatively large differences in the median effective

noise. . é~//,/f“\ .
More important than these results for particular intervening vari-

ables however is the finding that in many instances response is actually

independent of the noise level. The analysis of NHDATT (1-56/6-9), for

example, suggests that the effect of the four intervening variables on response

so outweighs that of Ldn that when all four are held constant simultaneously
most of the variation in response is removed; and because noise fails to
explain the remaining variation its coefficient does not achieve signifi-
cance at acceptable confidence levels. This,.finding supports the central
thesis underlying the present work; namely, that non-acoustical variables
play at least as great a part as Ldn in determining individual response

to noise,

-

A4 A}

The EN ¢, tho h a useful summary measure of response, probably

represents too high a Aevel of disturbance (or severe disturbaﬁce) to be
acceptable as a basis Fpr the setting of noise standards. There is, how-
ever, no commonly accep "allowable percentage disturbed", and though

Schultz acknowledges that zero disturbance is impossible most authors who
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have been concerned with design noise leyels have avoided committing them-
selves on this matter. The study by Schultz does however identify a noise
level of 65 dBA Ldn ag an optimal standard if the number of people highly
annoyed is to be minimized subject to certain feasibility constraints.
Given the noise-response curve on which Schultz bases his study, this
noise level corresponds to approximately 15% highly annoyed.

If we accept 15% highly annoyed (or disturbed), as something close
to the level of disturbance whfhh_might be considered as acceptable for a
noise abatement program incorporating some feasibility considerations, we
can calculate the noise standards (EN.IS) which would be needed to achieve
this level of response according to various studies. For the present study,
EN 15's were calculated for the two variables which measure severe dis-
turbance -« NHDATT (1-7/8-9) and.MNATf (0-7/8~9). Similar response levels
were calculated from the response equation derived from an earlier study
which used the same data set as the present analysis (Hall, Taylor and

Birnie, 1977), while data from a French motorway study described by Schultz

were also included in the analysis (Lamure and Bacelon, 1976): All
these surveys were conducted at the aggregate TeveT> they all attempfed
to identify the best fit curve for plots of percentage highly disturped
(or highly annoyed) against noise levels,

The data for these four studies (Tab]e 5.20) indicate styong

appear therefore that the level of aggregation at which
conducted has 1ittle bearing on the results obtained - in terms of the

EN.lS at any rate.

EEE -
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On the other hand there is a considerable difference between the
results of the present study and those of Schultz and Lamure. For example

the level of 74.9 dBA which represents the EN for MNATT (0-7/8-9)

.15
would correspond to 36.59% highly annoyed in Schultz's response equation
and to 75.9% highly annoyed in the equation reported by Schultz for the
French study. Given that the discrepancy between these figures is unlikely
to be related to the aggregation issue, the most obvious single explanation
is to attribute it to differences in the samplies upon which the studies are
based. The results are consistent with this reasoning‘in that, of the
two studies conducted on "other" data sets, Sghultz's shows least divergence
from the present study. This is to be expected since the noise-response
curve derived by Schultz represents an averaging or synthesis of the results
of 11 other studies, (including the Lamure and Bacelon study) so that
differences in sample composition between it and the present study could
be expected to be less.

If it is correct to impute the differences in these "potential
noise standards" to differences in the attributes of the observations
(individuals) on which the studies are based, the conclusion must be that
design noise levels, to be successful, cannot be considered independently
of the sample from which they were derived nor of the population to which
they are to be applied. The results of the present study are to some
extent their own justification therefore, in so far as they indicate the

need for an approach which attempts to identify explicitly the effects of

sample characteristics.



CHAPTER 6 N

SUMMARY AND CONCLUSIONS
AN

The obje;tive of this thesis has been to develop & model of
individual respanse to community noise in order to analyzd the effect of
non-acoustical variables on response. The stgdy was motivated by a desire
to assess the extent to which it is possible to formulate effective noise
contr?l policy in terms of noise levels alone without consideration of
the cﬁaracteristics of the exposed population. The purpose of this
chapter is to summarize the substance of each of the preceeding chapters;
to evaluate the results of the analysis in terms of fhe research objectives;

and to suggest avenues for further research stemming from the present

study.

6.1 Summary

Chapter 1 contained the problem statement and outlined the research
objectives. It was pointed out that existing noise control regulations
have been drawn up on the assumption that response to noise is largely, if
not completely, detérm{ned by noise levels alone. Previous studies of
response were shown to have ignored for the most part questions of the
effect of non-acoustica1; "interQening" variables in the relationship

between noise and response. The failure of these studies to reach agreément

112



113

about the nature of this re]ationsﬁ%p was cited as evidence tolsupport the
hypothesis that attributes of respondents have in fact a significant effect
on response. The lack of precise information on the «effect of respondent
characteristics was related to the failuré\to\iggngify an appropriafe'
technique for modelling individual response.

Chapter 2 invoked quantal response theory in order to develop a
formal model of response to noise. The key element of this theory was shown
to be the concept of a threshold stimulus level corresponding, in the case
of noise, to the maximum noise<iQQ§Z'an individual can tolerate - his
tolerance - before a quantum change in his response occurs. Different
assumptions about the distribution of individual tolerances in the popula-
tion.here related to ﬁarticular forms of response model and reasons for the
selection of the logit mode] outlined. Two methods of dealing with response
in heterogeneous populations were described and the difference between these
was shown % be re1§;ed‘to their assumptions about the relationship between \\\
the toféfaﬁce‘distributions of different kinds of individuals. Extensions
of the binary response model were considered, but dismissed as being more
cumbérsome than useful, |

Chapter 3 was concerned with operationalizing the model of response.
The abstract componénts of the model were translated into specific empiri-
cai]y:measured variables for purposes of analysis. Following from the
theoretical'discussioéAin Chapﬁer 2, two méthgds of exaﬁ?ning the effects
of non-acoustical variables on response were discussed, the a&vantages
and disadvantages of each evaluated, and a decision made to use both in the

anaTyéis. The chapter concluded with a description of the statistics uséd

to guide the.analysis.-
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The purpose of Chapter 4 was to derive theapq5t predictive equations
for each of the 4 response variables in turn. Amosz the more important
results were the findipgs that: (i) noise level alone gives a very poor
explanation of responsei (i1) the incidence of severe disturbance is easier
to predict than that of any distyrbance at all; and (iij) attitude towards
main road traffic noise is easier té predict than attitudes towards overall
neighbourhood noisef 0f the intervening variables sensitivity was found to
give the best exp]agation'of response while the socio-economic and demographic
variables, with the exception of education, performed poorly in this respect.
In general, oxgra]ﬂ explanation of response was low for all four of‘the
dependent var}ab}es. .

Chapter 5 described the results of calibrating response models for
groups of individuals which were internally homogeneous with respect to
the more important iniervehing variables. The most important result of this
analysis was the finding that for certa}n groups response is independent of
the noise level. Quite large inter-group.differences in the average toler-
ance level were found to be associatea with differences in the individual's
sensitivity and his rating of the noise level at his place of work. Sur-
prisingly, level of education was also imporiant in this respect. Finally,
compérison of the results of the present study with those of o;her re-
searchers revealed large differences in the noi;é levels requi%ed to cause
15% (chosen because of its possible significance for design no%se Tevels)
of the respective samples "to be highly annoyed/disturbed. The¥e differences
were tentatively impyted to differences in characteristics gf}the indivi-

duals making up the various samples.
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6.2 Conclusions

Corresponding to the twin objectives of the *thesis the major conclu-
sions can be separated into those which refer primarily tb the development
of the model of response; and those which have to do with the substantive
results of the analysis.

With regard first to the model used to analyze response it is felt
that, despite poor eqyﬁrica] results (in terms of goodness of fit), the
model1ing approach adopted here has much to recommend it. Its major strength
T1ies in the fact that it is derived directly.from a theory of response, so
that even specific elements of the mathematical form used (in the present
case the logistic function) can be related back to fundamental theoretical
concepts. In addition, the interpretation and explanation of results for
specific variables can be given extra depth by reference to the tolerance
concept. Thus we do not just observe that indivi&uals with, say, noisier
work-places, tend to be more disturbed than othersby neighbourhood noise;
rather, the use of the tolerance idea involves implicitly an explanation
as to‘why this might be so.

It muét be }ec09nized however that if the strengths of the present
modelling approach lie in its theoretical and conceptual basis, it is on
the same grounds that it is most open to criticism. Thus questions about
the suitability or "goodness" of the model - other than questions about
the specific functional form - reduce to questions about the merit of the
tolerance concept. Unfortuna£e1y discussiqns of this point are apt to .become
* dogmatic and pnfruitfu1‘ However 1if we keep our terms of reference empirical
rather £haﬁ theoretical it seems reasonable to suggest that the tolerance

idea is likely to work better for certain variables than for others.
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Undoubtedly the concept makes more sense in conjunction with a variable like
sensitivity (with which it is almost synony@ous),“than it does in conjunction
with a variable 1ike income: that is, to go back to the point about
"implied explanations" made earlier, the finding that highly sensitive
individuals are, ceteris paribus, more likely to be disturbed than non-
sensitive individuals is clearly more readily explained by the tolerance
concept than is a (hypothetical) finding that higher income tends also to
predispose individuals to disturbance. One wonders therefore whether the
relatively good performance of sensitivity, and the poor performance of
incomé (and similar socio-economic variables) in the models calibrated here,
might not be due to differences in the suitability of the to]eraﬁce idea.
Further analysis might investigate thiéfidea further.

Turning to consider tﬁe effect of non-acoustical variables on
response, thiree major conclusions. can be drawn from the analyses. First,
despite the wide array of intervéning variab]eg analyzed, overall explana-
tion of response was consistently low, forcing the conclusion that the
determinants of individual response to noise remain largely unknown.
Secondly, noise level alone is in general a very poor predictor of response;
and thirdly, whereas psychological variables such as sensitivity or rating
of work-place noise contrtbute éignificant]y to explanations of response;
socio-economic and demographic variables perform poorly. The single
exception to the latter statement is level of education which does exhibit
some relationship to disturbance. Though the generally poor levels of
explanation may possibly be due to the unsuitability of the model of
response used, as discus§éd above, it is more likely that they result from

gaps in the data on individual characteristics. It is too early to resign
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the attempt to explain individual response and future research might use-
fully investigate characteristics of individuals other than those treated
here. On the basis of the present results, investigation of other psy-
chological variables would appear to be potentially the most fruitful
approach, though the stability of the observed relationship between
education and response might also be tested. The poor explanation of
response afforded by the noise metric is probably due in part to short-
comings in the noise measurements used. In this respect it is important
to note that the data on which the present analyses are based comprise
noise readings for entire residential sites and not individual respon-
dents. Although one of thg criteria governing site selection was that
the noise level should be more or less uniform within the site, it is
clear that these aggregate data are less than optimal for use in a dis-
‘aggregate model of response.

As regards the question of whether effective noise control policy
can be formulated by considering noise levels alone, an example has already
been provided (see Chapter 5, Section 5.5) to illustrate the wide diver-
gence that exists between studies with respect to their descriptions of
the noi$¢~response relationship. Unfortunately the disagreemeﬁts among fi
these studies could only be postulaéed to be due to differences in sample
composition, and there are insufficient data to test this hypothesis.
Confining ourselves to what data éherg are available Qe cén on]y{give a
conditional answer to the question. in effect the answer depends upon
whether or not the distributions of variables such as senﬁitivity and
rating of work-place noise are spatially or temporally autocorrelated.
Tgat is, if, for example, there is a strong tendency for highly sensitive

individuals to be found at quiet residential sites, and less sensitive
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individuals at more noisy sites then the answer to the qugstion is No.

We need only Took at the differences in medjan effective noise due to
sensitivity to realize this. In terms of the example given, either design
noise levels would have to be set low enough to be acceptable to the highly
sensitive individuals; or else different noise standards would need to be
set for the two sites, in recognition of the differences between the two
groups of individuals. If it had transpired that, say, income was signifi-
cantly related to response, then in view of the tendeﬁcy for the spatial
distribution of income to conform to definite patterns we could have rejected
categorical]yk:he idea of pla;ning in terms of the noise alone. But since
it would appear ghat sensitivity, and not income, is the relevant variable,
since we know little about the spatial distribution of sensitivity, and
since in any case the larger part of the variation in response remains
dnaccounted for by any of the variables examined here, the issue of planning
in terms of noise alone cannot be satisfactorily resolved. The direction

of further research should however be obvious.

.



APPENDIX 1
THE QUESTIONNAIRE
This appendix contains a copy of the questionnaire used during thi/J
first summer of the survey (1975). This version is presented instead of

the slightly different 1976 questionnaire due to the fact that most of the

analyses were based upon the 1975 data set (see Chapter 4, Section 4.1).
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FINAL QUESTIONNAIRE

SITE NUMBER (1-4)

RESPONDENT NUMBER (5-7) N

[INTRODUCTION: Hello, I'm from the Geography Department at McMaster and I'm

interviewing people to find out what they think about this
area. Could you spare me about 10 minutes? Thanks very much.]

What are the important things you like about living in this neighbourhood?

A 4

b. Which of these is the most important to you?

2. 4. What are the important things you don't like about living in this
neighbourhood?

b. VWhich of these is the most important to you?

¢!

P
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Item

(01)
(02)
(03)
(04)
(05)
(06)
(07)
(08)
(09)

(10)

(11)

(12)

(13)

(1s)

(16)

121

Like Important Don't Like Important
Y E v E
1 9 (2)
Schools
8 28
Shopping
9 29
Open Space
10 30
Recreational Facs. ’
11 31
Bus Service
12 32 A
Proximity to Work
13 33
Noise
, 14 34
Quietness
15 35
Air Quality
16 36
Landscaping 4
17 37
Cost of Housing :
18 38
Quality of Housing
19 39
Neighbours
20 40 -
Safety for Children
21. 41
Crime
22 42
Other (Specify)
23 . 24-27% 43 H4-4T%

*[When coding put ID of most important in 24-25 (44-45), and use additional
two cols. if a secord sourzce was mentioned. ]

[For 1 and 2 check all non-volunteered items uéing card te. Here are some
other things that have been mentioned, are any of them important to you?)

{Transition: You have mentioned noise; I'd like to ask you a little more
about that. {(or) One of the itemswe're particularly
interested in is noise and I'd like to ask you about that.]

[People tend to vary in their sensitivity to noise....]



In peneral, how sensitive are you to noise?
(1) Not at all
(2) A little

(3) Moderately

A0 ad

(4) Considerably

L1

(5) Extremely

[Mimber of noise sources mentioned. )

[hhen coding skir to cuestion &.]

122

(48)

(49)

b



(01)
(02)
(03)
(04)
(05)
(06)
(07)
(0%)
(09)
10
(1)
(12)
(13)
(14)
(15)
(16)
an
(18)
(19)
(20)

13 5.
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a4, What neoises are clearly audible te vou in this neighbourhood?

b.  How would vou rate each of the noises you've mentioned?
(R vesporldon* the cand [fer'ny Dntensity scale. )
-
¢. - Here is a list of common noises. (You have already mentioned some.)
Do you ever notice any of these (any of the others)? T

d. [Repeat b for elicited noiszs.)

e. [For each noise with an intensity score between 6 and 9:)
What aspects of these noises do you find disturbing
(loudness, pitch, intermittent nature, suddenness, variation)?

[Coding: Each source mentioned will appear on a separate card.
Duplicate tre identification code in cols. (L-7). Noise source code
goes in ¢ols. (8-9). Proceed with data from questions 4, 8, 9, 10,
11, and 13 for that roise sowrce. Repeat as reeded for additional
noisc sources. )

Construction Noise .........

3

Institutional Noise ,,......

.

Other (Specify) .....v.cven.s

Source Vol. Elic. Intensity Aspects (No=1 Yes=2)
1 2 1-9 L P I S v

(8-9) (10) 1) (12) (13) (14) (15) (16)
Children «.cvvivieininnnennnns s

Other People ................ -

Handyman Tools .........0ovee

Air Conditiomer .............___ __

Domestic Pets ....... ‘ae e oo

Garden Machinery ............___

TV/Radio/Records ............___

Musical Igstruments ,..... e

Local Traffic Noise ..... oo

Freeway Traffic Noise ....... o

Motorcycles .. .......cvvivns ——

Trucks ... iniannns e

Snowmobiles ......... Ceeeaas -

Mini-bikes ......... e

Trains ..... t ettt st e

208 o o8 o-¥ i e

Industrial Noise .,...... et

(10)

~
,—J
o
~

(8-9)

[

(12) (13) (14) (15) (16)

a. Did any of the noises listed on the card which don't disturb you now,
ever disturb you or threaten to disturb you in the past?

(50-51)

(52-53) :

(54-55) -




gy

e

5.

(11)
(12)
(13)

(14)

(15)
(16)
17)

1)
(22)
(23)
(24)
(2%)
(26)

2

ﬁ—s? =

. 124
b. Why are these noises no longer (potentially) disturbing?
SOURCES'
EXTERNAL AGENCIES
Newspaper D [:] D
Noise source D [:] D
Police D El D
Politicians D D D
Other gov't. officials [-:l D D
Protest group L—:J D D
Other (specify) D D [___]
PERSONAL ACTIONS
Got used to noise ] D (:l
Installed extra insulation ;_—__] D D
Installed double glazing [t L L]
Planted trees D [_-___] D
Moved to a quieter neighbortood C) L—_—l E:]
Other (specify) ] L [
71-72 73-74 75-76

[When\coding &g cols. (71-76) on card 2.)

‘\\\\\\\
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6. How would rate the overall noise in this neighbourhood?
(1) Extremely Agreeable
(2) Considerably Agreeable
3 MSH%rately Agreecable >
(4) Slightly Agreeable
(5) Neutral Ge)__

(6) Slightly Disturbing
(7) Moderately Disturbing

(8) Considerably Disturbing

gooouoton

(9) Extremely Disturbing

7. lAsk only if traffi-, trucks or trains have been mentiorned as distwrbing.]

You have mentioned that is/are disturbing to you. If it were
somehow possible to remove the noise, do you think the value of this
(house or apartment) would increase? By how much?

(1) No [:]
(2) Yes {:j (7

(3) Don't know [ |

House value $ (58-60)
% (61-62) .
Apartment value $ (63-64)
% (65-66)

{When coding, skip to guestion 12.] . '

[Accept whichever tupe of response is offered, dollars or percentage
do not try to get both.]
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a. What time of the vear (summer or winter) are you disturbed most by
these noises?

b. Are you disturbed most on wegkends (Sat. or Sun.) or during the week?

¢. What time of dav does each noise disturb you most?

Source

89

(o7}
o

1 2345¢067

10
10

10

10
10

10

10
10

10

10

10

10

(1)

Annual

S

11,12
11 12

11 12

(17)
11 12
11 12

11 12

(2)

13
13

13

13

13

13
13

13

13

13

13

14

14

15

15

15

15

13

15

15

15

15

15

15

1o

lo

16

16

16

16

16

16

16

16

16

17

17

17

17

17

17

17

17

17

17

17

17

1)

18

18

18

18

18

18

18

13

18

18

18

18

19
19

19

19
19

19

19

19

19

19

19

19

Weekly
W/E W+S

(2)

20

20

20

(3)

(18)
21 22
21 22

21 22

(18)

20\%; 22

20

20

20

20

20

20

20

21 22

21 22

(18)
21 22
21 22

21 22

(18)

21 22

21 22

21 22

s

(4)

23
23

23

23

23

23
23

23

23

23

24
24

24

24

24

24
24

24

24

24

24

SN
(5

(W)
(s)

(sN)

(W)
s)

(sN)

W)
(s)

(SN)

W)
(s)

(sN)

(19-26)
(27-34)

(35-42)

(19-26)
(27-34)

(35-42)

(19-26)
(27-34)

(35-42)

(19-26)
(27-34)

(35~-42)
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9.

10.

11.

a., Where are you when each of these noises disturbs you?

b. What are you deing When these noises disturb you?

Source Location Activity
BY FY IN EW SL. RL RD CV WK
— — - = = —_— e e
43 4 45 46 47 48 49 50 51

{rlawn = 1, cheon = 7}

TV
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-
What eftects on the health of you and vour family do you think continued

exposure to these noise sources could have?

Héar- .
Source Nervous- ing Irrita- Head- Inter. Kept
None ness loss bility aches Sleep Awake
B 55 56 57 58 59 60 61
[Blanx = i, check = 2]
When ﬁau are disturbed bv do you:
Sources

Do nothing

Close your window

Us; air conditioning

Stay indoors

Turn onfup T.V./radio/records

Wear earplugs

Contact noise source

Dooooaod
goooogonon

Wait for noise to stop

DodooDoOrz

pooooood

N\



12.

13.

Who would you dontact if you hadé a specific complaint about noisce?

"

Don't kaow
Nvise source !
Pol fge

MOL

Politician

Other govi. cofficial

O a g

Protest group

L1

Other (specify)

[Fiamk = 1, checn = ]

[rhien codir.a, skip tc question

liave you ever taken any of these actiens in response to these noise sources?

(67)
(68)
(69)
(70)
(71)
(72)
(73)

(74)

4.

128

Done notning
Written to newspaper
Contacted noise source
Contacted poliée
Contacted politiciah
~
Contacted other govt. official
Signed petition
Attended meeting
Joined protest group

Organized protest group

Other (specify)'

[Blonk = 1, check = 2]
[

LT LT i1

[T L]

]

Oo0oaoooog

shen codinz, if there are rore sources, return to question €.}

ugogogoaooonns

ooooooooooz|

70
71
72
73
74
75
76
77

78

79

80



14.

15.

16.

129

Have you considered any leng-term actions to avoid unwanted noise? If so,
which of ‘the following have you considered? Have you ever taken any of
these actions.

Cons. Taken
‘None ‘ L] s - O ae
Install extra insulation [:j 77) [:] (78)
Install air conditioning (] (79)* ] ®
Install double glazing (1 ® [ Qo
Plant trees [:j ) [ 7 Q2)
Move to a quieter neighbourhood [:] (13) {:] (14)
Other kspecify) [ as) 1 ae)

[Blaodk = 1) cheel = 2]

*[(Wher coding, eol, (80) = L; start a newcard by duplicating the
identirioution code in cols. (1-7); then punch cols. (8-16) as above,
and vrreoced to question (8. :

How would vou rate this neighbourhood for noise compared with other
residential parts of the }Hamilton area?

(1} Very quiet : [:j

(2) Fairly quiet f:] -

(3) Average ::j 17)
(4) Fairly noisy

(5) Very noisy E:}

Would you be willing to pay extra taxes in order to help control noise sources
in your neighbourhood?

(1) N ¥} . : \ (18)_

(2) Yes [:}

(If yes) Approximately how much?  $- | (19-21)




[

-

e

-

S 17.

18.

lou

a. Do you think existing municipal by-laws are effective in controlling

noise?
(1) No [
(2) Yes E

(3) Don't know f:]

(22)

b. Do you think existing provincial/federal legislation is effective in

controlling noise?

(1) No z:j
(2) Yes R
(3) Don't know [:]

Do vou have any suggestions for helping to reduce noise?

]
J

(23)



2.

3.

4.

5.

PLRSONAL DATA

Sex:s

(1) Male [ ]

(2) Female {:]
o
Please write down your age on your last birthday

What level of educatien have you completed?
(1) Some public school

(2) Public school graduation
(3) Some high school

(4) High school graduation

(5) Some university or college

(6) University or college graduation

Joooaog

. (7) Post-graduate work

IS

What is your main occupation?

e

131

(24)

years. (25-26)

@27

(28)

How would you rate your place of work for noise?
(1) Very qﬁiet
(2)-Fairly quiet
(3) Average

(4) Fairly noisy

ooood

(5) Very noisy4

29)
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Piease indicuate which range most closely desCribes the before taxes income

supporting this househuld in the past year.
(1) Less than $5,000
(2) $5,000 - $10,000

(3) $10,000 — $15,000

NENR N

(4) $15,000 - $20,000

How many hours do you normally spend at home each day?

on weekdays

on weekends

Do you rent or own your house?

(1) Rent ¢

(2) Ovm —

>

How long have you lived in tnis house/apartment?

OBSERVATIONAL DATA

Date .

day/monthn

Hour of Day

Weather:
Temperature
Fourths of Cioud Cover
Humidity

Building Construction:

a. Number of Stories in Building -

(5) $20,000 - $25,000

]

(6) $25,000 - $30,000 [] (30)

(7) More than $30,000 [ ]

(out of 24)

(31-32)

(33-34)

, (35)

(36-38)

(39-42)
&

(;9* (43-44)

(45-46)
. (47)

(48-49)

(50)



b.” Building material:

(1) Brick M
-(é) Frame E:]

(3) Stucco [:](51)
(4) Asbestos Pamels [ ]

(5) Other (specify) ]

Buffer features:

Front
Shrubs B
52
Trees (Decid.)
: 55
Trees (Conif:)
58
Hedge
61
‘Wall/Solid Fence
64

ot -

Type of dwelling unit:

7, cheek = 2]

1) apartment [:j
(2) flat 7
(3) row il
(é)ﬂ semi-detached D
(5) detached U

If an aégrtment or flat, which floor?

[ When coding,ncol,'(?O) = §}

133 .

.Type of windows:

)

Single (77

td

(2) Thermo-pane (double) i:}

Adr conditioning:

(1)
)

Centra}

O

Window units [:]

(3) s

(4) don't know [ ]

none

Sides

[With reference to major roise-source )
|

(67)

(68-69)

[—
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APPENDIX 2

VARIANCE AND SAMPLING DISTRIBUTION
OF ENP

From equation (3.4) we have:

. 1
) N .
N, = -2 log(p -1) (A1.1)

S
VAR(-Byp) = vAR (&2 ]°§KP -1)

So, VAR(EN,)
8

a dajl a = a

Let f = (a + 109(%'41))/5 and let gf-dénote(ig . )and similarly for 8; then

-

~ 1 ~ N
VAR (a + log(p -1)\ | of 2 vAr(a) + 2 [3F (@.f. COVAR (a, B)
- B du daj\38

; (éf)z vAr(8)

ag

*
H

(Bury, 1974), a consistent estimate of which is

; ~ 1 - 1
< a + Tog(p -1) 12 . 1, [ -« - Tog(p -1)
VAR — = =" VAR + 2(=
_ : 2 (a) +2(3) 32
~ NPT SN V-
- COVAR(a, B) +[ 2 1og(p -1N\* var(3)
8
134 , )
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iy

1
+.l -1 ~ A
= %5- VAR(a) - : °?(F ) COVAR(a, B)
8 B
N 0a( 1 2
o "‘" ~ .
é P VAR(g) |- (A1.2)

Equation (Al.2) can be used to calculate the variance since all the terms
.in ;Hé equation will be known from the maximum 1ikelfhood estimation pro-
ceduré (see Appendix 3).

With regard to the sampling distribution of ENP, the derivation
which fo]]oWs is for the spec1a1 case where a and B are 1ndependent1y
distributed, i.e., where COVAR(q, ) = 0. The more general case of non-
zero covariance is not trea£ed since the purpose of the demonstration is
merely to justify the failure in Chapter S'to perform,significance tests
on the éNP,, by showing.that the probability density function (pdf)
for ENP does not corresponq to any of the we]? known ;amp1ing distributions.
‘Note that we need only conﬁider the distribution of thg_Eggg a/B since
neither the constant term nor the negative sign in equation (Al.1) affect
" the éesu]t. ,

By the theory of maximum 1ikelihood éstimators a, B are asyﬁpto-

tically normaﬁ]y distributed with large sample means o, 8 and variances
O’i, O‘g
that COVAR(a, 8) = 0, then the joint pdf of (a, 8) is

respectively. MWe wish to discover the pdf for X = o/. Assume

f ~(d, B) = — exp -|=

1{/a - a 2 + é - B 2
a8 2n0102 ’ 21\ oy g
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bt

Let Y = B; then the transformation from sand B to X and Y is

X = a/8

with inverse transformation

»

XY

R
it

w5
0
~<

The determinant of the Jacobian of the inverse transformation is Y. Hence

~the joing pdf of X and Y is

fagy (6 ¥) = f5 (0, y) - [yl

(DeGroot, 1975, 131-138; Giri, 1974, 88-97; Apostol, 1974, 421-422), and

. .so the marginal pdf for X is given by

fy (x) f°° 1 fo gy V) &y

iyl L expl-Lfar e, /v - 8Y
- chlaz 2 oy 9,

[




[E——

The ‘term gxx - dsz +

® - )2 -~ al
‘ 0 610, 9y 99
b bt - 2 2
1i(xy - -
= [y exp |- EJ; y af . %y s$
TG0, 0 01 95

2
X_:_§€ can be expanded to
(a3

2

9
22 . 2

2 22

2 X%03 + o} ZXaog + 280% . X2 + 8707

2.7 -y 52 2.2
°1%2 °1%2 %1%

So set

chg + c%

2(0%0%)

iacg + BU%
-2 2
%1%

azcz + 8202

c = —2 1
22
2(0102)

and substitute into (A1l.3) to give

1
"6102

fX(X) = [ vy exp(~(ay? - by + c)} dy
0
Let u = (ay2 - by + ¢)

So, du = {2ay - b) dy

T F s

137

(A1.3)

dy

ot
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N

And,
Ll eVdus ] b exp(-(ay? - by + £)) dy]
moy0, 22 0 0 2a

(1}

fy(x).

S 7 S b_ exp(-(ay? - by + c)) dy]

2 . b 2 b2 .
Now, ayc - by + ¢ = a{y - E—) + ¢ = Z—-(complet1ng the square)
a a
2 -
Let k = ¢ - bo
4a

So, ay® - by +.¢ = a(y—%;) + k

« 2 ) )
Lo (LD exp(-taly - 297 + k1) dy)
700, 2a 22 a

and, fx(x)

= 1 [l—-+ b g exp(-(as2 + k)) dsl
1619 2a 2a

—tzl— so that ds = dy)

a

(setting s = ¥

- « 2
= 1 [16 + o li'é e 3% ds]
* 1919, 2a 2a e
y < - 52 1
But, f e”35 gds = V1
2+/a
Sg,ge?‘ . . > o
flx) = L [l 4b 1 /veNy

B
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whence, substituting back in for a, b and k, expanding and simplifying

gives:

2 2

fX(X) - 0'102 . X(J'.O'z + BOl . >

n(xzo2 + 02) (xza2 + 02) /
‘ 2 1 2 1

) (A1. )

L1 exp 3 1 ;(XB - a) $§

\V2n -2 xzcg + o§

which is the desired result. The first term is something 1ike a Cauchy
density, the second something Tike a normal. HNote that when the distri-
butions of both a and g are located at the origin (i.e. a«, 8 = 0), the

second term disappears leaving

gq0
f(x) = 12
X n(xzo% + 0%)
which is the result given by Gnedenko (1967, 186-187) for the quotient of

two independently normaily distributed random variables located at the

origin.

m\'f
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APPERDIX 3
ESTIMATION PROCEDURE

Let Y denote a dichotomous response variable which, for a parti-
cular individual i, assumes vaTuesl and O with probabilities P; = Prob(Y;=1)
and Q4 = Prob(Yi=0) respectively. For example Y might be‘a disturbance
variable with Y, = 1 if individual 1 is disturbed by noise. Let Y =
(Yl, vees YN) denote the actual response pattern of a}samp1e of N individuals.

From equgiion (2.15) we can write

ko

\ : N -
Py = (1 Fexpl-pt)) ! (A3.1)
t' e
where X, ., =1 i=1, ..., N-
Ii

so that 81 represents. the constant term a« in equation (2.15). The vector
of independent variables will also include the noise metric.

Calibration of the Binary logit model given by (A3.1) involves
estimating the parameter Yector §:= (31, cees BK). The principle of
maximum Tikelihood estimation used in the present study states thas a
consistent, asymptotically normal estimate of gzis given by that value é
which maximizes the probability of the actual response pattern l:actually

-

occurring, that is which maximizes:
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75
e

Equivaleptly, but more conveniently, we can maximize:

N
TogL = 121 YilogP, + (1 - Yi) TogQ; ~ (R3.2)

The quantity 1£;Zf;:n;;:wn as the log likelihood of Y.

The value of the parameter vector g which maximizes the log Tike-

*1ihood is that value at which:

Alogk . g K=1, ..., K (A3.3)
aBk
Equatioﬁ (A3.3) is usually solved by interative numerical methods. The
method which was used in the present study is that of Newton-Raphson
(Kreyszig, 1972, 641-642). According to this method, if §0 is an initial
estimate df the parameter vector(Bl, cans 8K),then.1mprovga estimates:gi

are obtained from .

3 T eyl
gi = gg_- H]ogL(gg) (v}ogLO) (A3.3)

. 2 R
. . s : 2~ loglL
where: H]ogLQEﬂ) is the Hessian matrix of elements 2—29- evaluated at By

aakaBJ.
viogL0 is the gradient of logL i.e. a column vector of elements
. logl * ‘
g 2O for k=1, ..., k.
3By

(Panik, 1976). In Jogit analysis the estimation procedure turns out to be

very easy to computerize since

PP PR —

*



alogl _ 'g Yi 2Py (1 - ¥i)\aQs
38k i=1 Pi QBk Qi /BBK

g Yi 9Pi (1 - Yi\ Py
i=1 Pi 38k Qi BBk

N
JAA N (A R
=1 ag\Py Q4

.l
t , N
= Z x‘lk(Yi ° p1)
i=1
Also,
321ogL ) g ( )
= XsalYs P
38kasj 36 L=1 LR 1 1
N> )
= - e (X2 P
) N
N
= =L %5 %k Py

142
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