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INTRODUCTION

Do urban stressors such as noise and
residential density have sericus impli-
ecations for the psychological well-
being of the urban dweller? The urgen—
cy for evidence pertaining to this
question 1s increasing. With rising
construction and land costs in urban
centers, developers call for the re-
vision of zoning laws. Among their
demands are more units per site, smaller
wnits, and eheaper construction mater—
jals that provide less attenuation of
traffic and other street noises. Should
such revisions be allowed? Eavironmen-—
tal plannerg and decisidn malkers are
asiking the behavioral scientist toc pro-
vide the evidence necessary Lo answer
this and other similar gquestions.

1A growing literature on the effects
of urban stress on benavior provides
us with only limited evidence. Most
studies on noise and density have con-—
centrated on the effects of relatively
short—-term exposure. Thus, research
nas focused on the impact of noise on
percaived amnoyance, tfask performance,
and temperary threshold shifts. In a
1like wmanner, studies on density have
looked primarily at the effects of
short—term c¢rowding on performance and
social behavior. Urban dwellers, of
course, experience noise and crowding
over months and years. Lirtle effort,
however, has been concentrated on study-

ing the effeets of long-term exposure.
Even mere distressing is the lack of
information available on the effects of
ubigquitouns urbar stress on children. Are
developmental processes retarded by the
gtimelation levels in the urban envircn-
ment? The purpose of this paper is to
suggest some possible implications of
long-term exposure to noise and residen—
tial density for human development,
partieularly the development of inteili~
gence relared sikills, and to provide
some evidence in support of these sugges-
tions.

NOISE

gvidence concerning the effects of
neise in the home on infant development
is reported in a study by Wachs, Uzgiris
and Hunt [2]. These investigators admin-
istered a psychological development scale
based on Plaget's model of intellectual
development to Lwo matched groups of in-
fants, one disadvantaged and one middle-—
class. A second scale measured home
stimnlation &nd consisted of items that
were scored on the basis of the examiner's
observations of the physical circumstances
in the home environment as well as detall-
ed gquestioning of the mother. Cons:istent-
1y high negative relationships were ab-
tained between scores on fhe development
secales and guestions about the level of
noise in the nome. Infants exposed fo
continual high levels of noise performea

more poorly on these developmental in-
dices than those living in guieter en-
vironments.

Ore possible explamation of the re-
ported defleits is that children reared
in noisy environments suffer from hear-
ing losses—-damage to the receptive sen-—
sory apparatus. Since Hachs and his col-
leagues did not administer avdiometric
tests to the infants, this damage would
not have been detected, Severe hearing
impairment, especially if undetected,
would of course impede the development
of intelligence skills.

While hearing loss is a real possibil-
ity in such an environment, there is
evidence that excessive noise in the home
affects the development of intelligence
related skills in z more subtle manner.
peutscn [3} suggests that a child reared
in a noisy enviromment eventually becomes
inattentive to acoustic cues., In tualng

out his nroisy environment, a child is
not likely to distinguish between speech
relevant and speech irrelevant sounds.
He will, therefore, lack experience with
appropriate spesch cues and generally
show an inability to recognize relevant
sounds and their referents. The inabil-
ity to diseriminate sound is presumed Eo
account, in part, for subsequent problems
in learning to read. A child thar cannot
readily discriminate basic speech sounds
faees a difficult task in learning to
associate these sounds with thelr appro-
priate signs. In support of her hypo-
thesis, Deutsch reports positive corre-
lations between reading ability and
accurate auditory discriminatiocn in a
sampie of c¢iildren from a slum area.
While her assumption that a slum ares is
particularly noisy seems intuitively
reasonable, her failure to include a
control group of children from a less
noisy environment limits the theoretical
significance of the reported relationship.
The study reported here will provide
further support for Deutseh’s theoretical
notions. We will present evidence sug-
gesting that a child’s ability Eg learn
verbal skills is in part related to the
noisiness of his home eavironment and
now long he has resided there. Penetra-
rion of traffic sounds into the home was
selected as our exemplar of noilse stress



because previous surveys report that
rraffic is a major source of nolse dis-
rurbance [4]. It seemed reasonable to
assume, therefore, that learning gefi-
cits might also covary with exposure to
ehronic eraffic noise.

To give an overview of the research,
elementary school children iiving im
four 32-floor apartment buildings tnat
span a heavily travelled expressway were
tested for auditory discrimination, read-
ing ievel, and related task performances.
Noise from the expressway raissd the
ampbrent level at the adjacent bases of
the apartment bullidings to approximately
84dBA. The moise level decreased within
the buildings as one moved from lower to
nigher floors. The floer of each sub-
umnn.m apariment was rherefore taken as
an index of noisiness of nis home envir-
onment. The other major independent
varizble was the lengeth of time a cnild
nad lived 1in his apartment. It was ex—
pectad Chat positive correlations would
be obtained between fleor and aunditory
discrimination, and between the latter
variable and percentile scores on a
standardized test of reading achieve-
ment. It was also expected that the
former association would.be greater the
longer the subjects nad lived in their
apartments. ILndeed, it was anticipated
shat the correlation would decline sub-—
stantially when length of residence was
pelow some erifical mumber of years. The
rationale for this prediction is that
the longer a child is exposed to uncon—
rrollable neise, the more he learns to
tfilrer" both relevant and irrelevant
sQunds out of awareness. This progres—
sive inattentivenass to acoustlc cues
could well Jlead to greater impairment of
auditory discrimination, henece Co defi-
cits in reading ability.

HETHOD

Subjects

Subiects consisted of 13 second,
third, fourthn, and Eifth grade elemen—
tary school childrenm wnose parents gave
written permissiocn to the school prin-
cipal for their imeclusion in the study.
Serting of the study

A1l children in the sample lived in

the Bridge Apartments builb in 1964 on
bridges spamning Interstate 95 in the
upper part of Manhattan in New York City.
The apartment buildings consist of four
32-story aluminum towers. Open highway
vents and vertical surfaces of the build-
ings produce high noise levels and an
Yasno chamber” effect. The law limits
admission to this housing development teo
so-called middle income families. The
children in the sample all attended a
public elementary school not far from

the apartments. Testing of the children
was conducted on an individwal basis in
a voom in the school set aside for this
purpose.

Noise measurements

Three types of noise measurement Were
made. The flrst consisted of a series
of decibel readings ocutside each of the
four buildings at five locatiens around
the base of the building: a) one at
the center of the building lengrh;

b) two at the center of the building
width; and ¢} two at the corners of the
building immediately adjaceant to the
eXPTEsSWaY .

4 second set of ambient measurements
was made in the nhallways of three of
tne four apartment buildings. The pur—
pose of these measurements was ULo pro-
vide a cneck on the assumption that
noise tevel cecreased as one moved from
iower to higher floors. Empirzcal sup-
port for this assumption permitted use
of the floor of each subject's apartment
as cur index of noilsimess.

Noise level readings were also taiten
in about 45 percent of the apartments
inciuded im the sample. HMeasurements
were made in che llving room with the
window cleosed, this being the more Lyp-
ical pattern during most months of the
year.

Measures of performance and learning

Auditory discrimimation—-This variablte
was measured by the Wepman [53] Auditory
Discrimination Test. It consists of 40
pairs of words, 30 of which differ from
each other in either initial or final
sound; for example, "gear-peer” or
feope—coke"”. Eacn word pair is matched
for familiarity, and every possible
match of phonemes used in English was
made within phonetic categories. The

pairs of words were recorded on tape and
presanted to each child through earphones.
The child was reguired to report il the
two words 1in each palr were Lhe same OF
different. The score was tne number of
correct responses for word pairs that
were different.

Readinpg——The Metropolitan Achievement
Tests [6] are Toutinely aaministerad in
New York City elementary schools. The
tests yield three percentile scores pased
on national norms: a) word knowledge, ot
reading voecabulary {WK); b) reading com

prehension (RC); and o) reading rotal {RT),

a percentile score based on a welghted
average of the first two raw scores.
Control Variables

Audiometric test-—A major purpose of
this study was to test for the relation-
ship between noise level, auditory dis~
crimination, and reading abiliry. Chiid-
ren with hearing loss would anot constitute
an appropriate sample for examining this
relacionship. Accordingly, an audiometric
pure tone threshold test was agministered
te a majority of the subjects by & pro-
fessional auwdiometrist. Thresholds were
determined separately for each ear. Three
cases were eliminated from the potential
sample because their detection thresnolds
in at least ocne ear were above what is
considered normal range.

Gocial background and experiential

factors-~Each subject was given a guestion—

naire in which ne was asked how long he
nad lived in nis curreat apartment, and
how many brothers and sisters he nad. The
same guestions were asked of the parents
in a mailed gquestionnaire sent out several
weaks after testing was completed. In-

cluded in that questionnalre were addirion-

al items asking for the parents' educa-
tional levels.
Methods of analysis

The sample of 54 cases was first sep-
arared arbitrarily into two criterion

groups: 34 children who iived 1n the Bridge

apartments for four years or were, and 20
children whe lived there three Years or
less. Response to the length-of-residence
item in the parents’ ncmmnwcsmNWHw was the
pasis for this division, except for in-
stances of nonresponse, in which case wé
used the children's responses.
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RESULTS

Noise levels inside and outside of the
apartment beildings

The means of all outside decibel read-
ings taken on two successive days were
79 dBA, 78 dBA, 75 dBA, and 76 dBA for
rhe four puildings. These values are
based on measurements made at the sides
of the buildings sverlocking the express-
way. as well as at the sides facing
cross streets where traffic noise was
considerably lower. Confiring ourselves
only to readings taken at the building
points overlooking Interstate 93, the
means for the twe days of recording
were R4 dBA, 84 4BA, 83 dBA, and 84 dBA.
Judging from either set of locations,
the ambient noise level surrounding the
Bridge Apartments is indeed high.

Noise measurements were also made at
the halluay windows overlopking the ax-—
pressway in three of the four puildings.
On three separate days, recordings were
taken on approximately every sixth floor
peginning with the eignth floor. The
overall averages of the readings for the
three buildings were: 35 dBA for the
32nd floor; 58 dBA for the 26th floor;
60 for the 20£h floor, 63 for the l4th
floor, and 86th for the Bth floor. These
values are conservative estimates, since
recorded readings excluded peak deflec-
tions dwe £o impulsive sounds such as
rhose made by trucks. The results pro-
vide necessary evidence for the assump-—
cion that ambient noise tevel dissipates
as one moves away from the source of
noige. A product-moment coryelation
between floor level and decibel values
yielded 2 coefficient of —.30. On the
basis of these results, floor level was
usad as the index of nolsiness in sub-
sequent analyses. Turther support for
this gecision comes from the noise read-
ings taken in the 45% subsample of
apartment living rooms. From ihese data,
noise level correlated -.77 with floor
lavel.

Floor, audltory discrimination, and
reading ability

The corxrelation between floor level
and auditory discrimination test scoves
was +.48 (32 df, p < .01} for the sample
aof children living in the Bridge Apart-

ments for four years or more (hereafter
called the primary sample). The corres-
ponding correlation for the sacondary sam-
ple (tfhat is, those children ldviag in the
apartments for three years or less) was a
cleariy mon-significant -.06.

In the primary sample, the relationsnips
berween auditory discrimination and reading
test percentile scores were +.55 (WK), +.48
(RC), and +.53 (RY). All three correlations
were significant at beyond the .01 level.
The corrasponding coefficients for the
secondary sample were +.31 (WK). +.37 (RC),
and¢ +.34 {RT), eack of which approached
statistleal reliability at the .10 or .13
levels. It should be remembered, however,
that the secondary sample censists of only
20 cases.

The preceding pattern of positive cor-
relations imdicates that auditory diseri-
mination is indeed related to reading, and
floor level is inversely ralated to the
ability to make audirory discriminations,
at least among subjects in the primary
sample, The faet that the floor discrimina-
tion gorrelation did not appear at all in
the secondary sample (T = -.06) supggests
that duration of nolse exposure may be
eritical in mediating this relationship.
The next analysis was designed fo examine
this possibility by using length of resi-
dence im the apartments as am index of
duration of nolse exposure,

Variations im length of residence

The total sample was divided into four
different length-of-residence groups as
follows: a) 6 years or more;j b) 4 to 3.9
years; ¢} 2 to 3.9 years; and d) 0 to 1.9
years. Correlations betwzen flocor and
auditory discrimination were computed for
each criterion group, and they appear to
increase as the sample becomes increasingly
limiteq to those who have resided in the
apartments for longer periods of time.

The correlations are lowest for the groups
iiving in the apartments for less than two
years and for 2 to 3.9 years (-:02 and
~.08, respectively}., For those who resided
there for & to 5.9 years and 6 or more
years, the respective corraelation values
are +.41 and +.6&. Duration of noise ex—
posure 1s thus related to impairment of
discrimination ability, and the Latter
variable seems to be implicatea in the
occurrence of reading ceficits.

Potential artifacts in the noise
discrimination-reading relationship

The general consistency of the re-
sults might suggest that some more basic
factor or artifact is at work. TFor
example, it could be argued that social
class is responsibie for the corrslations
reported in this paper. Apartmenks on
nigher floors typically command higher
rentals and are therefors cccupled by
families of higher socioeconomic zlass.
It has been suggested that such families
devote considerable time to teaching
their children verbal skills which are
then reflected in higher test perfor-
manee [7). Indeec, corralacions withie
the primary sample between floor and
reading test scores were +.43 (WK),
+.43 (RC), and +.46 {RT). Perhaps
social class is the more basic factor
underlying our result.

Two factors argue against this con-
clusion. TFirst, rns sample itself rep—
resents a restrictéd socloeconomic Tangs
since residency in the Bridge Apartments
is Iimited by law to middle—income fam—
ilies. Second, the price range of ren-
tals between lowsr and upper floors is
relatively narrow. For example. three
pedroom apartments Tent for between
$235 and 5250 per wmonth, and two bed-
room apartments For $183 to $219. Third,
correlations between floor level and
reading scores in the secondary sample
(x's < .20) did net even approach the
significant values obtained¢ in the pri-
mary sample. If differences in social
eclass are responsiblie for our results,
they should be operative irrespective of
length of residence in the apartments.

Gn the other hand, mother's educa-
£ional Ievel in the primary sample cor-
related significantly with reading
scores (+.51 (WK), +.55 {(RE), +.55 (RT)),
ang¢ floor level correlated +.41 with
mother's education. These findings
dictated the decision to control for
gocial ciass affects by compuring par-
tial correlations within the primary
sample. Correlations were caleplated
between floor level and auditory discri-
mination, partialling out the effects
of mother’s educational level and then
father's educational level, The co-
efficients were +.43 (31 df, p < .02)



ana .45 (29 df, p < .01}, respectively.
Both values are essentially the same as
rhe +.48 correlation obtfained without
partialling out social class.

We next computed a series of corre-
lations between auditory discrimination
and readinmg scores, again successively
partialling out mether's and father's
education. Controlling on mother's edu-
cation, the partial coefficients were
+.51 (WK), +.43 (RC)Y, and +.48 (RT).

Al) three are statistically significant
at the .02 ievel or beyond. The cor-
responding correlations with father's
education neld constant were +.47 (WK),
+.42 (RC), and .46 (RT)}. These co-
efficlents compare favorably with the
values obtained without partialling
procedures; i.e., +.55 (WK}, +.48 (RC),
and +.53 {RT).

Finally, we computed correlations
between floor level amd reading scores
partialling out the effectsof mother's
and father's education. The partial
cnefficients, with a control on mother's
education, were +.29 (WK}, +.26 (RC),
and +.31 (RT). With 31 df, all three
are marginally significant at about the
10, .15 anc .08 levels, respectively.
This represents a decline from the un-
partialled correlations betwaen floor
and reading scores, which were of the
order of +.43 {see above). The parrial
coefficients with father's education
neld constant were +.35 (WK}, +.33 (RC).
and +.37 (RT)}. While somewhat lower
than the unpartialled correlations,
these values {with 29 gf) are signifi-
cant at the .06, .08 anda .05 levels,
respectively.

‘Thus, the relationship between floor
{i.e., noise level)} and auditory dis-
crimination does not result from a social
glass artifact, at least as measurad by
the indices used in this study. The
same eonclusion applies to the relation-—
ship between auditory diserimination and
reading achievement. However, it is
alse true that only part of the common
variance between reading scores and
auditory discrimination is directly at-
tributable to floor (i.e., noise) level.
The fact that partialling out social
class reduced somewhat the correlation
coefficients between floor and reading

supports this additional conclusion. On
tne other hand, correlations between floor
and reading scores wers also reduced when
auditory discrimination was partizlled out:
(+,23 (WK}, +.25 (RC) and +.28 {RT}). We
may thus conclude that deficits in reading
are, in part, mediated by nolse-related
impalrments in auditory discrimination.
Stepwise regression analysis

Most of the correlational values reported
above suggest assoclatiors of respectable
magnitude. It would be inmstructive, therae-
fore, te examine the amounts of variance in
dependent variables actually accounted for
by various independent variables. A step-
wise regression procedure {8} was carried
out on data from the primary sample.

Along with floor and social class indices,
the analysis included grade of the child
znd number of echildren in the family. Socio-
economie variables were entered into the
regression eguation before intvoducing
£loor level. However, it is immediately
apparent that floor acccunts for a major
proportion of the total variance (19%).
Father's education, number of children, and
grade level also provide reliable contri-
putions (12%, 10%Z and 6%, respectively).
Mother's education does not enter the ple—
ture, but this resule probably reflects
the high correlation between mother's and
father's educational attainment (+.67).

Table 1

Table 1 summarizes the regression
analysis for the three reading test
gcores. Socioaconomic variables were
again introduced before entering audi-
rory discrimination into the regression
equation. As expected, mother's educa-
tion contributes the greatest amount bo
variability in these scores. Auditory
discrimination, also as expected, pro-
vides the next largest contribution.

CONCLUSYON AND SUGGESTIONS

The findings of this study are clear.
Apartment noise level accounts for a
substantial proportion of the variance
in auditory disgrimination, and the
latter variable contributes significant-
ly to variance in reading achievement.
The vesults of the partial correlation
and regression analyses also suggesC an
agsociation between noisingss of the
home environment and subsequent diffi
culties in learning to read.

But why is noise level ralated to
geficits in accustic discriminacion?
Why does auditory discrimination appear
te mediate a relationship between noise
and reading? Why does length of noise
exposure affect the magnitude of these
associations? The following discussien
arrempts to provide an integrated set

Amount of the Total Variance in Reading Test Percentile Scores
Accounted for by Varicus Independent Variables

Variance accounted for

(%

Word Reading Reading

o a Knowledge Comprehension Total

Independent variables (WK} {RC) {RT)
Auditory disecriminatien 20 8 12
Mother's education 23 27 25
Number of children in the family 5 B 6
Father's educatrion 0 4 3
Grade level 2 1 1

4, . : . .
These factors were not entered into the regression eguation in the order presented

nhere.
discrimination.

Socioeconomic and background variables were introduced before auditery
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of answers to these guestions.

Prolonged noise exposure is directly
related to the inability to attend to
acoustic cues. The basis for thia as-
sumption can be found in studies demon-
strating hapituation to hign—intensity
noise [9}. The results of such research
suggest that repeated noise exposure
activates a kind of central filtering
mechanism in the ifadividual [10,11}, in
which disturbing sounds are deliberately
excluded from immediate attention. It
is not unreasonable to expect exaggera-—
cion of this filtering process in child-
ren who are exposed to proloanged noise
stimulacion, A child may become gener—
ally irattentive to acoustic cues as ke
attempts vepeatedly to cope with unwaned
sounds., A prcbable consequaence of this
proecess is failure to learn to discri-
minate speech relevant cues at a time
which may be optimal (if not critical)
for such learning, Defdcits in auditory
discrimination reflect this learning
proplem and they should becems incresas-—
ingly evident with longer periods of
noise exposure. That is, of course,
precisely what was found in the study
reported in this paper.

The association between noise level
and reading defieits, however, is in—
direct. We assumed from the outset that
anditory diserimination is an important
compouent of reading. This assumption
was predicated on the notion that ability
to distinguish linguistic sounds is
fundamental in learndng to associate
these sounds with their corresponding
written signs. We further assumed that
the relationship between auditory dis-
crimination and reading would occur in
children irrespective of length of res-
idence in a noisy environment. Auditory
discrimination ability, by contrast, was
expacted te covary with duration of noise
exposure. Sugh an association was in
fact obtained. We then predicted that
nolse-related discriminatory impalrments
would be related to deficits in reading.
This expectation was at least partly
confirmed by partial-correlation analyses
carried out within the primary sample.
It appears that reading is dependent
upon audibory discrimination, and what—
ever impact noise level has on this

ability is mediated through impatrment of
auditory discrimination.
Crowding

Whie noise is clearly an important
probiem in urban neighborhocods, an even
more pervasive source of stimulation is
population density. Are there any effects
of density on the development of verbal
skills? Before considering the evidence
for this guestion it is important to elar-
ify exactly what we meéan by density. A
thorough review of the literature on the
effects of population density on man and
animals [12] coneludes that density, dew
fined as the number of individuals per unic
space, does not produce substantial effects
on behavior. However, "there is evicence
...that substantial effects may be due to
the absolure number of individuals who
mist interaet. That is, assuming that the
space avallable is small enough or arranged
in such a way that individeals in it wmust
interact, the sheer number of individuals
1s crucial® [12}.

Unfortunately, none of the extsting
studies deal with the effects of the pre-
sence of Ytoo many people’ om the develop-—
ment of verbal sikills. Supggestive evidence,
nowaver, is provided by a large body of
literature on the effect of family size on

the develepment of language and intelligence.

Reviews of the literature [13,14] indicate
that studies of large populations have shown
repeatedly that children from large families
score significantly lower in intelligence
tests. This relationship holds across
soeial elass [15]. In fact, figures from
the British National Survey of Health and
Development [16] suggest that while other
111 effects of large numbers of siblings
disappear in upper middle class families,
the negative relationship between family
size and intelligence remains.

Why would an increase in number of sib-
lings result in a decrease in intelligence?
One possible explanation is provided by a
iimited regources interpretation. The
mere fact of belonging to a large family
implies restricted contact with adults and
fewer opportunities for acquiring adult
habits of speech and thougnt [17}. This,
in turn, could lead to deficits in reading
and other verbal tasks. This interpreta-
tion is supported by differences in corre-
lations between family size and intelligence

test scores with non-berbal and verbal
tests. Non—verbal tesfs show substan~
tially smaller correlations with family
size than do verbal tests [15,17}. More
direct support derives from the apart-
ment noise study described earlier, in
which & significant negative relation-
ship was found between number of chile-
ren in the family and auditory discrimi-
nation ability.

A second, but less compelling inter-
pretation of the family size-intelligence
relationship views increases in the num
ver of children as leading to substantial
increases in environmental noise. This
increase in auditory stimulation could
result in Ehe tuning out process des-
cribed by Deutsch, and, in tures, to
deficits in auditory discrimination and
reading ability. Thus the effects of
poputation density on school performance
may be similar to those attributed to
noise,

A theoretical analysis of the exper-
i1ence of crowding [1B8} suggests a final
interpretation of these results. Desor
argues that crowding effects occur when
one receives excessive stimuiation from
soeial sources. Relevant to this argu-
ment iz a study py Waechs and his collea-
gues [2]. They report that chilaren
raised in homes with nigh levels of
activity, ard therefore greater levels
of stimulation, are slower to develop
intelligence~related skills than those
raised in homes with lower activity
levels. As documented above, increases
in the number of cnildren, ard thus in
the level of stimulation, have a similar
effect.

Implications for design

The data we have reported on the

ef faers of nolse and crowding on devel-
opment is not conclusive. It does, how-
ever, suggest possible effects of these
stressors, It also suggests that desiga
features such as sound absorbing mater-
tals, partitions, and larger undts with
many rooms may be essential for normal
development.
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